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1.0 INTRODUCTION
1.1 Purpose

The purpose of this document is to provide a plan
for the generation, validation, and transfer to the
Planetary Data System (PDS) the STARDUST
archives containing Level 0 and Level 1A data,
documentation, and related algorithms and
software. A second purpose is to delineate plans for
the additional release of data through Press
Conferences and the posting of a subset of data and
documentation that shows interesting and timely
results on the Internet. The handling of dust
samples is covered in other project documentation;
however the data described herein are important to
archive for the later interpretation of the returned
particles.

1.2  Scope

The plan covers archiving of Level 0 and 1A
datasets and related engineering data to be
acquired or derived during the STARDUST
Mission, which will launch in February 1999 and
return to earth in January 2006.

Specific activities addressed in this plan are:

1. Generation of high-level mission, space-
craft and instrument description documentation,
instrument calibration reports, algorithms, and
documentation of software used to produce Level
1A data records (also referred to as Experiment
Data Records or EDRs).

2. Reduction of telemetered science packet
data (i.e., packetized Level 0 data) to Leve! 1A
EDRs, with associated documentation.

3. Generation of SPICE archives for use with
software from the Jet Propulsion Laboratory's
Navigation and Ancillary Information Facility
(NAIF).

4. Generation and validation of archive
volumes containing STARDUST data, software,
algorithms, documentation, and ancillary informa-
tion.

5. Delivery to the PDS of validated
STARDUST archives.
6. Release of limited data to the general

public through news conferences and through the
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posting of data on the Internet.

The curation and analysis of Wild 2 and
Intersteliar dust samples are not ncluded in this
document but are defined in the STARDUST
Science Operations and Analysis Plan, SD-40000-
300, October 1997.

1.3 Contents

This plan begins with overviews of the STARDUST
Mission and the Ground Data System (GDS). This
is followed by a description of the data release
policies, archive collections and functions, roles
and responsibilities for organizations and
personnel associated with the generation, vali-
dation, and archiving of STARDUST data. The
document ends with specific plans for archiving
and for posting of subsets of data for outreach and
educational purposes. For reference, Appendix | is
a glossary of terms used in this document.

1.4  Applicable Documents and
Constraints

The STARDUST Science Data Management Plan is
responsive to the following NASA HQ and Project
documents pertaining to the management and
archive of project data:

. Announcement of Opportunity, Discovery
Program, AO-96-08S-02, September 20, 1996.

OSSA Program Directive, Science Data
Management Policy, March 5, 1992.

Science Objectives and Analysis Plan, SD-500-
2, September 7, 1996.

The plan is consistent with the principles deline-
ated in the following National Academy of Sciences
reports:
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Figure 1. STARDUST Spacecraft - Top

Data Management and Computation, Volume

1, Issues and Recommendations, 1982,

National Academy Press, 167 p.

Issues and Recommendations Associated with
Distributed Computation and Data
Management Systems for the Space Sciences,
1986, National Academy Press, 111 p.

The plan is also consistent with the following
Planetary Data System documents:

Planetary Data System - National Space
Science Data Center Memorandum of
Understanding.

Planetary Science Data Dictionary Document,

November 1992, JPL D-7116, Rev. D.

Planetary Data System Data Preparation Work-
book, Feb 17, 1995, Version 3.1, JIPL D-7669,
Part-1.

Planetary Data Systermn Data Standards Refer-
ence, July 24, 1995, Version 3.2, JPL D-7669,
Part-2.

2.0 OVERVIEW OF

STARDUST MISSION

Mission Overview

2.1

STARDUST is the fourth in a series of NASA
Discovery Missions. Prof. Donald Brownlee of the
University of Washington is Principal Investigator
(P1), and Lockheed Martin

SD-77000-5
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Figure 2, STARDUST Spacecraft - Bottomn

Astronautics (LMA) provides the spacecraft (Figure
1), sample return capsule (Figure 2) and spacecraft
operations. The Jet Propulsion Laboratory (JPL)
provides project and mission management

Consistent with a low-cost Discovery Mission, the
flight and science teams are small. The spacecraft
has few science instruments relies on engineering
subsystems to provide bonus science data.

STARDUST will return intact cometary dust from
comet P/Wild-2. These samples are expected to be
well-preserved relics of the original solar nebula --
fundamental building blocks of the solar system.
The mission also provides for collection of particles
from a flux of contemporary interstellar particles
streaming through the solar system. These
interstellar dust particles were discovered in 1993
by instrumentation on the Ulysses mission and
have since been confirmed by the Galileo mission.

All samples will be returned to Earth for detailed
analysis in specialized microanalysis laboratories
around the worid. Extensive discussions and
justification of the science value of this mission and
on the merits of cometary exploration in particular
and sample return in general can be found in the
original STARDUST Discovery Proposal (JPL D
12181A October 21, 1994), in numerous scientific
publications, and on the STARDUST homepage

http://stardust,jpl.nasa.gov/

The only science required to make STARDUST a
successful mission is to collect samples during a
coma flythrough of the comet Wild-2 and return
themn to earth. All other science objectives provide
added value.

STARDUST is highly focused towards its specific
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mission goals and carries only three instruments
that are exclusively designed to collect scientific
data (Table 1). These are the JPL/LMA-supplied
Sample Collector, the German Max Planck Institut
fur Extraterrestrial Physics-supplied Cometary and
Interstellar Dust Analyzer (CIDA) for real-time
determination of dust chemical composition, and
the University of Chicago-supplied Dust Flux
Monitor Instrument (DFMI) for determining the
dust spatial and size distribution.

Science data are also produced by three STARDUST
engineering  subsystems: the JPL-provided
Navigation Camera (NC) for coma and nucleus
imaging; the LMA-provided radio transmitter for
Radio Science (RS); and the LMA-provided attitude
control subsystem which will measure spacecraft
attitude and angular rate during Wild 2 fiyby (High
Rate Science, HRS).

The science data returned from these engineering
subsystems are bonus to their primary roles for
optical navigation, telecommunications and
spacecraft attitude control, respectively. Secondary
and tertiary objectives are capabilities-driven. For
example, the comet imaging is predicated on a
camera whose cost is low because the optics, CCD,
filter wheel and shutter are residual hardware
from the Voyager and Cassini programs.

STARDUST Prioritized Science Goals

The investigations possible with the STARDUST
mission include:

Sample Collection and Analysis
(upon return to Earth)
Comet particle composition measurements
(CIDA instrument)
Cometary coma and nucleus imaging
(Using the Navigation Camera)
Dust flux measurements
(Dust Shield Monitors and Foil
Radio Science
(Doppler tracking within the coma)
High Rate Science
(Spacecraft attitude and angular rate at
Wild 2)

Detector)

The STARDUST Mission, in addition to the Wild 2
flyby, will have other mission phases where science
data and particles are collected.

Earth Gravity Assist, with lunar and earth

SD-77000-5

images, and possible dust detection

Multiple cruise phases, with interstellar dust
particle collection, and with CIDA and DFMI
operating

2.2  Ground Data System

The STARDUST Ground Data System (GDS -
Figure 3) is provided by JPL's Multimission
Ground Systems Office (MGSO) and Mars Surveyor
Operations Office (MISOO0), with augmentation by
LMA. Because of the simplicity of the science and
engineering instruments providing science data
(minimal commanding and monitoring), low data
rates and a small science team, STARDUST will not
implement a GDS with instrument science teams
tied directly into the GDS with project-provided
Science Operations and Planning Computers
(SOPC’s) as done by many other JPL projects.
Instead, a Data Management and Archive (DM&A)
function will be provided by the JPL Navigation
and Ancillary Information Facility (NAIF) to
extract all archival channelized and packetized
telemetry, convert these data to instrument Health
and Safety Monitor files and PDS-approved
Experiment Data Records (EDRs), place these
derived / reduced files on a PC/NT File Server
accessible via the NASA Internet for science team
access, produce and maintain the SPICE Kernels
and associated software, produce the archival data
volumes, and provide the interface to the Planetary
Data System (PDS).

DM&A will work with the instrument teams and
the PDS to define EDR file formats and contents.
DM&A will produce draft versions of these EDRs
from the telemetered data, along with catalogs and
SPICE Kernels for distribution to the science teams.
The science teams will not have to operate in the
formal, secure environment of other missions
providing SOPCs, and will not have to interface
with a secure (inside the firewall) command and
telemetry stream.
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Each Instrument Team Leader is responsible for
retrieving the Level 1A EDR products from the
DMB&A File Server ("dusty”) and providing copies to
their respective team members. "ftp” transfers will
be used to obtain data from DIM&A by the approved
Team Leaders. After each instrument team
validates their Level 1A EDRs they will approve
archival data volume production and delivery to
the PDS. Table 2 lists the expected volume of
telemetered Level 1A science data.

