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Preface

The subject of this Proposal is the Central Data Handling Facility (CDHF) of the ISTP Mission. There are
three “data centers” being reviewed by NASA Headquarters: the Solar Data Analysis Center, the ISTP
Central Data Handling Facility, and the National Space Science Data Center (services related to Sun-
Earth connection data' ). These three data centers are synergistic and without overlap in their functionality.

In building these data systems one of the considerations was to take advantage of existing infrastructure,
where possible, to avoid overlap. For example, in the case of the ISTP CDHF the CDAWeb facility
(provided by the NSSDC affiliated Space Physics Data Facility, SPDF) is used to provide open access to
the display and retrieval of ISTP science data products; the CDHF puts the science products into Common
Data Format, which was developed and is maintained by the National Space Science Data Center
(NSSDC). The NSSDC also is used for archival storage of the level zero data and science data products;
the ISTP Science Planning and Operation Facility (SPOF) uses the Satellite Situation Center (SSC) software
developed and maintained by the SPDF for purposes of science coordination between the missions.
The US Cluster Science Data Center, an integral part of the CDHF, leverages CDAWeb to make the
Cluster Prime and Summary Parameters available in the US.

The Solar Data Analysis Center is a solar data analysis facility that serves the data analysis and access needs
of the solar physics community.

The generic diagram below depicts these relationships.

Current ISTP Data Flows
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! The Space Physics Data Facility (SPDF), and National Space Science Data Center (NSSDC) or under the Space Science Data Operations
Office, GSFC/Code 630, Chief Dr. James L. Green.
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Executive Summary

Of the 14 space science missions participating in this 2001 Senior Review over one-third are directly
dependent on the ISTP Central Data Handling Facility (CDHF) and associated infrastructure to process
the telemetry, monitor instrument health and safety, produce and integrate science products, provide
data distribution, handle a variety of ancillary computations, and coordinate and enable the science.
Five more of these missions contribute survey and/or event data, making the CDHF a primary data
source for space scientists worldwide. Beginning with ISTP, NASA'’s Office of Space Science is maintaining
the missions needed to study the Sun-Earth connected system on a global scale. The CDHE, providing
data from all relevant missions in a common format along with common access and visualization tools,
is at the heart of the required infrastructure to tackle such “system-level” science. These functions have
been routinely and reliably provided on a 7X24 basis for many years. This, in turn, has played an essential
role in enabling ISTP science.

This carefully architected system provides telemetry and science measurements in real-time that allow
the investigators to: monitor instrument health, monitor and provide early warning of space weather
and Gamma Ray events, produce images of the aurora, and helps determine launch times for sounding
rockets. The system also provides level zero and science data on CD-ROMs and electronically to the
investigators within a few days of real-time, which allows preliminary science analysis to be accomplished
on the order of days rather than months.

To enable rapid surveying of the vast array of scientific data being gathered by ISTP, Key Parameters
(KPs) are computed by the CDHF or are ingested into the CDHF (collaborative missions, ground-based
instrumentation, and high-resolution “event” data). These Key Parameters and high-resolution “event”
data are written to CD-ROMs, and are distributed electronically via the CDHF and CDAWeb (Coordinated
Data Analysis on the WWW). About 0.2 Terabytes of ISTP Key Parameter data have been computed
and made open and available since the launch of Geotail in 1992.

This system, originally dedicated in 1991, was reengineered in the 1996-1998 time frame resulting in a
system that has now been reduced to its minimum functional level, including staffing. Historically, the
CDHF and associated infrastructure have been enhanced multiple times, at small incremental cost, to
incorporate data products from additional space science missions. In the fall of 1998 this system became
part of the Consolidated Space Operation Contract (CSOC).

As we transition to this next phase of ISTP we have in-place, at considerable time and expense, an
enormously capable one-of-a-kind “system” to accomplish SEC system science. This system consists of
a fleet of space and ground-based instrumentation, a sophisticated ground-system, theory, simulations,
data products, and tools that will permit us to use these extensive single-point measurements, in
conjunction with the theory and simulations, to develop a much more detailed understanding of the
physical processes being studied and will enable ISTP to transition to the Solar Terrestrial Probes and
the Living With a Star Programs. It is expected that this system will play a critical science role as major
solar disturbances occur during the declining phase of this Solar Cycle. Thus it is essential to keep this
system viable.

To avoid duplication the relevance of the CDHF and associated infrastructure to the Space Science
Enterprise Strategic Plan is discussed in the individual Mission Proposals, as is Education and Public-
Outreach (EPO).



Science Section

1.0) Introduction:

At the start of the 17 Century Francis Bacon is said to have
proposed: “experiments in concert” as the most effective way
in which to understand the world around us.

