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ABSTRACT

THE NASA DATA SYSTEMS STANDARDIZATION PROGRAM
RATIONALE AND SCOPE

Robert E. Smylie and Robert R. Stephens
NASA Headquarters

An unprecedented challenge to NASA’s data systems is presented by the operational
Space Transportation System and the attendant planned permanent facilities in space.
Large, extremely high data rate experiments are now possible. More importantly, re-visit
capabilities permit in-orbit payload change-out, precluding conventional ground testing of
the total system. End-to-end data system engineering and flexible architectural design are
mandatory if this challenge is to be met economically and effectively.

A simple, top-level logical reference model of the end-to-end data system is being
developed, which identifies the numerous functions and services which every automated
space data system must provide. Each function or service may be mapped into specific
physical subsystems, so that interface relationships are evident and “standard” protocols
may be identified for development. By virture of this interface standardization, subsystems
can be designed not only independently and in parallel, but with confidence that when the
subsystems are aggregated the end-to-end system will operate efficiently and at low cost.
A second purpose of the model is to identify technical opportunities for interoperability
between the space data networks owned by different agencies or countries, thereby
promoting cooperative international cross support of space missions. Fully-automated
virtual connection between an investigator and a sensor in space is postulated, with the
intervening system being fully transparent regardless of the physical configuration or
ownership of that system.

To date this standardization effort has been principally directed toward a problem unique
to space missions, namely the space to ground link. Mature “Guidelines” have been
prepared for the formatting and coding of telemetry data, and these guidelines are being
coordinated with approximately 12 other countries who have significant space activity.
Other developmental Guidelines include telecommand formats and protocols, timetags,
radio frequency/modulation techniques, and globally interpretable methods for the
exchange of many different types of message data. A formal work-flow has been
established whereby these Guidelines progress from concept papers to initial drafts
(“White Books”) , then through iterative review cycles where they exist as Drafts (“Red
Books”) and finally as completed Guidelines (“Blue Books”). This paper will review the
overall program of data system standardization currently underway within NASA.



1.0  INTRODUCTION

Current trends in the development of NASA space systems and in space mission
operations will have significant impact on requirements for the tracking, communications,
and data systems which support these missions.

At the same time, recent developments in the NASA communications and data systems
planning give promise of introducing new dimensions into the design and operation of
space missions and in the application and utilization of the space-derived data.

One of the planning developments which I consider of particular significance is the
growing awareness of the need for data systems standards and standardized approaches to
end-to-end data systems architecture.

We have, of course, always had data systems standards at the Goddard Space Flight
Center (GSFC) and at the Jet Propulsion Laboratory (JPL). System planning for multi-
mission support capabilities has long been a key objective of the NASA tracking and data
acquisition program, and standardized interfaces between spacecraft data systems and the
networks have evolved over the years as the system development progressed. At GSFC,
the Goddard Aerospace Data Standards Program has established and implemented a series
of standards for network support of earth-orbital spacecraft missions since 1963. In the
Deep Space Network, multi-mission telemetry and command systems have provided
standardized support capabilities for the series of planetary missions beginning with the
Mariner Mars ’69 flight. We expect similar benefits to be achieved in the Tracking and
Data Relay Satellite System (TDRSS) operation, for which the TDRSS Users Guide
defines standardized interfaces for all users.

This activity is now broadening and taking on new emphasis. We have initiated a NASA
data systems standards program and are also engaged in joint activities internationally,
with ESA and with the space agencies of other countries, directed at development of
common guidelines which could lead to compatible standards among the agencies.

In this paper, I will review briefly the environment to be expected from the trends and
developments referred to above and the challenges that they present to NASA data
systems planning. Then I will outline the structure and scope of our NASA data systems
standards program. There is a considerable background of data standards activities at
GSFC and JPL which helped provide a framework for establishing coordinated activities
both for NASA and with international space agencies in development of compatible data
standards. I will also touch on this activity.



This paper is in the nature of an overview. As you see from the agenda, separate and more
detailed papers on the prinicipal elements of the data standards program will be presented
later.

2.0  BACKGROUND - THE SPACE PROGRAM ENVIRONMENT

2.1  Spacelab and Space Station

The operational space transportation system, particularly with Spacelab, makes possible
large, multiple experiment, high data rate payloads. Many of these will be partially man-
tended in orbit and partially under real-time control from the ground in an interactive
mode, and will have a variety of data destinations for monitoring, analysis, and control.

The Space Station now under study will introduce a new level of complexities in mission
operations and in the design and operation of the attendant communications and data
system, on-board as well as on the ground. Although the Space Station architecture is still
under study, it is reasonable to make some projections and to consider their implications
upon the communications and data systems architecture.

We can expect a modular approach in the Space Station, with a number of separate
experiment modules or sectors. Each will have to interface with a centralized
communications, control, and data handling (CCDH) module. All communications with the
ground will be handled through the CCDH module and through TDRSS or its follow-ons.

