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ABSTRACT

During the recent years of small satellite space access missions, the trend has
been towards designing low-cost ground control centers to maintain the space/ground
cost ratio. The use of personal computers (PC) in combination with high speed
transputer modules as embedded parallel processors, provides a relatively affordable,
highly versatile, and reliable desktop workstation upon which satellite telemetry
systems can be built to meet the ever-growing challenge of the space missions today
and of the future.

This paper presents the feasibility of cost effective, high performance ground
systems and a quantitative analysis and study in terms of performance, speedup,
efficiency, and the compatibility of the architecture to commercial off the shelf
(COTS) tools, and finally, introduces an operational high performance, low cost
ground system to strengthen the insight of the concept.
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INTRODUCTION

In recent years, the trend has been towards designing low-cost control centers. Interest
has focused particularly on reducing total mission costs to fit within the budgets of
most national space agencies. For most space missions, a large level of redundancy is
built into all aspects of ground systems to ensure a high system availability. The use



of personal computers in combination with high speed transputer modules as
embedded processors, provides a relatively affordable, highly versatile, desktop
workstation upon which satellite ground control systems can be built to meet the
ever-growing challenge. Furthermore, the latest developments in modern computer
architecture can facilitate the upgrading and performance of these ground systems
with minimal redesign or change in configuration.

This article reviews the feasibility of cost effective, high performance ground
systems with respect to the present trend in space missions. A quantitative analysis in
terms of performance, speedup, efficiency, and compatibility to commercial off the
shelf (COTS) tools supports the viability of desktop cost effective systems. Finally,
we present an example of currently operational high performance, low cost ground
system, to strengthen the insight of the concept.

PRESENT TRENDS

The Contrast Between the Current, Distributed, Multi System versus
Adoption of a Comprehensive "One System" Approach to Ground Systems :

The trends are towards "cheaper, smaller, faster, and smarter". As the chart in
figure 1 shows, multiple computer facilities - each with their own computer complex,
maintenance, and administration are being replaced with small workstations
frequently with embedded, parallel processing capabilities. These systems require far
fewer operators, less space and utility requirements, almost no maintenance, and at a
small fraction of the cost of the old systems.

The current embedded processing systems, such as those used on TOTAL
OZONE MAPPING SPECTROMETER EARTH PROBE (TOMS-EP), NIMBUS-7,
and the TOMS METEOR-3 missions are modular. This means, these systems can be
upgraded with additional modules to meet any new requirement, including the 160
megabit data rates of the E0S mission, without buying all new systems, as has been
the case with the old systems.

Today's REALITY is - "one to four giga instructions per second (GIPS) in a
PC-based system". This speed and power, if applied to meeting mission requirements
using a "total systems" approach, entails a single system in an office-like environment
providing the following functions: spacecraft operations, command management,
science processing, and data capture (which, today, is duplicated in the operations
facility in some cases). In addition, this one system provides all communications (i.e.
NASCOM) and could control the tracking stations.





The implication is that one system can do the total mission requirements with
appropriate backup systems using only one administration, one office-like facility, no
special air, power, or physical facility requirement. This results in very little
maintenance and operations expenses.

"Turnkey Systems" can be built! Because they are modular, and various
capabilities can be added to meet any foreseeable missions, including EOS. They can
be portable and carried anywhere in the world. One system was taken to Russia on
two occasions for pre-launch testing of the Meteor-3 TOMS spacecraft, and was later
taken to California for instrument testing. Another portable system was used to
provide blocking, evaluation of data and transmission to the Goddard control center.
Progressing to the next logical step would envision the same system approach in the
spacecraft integration and test environment. This could reduce cost by the equivalent
of one entire ground station, in addition to providing many savings by providing
compatibility in databases, displays, training, etc..

Despite the potential savings of this one system approach, very little progress
has been made as most companies and Government agencies are set up with separate
budgets. They are each chartered, presently, to do only a small piece of the project,
which precludes "an overall systems approach". In an innovative and daring move, the
traditional approach - which is no longer the most effective, efficient, nor the best
value for shrinking budgets - the "one system" ground system approach could be
adopted.

DIMINISHING RETURNS

The cost of a major computer facility, power, raised floors, air handling
equipment, and square footage is very substantial. Adding main frame costs,
(frequently in the million dollar range), coupled with resident maintenance people,
operators, and the high cost of operating the facility, make it a very expensive
proposition. On the other hand, a high-end PC or workstation requires no special
facilities, power, air handling, structural reinforcement, or maintenance. The basic
computer cost is under $10K. Hardware costs have become insignificant, therefore
there is little need to reduce that further. However, there is a need for cost reduction in
the software area.

NEW DIRECTION

Most of the existing software are written for sequential processing machines.
However, the power of new machines is in the combination of sequential and parallel
processing. It can be scaled up to 16384 nodes at 200 MIPS per node, and using the



same software. There are software packages such as, BERT, that are used to convert
today's Fortran-77 source code to Parallel Fortran, with varying degrees of success in
their efforts to optimize it for the Parallel Architecture. It is very dependent on the
design of the source code. BERT and other such tools are in their infancy, but this is
where "the biggest bang for the investment dollar" will be in the future.