In April 1979 the Final Report of the OPEN Science Definition
Working Group (SDWG) was released titled “Origin of
Plasmas in the Earth’s Neighborhood”. The SDWG had been
asked to define a realistic program comprising
complementary theoretical and experimental studies (space
and ground-based), i.e., “experiments in concert”, that would
make a major advance in our understanding of the near-
Earth space environment (Sun-Earth Connection in modern
parlance).

It took nearly 15 years for the theoretical, space, ground, and
computational resources recommended by the SDWG to be
put in place. The “heart” of this undertaking is the
International Solar-Terrestrial Physics (ISTP) Ground-System
and particularly the ISTP- Stanley Shawhan' Central Data
Handling Facility (CDHF) - the subject of this proposal. The
CDHF and associated infrastructure exists for the sole
purpose of enabling ISTP science. The rest of this proposal
is in support of that objective.

2.0) Discussion of the ISTP Stanley Shawhan CDHF

including spacecraft telemetry processing, the Science .

Planning and Operation Facility (SPOF), and the ISTP
Web-site:

This Proposal covers all of the elements shown in Figure 1,
except for those that are “hatched”. As is evident from this
Figure, ISTP casts a wide net and of the 14 space science

missions participating in this 2001 Senior Review 36%

(Geotail, WIND, POLAR, SOHO, and IMP-8: a total of 53

instruments) are directly dependent on the ISTP Central Data

Handling Facility (CDHF) and associated infrastructure for:

- telemetry processing to produce level zero data, for
Geotail, WIND, and POLAR (IMP-8 and SOHO
telemetry processing are discussed and costed in their
own Proposals),

- the CDHF ingests all of the level zero data from Geotail,
WIND, POLAR , IMP-8 and SOHO, i.e., 24 hours of data
from each of these 5 missions, 24 hours per day, every
day,

= rea}i-time data flows used for: monitoring instrument
health and safety, producing images of the aurora,
providing early warning of space weather and Gamma
Ray events,

- direct computation of Key Parameters, including
parameters from IMP-8 and SOHO, and ingestion of
externally computed Key Parameters and higher
resolution data,

- ancillary computations, and ingestion of ancillary data,

- science enablement via the SPOF and CDHF,

- science and level zero data distribution, including IMP-
8 and SOHO,

- science coordination across the primary and
collaborative missions via the SPOF,

- serving as the US Cluster Science Data Center,

1 The CDHF was officially dedicated in memory of Dr. Stanley D. Shawhan
on October 30, 1991. The plaque reads “His vision of space physics for the
1990’s became reality through his untiring efforts and leadership.”
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- providing an extensive ISTP Web site (over 1 million
visits per month) used for science operations, education
and public-outreach http://www-istp.gsfc.nasa.gov.
The EPO aspects of this Web-site are discussed in detail
in the ISTP Proposal.

The above listed functions, described in greater detail in
Appendix A, have been routinely and reliably provided on
a 7X24 basis for many years. This, in turn, has played a critical
role in enabling the ISTP science.

Figure 2 summarizes the flow of “Data Days” (One Data Day
= 24 hrs of data from a single instrument) through the ISTP
Ground-System for the entire year of 1999. Note that in 1999
the system ingested nearly 75,000 Data Days (Level Zero and
Key Parameters); and distributed 275,000 Data Days
electronically and via CDs (> 12K). While the original ISTP
Program involved collaborations with scientists from many
countries, the ready availability of synoptic observations
from a large number of regions within the Sun-Earth system
has led to substantially enlarged international partnerships.
Today, mirror sites of ISTP data exist in at least 6 different
countries, while ISTP data and information are routinely
distributed to a large international community covering
Europe, Japan, and South America (see Figure 3).

2.1) Science Enablement and Science Processing in the
CDHF:

Following the precedent set by Dynamics Explorer and ISEE
“Data Pool” datasets, it was recognized that to accomplish
the ISTP scientific goals, there would need to exist the ability
to quickly survey, in a coordinated and on-going fashion,
the vast array of scientific data being gathered by the
instrumentation. Such a timely survey should reveal
scientifically interesting phenomena (events) almost
immediately, and should be of great value during the
scientific campaigns. Thus, the concept of ISTP Key
Parameters (KPs) was implemented. In general, KPs are low
resolution observations (on the order of 1 min) computed
from each instrument. KPs computed internally to the CDHF
are based on Level Zero data (cleaned up and decommutated
telemetry). There are also KPs generated externally to the
CDHE, electronically ingested from a variety of ground-
based instruments and collaborating spacecraft (see Figure
1 and Appendix C). A KP data set covers one complete day
in time. Software for internally-generated KPs is provided
by the PI teams for each instrument. As mentioned, the KP
data sets are used to identify interesting scientific “events”.
In general, this identification results in the production of
higher resolution scientific products by the PI teams. The
higher resolution products, now called event data, after being
put into ISTP/IACG CDF (see below) are submitted back to
the CDHF for subsequent joint analysis and electronic
distribution as well as being put on CD-ROM. It is important
to note that the KP and event data sets are immediately open to
the scientific community worldwide.