The experiment or payload modules must be configured for in-orbit installation and
removal, with shuttle visits and revisits providing this in-orbit change-out. This in-orbit
change-out capability precludes the conventional ground testing and check-out of the end-
to-end communications and data system.

As the Space Station progresses, we can expect even more complex data flow
requirements: for example, between Space Station and near-by free flyers; between Space
Station and shuttle, among several independent experiment modules in the Space Station,
and perhaps between adjacent Space Stations or platforms.

In this environment, the need for an integrated end-to-end Space Station data system
architecture and for the development of appropriate data systems interface standards is
evident, and is in fact being addressed by a number of studies currently underway.



2.2  Planetary Exploration Missions

In the planetary exploration program, new approaches to the spacecraft systems and the
supporting communications and data systems are also to be expected. A recent report on
Planetary Exploration through the year 2000, by the NASA Advisory Council’s Solar
System Exploration Committee (SSEC) makes several relevant recommendations. The
report focuses on the need for lower cost missions; in that context, it develops a strategy
for significant increases in the number of planetary missions and, thereby, significant
increases in the volume of data to be obtained.

The SSEC report recommends a modular spacecraft approach that would allow
inexpensive reconfiguration from mission to mission, with standarized sub-systems
designs. The report also recommends multi-mission ground support systems, and identifies
past practices of developing mission-unique operations and data systems of a labor-
intensive nature as high cost activities to be avoided in future planning. The report further
recommends that data archiving and distribution should follow the recommendations of the
Space Science Board’s Committee on Data Management and Computation.

2.3  Committee on Data Management and Computation (CODMAC)

There exists under the National Academy of Sciences a Space Science Board which
provides policy and other guidance to NASA. The Space Science Board established a
Committee on Data Management and Computation (CODMAC) to study the data
management problems of NASA and other agencies. Their recent report is based on a
wide-ranging study which examined the management of existing and future space-acquired
data and its associated computation and processing and made recommendations for
improvements from the viewpoint of the scientific users. Its findings and recommendations
thus apply to science and applications data from earth-orbital spacecraft as well as to the
planetary mission data.

Several of the CODMAC findings are particularly relevant to the NASA data standards
program. The report cites problems encountered by the user community attributed to lack
of standardization in data distribution, archiving, and retrieval. It finds in particular that
data systems frequently have not been designed or implemented for interdisciplinary data
and that lack of standardization in data formats makes it difficult to correlate data from
different missions or other sources.

3.0  OBJECTIVES

We see the NASA Data Systems Standards Program as a necessary complement to the
prospective trends and characteristics of NASA’s future space missions. We believe the



program will also provide responsive actions to many of the CODMAC recommendations
and thereby improve the capabilities for a broader and more efficient utilization of all
space-derived data.

I have mentioned earlier the data systems standards activities at GSFC and at JPL. These
activities have long played an important role in providing guidelines for spacecraft systems
designers, by defining multi-mission support capabilities in the ground network,
communications, and data handling systems. They have demonstrated their value by
providing a stable environment which helped assure high levels of reliability and
performance in mission operation and by achieving economies through multi-project use of
the various elements of the ground data system.

We intend to broaden the scope of these activities in the institution of the NASA Data
Systems Planning Steering Group. The objectives of this Group are both managerial and
technical.

From the managerial viewpoint, it will serve to facilitate a coordinated approach, at the
program managers level, to data systems management issues which cut across Program
Office lines. We can expect to see such issues more and more, particularly as we move
along with the Space Station planning.

From the technical viewpoint, the Group will assure, by virtue of the foregoing
management approach, that we can effectively move ahead with an end-to-end data
systems approach to the technical problems. We will be able to develop and implement
data systems standards and standardized approaches in data systems architecture from this
vantage point.

4.0  STRUCTURE AND SCOPE

The NASA Data Systems Planning Steering Group is an inter-Program-Office activity
composed of representatives from the cognizant Headquarters Offices, including the Space
Station Task Force. The Steering Group will be supported by Technical Panels established
by the Steering Group for selected areas of specialization. Panel membership comes
primarily from the Centers.

The role of the Steering Group is to establish objectives and guidelines for the
development of data systems standards. The Steering Group coordinates activities in the
NASA standards programs and also coordinates NASA activities in this area with those of
other agencies, both national and international.



We consider the data systems standards activity in the international arena to be particularly
significant, and we are currently engaged in two efforts, each directed at the development
of mutually acceptable guidelines which could lead to compatible standards among the
participating agencies.

One is with the European Space Agency (ESA) , in the NASA-ESA Working Group
(NEWG). This was organized in early 1981 as a result of an exchange of letters between
the Administrator of NASA and the Director General of ESA.

The other is the Consultative Committee on Space Data Systems (CCSDS). The CCSDS
was organized in early 1982, resulting from a NASA initiative in convening an
international workshop on space data systems. CCSDS membership is open to any space
agency interested in the cooperative development of guidelines for compatible standards.

I will come back later to these two groups in presenting the current status of their
activities.