3.0 DATARIGHTS AND
RELEASE POLICY

Because of the expected widespread scientific and
public interest in science results from Wild 2 and
the strong commitment of STARDUST scientists to
releasing data on a timely basis, it is important to
establish a clear release policy.

A cornerstone of the policy is the need for a
reasonable interval of time to generate and validate
standard data products and archive volumes before
release to the general community. Based on
experiences from the Magellan and Clementine
missions, a six month period was necessary to
produce useful products. At the same time, it is
important to release significant data and findings
immediately. STARDUST  scientists are
encouraged to validate and release data products
as soon as possible, with the six month period
considered to be a maximum for this mission
(although certain data sets such as global maps
may require more time to generate). Thus, the
policy aiso defines a separate release of a
significant subset of data, wusing modern
technologies to reach a wide audience. The release
policy is summarized as follows:

1. The generation/validation time period for
standard data products is defined to be the period
from receipt of DM&A-produced EDRs at
instrument Pl facilities until release of archive
volumes to the Planetary Data System. During the
generation/validation period, Team Leaders are
expected to extract EDRs from the DM&A server,
generate standard products, and validate the EDR
and standard products. Efforts involving all of the
STARDUST investigators are expected to be
underway during this period. Generation and
validation of archive volumes may require up o six
months from time of receipt of EDR data from
DM&A in order to produce useful archive volumes.

SD-77000-5

2. To ensure rapid dissemination of new and
significant information, Instrument Teams will
also release a subset of data earlier as a form of
public outreach and education. These releases will
typically be available within a day or so of data
receipt. Postings on Internet {e.g., the STARDUST
Instrument Team, Data Management and Archive,
and Outreach World Wide Web Sites) will be used
as a way for widespread
dissemination of these special products. The
posted data will include images, spectra, dust
counts and other forms of data that illustrate
mission events and significant science results.
Postings will include documentation.

cost-effective

3. During the generation/validation period,
use and analysis of raw and derived products from
a particular instrument, or use of the results of
unpublished papers derived from such analysis
must be done with the agreement of the relevant
Instrument Leaders and Science Team members.

4. By the end of the six month generation /
validation period, the relevant archive volumes and
posted products will have been transferred to the
Planetary Data System which will make them
available to the general science community after
successful completion of a peer review process.

4.0 PUBLIC INFORMATION
RELEASE POLICY

Public information release includes
conferences and written material concerning both
mission operations and scientific analyses.
Specific policy statements for Public Information

Release for the STARDUST Mission are:

press

1. Information concerning spacecraft and
instrument anomalies may only be released by the
STARDUST Project Director, in coordination with
LMA, NASA Headquarters and the Principal
Investigator.

2. Information concerning scientific results
may be released during press conferences and
press releases organized by the STARDUST Project
and the Jet Propulsion Laboratory's Public
Information Office, in coordination with NASA
Headquarters and the Principal Investigator.
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3. Information concerning scientific results
from a given instrument may also be released by
the Instrument Teams. For example, such releases
may be organized by the home institution of the
Principal Investigator, the CIDA Team Leader, the
DFMI Team Leader, the Imaging Team Leader, the
Radio Science Team Leader or the High Rate
Science Team Leader.

4. Before data are deposited in the Planetary
Data System, information concerning scientific
results from a given study may only be released by
the Instrument / Investigation Team Leader.

5. In cases 2 through 4, the STARDUST
Project Director must receive, in advance of the
release, a copy of the release material (e.g., images,
spectra, captions, summary of results), a schedule
for the release, and a statement of the mechanisms
for release. The intent is not to require concurrence
for the release, but only to make sure that the P,
STARDUST Project, the Jet Propulsion Laboratory
Public Information Office, and NASA
Headquarters are informed of the releases before
they happen.

5.0 ARCHIVE COLLECTIONS
AND VOLUMES

5.1 Overview

The Planetary Data System has developed archive
concepts that are being applied to all current
planetary missions and have been used for data
restorations going back to the early Mariner flights.
These concepts are embraced and will be
implemented by STARDUST.

Seven STARDUST archive collections are defined
as part of this Science Data Mlanagement Plan. Five
of these correspond to the assemblage of standard
products and associated information for the
Navigation Camera, CIDA, DFMI, Radio Science
and High Rate Dynamical Science. For reference,
Table 3 shows the standard products to be
produced by each instrument. The sixth collection
corresponds to the SPICE data sets. The seventh is
the assemblage of engineering products that need
archiving, including raw science packet data. Table
4 summarizes the components of the various
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STARDUST archive collections.

5.2 High-Level Catalog Templates

The Planetary Data System has developed a suite of
templates used to provide high-level information
about a mission, spacecraft, instruments, and
archive collections and volumes (Planetary Data
System Standards Reference, 1994). The templates
provide a high level view of a mission and its
archives and are also used to populate a high level
catalog operated by the Planetary Data System. The
templates will be generated under the auspices of
STARDUST Data Management and Archive team.

5.3  Algorithms and Software for Level
1A Products

Data Management and Archive is responsible for
providing algorithms, associated documentation
and data, or published references to these items,
that describe how science packet data are converted
to Level 1A data. Further, documented software for
generating Level 1A data products will be
submitted.

5.4 Data Product Labels

STARDUST data products will have labels that do
not utilize CCSDS Standard Format Data Units
(SFDUs) but instead utilize the Planetary Data
System Labeling scheme. Label structures will be
described in data product documents.

5.5 Science Data Packets

Instrument raw science data will consist of data
packets containing time-ordered sequences of
observations obtained by a given instrument,
together with engineering information defining the
operational state of the instruments.
Unchannelized science instrument packet data and
channelized engineering telemetry will be accessed
within the firewall on the Telemetry Data Server
(TDS) by STARDUST Data Management and
Archive during EDR production. The exact contents
of science and engineering packet data will be

instrument-dependent. The MGSO will produce
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"safed” archive volumes containing packet data
and relevant engineering data.

5.6 Standard Data Products

Standard Data Products are those Level 1A data
objects generated from science packets and SPICE
files, or from other data products. Standard Data
Products will typically be generated from science
packet data and SPICE data by DM&A and later
validated by the Instrument Teams. Table 3 lists
Standard Products for STARDUST. The total
volume is expected to be approximately five
gigabytes. Standard Products are sometimes called
operational products in other missions, since they
are produced routinely wusing well-defined
procedures. During the STARDUST Mission it is
expected that increased knowledge of instrument
calibrations and operating nuances, together with
increased knowledge of Wild 2 and better
understanding of how to process data, will resuit in
updates to some Standard Data Products.
Standard Data Products are the primary
constituents of the archive volumes to be provided
to the Planetary Data System.

5.7  Special Derived Data Products

Special Data Products are defined to be products
derived from Level 1A products produced during
the course of scientific research. They are called
Special Products as opposed to Standard Data
Products because they are difficult to predefine and
schedule since they will be dependent on the

specific  scientific content of STARDUST
observations. Examples of potential higher level
derived products include 3-dimensional,

topographic models of the nucleus, dust flux and
color models, nucleus albedo maps, and controlied
photomosaic map products. Special Data
Products, if produced, will be delivered directly to
the Planetary Data System by the investigator who
produced the product.

5.7  Estimated Archive Data Volume

An estimate of data volume for each experiment is
provided in Table 2. The total volume (not
including the safed engineering data) is estimated
at a bit under 5 Gbytes.

SD-77000-5

6.0 OVERVIEW OF
ARCHIVING FUNCTIONS

Standard products form the core of the archives to
be produced by STARDUST and released to the
PDS for distribution to the science community.
These products and associated SPICE ancillary
information will be placed on archive volumes for
validation and transfer to the PDS. A logical
grouping of wvolumes is termed an archive
collection (Appendix [). Table 4 lists the key
elements associated with archive collections and
Table 5 lists suppliers of data and information for
STARDUST archive collections. There will be one
archive for each instrument, one for SPICE files
and one for Level 0 science packets and engineering
data. This last will be treated as a "safed" archive,
not subject to peer review or normal PDS
cataloging. It will reside at the PDS' NAIF node.
This treatment is consistent with engineering data
from other missions.

6.1 Generation

Figure 4 shows the flow of components through the
various stages of archive volume generation,
validation, transfer to the Planetary Data System,
and distribution of products to the science
community. Also shown is posting of timely
results on the Internet / www for education and
outreach.