2.2) CDHF Data Management:

One of the functions of the CDHF is the management of the
large and diverse number of data products ingested,
computed and distributed by the system (see Figure 2). At
the outset, it was recognized that these data products should
be self-documenting and should also use existing standards
and schemes for management, where possible.
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Consequently all data sets have an associated, separate,
Standard Formatted Data Unit, (SFDUs). This small ASCII
file identifies and describes each data product, and is used
by the CDHF data base management system for cataloging.
With few exceptions all data products are one Data Day in
length making for simplified logistics.

Key Parameters, event data, orbit, attitude, spin phase, and
POLAR de-spun platform attitude are encapsulated in the
ISTP/IACG Common Data Format (CDF) developed by the
NASA /GSFC NSSDC to facilitate joint display and analysis
of diverse scientific data sets. CDF’s allow organization of
the data elements of a file in a meaningful and flexible fashion
and provides metadata relevant to these data elements that
facilitates the search, display and analysis of these data.
Standard tools have been developed to work with CDF's,
e.g.,, CDAWeb (see below) and the Key Parameter
Visualization Tool (KPVT).

These data products are distributed both electronically and
on ISO 9660 Compatible CD-ROMs. All CD-ROMs have a
Table of Contents and a Cumulative Index that allows for
unambiguous determination of where a particular Data Day
is located across a collection of CD-ROMs.

2.3) CDHF Reengineering:

During the1996 - 1998 time frame the demanding task of
reengineering this complex Ground-System was carried out
with the goal of increasing its efficiency and reducing costs
with minimal impacts to the users. The reengineered system
successfully transitioned into full operations January 1999
(some fine-tuning continues) and the system was
concurrently moved to the Completion Form/Performance-
based side of the CSOC Contract. The fact that this system
has now been reengineered and reduced to its minimum
functional level, is a critical point for this Senior Review —
there simply is no “fat” left. Further details of the reengineering
effort appear in Appendix B.

2.4) CDAWeb:

CDAWeb is a complementary system to ISTP used for viewing
essentially any data produced in Common Data Format/CDF
with the ISTP/IACG Guidelines. CDAWeb, the Coordinated
Data Analysis (Workshop) Web, supports interactive plotting
of variables from multiple instruments on multiple
investigations simultaneous‘l}/ on arbitrary, user-defined
time-scales. It also supports data retrieval in both CDF or
ASCII format. CDAWeb is a joint effort among the Space
Physics Data Facility (SPDF/GSFC), the National Space
Science Data Center (NSSDC/GSFC) and the ISTP project
and its Science Planning and Operations Facility (SPOF).
CDAWeb is most easily accessed at the URL http://
cdaweb.gsfc.nasa.gov/yor via that of SPDF (http://
spdf.gsfc.nasa.gov/). All science data generated by or ingested
into the CDHF are ingested into CDAWeb as well (see Figure 4).
Note that CDAWeb is being reviewed as part of the NSSDC/
SPDF Senior Review Proposal.

2.5) The Science Planning and Operations Facility (SPOF):

One of the fundamental concepts coming out of the ISTP,
essential to the upcoming LWS program, is an entity that
coordinates the science across the entire Program. This
system-science coordination function is multi-dimensional,
sometimes ad-hoc, event-driven, and serendipitous activity
closely coordinated with the CDHE, the Flight Operations

Team, and, of course, the science community. It ranges from
monitoring instruments commands for conflict, pointing the
POLAR de-spun platform in accordance with the science
plan, planning spacecraft maneuvers, reviewing Key
Parameters and identifying and monitoring SEC Events,
producing data product and orbital and other graphics,
developing “tools” that serve the community, pre-
conditioning data products for ingestion into the CDHF,
participating in spacecraft and instrument emergencies,
quality control of products, and managing the ISTP Web site.
The SPOF is absolutely critical to the conduct the system-
science being done by ISTP.

3.0) Enabling Science through the Ground-System:

The extraordinarily successful functioning of the ISTP
Ground System over the last decade has enabled the space
science community to:

- exploit the processing and distribution of Level Zero,
Ancillary, Key Parameters, and higher resolution data
in order to publish well over a thousand referred papers
- many dealing with leading edge space science issues
(addressed in some detail in the ISTP, SOHO, and IMP-
8 Senior Review Proposals);

- use the real-time science data provided by the system to:
determine launch times for sounding rockets; provide
an early warning system for Gamma Ray Burst; provide
monitoring and early warning of space weather events;
monitor spacecraft and instrument health and safety;
provide real-time images of the aurora;

