
Data Standards for the Space Station Freedom Program

Item Type text; Proceedings

Authors Carper, Richard D.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:14:42

Link to Item http://hdl.handle.net/10150/614720

http://hdl.handle.net/10150/614720


Data Standards for the Space Station Freedom Program

Richard D. Carper
Space Station Program Office

Reston, Virginia

ABSTRACT

The Space Station Freedom Program (SSFP) plans to utilize several of the
Recommendations of the Consultative Committee for Space Data Systems
(CCSDS). As it establishes the standard for space/ground communications
formats and protocols, the development, use, and baselining of the CCSDS
Recommendation for Advanced Orbiting Systems (AOS) is of particular interest to
this audience. This paper focuses on the AOS, only incidentally addressing other
CCSDS Recommendations.

The Space Station Freedom Program is constituted of four separate flight
elements. They are the manned Space Base, the European Space Agency (ESA)
provided Manned Tended Free Flyer, the NASA provided Polar Orbiting Platform
(POP), and the ESA provided Polar Orbiting Platform. The Manned Base flight
element itself has four major components furnished by four different national
agencies. These are two pressurized modules provided by NASA, a pressurized
module provided by ESA, a pressurized module provided by the National Space
Development Agency of Japan (NASDA), and a manipulator arm system similar to
that used on the Space Shuttle, provided by Canada. The number of international
interfaces involved clearly provides an environment in which data systems
standards are not only an advantage but a necessity.

This paper discusses four aspects of the effect of the AOS within the SSFP which
are of special interest.

First, the AOS is a new Recommendation of the CCSDS, and the SSFP has been
in the unique position of playing a major role in the development of the
Recommendation even as the SSFP was maturing it’s own data systems
concepts and executing it’s preliminary design. Several advantages accrued to
both the Program and the CCSDS from these parallel processes, including a level
and breadth of review and of test bed activities which probably would not
otherwise have been possible. These advantages and the interactions of the
process are discussed.



Second, the four flight elements of the SSFP are quite diverse, and therefore the
data systems needs of each is significantly different from those of the others. The
AOS Recommendation defines a spectrum of Services from which the flight
system designers select those which are needed by their spacecraft. The specific
application of the CCSDS AOS Recommendation to each SSFP flight element
and the resulting sets of Services provided on each element are discussed.

Third, simply by it’s existence, the AOS Recommendation has provided a
common language and a common framework in which data systems issues could
be addressed. The usefulness and importance of the AOS Recommendation
within the context both of the international nature of the SSFP and as a part of the
generation of inter-organizational support agreements within NASA are discussed.

Fourth, the current status of baselining various CCSDS Recommendations,
especially the AOS, into the SSFP requirements structure is given.

BACKGROUND

Although most public awareness is of the Manned Space Base, the Space Station
Freedom Program (SSFP) in fact is constituted of four separate flight elements,
and a major attached system provided by a fourth nation’s space agency. The
Manned Base is made up of the main supporting structure, the power generating
equipment, and four pressurized, inhabited modules. Two of these modules will be
provided by NASA, one by the European Space Agency (ESA), and one by the
National Space Development Agency of Japan (NASDA). The NASDA, ESA, and
one of the NASA modules are all dedicated to laboratory functions. The other
NASA module provides the crew living quarters. In addition to these, Canada is
providing a Mobile Servicing Center which will provide a new capability for the
remote handling and manipulation of devices and structures on, attached to, or
serviced by the Base.

NASA is providing a Polar Orbiting Platform (POP), often called the NPOP. The
payload complement of the NPOP is primarily NASA and National Oceanic and
Atmospheric Administration (NOAA) equipment, oriented towards earth observing
functions.

ESA is providing a Polar Orbiting Platform, often called the EPOP. It’s (initial)
payload complement will also generally be oriented toward earth observations.
The two POP’s will be placed in complementary orbits, and together will constitute
a coordinated and highly capable earth observing capability.



Further, ESA is providing a Manned Tended Free Flyer (MTFF) which will be
dedicated primarily to microgravity experiments. It will co-orbit with the Manned
Base and will periodically rendezvous with the Base for the resupply of vehicle
expendables and experiment raw materials and for the removal of experiment
products.

The most visible part of the Canadian Mobile Servicing Center (MSC) is a
sophisticated, complex manipulator arm system which will be used first as a fixed
location system and later will be provided with mobility over the supporting
structure. Although the MSC is an integral part of the Manned Base, it will have
radio frequency communications links with the Base.