Generation of the Level 0 archive is the
responsibility of TMOD/TCDM. Only those Level 0
channelized telemetry and science packets needed
for the production of Level 1A science EDRs, SPICE
Kernels and Small Forces Files will be archived.

DM&A will work with the Instrument Teams and
the PDS to develop the Level 1A EDR file formats
and content definitions.

DM&A will produce all Level 1A EDRs. The
Instrument Teams will be responsible for
validating these EDRs and producing the
associated documentation, algorithms or software
to generate higher levels products. After validation
archive volumes will be generated for the
Instrument Teams by DM&A.

DM&A will assemble, and in most cases produce
the SPICE Kernels, which include:
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SPK -
spacecraft trajectory,
ephemerides

PcK - selected planetary and cometary physical
and dynamical parameter values

K -
specifications

CK - spacecraft attitude, spacecraft body-fixed
rates, and NAVCAM mirror position

EK - description of all
instrument, station and tracking events

LSK -leapseconds file

SCLK - spacecraft clock calibration parameters

high precision, numericaily integrated
planetary and cometary

science instrument field of view

mission, spacecraft,

In addition DM&A will produce the Small Forces
File (SFF) giving spacecraft deita V history resulting
from attitude control thruster firings

DM&A will transfer the archive volumes to the PDS
for peer review and data ingestion based on the
release schedule given in Section 5 of this Plan.

6.2 Validation and Delivery

Validation of Level 0 science packets, EDRs and
SPICE files will be an intrinsic part of standard
product generation. Validation of standard
products will be done in part during analysis of the
data. However, a key additional requirement is the
validation of archive volumes for integrity of
scientific content, file directory
structures, compliance with PDS standards, and
integrity of the physical media used to transfer the
dataset collections. This validation will be overseen
by DM&A and will rely on participation of the
Instrument Teams.

structures,

Final validation and peer review will take place
under PDS auspices as a check of archive volumes
before release to the planetary community. Any
problems will be referred back to the STARDUST
Project for correction.

7.0 ROLES AND
RESPONSIBILITIES

In this section he roles and responsibilities for
personnel and organizations involved in
STARDUST archive generation, validation, transfer,
and distribution are summarized.

SD-77000-5

7.1  STARDUST

The Project and Deputy Project Scientists provide
an oversight function for implementation of the
Science Data Management Plan. The STARDUST
Data Management and Archive (DM&A) Group
will advise the Project with regard to archiving.
DM&A will work in an advisory role with
STARDUST and the PDS to help ensure that
detailed plans are in place for generation of
Planetary Data System-compatible products and
associated documentation, and that archive
volumes are generated, validated, and transferred
to the Planetary Data System.

TMOD/TCDM is responsible for producing and
delivering to PDS/NAIF the archive volumes
containing Level 0 packets and engineering files.
This collection need include only those items
needed to produce the Level 1A products. These
volumes will not be peer reviewed-they will only
be safed.

The STARDUST DM&A will produce archive
volumes containing Level 1A EDRs and SPICE
files. Teams are responsible for
reviewing and validating these archive volumes.
PDS will help with review of the initial archival
products.

Instrument

Radio Science will produce its own standard
archive volumes consistent with PDS standards.
The Radio Science archive will not include
reduction software, but will instead provide
documentation to explain how the processing is
carried out.

Table 5 lists the suppliers for each component of
the archive collections. Each Instrument Team will
also be responsible for posting a subset of reduced
data (and relevant documentation) on their
STARDUST Outreach system accessible via the
Internet for public access. Finally, the author of
collection is responsible for
publishing a Software Interface Specification
document that delineates the format and content of
the respective volumes.

each archive

The STARDUST Project will provide funds for
prodution and distribution of archive volume sets
for use by the STARDUST Project community. The
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PDS will provide funds for replication and
distribution of volume sets for the NASA-
supported science community once the volumes
are released to and approved by the PDS.

7.2  Planetary Data System

The PDS Small Bodies Node is the designated point
of contact for STARDUST on archive-related issues.
The interfaces between the STARDUST teams and
elements of the Planetary Data System are
summarized in Table 6. The PDS Central Node is
the interface between STARDUST and the NSSDC.

The PDS will work with DM&A to ensure that the
STARDUST archives are compatible with PDS
standards and formats. The PDS will maintain
active archives of released STARDUST products for
access by the science community.

1.8  National Space Science Data
Center

The National Space Science Data Center will
maintain a "deep archive” of the data for iong-term
preservation and for filling large delivery orders to
the science community. The PDS will serve as the
interface between STARDUST and NSSDC (see
PDS-NSSDC MOU).

80 Archive Generation,
Validation, and Release
Schedules

8.1  Postings for Outreach and
Education

It is anticipated that Instrument Team Leaders will
develop World Wide Web sites. These sites will
have pointers to the STARDUST Project Web site
and to the other STARDUST instrument sites.
Within a month after earth gravity assist, each of
the instrument Web sites will provide access to
data and documentation that illustrate results from
the observations. Updates to the postings of
reduced data and documentation will be done
periodically during cruise, after earth gravity assist
and also during Wild 2 approach and flyby.

SD-77000-5

For imaging, a subset of images will be posted after
launch, after earth flyby, during Wild 2 approach
and after flyby, and after Sample Return Capsule
release.

8.2 Archive Volumes for Science
Community Use

Standard products will be generated systematically
during the course of the mission. These products
will be used for analyses and some of them will be
posted for education and outreach. Standard
products also provide the research community the
best derived data for their analyses.

The standard products are the core data sets for
archive volumes to be delivered to the PDS. Anl
SPICE files used to help generate the standard
products will be released to the PDS at the same
time that the standard products are released.

Standard products will be included in archive
volumes for delivery to the PDS within six months
after receipt of the last Level 0 data wused in
generating the standard products.

The first delivery of archives to the PDS is planned
to take place within six months after launch. [t
should contain pre-launch calibration data plus
flight data through launch + 30d. This will be
followed by a delivery every twelve months during
the remainder of the mission. This spacing fulfills a
request from the PDS Small Bodies Node to limit
deliveries to once per year and also places the
deliveries within 6 months of launch, Earth Gravity
Assist, Wild 2 fiyby and Earth return. The last data
acquired through the end of the nominal mission
(January 2006) will be delivered by April 2006.

During the period between receipt of data and
delivery of archive volumes to the PDS, standard
produects will be generated and validated, archive
volumes will be assembled and placed on relevant
media {e.g., CD's, DVD's), and the volumes will be
validated.

8.3 Data Management Contingency
Pian

Few contingencies are possible during the
management of STARDUST file and stream data.
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Routine operational practices and redundant
hardware as well as redundant storage at key
locations for limited periods within the GDS are
planned. STARDUST project data will be backed
up as part of routine daily operations. If significant
amounts of expected data are not present, a replay
from the most convenient location within the GDS
will oceur. The following contingencies cannot be

accommodated with routine operations:

1. Data recorded on the spacecraft but not earth
received

2. Earth received data that the GDS is not able to
process

10
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Data recorded on the spacecraft, but not received on
Earth, is possible. Should any STARDUST data fall
into this category and be of such importance that it
must be recovered, only a change in spacecraft data
storage management and down-link strategy can
recover the data. Once on the ground the data will
be processed like any other telemetry data.

Earth received data that cannot be processed by the
GDS due to a GDS or spacecraft problem will
require retention at the most convenient of the
temporary locations where data is captured until
the problem that was preventing processing has
been correcied or a work around has been
implemented
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TABLE 1. STARDUST Telemetered Flight Science Data

SD-77000-5

Investigation

Description

Team Lead

Navigation Imaging
Camera

CCD-based camera having 1024 x 1024 active pixels
with a 3.5 x 3.5 deg” field of view, 8 filters, and a mirror
to change pointing over a 200 deg angle. Navigation is
primary function; science is is bonus.

Drs. Ray Newburn &
Shyam Bhaskaran, Jet
Propulsion
Laboratory

Dust Fiux Monitor
Instrument

Two acoustic and two PVD sensors counting dust
impacts from 1.0°10" to 1.0*10°® grams.