- develop an unprecedented scientific data base (Key
Parameters and higher resolution data derived from the
primary and collaborative missions) resident on CDs and
in CDAWeb that has been and is distributed
internationally (see Figure 3). Figure 4 summarizes the
breadth and extent of this database by mission/
instrument. Appendix C contains a detailed listing of
most of the Key Parameters computed internally and
ingested from external sources. About 0.2 Terabytes of
Key Parameter data have been computed and made open
and available since the launch of (E;’eotail in 1992;

- identify scientific events and produce event unique
products, available electronically, on CD’s, and over the
WWW - for example, a list of science products
produced/assembled by the SPOF for the “Bastille Day”
Event - this is just one of the many events identified by
the SPOF and available at the ISTP Web site http://
www-istp.gsfc.nasa.gov /istp/events/;

- perform/develop the scientific planning, coordination,
and operational constraints for this complex system,
including pointing of the POLAR de-spun platform and
checking GGS instrument commands for conflict.

4.0) The Future:

As over a third of the missions participating in this Senior
Review are currently critically dependent on a functioning
CDHE implicitly their plans for the future assume that it
will continue to be completely functional. New missions
supported by the CDHF are currently being implemented,
e.g., real-time Triana telemetry packets will flow into the
CDHF where real-time solar wind data will be computed
and sent out to the space weather community; or are just
starting into their prime phase, e.g., Cluster, where the CDHF
serves as the US Cluster Data Center in conjunction with
CDAWeb. Because ISTP was the first NASA effort at
studying the system wide impact of the Sun on the near
Earth’ environment, ISTP acts as a technology and scientific
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pathfinder for the Living with a Star initiative. The integrated
flight operations facility, the Science Planning and
Operations Facility, the Central Data Handling Facility, the
data products, and the tightly coupled Theory, Modeling and
ground-based components of ISTP are the test-bed
technologies for enabling a successful Living with a Star
program which are, along with Solar Terrestrial Probe
missions, and Sun-Earth Connections-related Explorers
being architected to contain many of the same elements as
ISTP. Also it is likely that the WIND spacecraft, with its
substantial reserve of fuel, will continue to serve as a full-
time upstream solar wind monitor, particularly post 2006
when ACE fuel supplies are depleted. And POLAR will
provide invaluable and irreplaceable science support for
ongoing and future magnetosphere imaging missions. For
example, the IMAGE and TWINS missions have assumed
that there will be in-situ measurements of the inner
magnetosphere to support their remote sensing and global
ENA imaging observations.

Thus it would certainly make sense, rather than reinventing
the wheel for LWS, to enhance the existing extensive
capabilities of the CDHF and its infrastructure including the
SPOF, to process the telemetry, do the necessary ancillary
computations, compute the science parameters?, use the
same proven standards, and perform the science enablement
and coordination for the LWS missions. For LWS data
distribution and permanent storage the CDHF has
infrastructure that routinely produces level-zero and science
data CD’s and protocols that routinely transfer the science
data to CDAWeb for access by the general research
community, and the level zero data to the PI teams. As LWS
telemetry will use CCSDS packets (the same as SOHO and
Triana which is currently handled by the CDHF) these
individually addressed packets would feverage the internet
for transfer to the appropriate locations using standard
internet protocols. Appendix D is a “strawman” blueprint
of how ISTP existing infrastructure can be augmented to
support the LWS program.

5.0) Conclusions:

The ISTP CDHF system and the associated data products
provide the science community with an integrated
environment, uniform standard products, and science
planning that was designed and implemented from the
outset to substantially enhance both the quantity and
timeliness of the science return. Unique to ISTP is the
integration of, and subsequent electronic distribution (and
on CD-ROM), of a large number of Key Parameters derived
from the space segments, ground segments and other
collaborative missions in a standard format (SFDUs and
Common Data Format) with display/analysis tools
(CDAWeb and KPVT) provided by the Project for immediate
use by the scientific community. This carefully architected
system provides these data to the investigators within a few
ays of real-time (and for some measurements in real-time),
which has allowed preliminary science analysis to be
accomplished on the order of days rather than months. As
the level zero data is also available to the science communi
electronically (later on CD-ROM), instrument health and
safety can be monitored, real-time science products are
produced, and the detailed analysis of the event data
proceeds at a rapid pace. The Project and all PI/Col teams

* Another approach is to have the instrument teams compute the
“summary” science parameters, i.e., Key Parameters, at their institutions
to a specific set of standards and make them available in a timely fashion
to the science community over the WWW.
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make extensive use of the SPOF and the WWW for science
planning, data display/analysis, and data access and
distribution. All data products, including event data and
display/analysis tools, are presently open and available via
the WWW,

As we transition to the next phase of ISTP we now have in-
place, at considerable time and expense, an enormously
capable one-of-a-kind “system” to accomplish SEC system-
science. The system consists of a fleet of space and ground-
based instrumentation, a sophisticated ground-system,
theory, simulations, data products, and tools that will permit
us to use these extensive single-point measurements, in
conjunction with the theory and simulations, to develop a
much more detailed understanding of the physical processes
being studied and will enable SEC to transifion to the Solar
Terrestrial Probes and the Living With a Star Programs. Thus
if; is essential to keep this system viable for the foreseeable
ture.