The diagram in Figure 1 depicts the functional relationship of the Steering Group and these
other groups.

5.0  INTERNATIONAL CONSIDERATIONS

It should be noted here that NASA has, from the early days of the space program, engaged
in cooperative space activity with other countries. This has manifested itself in several
ways, including:

(1) Other countries’ experiments on NASA spacecraft

(2) NASA ground network support of other countries’ spacecraft

(3) Joint spacecraft and payload development

(4) Joint mission operations.

We expect that this international cooperative activity will not only continue but is likely to
increase in several areas. Spacelab, itself perhaps the most ambitious cooperative space
program to date, will bring experiment payloads from several countries into orbit on the
shuttle.

At last year’s United Nations Conference on Exploration and Peaceful Uses of Outer
Space, the NASA Administrator proposed an international cooperative research effort in a



Global Habitability Program - a program which would involve extensive data sharing and
exchange among the nations involved. The report of the Solar System Exploration
Committee urges vigorous efforts toward increased international cooperation in solar
system exploration. And finally, the Space Station itself, when it comes into reality, will
surely open new areas for cooperative efforts in space sciences and applications.
Compatible data standards, allowing increased interoperability among the data systems of
participating agencies, will play an important role in such cooperative endeavors.

6.0  TECHNICAL CONCEPTS

The goal of standardization is to achieve an optimum degree of commonality and
interoperability within and among the data systems networks which support all classes of
space missions.

In order to provide a common basis for this avtivity, a reference model is necessary. Such
a model identifies the numerous functions and services which comprise the end-to-end data
system. With the model as a reference, the standarization effort then focuses on identifying
the common interfaces between elements of the data systems and developing jointly agreed
guidelines for the design of these interfaces.

Figure 2 shows the reference model which we have developed for this activity, jointly with
the NEWG and CCSDS members. The model depicts the processes of sensing and data
acquisition in regions of interest - a spacecraft observation, for example - and the local
processing and data transmission to the user region for processing and distribution to the
user. Conversely, it also depicts the controller’s generation of commands or control data
and its processing and transmission back to the spacecraft for on-board processing and
exercising control. The model thus reflects an interactive process, which is of course the
normal situation in our space data systems, even in planetary missions where the
“interaction” may require minutes or hours of round-trip transmission time.

Typical areas for data standards are indicated by the horizontal arrows. Throughout the
whole process, as indicated by the vertical arrow on the right, is the need and the
opportunity for application of common network protocol and standards format data units.
These areas will be treated in later papers in this session.

One very helpful application of the model is to serve as an architectural framework for
integrating development of future, or leading, standards with current standards already in
place. The functions and capabilities envisioned by the future standards can be overlaid on
the present capabilities and the required transition from “now” to “then” be more readily
examimed and visualized.



7.0  CURRENT STATUS AND FUTURE PLANS

There has been considerable progress in the NASA-ESA Working Group (NEWG) and in
the Consultative Committee for Space Data Systems (CCSDS) in the development of new
guidelines for data systems standards. The NASA Data Systems Planning Steering Group,
organized only a few months ago, has begun to interact with this NEWG and CCSDS
activity, and I expect to see an increasing emphasis in two directions in this interaction.
First, I expect the NASA Steering Group to assure coordinated inputs into NEWG and
CCSDS which reflect future NASA mission plans and requirements as well as capabilities
of current and planned NASA data systems. Second, I expect the Steering Group to assess
NEWG/CCSDS developed guidelines with the expectation of integrating them into the
NASA standards program to the extent that they are consistent with our own internal
program plans and requirements.

At the same time, I expect the Steering Group to examine the data systems aspects of
future NASA programs, particularly in the Space Station studies and to establish our
requirements for new data standards and initiate their development in the Technical Panels
of the Steering Group.

This activity is underway. Later papers will give more specific information.

8.0  CONCLUSION

The NASA data systems standards activity is an important step in assuring an orderly and
effective development of data systems for support of our future NASA space missions. It
will contribute benefits to all programs; but it is particularly essential that we be on this
road as we move along in the planning of the complex Space Station configuration. The
joint activity of the NASA standards program with ESA and the space agencies of other
countries will pay dividends in facilitating international cooperative missions the planetary
program, Spacelab, and in the future, the Space Station and will enhance the data exchange
and data sharing opportunities in all missions.

The potential of data systems standards activity is so great that it is easy to get carried
away. I would state just one note of caution. We do have in place today a number of major
data systems which must serve the NASA programs for some years to come. They cannot
be changed overnight. One of the challenges in the management of this program will be to
assure a smooth transition from the capabilities of today into those of future data systems.
New data systems standards should lead the way; but new standards, new capabilities, and
new systems must develop together in an evolutionary process. We cannot expect to have
a big step function in our activities.



FIGURE 1.  DATA SYSTEMS STEERING GROUP STRUCTURE



FIGURE 2.  DATA SYSTEMS REFERENCE MODEL