Dr. Tony Tuzzolino,
University of Chicago

Cometary and
Interstellar Dust
Analyzer

Time of Flight Mass spectrometer

Prof. Jochen Kissel,
Max Plank Institute
fur Kern Physics

High Rate Attitude
Science

Spacecraft orientation and angular rate taken at 100 Hz
during Wild 2 flyby

Dr. Ben Clark,
Lockheed Martin
Astronautics

Radio Science

X-band 2-way coherent doppler and ranging
radiometric measurements of the spacecraft from the

DSN

Dr. John Anderson,
Jet Propulsion
Laboratory

TABLE 2. Estimated Instrument Data Volumes

Instrument Data Returned, Vibytes
CIDA 100
DFMI 20
High Rate Science 1

Navigation Camera

3,500 (includes 3,000 from pre-launch
calibrations)

Radio Science 50
SPICE Kernels 1,000
Total 4,671

TABLE 3. Standard Data Products

Source Standard Data Product
CIDA Time-of-flight Records (CIDA-TOF)
DFMI Time series of dust counts (DFMI-CNTS)

High Rate Science

SPICE C Kernel (CK)

Navigation Camera

Full frame images (NC-1IMG)

Radio Science

Line-of-sight Acceleration Profiles (RS-LOSAP)

SPICE

SPICE Kernels

12
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TABLE 4. Components of STARDUST Archive Collections

Science Data Archive Collections (one for each of the 3 instruments)

° Mission, spacecraft, instrument, and dataset templates
. Software Interface Specification Documents or equivalent
. Processing Descriptions, Algorithms, and Software (to use in understanding reduced data
record generation)
. Instrument Calibration Reports and associated data needed to understand Level 1A product
generation
° Level 1A EDRs for CIDA, DFMI and Nav Camera
Labels
Data Objects
Index Files
Catalogs

Radio Science Collection

. Mission, spacecraft, instrument and dataset templates
. Software Interface Specifications or equivalent

o Processing description

. Data Products

- Orbit Data Files
- Suite of related ancillary files

SPICE Archive Collection

. SPICE Kernel Software Interface Specification Documents or equivalent
. SPICE Kernels

- Included in this collection will be the High Rate Science data
° Small Forces Files

Level 0 Packet and Engineering Data Archive Collection

. Archive Collection and Volume Software Interface Specification Documents
. Level 0 Science Packet Data Products'
. Engineering File Data Products’

' Subset needed to produce Level 1A and SPICE prodcuts

13
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TABLE 5. STARDUST Archive Collection Component Suppliers

Data Management and Archive Team (DM&A)

. Planetary Data System templates

. Level 1A EDRs

o SPICE kernel files (except SPK)

° Small Forces File

. Project documentation

. Experimenter 's Notebook contributions
Spacecraft Team (SCT)

. Experimenter's Notebook contributions

Navigation Team (NAV)
. SPK files
. Experimenter 's Notebook contributions

Investigation Teams (NAVCAM, CIDA, DFMI)
. Instrument calibration reports and associated data
. Experimenter's Notebook contributions

Radio Science Team
° Orbit data files
. Related ancillary files

TMOD / TCDM
® Level 0 packet and engineering data archive

TABLE 6. Planetary Data System Responsibilities
for Archiving STARDUST Data

Planetary Data System Organization Responsibility

Central Node/Mission Interface Team Opverall coordination with STARDUST Project,
including joint planning efforts

Small Bodies Node Archive CIDA, DFMI and NAVCAM volumes

14
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Image Node Archive NAVCAM volumes
NAIF Node Archive SPICE Kernels, High Rate Science, Radio

Science, Level 0 packets and ancillary engineering files

15
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APPENDIX | = Glossary of

Selected Terms

Archive collection — Data Products, supplemental
data, software, and documentation that are
logically linked to facilitate their use and ad-
ministration.

Archive Volume — A volume represents a single
unit of media. The media supported by PDS are
CD-ROMs and magnetic tape. Within each volume
is a directory structure, listing the subdirectories
and files contained on that volume. Magnetic tapes
have a "virtual" directory structure provided in a
directory and file map included on the volume.

Data product — A labeled grouping of data re-
sulting from a scientific observation. A product
label, identifies, describes, and defines the structure
of the data. Examples of data products are
planetary images, spectrum tables, and time series
tables.

Data Set- A logical grouping of data products.

Experiment Data Record -- Level 1.0 data product
produced from instrument packet data with PDS
labels

High-level catalog High-level descriptive
information about mission, spacecraft, instrument,
data sets, and related items. Catalog inputs derived
from templates expressed in Object Description
Language (ODL) which are suitable for loading into
a catalog.

Reduced data records — Raw science data that
have been processed to some level and output as set
of data products.

Science packets — Level 0 (raw) data for a given
instrument in unchannelized telemetry packetized
form.

Special Data Products =« derived from Level 1.0
products by wuse of data analysis, data
transformation in space, spectra and/or time.
Examples include dust models, 3-dimensional
topography models and map products.

16
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Standard data product — Reduced data record
generated in standard or predefined way using
well-understood procedures. Processed in
"pipeline" fashion.
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APPENDIX Il == Definition of

Processing Levels for
Science Data Sets

LEVEL 0 — Instrument science packets (e.g., raw
voltages, counts) at full resolution, time ordered,
with duplicates and transmission errors
removed. Corresponds to Space Science Board's
Committee on Data Management and
Computation (CODMAC) Edited Data (see
National Academy press, 1986).

NOTE: Following levels correspond to Reduced
Data Records and may correspond to Standard or
Special Data Products.

LEVEL 1A — Level 0 data which have been lo-
cated in space and may have been transformed
(e.g., calibrated, rearranged) in a reversible man-
ner and packaged with needed ancillary and
auxiliary data (e.g., radiances with the calibration
equations applied). Corresponds to CODMAC
Calibrated Data.

LEVEL 1B — lrreversibly transformed (e.g., re-
sampled, remapped, calibrated) values of the
instrument measurements (e.g., radiances, mag-
netic field strength). Corresponds to CODMAC
Resampled Data.

LEVEL 1€ — Level 1A or 1B data which have
been resampled and mapped onto wuniform
space-time grids. The data are calibrated (i.e., ra-=
diometrically corrected) and may have additional

corrections applied (e.g., terrain correction).
Corresponds to CODMAC Derived Data.

LEVEL 2 — Geophysical parameters, generally
derived from Level 1 data, and iocated in space
and time commensurate with instrument
location, pointing, and sampling. Corresponds

to CODMAC Derived Data.
LEVEL 3 — Geophysical parameters mapped

onto uniform space-time grids. Corresponds to

CODMAC Derived Data.
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	and Lock.heed Manin 
	and Lock.heed Manin 
	and Lock.heed Manin 
	i:u-ovides prr~jeet and mis\ioicm man~g,!!ment 


	Astn:m,mtics {LMA} provide'li 
	Astn:m,mtics {LMA} provide'li 
	Astn:m,mtics {LMA} provide'li 
	the espacm:r~ft 

	sample 
	sample 
	return 
	1::apsule 
	2) and 
	spacecraft 

	operatioos. 
	operatioos. 
	The 
	.lei 
	(JPL) 


	Con!'iist.ent with a iow•eost Discovery Mission, the myht and '!leience teams are 'iim:.4lt The 'Space@i"<l!ft has few science instn..amerits relie:!i on eoginooring 
	,r;ubsy'/it(lms to pr.::,vidc bonus science d;;iita. 
	STAR.DUST will :return intm:t cometary dust from 1:omet P /Wiid-2. These sa,nple'SS are expected to be well·presenred relies of the <H"iginal solar nebula •• building b!oeki. of i.he M:ih1ur system. The mi,i;sion also provides for coll!!lction of particles fr,om a flux of contemporary interstellar particles st,·eaming through the !.Olar :sy'litem. These intentellar dust parilicles wen, di1>1:1)vored in 1993 11::iyinstrumentation 0111 tho mission and h<11vc sinco been c'1l!nfiirmed by the Galileo mission. 
	fundament.al 

	Ail sampleli\\ will be returned to E<1rth fo,r detai!ll!!d 
	analysis in i.peeialized microanalysis l.aboratories 
	around the wo!ridL Extensive dillicussions ;;ind justification oil' the sciem:;e vah11e of this mission and 
	on the meriti. of oometary e:xphnation in particular 
	and sample return in general can be found in tlhe original ST ARD UST (JPL D 
	l2181A October 1994), in numerou'5 S<':i1mtific publications, and on the STARDUST homepage 
	The only ,;;cience required to make Sl ARDUST a 1;1U1ccessful mission is to collect samples during a o<Qma flythrough of the comet Wild·2 and retum them to Garth. All otnel!' sciem:e objeefrves provide 
	addL>d value, 
	The 
	The 
	The 
	ST ARD UST 
	GroMnd 
	Data 