Technical/Budget Section:

1.0) Introduction:

This Section covers the costs of the CDHF and associated
infrastructure. The costs presented here are for the Four-Way
Breakdown provided in Llrw)e Proposal directions, Item number
3 — Sequence Generation, Science Planning, & Data Processing,
i.e., the functions discussed in this Proposal and shown in
Figure 1 and in Appendix A. They do not include items such
as flight operations, flight dynamics, DSN support, or
communications services, which are covered separately in
the ISTP Proposal. Also, at the request of the IMP-8 and SOHO
Project Scientists, the costs for Level Zero processing for IMP-
8 and SOHO appear in their respective Senior Review
Proposals and not in this one.

The CDHF and associated infrastructure has now been under
the SOMO/CSOC contract' for over two and half years
(phase-in started 10/1/98). There have been, and continue
to be, problems associated with the Completion Form side of
this contract that, for the most part, boil down to the fact that
a “factory” paradigm is not appropriate for a science driven
R’stem (we are not manufacturing widgets) and the fact that
e “factory” and its attendant bureaucracy is very expensive
because of the indirect costs we are charged. Science advances
when the systems supporting the science are permitted to
operate in a flexible and interactive fashion allowing the
scientific community to take advantage of serendipitous
situations (e.g., “Bastille Day” event), respond to unique
circumstances (e.g., instrument emergencies), go in
unanticipated directions (e.g., incorporation of new missions
of opportunity such as Triana and LWS), and generate new
unique products (e.g., products covering events). Under the
Completion Form/ Performance-based part of the CSOC contract
itis a real struggle to maintain the kind of flexibility required
to enable the ISTP science effort (see right-hand botfom corner
of Figure 1 for some examples) and continue to do the re-
engineering that will make the system more efficient.

One of the goals of LWS is to have the fleet of spacecraft in
place for the next Solar Max (2010) with some launches (Solar

namics Observatory) as soon as 2006. Thus augmentation
of the CDHF budget to support LWS could start in FY04/
FYO05 but has not been included in this analysis. However,
we have included, in Appendix D, a “strawman” blueprint
of how the existing ISTP ground-system infrastructure can
be enhanced to support LWS.



2.0) FY01 Actual MO&DA Plan Spreadsheet:

The first is the required “FY01 Actual MO&DA Plan”
spreadsheet showing the estimated direct costs for FY 2001,
with additions of $0.5M for necessary things that are not now
paid for by CSOC (see the right-hand side of the
INDEPENDENT COST ESTIMATE SPREADSHEET for the
details of the non-CSOC costs). The estimated direct cost for
FY01 is $4.2M.

3.0) Minimal/Bare-Bones Scenario Spreadsheet:

The second is the required “Minimal/Bare-Bones Scenario”
spreadsheet showing the direct costs for FY 02 through FY
05. The costs in this spreadsheet are from the CSOC FY02
(April 20, 2001 version) PSLA “Science Data Processing
Category” again with additions of a $0.5M for necessary
things that are not paid for by CSOC. As a result of the
reengineering done in the 1996 — 1998 time frame, the ISTP Project
considers the CDHF and associated infrastructure to be operating
at Minimal/Bare-Bones level. The direct cost is $4.75M for FY
02 inflated at approximately 3% for subsequent years. Note
that these numbers do not contain funding for incremental
reengineering of the system as technology advances (because
the CDHF and associated infrastructure are for the most part
in the Completion Form side of the CSOC contract where such
reengineering’ is not done by definition). Such incremental
reengineering has the potential to reduce personnel costs over
time — see “Requested /Optimal Scenario” below. Because
of this the Minimal/Bare-Bones scenario is actually more
expensive that the Optimal Scenario.

4.0) Independent Cost Estimate Spreadsheet:

The third part is our independent estimate of what we believe
this system should cost (see spreadsheet titled
“INDEPENDENT COST ESTIMATE COMPARED WITH
CSOC COSTS”). In making this estimate we used the same
FTE count as in the CSOC FY02 PSLA (April 20,2001 version),
and industry standard salaries for these positions were used
with an overhead multiplier of 1.65. In some categories it
was necessary to make realistic estimates for costs and FTE’s
as the numbers were not available to us. Referring to this
spreadsheet, the elements with a “gray” background were
used in making this estimate. This independent estimate, to
cover the functions described in this proposal, is $4.76M and
is essentially the same as the CSOC direct costs. Thus we
conclude that the CSOC direct costs are reasonable - it’s the
indirect costs that are the problem (see Discussion below).