For the purposes of this paper, the most salient features of the above constellation
of spacecraft is its variety and its multinational sources. Four different space
Agencies are involved, four separate spacecraft of quite different purpose and
structure, an attached but largely independent remote controlled device, and, as
yet unmentioned, at least the possibility of the involvement of the space/ground
communications systems and associated ground/ground systems of three
different Agencies. Clearly, this should be a natural application area for data
system standards. Even without the international characteristic of the SSFP, the
number of major organizations within NASA alone which carry responsibility for
moving data between the onboard equipment of these spacecraft and the end
users ground equipment is significant. Within NASA, there are three high level
(NASA Headquarters) organizations involved. The Office of Space Station
(Code S) is responsible for the Space Station Freedom Program. The Office of
Space Operations (Code T) is responsible for the Tracking and Data Relay
Satellites and their associated ground systems, the NASA Communications
Network for the movement of spacecraft related operational data, and the
Program Support Communications Network for communicating management and
supporting information, and several other supporting functions. And the Office of
Space Science and Applications (Code E) is responsible for NASA sponsored
experimenters and the communications networks associated with the movement
of processed science data within that science community.

In this environment, many standards are under consideration for the Program
ranging from those for operating system interfaces to those for time codes. This
paper discusses only one of these, that for space/ground communications,
specifically the Consultative Committee for Space Data Systems’ (CCSDS)
Recommendation for Advanced Orbiting Systems (AOS).



SSFP INVOLVEMENT WITH THE CCSDS AOS

Early in the SSFP the Program requested CCSDS to form an advisory group to
make recommendations to the Program and to interact with the Program in the
area of space/ground communications. An outgrowth of this process was the
realization that existing standards were not adequate to the complex requirements
of the SSFP. The CCSDS therefore undertook the development of a new
Recommendation for such “Advanced Orbiting Systems”. The SSFP participated
in this development both directly through membership on the relevant CCSDS
Subpanel, and also as a major reviewing and critiquing organization. The AOS is
a result of this mutually beneficial process.

The international CCSDS subpanel membership provided a breadth of view which
would simply not have been available to the Program by itself. This resulted in a
deeper insight into the processes involved and therefore a better allocation of
functions than would otherwise have been achieved. The subpanel provided
access to a broader group of protocol experts than that which would have been
available to the Program alone, and this resulted in an increased level of discipline
in the creation of the formats and functions and in a very useful increase in the
formality of the description of the protocols. The international aspect of the
subpanel was invaluable in achieving early and exceedingly useful international
coordination. On the other hand, SSFP participation contributed strongly in the
form of increased sensitivity to complexity, to technology, to implementability, to
cost, and to simple usefulness. The SSFP also provided a very important drive
toward testbedding and validating the protocols, and a major portion of the funding
for that process. The result has been an international effort of the most exemplary
kind. The extremely interesting validation effort is the subject of another paper in
this Session, and therefore will not be discussed here.

It would be both incorrect and misleading to imply that the above process of
developing the AOS Recommendation was either easy or without conflict. It was
neither. The built-in conflicts between flight systems people and ground systems
people, between project people and institutional services people, between the
network architecture of one Agency and the different one of another Agency,
between those experienced in commercial ground/ground protocols and those
experienced in the peculiar space/ground communications environment - to name
only a few of the abrasive points - sometimes made it seem doubtful if the effort
would ever achieve a successful conclusion. But the result has been a
Recommendation strengthened by that process and, we believe, a truly excellent
and useful product.



In summary, the Recommendation is a product of an outstanding international
talent pool, and a level of effort simply not available to any one Project, not even
Space Station Freedom. The Recommendations represent the consensus of
many technical experts, both within NASA and internationally, and the official
acceptance of this Agency after a thorough review by its Program Offices and
Field Centers. And they represent a significant investment by the Agency.

AOS SERVICES USED BY THE SSFP

As has been noted, the SSFP has several quite diverse flight components. The
needs of these spacecraft are by no means identical. The AOS functionally
provides a “menu” of services, from which the spacecraft designer may pick those
- and only those - which are needed by his spacecraft. It is beyond the scope of
this paper to describe the services contained within the AOS, and in any case
those services are the subject of another paper in this Session. Also, it is
assumed that the interested reader will make himself acquainted with the AOS. In
that context, it appears at the time of writing of this paper (May, 1989) that due to
its’ wide ranging needs the Manned Base will use all the services in the AOS
except the Insert Zone (not needed at the high projected data rates), the Space
Link ARQ Procedure (since end-to-end ARQ is projected), and the Octet String
service option under the Path Service. The situation is not as clear yet for the
NPOP, the EPOP, and the MTFF, but an educated guess is that they will not use
those services listed above and in addition they may not use the Virtual Channel
Service Access Points and possibly not the Internet Service. An update on the
selected services and functions will be given at the time of presentation of this
paper.