	TR
	3) 
	by 
	JPL's 
	Mulf.imi:ssion 

	TR
	iiv;~,;,,_,, and 
	Mars.,.,.,,,...,,,...,,,,,­

	TR
	u"''..>·v,.,11with 
	augmei:ttaaion 
	by 


	mission goals and canies only th,ee instruments 
	mission goals and canies only th,ee instruments 
	exclusively designed to @l)liect scientific These ari!il the .,,:i..e,c:1,:;r.the Germ.an Max Planck instiliut Interstellar Dust 
	determini!i!ti;()!111!>ii dust chemical compoisition, and the University of Dust flux Monitor !11'.l.trument (DfM!) for determining the tl!..i!Slspatial and size dist;rib<1.Stit1l"II" 
	Science data are also pwodueed by three STARDUST engineering subsystems: the Navigation Camera (NC) for comlli and nucleus imaging; 11.he radio transmitter for Radio Scienoo attitude eontll'oi subsystem which will measui'"e spal'i".aciralft ii1!Hitude and angui.iir rate during Wild 2 flyby Rate HRS). 
	SD-77000-5 
	Figure
	cruise phas,ss, with inite:rsteihlir dust particle coileetion, ar,d with CIDA and DFM! operating 
	Figure

	Figure

	LMA. Because of Ut;e simplicity of the science and engin.aering i1m,trumenls providin9 science d.1ta ,....,,n,mi,~1 and data
	commanding low rates illnd :1,1small science team, STARDUST will not implement a GDS wi'!l:h instrument science teams tied directly into the GOS with project-provided Science and 
	Ti1,.escience dat.!1 returned from these engineer'ing ,subsystems are borms to their primary roles for i,ptiea! navigation, teleeommunicsl!lti.:His imd 11pacecraf"t attitude control, re,spectively. and tertiary objectives are capabilities--driv1:0n. fo, example, th<& comet imaging is predieated or, a camern whose cost is low because the optic,;, filter wheei and shutter are rnsiduai han::iw,me from the and Cc1ssini programs. 
	Ti1,.escience dat.!1 returned from these engineer'ing ,subsystems are borms to their primary roles for i,ptiea! navigation, teleeommunicsl!lti.:His imd 11pacecraf"t attitude control, re,spectively. and tertiary objectives are capabilities--driv1:0n. fo, example, th<& comet imaging is predieated or, a camern whose cost is low because the optic,;, filter wheei and shutter are rnsiduai han::iw,me from the and Cc1ssini programs. 
	The inve;;tigations 
	The inve;;tigations 
	The inve;;tigations 
	possible 
	with 
	the 
	ST ARD UST 

	mission 
	mission 
	include: 

	::>a1miJ1eCollection 
	::>a1miJ1eCollection 
	.and 

	(upon 
	(upon 
	return 
	to Earth) 

	Comet 
	Comet 
	particle 
	composition 
	measurement1> 

	(CIDA instrument) 
	(CIDA instrument) 


	Cometary coma and nucleu:,; imaging the Navigation Dust flux measurements Shield Monit.,i:msand foil Racilio Scienee (Doppler tracking within the coma} Raile Scienoo (Spacecraft attitude .mnd angular irate at 
	Wild2) 

	The ST AR DUST M1s,non, in addition to the '1Vi!d 2 flyby, wm have oiher mission ph2,J1es where science data a;nd particles a;re collected. 
	(SOPC's) as done by many other JPL projects, 111,stiiat:i. a O;;ita and Archive function will be provided !by the JPL m,,,.,.,,,t
	..1c,on 
	..1c,on 

	extiract all archival channelized and! packetized telemetry, eo111v1Mttihe,se dat:!I to instrument Health Monitor mes and 
	Data Records place these derived / n,;duced files on :11 PC/NT flle Sen.var a-ssib!e via the NASA Internet for seienoo team ,111::eess,produce and maintain the SPICE Kernels and auo4:iated software, produce the archival datl!I volumes, .ind provide the interface to the Dat$11 (PDS). 
	Figure

	DM&A will work with the instrume1111: team!! and the PDS to defi,1:e EDR file formats and contents. DM&A will pirodu«:'1! draft ve;rsions of these iEDRs from the telemetered data, along with catalog$ and SPICE Kernels for distribution to the scien~ teams. The science teams will not have to operate in the fo:rm:!il, secure IIH'!viron;rruint of other missions providing and will not mve to interlfa11:e 
	Figure
	Sect
	Figure

	Figure
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	Stardust Ground Data System .
	Stardust Ground Data System .
	LMA MSOP A .
	LMA MSOP A .

	DSN NET S 
	DSN NET S 
	OP 
	OP 

	Out reach & W El, 
	f!ach Instrument Team leader i1;responsible for retrieving the level 1A EDR pi·o.:h.At."ts from the DM&A Fil® Senter and pr<Jviding eopieJ£w tJheir n:1spective team mmnben,. "ftp" transfers wm be uw.d to obtain dsata frnm DM&A by t.he approved f eam leaders. After each in;strument i<l!am validatos their level 1A EDRs they will 3pprove archival data volume produeti-,n and delivery to the POS. T a~e :2lists the e.xp&etll!d volume of 
	telf!metered level 'IA 5ei<1,111Gedata. 
	telf!metered level 'IA 5ei<1,111Gedata. 


	DATA IGHTIAND RELEASE POLICY 
	DATA IGHTIAND RELEASE POLICY 
	DATA IGHTIAND RELEASE POLICY 

	Beeau!lie of the expected wide:spread seientifo:; and public interest in science results from Wild 2 and the strong commitment 11:'fSTARDUST scientists to i"eluasing data on a timely ba,,.is, it is important to ~st:abli11h a elelllr release policy. 
	A cornerstone of the policy i'li the need for a rea1;onable interval of time to gener;;ite and validate "tandard data products and archive volumes before rnl!!a,:.e tu U1e general community. Based on experienees from the and Ciementi!l'llll mi,s;sions, a six month period was necessairy to produOI! useful prroduet!'I. At the same time, it is imi:,ort.ant to release significant dat;;:i and imm;;,,diately. ST AROUST scientists are encouraged to validate and rel@a$e di!ta products ills soon as possible, with th
	fi11ding'.li 

	1, The time period for 'St;;im.:lard data products is defin<lld to be the period from rnceipt of DM&A··produood EDRs at irn,trument. Pl facilities until 1·elea1oe of archive volumes to the Planetary Data Sy;.tem. the 
	period, Team leaders are to extract EDRs ft·om the DM&A server, generate i.tandard product:s, and validate the EDR and standard products. Efforts involving all of the ST AROUST investigatol',.; are expected to be 1cmderway ,::hJ.riii'llg thi1> p!!i!l"iud. Generatitm and validaUon of archh;e volumes may require up to si.l[ months from time of reooipt of E DR datill! from DM&A in ,:mcier to prod:U.:e ui.f!ful archive volumes. 
	expi!Wt.id 

	2. To ®nsute rapid disl!lemin.atiun of new and sig:rfrficanil: information 1 lnstn1ment Te.ims wm alsu ;reiie,rne a subset of ,1.b,t;:,ie1a1rlier as ,r1 fr;rm of r,mblic outrn.;ch and education. Tne"iitwm typically be available within a d.ly or so of data ni~ipt. ori lnter1m11t the ST AR DUST lm,tn.1ment Team, Diilta Man;;;igement and Mircru,re. and Outrea;;;h Viloria Wide Web Sites) will be used a"1! a eost·effective way for widespread di~.;;lminati'!lln cf thes.e sp4'!(:ial pr·oducu. The 
	2. To ®nsute rapid disl!lemin.atiun of new and sig:rfrficanil: information 1 lnstn1ment Te.ims wm alsu ;reiie,rne a subset of ,1.b,t;:,ie1a1rlier as ,r1 fr;rm of r,mblic outrn.;ch and education. Tne"iitwm typically be available within a d.ly or so of data ni~ipt. ori lnter1m11t the ST AR DUST lm,tn.1ment Team, Diilta Man;;;igement and Mircru,re. and Outrea;;;h Viloria Wide Web Sites) will be used a"1! a eost·effective way for widespread di~.;;lminati'!lln cf thes.e sp4'!(:ial pr·oducu. The 
	~rnieaJ.es 

	posted data will include imag~1i., \'iP,:,t:tra, du:st 
	eounts and oil.her forms of data that illustrate 
	mis:;;lon events .;ind signifi,ianl ,science results. 
	t'{1stin,gl!; will include :cllocuml!mtatii:m. 

