Data M anagement in the Mission Data System

David A. Wagner
Jet Propulsion Laboratory
Pasadena, CA, USA
david.a.wagner@jpl.nasa.gov

Abstract - As spacecraft evolve from simple embedded
devices to become more sophisticated computing platforms
with complex behaviors it is increasingly necessary to
model and manage the flow of data, and to provide
uniform models for managing data that promote
adaptability, yet pay heed to the physical limitations of the
embedded and space environments. The Mission Data
System defines a software architecture in which both
control theory and end-to-end data management provide
the primary guiding principles.
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1 Introduction

As space missions become more complex with ever
greater demand for automation, increasingly tight
interoperability regquirements between robotic vehicles, and
unprecedented levels of human-robot interaction, the size
and complexity of the data systems needed to manage them
must also evolve. However, unbounded expansion in many
different directions of a software system is a recipe for
disaster. The narrowly-focused and highly customized
solutions of the past quickly begin to show their limitations
in the form of unexpectedly inflated costs and dipped
schedules.

The Mission Data System (MDS) defines a software
system architecture for remotely operated embedded
control systems. Based in control theory, it defines entities
and relationships needed for state estimation and control.
As the name implies, providing a robust and flexible
framework for data management was one of the key
objectives of the MDS. Software architectures are intended
to provide high-level design guidelines that can guide the
design decisions that must be made during the design of a
real system.

An embedded control system, and particularly one that is
remotely-controlled has two primary responsibilities. to
effectively trandate the intent of remote operators into
actions, and to return information describing what
happened. For scientific spacecraft, this can be summed up
in a single statement: make good science observations, and
return the results to where we can use them. While control
theory is central to this process, it is equally a problem of
data management. It is a problem of producing and storing
data, processing it to convert to more usable forms, moving
it across space and time and keeping track of it in the
process, and managing limited storage resources.

resource management,

Moving data between systems is usualy referred to as
telemetry, though modern telecommunications capabilities
are a far cry from what this term implied only a few
decades ago. Early spacecraft were extremely simple
remote sensing devices with sensors directly modulating
radio signals. The introduction of more advanced onboard
computers and storage devices has enabled a much greater
range of sensing and control, autonomous operations,
onboard analysis of data, and complex interactions between
spacecraft, including routing data through other spacecraft.
The pressure to advance these capabilities to provide more
information, and more useful information is intense, but is
severely constrained by the physica limitations of
operating in space.
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Figure 1. Fusion data flow

2.8 Mathematical formulas

Mathematical formulas should be roughly centered
and numbered, asin:
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2.9 References

References to the literature should be mentioned in
the main text by an Arabic number in square brackets, like
[1], [2]. List these in order of appearance at the very end of
your paper (under the heading References). Start each
reference on a new line with its number in square brackets
[3]. Number footnotes separately in superscipts. Place the
actual footnote at the bottom of the column in which it was
cited. Do not use footnotesin the reference list.

2.10 Finetuning

e Do not end a page with a section or subsection
heading.

o Keep footnotes to a minimum.

e Do not use footers and headers.
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3 Conclusions

This sample paper presents the formatting
instructions for initial paper submissions to IEEE SMC' 05.
Please address any problems related to use of this template
to the Publications Chair at the following address:

Mark A. Johnson

The Aerospace Corporation
P.O. Box 80360

ACP/530

Albuquerque, NM 87198-0360
Email: Mark.A.Johnson@aero.org
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