As a result, those things that will be standardized by the SSFP adoption of the
AOS are:

Frame formats
Virtual Channels
Grades of Service
Basic Service Types
Service Access Points (SAPs) and service and protocol specifications
CCSDS Packet format for Path Service (telemetry)
ISO 8473 Packet format for Internet Service
Space/Ground ARQ protocol IF node to node ARQ is selected (perhaps for the
NPOP)

However, it is important to note that the AOS by no means covers the whole
spectrum of the needs of the SSFP - or of any Program, for that matter. It is a



single recommendation of limited scope. For example, within the SSFP, a very
incomplete list of important things NOT covered by the AOS are:

Audio formats
Video formats
LAN low layer protocols (flight or ground)
NASA Flight LAN to International Partner Flight LAN interface
Space to Space formats
Ground to ground protocols below Layer 3C
Upper Layer Protocols (above Layer 3C)
Physical (e.g. plug/pin/voltage) interfaces

But, as discussed below, the AOS is believed to be THE key Recommendation,
since within its scope is the maximum number of inter-organizational interfaces.

USEFULNESS AND IMPORTANCE OF THE AOS WITHIN THE SSFP

The establishment of standards within areas previously without standards is a top
down process. Organizations responsible for subsystems within the end to end
system generally resist the process since standards do impose some constraints
(though minimal) on subsystem designers. The knowledge base of subsystem
designers, and of subsystem managers, too, is often not sufficiently broad to allow
them to assess the overall end to end problem. And in any event, the
responsibility (and funding) of the subsystem designer and manager is for the
subsystem, not for the end to end system. Therefore, when adopting standards for
a Program, it is unrealistic to expect unanimity or enthusiasm. Grudging
acceptance is adequate.

Considering the above difficulties, why did the SSFP undertake to establish the
CCSDS Recommendations as standards for its’ use? Within the SSFP we found
many strong drivers. We believe these apply to nearly all Programs, although the
relative importance of the individual items will vary according to Program size,
complexity, and objectives. However, in todays’ operational environment it seems
certain that the number of organizations involved in any end to end information
system will make paramount the first advantage listed.

•The early and stable definition of interfaces is THE key to the successful
implementation of distributed systems. There is probably no other single step
which a Program Office can take which will define and stabilize so many, and
such critical, inter-organizational interfaces. At no other place in the information
system do so many different organizations meet. This is the keystone interface. In
the SSFP, the Program, users, all three International Partners, Code T and



Code E all meet at the interfaces included in the CCSDS Recommendation for
Advanced Orbiting Systems.

•Adoption of the AOS constitutes a major agreement between the SSFP and its
International Partners

•The Recommendations function as effectively as NASA inter-organizational
(Codes S, E, and T) agreements as they do as international agreements.

•The ability to evaluate changes based on end-to-end, life-cycle costs is greatly
enhanced due to a consistent, overall system structure. This represents the
potential for significant savings and performance benefits. Meaningful costing
must be done on a comparative basis, and adoption of these Recommendations
provides the consistent reference needed.

•For the same reason, adoption provides the basis for valid, accurate and
commonly based cost trades

•Due to the broad, consistent system view reflected in the Recommendations, the
tendency toward subsystem optimization at the expense of other subsystems,
resulting in a suboptimized overall system, is greatly reduced.

•By maximizing the use of institutional capabilities, costs to the Program are
minimized.

•Adoption of the AOS provides the hooks and scars for future increased
international cross support and interoperability

•System manageability, including integration, test, and verification, is greatly
increased

From a functional perspective, adoption of the AOS by the SSFP accomplishes
the following:

•Defines the space/ground interface at the appropriate level of detail

•-Defines the end to end communications services available to users

•Stabilizes major interfaces and services

•Provides the definition and stabilization at the right time - six months prior to DMS
PDR and approximately ten months prior to Program PDR



STATUS OF SSFP BASELINING OF THE AOS

The intent to baseline the CCSDS AOS was placed in the SSFP Program
Definition and Requirements Document (PDRD) in April, 1988. This intent was
included in the PDRD in order to give all Program participants clear information on
the importance attached to the AOS. They then could participate in the review
process to the level they felt appropriate for their organization. At the time of
writing of this paper, the process to actually baseline the AOS as a Program
requirement, also in the PDRD, is underway. The current plan is to submit a
Change Request (CR) to the PDRD in late June, 1989. The review and approval
process will require approximately two months, leading to establishing the AOS as
the SSFP standard in this area in late August, 1989. This date is regarded as the
latest advantageous date, as experience has shown that standards baselining
must take place about one year prior to Preliminary Design Review for maximum
acceptability and effectiveness. A report on the status of this process will be given
at the time of presentation of this paper. Updates to the baseline, if needed, are
tentatively planned for March, 1990, or approximately three months prior to
Program Preliminary Design Review, and again in March of 1991, or
approximately three months prior to Program Critical Design Review.

The CCSDS Recommendation for Time Codes, and the CCSDS
Recommendation for Radio Metric and Orbit Data were adopted by the SSFP in
April, 1988.