	3. 
	3. 
	3. 
	During the generatii:in/validation period, u'/le ;11nd ,u11alysi:s of raw and dcrivod products from a particulair instrument, or use of the results of unpublished papers derived from sueh analysis must be done with the agreement of the relevant ln:i.nument leaders and Seii,mce Team members. 

	4. 
	4. 
	By the end of the six month generation/ validation p.criod, the relevant archive volumes and poi.t~d products wm have b1N>n tnim,fe,·red to the Data System whieh will m.ilrn them .1va1h1ble t.o the general seienc@ com1·nunity after suecessful completion of a peer review J)r·ooo;;s. 
	Phmet.uy 




	4,0 PUBLIC INFORMATION 
	4,0 PUBLIC INFORMATION 
	RELEASE POLICY 
	RELEASE POLICY 

	Pubiic information l"&leai.e inch.u::les press 
	cc:mforences l!lnd written material ec:m1:erning both misl!ion oper.ations and scientific analyses, Specific policy statements for Public information Release for the ST ARD UST Mission ;1rn: 
	1, Information concerning spae{j@raft and in§tn,1ment anomalies may only be by the STARDUST Direetow, in coordination with NASA Headqmllrters ,md the Principal 
	releai.ed 

	2. Information 1mncen1ing scientific results mllly be released during prnss conferences and pir~'Ss aseie.llses ,~rg..inized by th<? ST A ROUST and the Jet Propulsion Pubifo 
	in ,mordin.lltion with NASA H,~m,k,ua,irtair,i. and the Prlncip,iil lrl'westi!Jatoir. 
	3. inform;ation concerning scientifi!'i :results lll given in;.trument may al,i;o be released by the Instrument Teams. Fow example, such relea,w:. may be @rganized by the home institution of the P.-,,..,,,,;,,,.,.1 the the
	3. inform;ation concerning scientifi!'i :results lll given in;.trument may al,i;o be released by the Instrument Teams. Fow example, such relea,w:. may be @rganized by the home institution of the P.-,,..,,,,;,,,.,.1 the the
	fr~ 

	investigator, C!DA Team DFMI Team the Team the Radio Science Team Leader or the Science Team leader. 
	4. 
	4. 
	4. 
	Before data am deposited in the Data information concerning sclentifie results from a given study may only be released by the instrument/ Investigation Tsam leader. 

	5. 
	5. 
	In cases 2 through 4, the STARDUST Project Director must receive, in advance of the release, a copy of the release material (e.g., im;.ges, spectra, captions, summary of :results), a schedule for the release, and a staternent of the mechanisms for release. The intent is not to require C;!)neurrence for the release, but only to make sure that th® Pl, ST AR.DUST the Jet Public Information 


	,.,~,u,1u,.n;e,-,. ar.i informed of the release:;; before 


	ARCHIVE .AND VOLUMES .
	ARCHIVE .AND VOLUMES .
	ARCHIVE .AND VOLUMES .
	The Data System has developed archive concepts that are being applied to ail current planetary missions and have been used for data restorntiom, going back to the early Mariner flights. These concepts are embraced and will be implemented by STARDUST. 
	Seven STARDUST archive collections are defined as part of this Science 0<1ta Plan. Five 
	of these correspond to 11.he assemblage of standard 
	products and associated information for the 
	Navigation Camera, DFMI, Radio Science and High Rate Dynamical Science. For reference, Table l shows the stam:fard products t.o be produced iby each instrument. The sixth collection corresponds to the SPICE data sets. The seventh is the assembfage of engineering products that need archiving, inch,ding ,raw science packet data. Talb!e 4 5ummarizes the gompo111er1t,; of the v21rious 
	Navigation Camera, DFMI, Radio Science and High Rate Dynamical Science. For reference, Table l shows the stam:fard products t.o be produced iby each instrument. The sixth collection corresponds to the SPICE data sets. The seventh is the assembfage of engineering products that need archiving, inch,ding ,raw science packet data. Talb!e 4 5ummarizes the gompo111er1t,; of the v21rious 
	The Datn hiiiis developed a suite of templates :used to provide high•level information about a mission, spacecraft, instruments, and archive coliection:s and volumes (Planetary Data System Standards 1994). The tempi.ates provide a high level view of a missi@n and its «m::hives and are also used to populate a high level catalog operated by the Planetary Data The templates will be generated under the auspices of STARD UST Data and Ar'chive team. 

	S,3 Algorithms and Soft.ware for Level .il"'l"l:!il::lU!Clt!li .
	1 A 

	Data and Archive is responsible fer providing algorithms, associated documentation and data, or published refereru:es to these items, that describe how sci;,,nce packet data are converll:ed to Level 1A data. documented softwani for generating level 1A data products wm be submittedt 
	Product. Label'!> 
	STAR DUST data products will have labels that do not utilize CCSDS Standard Format Data Units (SFDUs) but instead utilize the PlarH.!tary Data 
	scheme. label struct11J1reiswill be described in data product documents. 
	Instrument raw science data will consist of data packets containing time-ordered sequences of observations obtained by a given instrument, together with engineering information defining the operational state of the instruments. Unchannelized science insuumeru packet data and channeli:zed engineering telemetry will be accessed within the firewall on the Telemetry Data Server (TDS) by STARD UST Data Management and Archive during EDR prodw:;tion. The exact contents of scien~ and engin!ll!eiring packet daui wil
	Instrument raw science data will consist of data packets containing time-ordered sequences of observations obtained by a given instrument, together with engineering information defining the operational state of the instruments. Unchannelized science insuumeru packet data and channeli:zed engineering telemetry will be accessed within the firewall on the Telemetry Data Server (TDS) by STARD UST Data Management and Archive during EDR prodw:;tion. The exact contents of scien~ and engin!ll!eiring packet daui wil
	"safed" arnhive volumes cont:.aining packet data and relevant engineering data. 


	Standard Data Prodl.llcts are those level 1 A data objects generated from science packets and SPICE files, or from other data pro1::h.1ct:1;. Stam:ilard Data Prnducts will typically be generated from science packet data and SPICE data by OM&A and later validated by the Instrument Teams. Table 3 I is.ts Standard Products for STARDUST. The total volume is expected to be approximately five gigabytes. Standtmd Products are sometimes called operational products in other missions, since they :are produced iro1.11
	Special Data Products are defined to be products derived from Level 1A products produced during the course of scientific research. are called Special Proch.11cts as oppo!lied to Standard Data Products because they are difficult to predefine and schedule since they wm be dependent on the specific scientific content of ST AR DUST cbself'Vations. Examples of potential higher level derived products include 3-dimensional, topographic models of the nucleus, dust Hux and color models, nucleus albedo maps, and cont
	Data Volume 
	Data Volume 

	An estimate of data volume foir each experiment is pra:,vided in Table 2. The total volume (not inchJJding the safed engineering data) is es1:1matedl at a bit under 5 Uilll.'f'ies. 
	SD-77000-5 
	SD-77000-5 
	6.0 

	Standard produeits form the core of U!e a:rchive:!5 to be produt.'ed by ST A.ROUST and released to the PD:S 'lo, distribution to the science comm11.miiy. These products and associated SPICE ancillary information will boa placed on archive volumes for validation and transfer to the PDS. A logie.i!i grouping of voh ..u:nes is termed an archive colis00tior, Table 4 !istg the lu,y elements al>Sociated with archive collectii:ms and Table 5 lists suppliers of data and information for ST AR.DUST archive col!ectior
	6,1 
	6,1 