5.0) Requested/Optimal Scenario Spreadsheet:

The forth part is “Requested/Optimal Scenario”, which
includes funding for S£eciﬁcally reengineering the IMP-8
level zero processing hardware/software ($150K; IMP-8
Proposal has additional $350K- savings achieved shown in
IMP-8 Proposal) in the FY02 time frame, and funding for
incremental reengineering across the entire CDHF and
associated infrastructure in FY 03 and 04 at $200K each year.
This reengineering has the potential to make the system more
reliable and reduce personnel costs, without reducing
functionality, and the spreadsheet reflects this. Note that this
Optimal Scenario requires that the CDHF and associated
infrastructure be moved out of the Completion Form side of the
CSOC Contract so that the incremental reengineering can take
place.

6.0) Discussion:

There are a number of good reasons why the CDHF (and
associated infrastructure) should be moved from the
Completion Form/Performance Based side to a CSOC Space
Operations Directive Agreement that will benefit science and
save money:

- science/mission/system flexibility is improved as
described in the Introduction to this Section,

- the ability to perform the additional reengineering
(prohibited, by definition, in the Completion Form/
Performance Based side of contract) that will lower costs
over time,

- elimination of the indirect costs now charged to this
facioligr - not shown in the spreadsheets are the indirect
CSOC costs ($1.72M in FY02) that are charged to this
facility each year providing little or no benefit to the ISTP
Program,

- will enable the enhancement of the system to support
LWS.

A legitimate question to ask is - if this move is so beneficial,
why has it not already been done? The answer is that, for
over a year despite our best efforts, the Space Oﬁeraﬁons
Management Office (SOMO) at JSC and Lockheed has
consistently resisted, and of course, it cannot be accomplished
without their agreement. We believe that, in this fiscally
constrained environment, these efficiencies must be
implemented by FY02.

' The CSOC contract is primarily a Completion Form/Performance-based
contract with some small provision for what is called Space Operations
Directive Agreement (SODA), level-of-effort type work. Only the KITT
& SPOF are in a CSOC SODA whereas the CDHF, IDDS, LZPR, and
DPS are in the Completion Form part of the contract (see Figure 1).

2 As called for in the Completion Form side of the Contract, ownership of
the CDHF hardware and software has been transferred to CSOC.
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Appendix A - Detailed Description of
the CDHF functionality (see Figure 1):

-  Telemetry processing:

This is the process of ingesting, refining, and decommutating
(to individual instrument files) the spacecraft telemetry sent
from the Deep Space Network', via JPL, to GSFC. As an
integral part of this process real-time telemetry is also sent
to the Flight Operations Teams for WIND/POLAR for real-
time monitoring of the spacecaft, the SOHO Experiment
Operations Facility, and the CDHF. The CDHF ingests all of
the telemetry from Geotail, WIND, POLAR, SOHO, and IMP-
8, i.e., 24 hours of telemetry from each of these 5 missions 24
hours per day, every day.

- Real-time data flows and monitoring instrument
health and safety:

Via the CDHF 19 WIND/POLAR instruments are monitored
for health and safety, near real-time auroral images are
generated by POLAR VIS PI team, the WIND KONUS
instruments provides a Gamma Ray Burst Early Warning
System, and the real-time space weather parameters
(Magnetic field and plasma) are computed from fields and
plasma instruments on WIND and the upcoming Triana
spacecraft.

- Internal computation of Key Parameters and ingestion
of externally computed Key Parameters and higher
resolution data:

Internal to the CDHF 26 instruments compute Key

Parameters using algorithms developed by the individual

PI teams. External to the CDHF, four Ground-Based

investigations, and 10 collaborative missions compute Key

Parameters which are then electronically submitted to the

CDHE. Higher resolution data are also routinely ingested by

the CDHF both from the primary missions and collaborative

missions. All of these Key Parameter and higher resolution
data are put on CD-ROM and transferred to CDAWeb for
public access.

- Ancillary computations and ingestion of ancillary data:
The CDHF computes/ingests and distributes: Geotail,
WIND, POLAR, SOHO, and IMP-8 orbit and attitude?,
Magnetic Local Time (MLT), L Shell, Carrington Rotation
Number, the Tsyganenko Model, POLAR Despun Platform
attitude, refined SOHO attitude, and WIND/POLAR spin
period and phase.

- Science enablement:

Scientific Event Identification, Science Planning, KP and
orbital plots, KP reviews. Made available from the CDHF
are a number of tools and algorithms for community use,
e.g., KP visualization tools, coordinate rotation software,
Tsyganenko Model, etc.

- Science data and Level Zero data distribution:
Scheduled and on demand Science data and Level Zero data
distribution, both electronic and on CDs are available from
the CDHF on a routine basis.