Both the Government and companies in the space business must reevaluate the
way they organize and the manner in which they control their budgets. They must take
a systems approach, with one budget - rather than independent subsystems groups
with their own budgets. This may be at the program level, but more savings could be
reaped if budgets and decisions were being handled across several compatible
programs. This architecture can produce savings of at least one order of magnitude
less than present day systems, based on the current organizational and budgetary
structures using the old, familiar technologies. "Big Iron" mainframes are becoming
obsolete!

EVALUATION O F THE COMPUTER TECHNOLOGY

Very large scale integration (VLSI) based reduced instruction set
computers (RISC) are meeting the power of so called conventional computers - a
quantitative analysis :

Since the early eighties, progress in VLSI design and RISC technology has
occurred in such an extent that it is possible to design a powerful system that can
match the processing performance of the presently available conventional systems.
There is no doubt about the fact that most of these high-end, traditionally sequential
systems are quite capable and efficient in solving the demand of intensive computing
and a substantial amount of effort is exerted towards further enhancements of their
performance. However, many parallel systems (especially massively parallel systems)
can achieve a similar performance rate, and can handle intensive computation with
equal efficiency at less cost. The C90 Supercomputer of Cray, introduced in 1993, has
16 processors; can achieve 16 billion flops (floating point operations) performance;
and cost 30 million dollars, providing a 500 flops/ dollar value. On the other hand,
massively parallel computers introduced in early 1990, can perform at a rate of 100
Mflops at a cost of 20 thousand dollars, or about 5000 flops/ dollar value. The systems
within a cost range of $5000 - $ 10000 are considered as low end systems; and the
systems at a cost range above $ 100000 are usually considered as high end systems.

In small scale space missions, parallel systems consisting of a smaller number
of processors can provide the required efficiency and performance. From a recent
study on a few parallel and sequential systems and available processors, we have
noticed that the low end systems can achieve comparable relative MIPS as that of high



end mainframes; and can exhibit better speedup with a larger number of processors.
The tables 1, 2, and 3 summarize the efficiency, speedup and MIPS performance of' a
few well known systems and processors used today. The efficiency measures the
degradation of peak performance due to sequential operations involved in the
processing. The speedup is a ratio of time spent in sequential execution in one
processor to the time spent for parallel execution using more than one parallel
processor.

Embedded parallel programming adds a new edge to the speedup and capability
of these low end systems. For example, transputers, a type of RISC processors can add
twice as much as an i80486 based PC, in MIPS performance at a cost of $1000.
T9000, a new series of transputer can offer up to 200 MIPS (about 10 times of T800)
of performance. As the number of RISC processors such as transputers is increasing it
is quite justifiable to consider these processors in small scale space missions. These



processors will not only add to the performance of the ground systems, they will
increase the reliability and fault tolerance as well as flexibility and scalability of the
presently developed systems towards future progress in the computer architecture.

Another major advantage of using embedded parallel systems is due the features
such as modularity, flexibility, scalability and the adaptability of these systems
towards the future progress in the computer industry. The advantage also includes the
compatibility of these systems with the COTS. This reduces the time required in the
system development process and facilitates the training of the designers and operators.

CURRENTLY FUNCTIONAL GROUND SYSTEM

A Desktop system featuring embedded parallel programming can meet the
challenge of satellite data acquisition today and tomorrow :

Based on the developments relating VLSI technology and increased availability
of high performance processors, the flight operations team for the Nimbus 7 satellite,
located at NASA Goddard Space Flight Center, initiated design of a ground system to
achieve the following goals: low cost, highly enhanced performance, small size, short
development cycle, ease of maintenance and use, reusability of hardware and
software, and maximal use of commercially available tools. Since their very inception,
these systems have evolved into Intel-based 80486 type PCS with modular embedded
processors, SCO UNIX operating system and full graphical user interface. A present
model of the system can be exhibited as in the figure 2 below.

An individual unit, in its latest stage of development, exhibits the following
functionality : it acquires data transmitted from the satellite at a sustained rates in
excess of 2 megabits per second; decommutates spacecraft data frame on a bit-by-bit
or a byte-by-byte synchronization pattern search; carries out health and safety
monitoring of the satellite; executes real-time command operations; post-pass analysis
of playback data; and archive and distribution or raw and processed data.

Parallel programming methodology implemented has added features such as
modularity, scalability, and adaptability for present and future technology to the
capability of this system. Modularity accelerates the system development process,
reduces debugging efforts and time; makes the system easy to test; and enhances other
features. Flexibility of the system helps to achieve processor redundancy; and to
exhibit reliability and fault tolerance. Transputer and PC combination makes it
affordable to implement more than one system on-line. Scalability of the system plays
an important role in adding extra modules to meet the demand of extra processing
power with minimal redesign and changes in configuration.



FIGURE 2: PRESENT MODEL OF THE GROUND SYSTEM

COMMENTS

The presently operational system would provide a performance of 200 MIPS with a
addition of T9000 transputer as embedded processor. It can be upgraded with
upcoming faster processors, with a minimal redesign and maximal use of' COTS. The
progressive advances in the present system design will allow the multimission activity
handling and mobile data acquisition. In short, based on these systems, ground control
centers for present and future space missions can be built.
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