	Figure 4 shows the flow of components through the various stages of archive volume genell"ation, validation, transfer to the Data :;;"rst.en,., and distribution of products to the science community. Also shown is posting of timely results on the Internet / www for .education and outreach. 
	Generation of the level O archive is the responsibility of TMOD/TCDM. Only those level 0 channelized telemetry and science packets needed for the production of level 1A science SPICE Kemeis and Small Forces files wm be archived. 
	DM&A will work with the Instrument Teams and the PDS to develop the Level 1A EDR file formlllts and content definitions. 
	DM&A wm produce all level 1A !EDRs. The lnstll'ument T earns will be responsible validating these EDRs and prod1..11::ing assoeiated documentation, 2l9orithms or software to generate higheir level!! products. After validation a;rchive volumes will be geneir.ated for the Instrument Te21ms by DM&A. 
	DM&A will ;a;;siembie, and in most cases pe·odime the SPICE which include: 
	SPK • high precision, nun11e,·icany integrated spacee;raft u·ajeetory, plAAnl'ltary ,md corrlS!ltary er»hemerides Pei( • -lected planetary and 1mm~tary phyi.ical and dynamical paran-1eter Ir~lues U( • scienee instrument field of view speeifl'i:ations CK • spacecraft attitude, spaL't:!e1rnft body•fbred !",lit~:., and NA VCAM minor position EK desc1·iption cl' .all mi'!.sion, sp:1111:eeraft,
	O 
	O 

	inst'l"u,ment, ststitm .i!nd traeking ev®ntt1 
	LSK • leapseconds file 
	SCLK , s11aeecraft clock calibration parameters 
	In addition DM&A wm produce the Small forces 
	Filiill (Sff) giving :spa~rnft delt.ii V history resulting 
	from attitude control th:rui.ter firings 
	DM&A will transfer the archive volumes to the PDS for peer review and data ingesticm based on the rll>!®,lS®!l~hedu!e given in Sact.ion 5 of t.hi'!l P!ar1c. 
	Validation of level O science p,u:ket!I, EDRs and SPICE file;; will be an intrinsic part of standard pn,duet generation. Validation of standard! p;roducits will be done in part during .analysis of the d3t'11l.Mowever, a key additional requin~ment is the V.il!lidation of archive ,n:ilumes for integrity of s.:iel'11tific .:ontent, file structures, directory i.iruoture1>, compliarwe with PDS !lt.!lru::lards, .and integrity of the physical media used to transfer the dataset collections, This validation will be 
	Fin;;i! Ifalid;;:;tion and peer review will take place under PDS auspices as a check of archive volumes b<!!fon:irelease to the planetary community. Any p!'"oblem;s; will be refen·ed baek to the ST AR DUST 
	for· corre.::tion. 
	for· corre.::tion. 


	ROLES AND RESPONSIBILITIES 
	ROLES AND RESPONSIBILITIES 
	ROLES AND RESPONSIBILITIES 

	In thi:s section he roles and responsibilities for p~nonne! .nnd oirganization'!> involved in STJ\RDUST arohive generation, v.iiliifaticn, tran11fer, ~rid di!iltribl!.ltion ,ll're £. 
	ummarill'.ed

	1,1 
	1,1 
	""'""'"' Proj.i:!~t S@ienti,t;; pwovide fun.rtion for implem&,ntation of !:he MzinaQe1ne111t Plan. The ST AR DUST 

	with 1tegard to an::hiving. DM&A will work in ,m ach,i:!i@iry ,ole with ST AR OUST and the PDS to help e111suJre that detailed pi.ims are in pl.ace for generation of Phmetary Data pl'l"lthActs and aHociated documentation, and that a;rnhive voh.1mes are generated, validated, and transferred to the Planetary Data System. 
	TMOD/TCDM is iresponsibl<1> fow producing and 
	to PDS/NAIF tbe arnhive volumes containing Level O packets and engh11e,u·ing files. This collection need include only those items n-d.id to pro,:.il.J1-the Level 1A pn,dltm'l:s, These voh.1me§ will not be peer reviewed-·they will only 
	be lli~fed. 
	The ST AR DUST DM&A wm Jmtlduce archive volumes containing level H\ EORs ;imd SPICE files. Instrument Tearns ,ue :responsibl.e for rnvi~wing and validating the~ ,'llrchilfe volumes. PDS will h'llllp with review of the i,1itial archival product::.. 
	Rllldio Science wm produclil it:s ;gwn standard arnhive volumes consistent with PDS standards. Th'i! Radio Science archive wm not include reducti(ln software, but will in1>tead provide documentation to explain how the f>rocessing is carried out. 
	able 5 lists the suppliers foir each comp.:ment of the .arnhive oollections. Each lni.trument T earn will also be reliiponsible for posting a subset of reduced data {and relevant doeun1entat1on) on their STARDUS'T Outreach system lJlc,i:;e;;sible via the 
	r

	each archive col1ection is re!'iponsible for publishing a Software !nt@rfaoo Specification doeurmmt that delineates the format nnd content of the re5~ctive volumes. 
	The STARDUST Project will provide funds for and distribution of ;'lil'~hiv® v@lurme His fo, vise by the STARDUST eommunity. The 
	The STARDUST Project will provide funds for and distribution of ;'lil'~hiv® v@lurme His fo, vise by the STARDUST eommunity. The 
	pr@i:h.n.iim 

	PDS wm pl"ovide funds for replication and For imaging, a s1.d::>M!!t will be posted after

	of images dilltribution of volYme sets for th!!: NASA· launch, after earth flyby, during Wild 2 approach supported sci11mc,1,eommunity om:e .:he volurnes ;;md l'lrl&?r flyby, ;;i,nd .,;ftier Return """'"'''"'''"' are released to and approved by the POS. relear.e. 
	The PDS Small Bodies Node is the designated point of eontact for STARDUST on an;:hive·reiat1'!d issues. The i1,terfaces behv®en the ST A ROUST team:i. and elemer1ts of the Data are summarized in rabi~ 6. The POS Nod,;; is th!!! inte,·face between ST ARD UST and the NSSDC. 
	The PDS Small Bodies Node is the designated point of eontact for STARDUST on an;:hive·reiat1'!d issues. The i1,terfaces behv®en the ST A ROUST team:i. and elemer1ts of the Data are summarized in rabi~ 6. The POS Nod,;; is th!!! inte,·face between ST ARD UST and the NSSDC. 
	Centr.al 

	The PDS will work with OM&A to ensure that the ST AR DUST arehivses ,mi compatible with PDS standards and formats. The PDS wm maint.<lin active ~ircihives of rels(!)ased STARDUST products fow acooss by the science community. 
	Nation.;d 
	Center 
	The 
	milllint.11in a 
	prnse11"11ation and foir filling largi, delivery orden to 
	the sciern:e community. The PDS will serve as Um 
	interfaoo between ST AR.DUST and NSSDC 
	PDS-NSSDC MOU). 
	SO Archive Generation, 
	Validation, and Release 
	Schedules 
	lt 1 .Postings fot' Outreach and Education 
	It is anticipated that Instrument Team leaders wm 
	develop World Wide Web sites. These sit~ will have pointers to too STAR DUST Project Web site and to the other ST AR DUST instrument site,;;. Within a month after earth gravity assist, each of the instrument Web sit<!!;.;will provide access to data and documentaiitm that illustr:.ite results from the observations. to the postings of redwied data and documentation will ibe done periodically during ;;:ru:ise, al!ler earth gravity assist. :and 1,1iso during Wild 2 appn:iach .11ndflyby. 
	Standard products wm be generat~ systematlcally ch.uring the course ,pf the missi,0n, Thelie prodiI~ts wm be used for 1,,n;,dy'.!ies and somll! of th!l'lm will be post(lld for education and outreach. Standard product-s .also provide the ,eseareh community the best derived data 'for their analyses. 
	The stamfard pro..:h.mts ~rn the core data sets for archi"e volumes to be delivered to the PDS, All filtt!!I used to help generate the ,st.1nda1rd prn«::h.mti. will be released to the PDS at the same time thats the star11::lard products are r·eleasedl. 
	SPICE 

	Standard produt;ts wm be lnc!udcd in ,mchive 
	volumes for delivery to the PDS within six m,:mtths 
	aiter ~eipt of thil! i.i,;.,;1:Level O ci,.;~a used ki 
	geti®l",l!ting tthe sMndard . 
	pl"@dlu.:b

	The fiw"$t delivery of ;::11rehivesto the PDS is planned to t~ke place within siK monU11:i. a11fter launch. It should 1':0rltain pre-launch calibr.1tiun data plus flight data through l:au1ru::h + 30d. This will be foUowed by a deiive,ry ~v,iH·y twelv.u month;.; during the remainder of the mission. Thh spacing fulfills a request from the PDS Small Bodies Node to limit deliveries to once per· year and also places the deliv@r·ies within S months of iaunt:h, Earth ~"""'""" 
	Wild 2 flyby and Earth return. The last data acquired through the end of the nominal mission (January 2006) will be delivered by 2006. 
	the period betwe1m reeooirit of cl!at:!ll and delivery ot' archive volumes to the PDS, standard prodi.mts will be genet'~ted and va!icfat.-,d, archiv;:,; volumes -wmbe assembled and placed on ;relevant media CD's, DVD's), and the volumes will be validated. 
	Few cionti.1gencles ii/Ir® poS:Sible d"'uring ~hi!: managl!>men1t of ST ARDt!ST me and ;;tn,am data. 