1 IMP-8: Wallops Island VA, Canberra Australia, and Redu Belgium
2 Three different coordinate systems: GCI, GSE, & GSM
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- Science coordination across the primary and
collaborative mission:

Including pointing of the POLAR Despun Platform, and

checking the WIND/POLAR instrument commands for

science conflicts, planning and coordinating scientific

campaigns.

- US Cluster Science Data Center:

Each country providing science instruments to Cluster
Mission is responsible to provide a Country Data Center to
compute that countries instrument data products and ingest
the data products from the other Country Data Centers and
make them available to the scientific community in that
country. In the case of the US the CDHF serves this function.
That is, the CDHF ingests the Prime, Summary, Auxiliary,
and JSOC products (see Appendix C, last page) for use by
the US Col’s and PIL.

- ISTP Web server:

An ISTP Web site exists (over 1 million visits per month)
used for science operations, education and public-outreach
(http:/ /www-istp.gsfc.nasa.gov). The EPO aspects of this
Web site are discussed in the ISTP Proposal.

Appendix B - SUMMARY of ISTP
REENGINEERING

- Conversion of DSN telemetry transfer protocols for
WIND, POLAR, Geotail, & SOHO from the traditional
NASCom blocks to IP & FTP (in the case of real-time
data, UDP) - required a new NASCom IP external
interface (IRTS),

- telemetry processing at GSFC (clean-up, and the
generation of instrument files) for WIND, POLAR,
Geotail, & SOHO moved from heritage systems to
automated workstation based system (LZPRs & DPS) —
hardware/software completely redone,

- telemetry archive for WIND, POLAR, Geotail, and SOHO
converted to a COTS solution - the Raw Data Archive
(RDA),

- CD-ROM production moved from the institutional Data
Distribution Facility, (DDF) to a dedicated ISTP system
- ISTP Data Distribution System (IDDS) an integral part
of the CDHF - hardware/software completely redone,
including a new mass store,

- CDHEF modified to handle new interfaces,

- Delivery of Flight Dynamics products (orbit & attitude)
to CDHF reduced from once per week to once per month,
definitive delivery eliminated, only predict provided,

- Reduction in the amount of reprocessing of Key
Parameters on the CDHE,

- Reduction in the number of CDs produced & shipped
by CDHF,

- The Integrated Mission Operations Control Center
(IMOC) for WIND & POLAR was updated with new
hardware, and updated software versions - IRTS, LZPR,
and RDA co-located in the IMOC area,

- Overall staff reductions across the ground-system,
including Flight Ops, on the order of 50%.



Appendix C - Key Parameters computed in or ingested by the CDHF
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KPs Computed Externally to CDHF

GROUND BASED

Key Parameters

Time resolution

North & East components of drift velocity, number of
measured vectors, eccentric dipole field line latitude

1 min

Riometer absorption corrected for instrument

Perot Interferometer

direction (m/s), Ug: As above, but for woo«ﬁwan East
direction, indicator to show emission wavelength

CANOPUS/MARIA | characteristics, CU & CL indices, CU lat/lon (geodetic) 1 min
CL lat/lon (geodetic), site availability, sites, sites lat/lon
CANOPUS/MPA | A5577 intensity (latitude scan for each photometer, 17
bins each scan) 5 min
— CANOPUS/AST AS5771i (One 16 x 25 pixel image) 5 min
GEO voamo_ﬂ_.wmm—n scan time, half B:.vam. GEO
DARN/PACE coords., velocity components ~ 100 sec
GEO position, half scan time, half range in GEO "~ 100 sec
DARN Goose Bay coords., velocity components
GEO position, half scan time, half range in GEO ~ 100 sec
DARN Saskatoon coords., velocity components
GEO position, half scan time, half range in GEO ~ 100 sec
DARN Iceland West coords., velocity components
GEO position, half scan time, half range in GEO ~ 100 sec
DARN Kapuskasing coords., velocity components
Begin/end/half integration time, GEO lat/lon, altitude,
SONDRESTROM normalized power, Ne, Tj, Te, Ne error, T; error, Te 10 sec to 5 min
error, Vions, Vions €rror
Tmin: Jowest plasma frequency recorded (MHz)
SESAME/Advanced | fEmax: highest plasma frequency recorded from E-region
Tonospheric Sounder | (MHz), fFmax: highest plasma frequency recorded from 15 min
F-region (MHz)
SESAME/ELF-VLF | ~1: mean, omni onal logarithmic intensity of 1
Logger Investigation kHz signal with 1 kHz bandwidth (dB) 1 min
VLF-3: As above, but for 3 kHz signal (dB), 122-
duration of observation
SESAME/Fabry Us: Horizontal Doppler velocity in geographic South 30 min

(Apr - Sep only)

SESAME/Fluxgate
Magnetometer

HADZ_system (components in Cartesian coords.),
B_HDZ (Magnetic field components H, D, Z in nT;
H=Horizontal (+) North, (-) South; D=Horizontal (+)

East, (-) West; Z=Vertical (+) Down)

1 min

SESAME/Riometer

Absorption (dB): AN (North), Ag (East), As (South),
Aw (West). Note: in each case direction shifted onto an
L-shell-aligned coordinate system

1 min

Eénmnng

LANL

Time resolution

LANL/SOPA

Key Parameters
Electrons: 50-225 ma¢ & 315-1500 keV Tlux, density,

temperature; Protons: 50-400 keV & 1.2-5 MeV flux,

density, temperature; He (0.9-1.3 MeV) flux, Heavy
ions (C, N, 0): 5-15 MeV flux, (lat, lon,R)GEO

61.44 sec

LANL/MPA

eigenvalue ratio (T 1/Tmiq); Electrons (30-45,000 eV):

Tow_lons (1-130 ev): partial density, flow velocity,
temperature (T 1, Ty), temperature eigenvalue ratio
(T 1/Tmia); High_Ions (130-43,000 eV): partial
density, flow velocity, temperature (T, Ty), polar
angle of symm. axis (rel. to s/c-Earth direction),
azimuth of symm. axis (rel. to North), temperature

partial density, temperature (T}, Ty), polar angle of
symm. axis (rel. to s/c-Earth direction), azimuth of
symm. axis (rel. to North), temperature eigenvalue
ratio (T 1/ Tmid), s/c potential, background
(lat,lon,altitude)GEo, (mlat, mit,altitude)MAG

172 sec

INTERBALL/Auroras
Key Parameters Contributing Time
Instrument(s resolution
High-temperature plasma: F(e-), <Ee>, F(H+), <E H+> . -3, TBD
PROMICS-3A
gh-temperature plasma: F(O+), <E O+>, azimuth angle O+ PROMICS-3A TBD
and polar angle O+
gh-temperature plasma: Fluxof ions 27-32 keV (1 detector
directed from Sun, 2 directed at angle 45° to Sun or in
scanning mode) DOK-2A TBD
Flow of electrons 27-32 keV (1 detector directed from Sun, 2
directed at angle 45° to Sun or in scanning mode)
Pitch E@Eﬁ
Cold plasma: Density of O+ ions, Density of H+ ions,
Temperature of O+ ions, Temperature of H+ ions, Velocity of| HYERBOLOID TBD
O+ ions (Vy, Vy, V), Velocity of H+ ions (Vy, Vy, V)
Cold plasma: Temperature of electrons KM-7 TBD
Cold plasma: Plasma density AP-3A TBD
Cold plasma: current, probe potential RON TBD
Wave investigations: Spectrogram of HF E, Spectrogram of POLRAD TBD
HF B (cyclotron frequency Fce added)
ave investigations: Spectrogram o , Spectrogram of “MEMO 30 sec
HF B (cyclotron gyrofrequency Fc. added)
VLFE, VLE B, ELF/VLF SFA E, ELF/VLF SFA B, Service MEMO 30 sec
parameter (SFA) [SFA = Sweep Frequency Analyzer]
Electric and Magnetic fields: Spectrogram of ULF E
(orthogonal), Spectrogram of ULF B (orthogonal), IESP-2 TBD
Spectrogram of ULF E mﬂﬁ__mc. Spectrogram of ULF B
1)
3 components of tic field, total c field TMAP-3 TBD
2 components of electric field, electric field DC IESP- TBD
Auroral i UVAI 30 min
Auxiliary information on s/c position ({ every 1-3 hrs
INTERBALL/Tails
Descriptors Key Parameters Contributing Time
Instrument(s) resolution
: By, By, By, TMAP, MIF-M ~2 min
: -8 Hz, : OPERA ~2 min
; m.dm.ﬂdnlmmﬂqa«mwl
— EMFT___| Fluctuations: Magnetic fie! 2 [~ MIFM/PRAM_ | ~2 min
[ EMFT Fluctuations: Electron flux (1-4 Hz) [ IFPE/PRAM
GPP1 Thermal plasma: ng, Te, ELECTRON ~2 min
GPPT "MONITOR (solar | ~2 min
wind)
Thermal plasma: nj, Vj, T; AP (plasmasphere)
EU-1 or CORALL
(other regions)
EPTP Oxygen: Eos+ FO+, vg.am_dwﬂ ~72 min
EPTP Energetic particles: fluxes of ions and electrons DOK-2 ~2 min
(two directions, energy ranges TBD)
EPTP Energetic partilces: fluxes of ions (I-5 meV) and SKA-2 - ~2min
electrons 150-500 keV
Tail probe coordinates 1 hr
PC (polar cap) geomagnetic index (from Thule and 15 min
Vostok stations)
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