	SD-77000·5 
	SD-77000·5 

	Ruitl:il'll!l\ operai:ional i:,l";,,1,rti.,e;. .ind redi ..mdant h.irdw;,,n'"' as well as reth..1n1fan1t storage at key !Q,:,.,1tim,,;i for lirnited p,!!,·im11: within the GD'S are pl,amu1tl, STARDUST p1,):je.:t dal>il wm be backed up aJ/i f'>,,rt of routine daii:y operation'!., If significant :11rmn.mts of expected daUI ;11ri!!not pre;;ent, a replay from !he most conv,,H,ient locath,tt within the GDS wm oe,::u,r, The following oontiugenGies cannot be ~©©9~ilmodated with routingj) opt,rations: 
	1 .. Oat!ll recorded on the ,;p<ie;;}@;raft but not earth ~'l'.ilf<MJ 
	2 .. Earth received data that 'th® GOS is not able to 
	pll'O@<!!!il'a> 
	Dat,~ re=rded on the spacecraft, but not l"!H:eiverl ori E"'1rth, i11,possible. Should any STA ROUST data fall int~ U1i1. .:ategory and be of such irni:.ortanr-..e that it mu;.t 11:J<!) a ch,;.090 
	Dat,~ re=rded on the spacecraft, but not l"!H:eiverl ori E"'1rth, i11,possible. Should any STA ROUST data fall int~ U1i1. .:ategory and be of such irni:.ortanr-..e that it mu;.t 11:J<!) a ch,;.090 
	!"!1lcovered, only in 'lipac1ocna1ft data i.!t;or,t:ge ,o~m1i,je1rrm1mt and domn,, link stratiegy c,an r~~ov@r u,~data. Once en the ground the dat<l will bit! p:r-,1'!;.;;rid like any other telanmtry d.it,., 

	Earth t'lM:@ived data that cam11t,t be proces$11!d by the GOS du<l!l to a GDS or s1>.iicoor.l'lft pnib!em will ,·e,3!Ulir"' 1'\!'tention at the ,,m,;;t convenient .of the temporairy location!. whei'e data i§ eaptUl'\\,>d until 
	the 
	the 
	the 
	p:r@blem 
	that 
	was 
	preventing 
	processing 
	has 

	bl!li:m 
	bl!li:m 
	1,tn'rected 
	or 
	a 
	work 
	airound 
	has 
	been 

	ln1J:t!em,r;,nted 
	ln1J:t!em,r;,nted 
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	Figure !i. Data Volume Archive DeHveries to PDS as a Function of Mission Phase 
	Sect
	Figure

	;)p,a;:,ecra!tt orientation and angul<tt' ,rnte taken during Wild 2 flyby 
	coherent doppler slilrtd ranging n1diometiriG measurement,i. of the i.pai::eer'aft DSN 
	Figure

	Figure
	TABLE 3. Standard Data Products 
	TABLE 3. Standard Data Products 

	Figure
	TABLE 4. Components of ST ARD UST Archive Collections 
	Science Data Archive Collections (one for each of the 3 instruments) 
	• .
	• .
	• .
	Mission, spacecraft, instrument, and dataset templates 

	• .
	• .
	Software Interface Specification Documents or equivalent 

	• .
	• .
	Processing Descriptions, Algorithms, and Software (to use in understanding reducf'ii data record generation) 

	• .
	• .
	Instrument Calibration Reports and associated data needed to tmderstand Level lA product generation 


	.. .Level lA EDRs for CIDA, DFMI and Nav Camera Labels Data Objects Index Files Catalogs 
	Radio Science Collection 
	instrument and dataset templates 
	Mission, spacecraft, Software Interface Specifications or equivalent Data Products 
	Mission, spacecraft, Software Interface Specifications or equivalent Data Products 
	-Orbit Data Files -Suite of related ancillary files 

	SPICE Archive Collection 
	" 
	" 
	" 
	SPICE Kerne! Software Interlace Specification Documents or equivalent 

	* 
	* 
	SPICE Kernels 

	TR
	-Included in this collection will be the High Rate Science data 

	• 
	• 
	Small Forces Files 


	Level O Packet and Engineering Data Archive Collection ~ Archive Collection and Volume Software Interface Specification Documents 
	• Level OScience Packet Data Products " Engineering File Data Products
	1 
	2 

	1 Subset needed to produce Level 1 A and SPICE prodcuts 
	TABLl•: 5. STAUDUST Archive conet:tw,n Component 
	Management Team(DM&A) .Planetary Data .Level IA EDRs .
	SPK) 
	SPK) 
	~,,.,,~o.,,-.H 
	., Project 

	* contributions 
	Team (SCT) .Experimenter's .
	Team (NAV) .SPK files .Experimenter 's .

	Investigation Teams CIDA,DFMf) Instrument and associated 
	Science Team .Orbit data files .Relatedancillary .
	Science Team .Orbit data files .Relatedancillary .

	/TCDM .Level O packet engineering data archive .
	Responsibilities 
	Responsibilities 

	Image Node 
	Image Node 
	Image Node 
	-
	Archive NA VCAM volumes 
	-
	-~--

	NAIFNode 
	NAIFNode 
	Archive SPICE Kernels, High Rate Science, Radio 

	TR
	Science, Level O packets and ancfflruy engineering files 


	Archhre eoHeetion -Data supplemental data, software, and documentatior1 that are logiea!!:i, linked to facilitate their use and ad· ministration. 
	Archive Volume ·-A volume represents a single unit of media. The media supported by PDS are CD-ROMs and magnetic tape. Within each volume is a diri:mtory structu:re, listing the subdirectories and files c,rn11tained on that volume. Magnetic tapes have a "virtual" directory structure pl"ovided in a directory and file map included on the volume. 
	Data product -A labeled grouping of data re· suiting from a scientific observation. A producll la!bl!l!, identil'ie!!i, describes, defirae5 the stnJcture
	:,:s111d 
	:,:s111d 

	of the data. of datill piroduets are planetary images, spectrum u1bles, and time s.eries 
	t.ilbles. 
	Data Set· A logical grouping of data products. 
	Experimell"lt Data Record •• level 1.0 data product produood from inst:rument packet data with PDS labels 
	information about mission, spacecraft, instrument, data set;;, and related items. Catalog inputs derived from templates expressed in Object Description language (OOL) which are suitable for loading into a catalog. 
	Reduced data records -Raw science data that have been processed to some level and output as set of data products. 
	data foll" a given inst:rument in uneha:ru'lelized telemetry p.ncketized 
	form. 
	Speciai Data Prnduets •• derived from Level 1.0 products by use of data aruilysis, data transformation in space, spectra and/ or time. Exampie;i include dust models, 3-dimensional topography models and map products. 
	Standard data product -Reduced data record generated in standard or predefined way using well-understood procedu:res. Processed in "pipeline" fashion. 
	Standard data product -Reduced data record generated in standard or predefined way using well-understood procedu:res. Processed in "pipeline" fashion. 

	Sect
	Figure
	voltages, at full resolution, time ordered, with duplieates ;and l<ir;,mMnission en·@rs r~movoo. Corresponds to Space Seiem:e Boani'1. Commit.tee on D~ta M;;i11agement and 
	(CODMAC) Edited Data National Academy preu, 19$6). 
	Figure

	NOTE: Following levels correspond to Reduood Data Records and may correspond to Standard @r Spi.cial Data Product$. 
	LEVEL 1 A -Level O data whieh have been lo· cated in space ,11nd may have be1m transformed (e.g., calil:n·ated, reairr;H1ged) in a reversible man" ne1' .an~ packaged with m!eded ancillary and auldliary data radiii11m:es with the calib:rat.ioti equations app111ed:J. Coirrespond!it to CODMAC Ce<11ibrated Data. 
	siilmpled, rii!lmapped, netic leld su·1n11attu. valuell of th~ radiances, ma:t:,· 'l,01·reso1l11ds to CODMAC 
	Resampled Data. 
	LEVEL 1C -lev<!!I 1A or 18 data which h,'lM~ been resampled and mapped onto unifonn SJ».1ce·time grids. The data are calibrated {i.e., r"1!· 
	diometrically 
	diometrically 
	diometrically 
	corrected) 
	and 
	may 
	have 
	additional 

	c,orrections 
	c,orrections 
	applied 
	(e.g., 
	terrain 
	correction}. 

	Corresponds 
	Corresponds 
	to CODMAC 
	Derived 
	Data. 


	LEVEL 2 -Geophysical parameters, generally derived f!fom level 1 data, and located in space and time commensurate with instrument location, pointing, and sampling. to CODMAC Derived Data. 
	LEVEL 3 -Geophysic21I parameters mappi;d onto uniform spaoo·time gricfo. Corresponds 'h} CODMAC Derived Data .. 







