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Abstract: T he particularities of autonomous control system for deep space missions are
described. A new approach for autonomous control system development is proposed and
analyzed in details. Some models are analyzed and compared. The general formal model is
based on the theory of communicating sequential processes (CSP). Methods for
reconfiguration, verification and trace control are described.

The software that is appropriate not only for the spacecraft flight path control but also for
autonomous control of scientific apparatus operation and science experiments parameters is
described. The software enables onboard scientific apparatus to autonomously detect and
respond to science events

Science algorithms, including onboard event detection, feature detection, change detection,
and unusualness detection, are proposed to be used to analyze science data. Thus detecting
features of scientific interest these algorithms are used to downlink only significant science
data. These onboard science algorithms are inputs to onboard decision-making Replaner that
modify the spacecraft observation plan to capture high value science events. This new
observation plan is input for the Task execution subsystem of the Autonomous control system
(ACS), able to adjust the plan to succeed despite run-time anomalies and uncertainties, and
after it is executed by the ACS, which controls onboard scientific apparatus to enable an
autonomous goal-directed exploration and data acquisition to maximize science return.
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1. Introduction

For future interplanetary space missions the long-term goal is to use such
software that is appropriate not only for the spacecratft flight path control but also for
autonomous control of scientific apparatus operation and science experiments
parameters. On these missions, onboard science analysis will enable capture of
short-lived science phenomena. In addition, onboard science analysis will enable
data be captured at the finest time-scales without overwhelming onboard memory or
downlink capacities by varying the data collection rate. Examples include: eruption
of volcanoes on planets and its satellites, cloud detection, formation of jets on
comets, phase transitions in ring systems and etc. For extended duration missions
that study long-term phenomena the generation of derived science products (e.g.,
boundary descriptions, catalogs) and change-based triggering will also reduce data
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Abstract: Some models of the autonomous spacecraft computer systems are
discussed in the paper. The ways to reach the autonomy are described — high
reliability and adaptability of the system, reached by application of Artificial
Intelligence elements, formal structural models (specification, verification and real
time control) and dynamic reconfiguration [1, 2, 4, 9, 10, 11].

A method using trace models in real time for testing of system operations is
described. The method is suitable for systems specified by process algebras (CSP —
Communicating Sequential Processes [3], Timed CSP [6], and ASM — Abstract
State Machine [5], and TAM — Temporal Agent Model [7]), where process traces
are used. The computing processes and these in the hardware are observed.

Special control processes (tracers) are specified. They allow to control in real
time the correspondence of the real system traces and preliminary computed traces
(the formal specification) and send messages to the other subsystems when no
correspondence (e.g. to specification and dynamic reconfiguration subsystems).

The method allows finding in real time the sofiware and hardware incorrectly
functioning (disparity of the traces) based on rigorous mathematical specification.

In the paper are described: an autonomous control system structural model,
an algorithm for real time traces control, possibilities for implementation, using
OCCAM or PC libraries — CPPCSP — C™" Communicating Sequential Processes
library [8], JCSP.

The application of trace models in real time allows to find any system
incorrectly operating and this is one of the ways for increasing the onboard
computer systems’ reliability and to achieve full operation autonomy.
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Abstract- In the paper some particularities of the autonomous
spacecraft computer systems are discussed The ways to reach
the autonomy are described — high reliability and adaptability of
the systemy, reached by application of Al elements, formal
structural models (specification, verification and real time
control) and dynamic reconfiguration [1,2,4,9,10,11].

A method using trace models in real time for testing of system
operations is described. The mcthod Is suitable for systems
specified by process algebras (CSP — Communicating Sequential
Processes [3], Timed CSP [6], ASM — Abstract State Machine
[5], and TAM ~ Temporal Agent Model [7]) where process traces
are used The computing processes and these in the hardware
are observed.

Special control processes (fracers) are specified. They allow to
control in real time the correspondence of the real system traces
and preliminary computed traces (the formal specification) and
send messages to the other subsystems when no correspondence
(e.g. to specification and dynamic reconfiguration subsystems).
The method allows finding in real time the software and
hardware incorrectly functioning (disparity of the traces) based
on rigorous mathematical specification.

In the paper are described: an autonomous confrol system
structural model, an algorithm for real time traces control,
software simulations (laboratory models) of autonomous
systems, the faults and reaction of the tracer-processes, all based
on CPPCSP - C++ Communicating Sequential Processes library
(8]

The application of trace models in real time allows find any
system incorrectly operating and this is one of the ways for
increasing the onboard computer systems’ reliability and to
achieve full operation autonomy.

I INTRODUCTION

The autonamy of the onboard computer control and
information systems becomes more and more important with
the deep space unmanned flights. It means higher reliability
of the system and possibility to change system configuration
in real-time depending of the system and environment state.
How to reach this?

A new generation of spacecrafts with a new generation of
control systems is needed for these missions. Their most
important specialty is the possibility for long autonomous
operation and others:

- minimal dependence from the ground systems;,
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- operation by general commands,

- planning and scheduling;

- high reliability of the system hardware and software,

- system dynamic recovering and reconfiguration.

These principles are most fully realized in the REMOTE
AGENT (RA) model based system [4].

The aerospace control systems (ACS) for awcraft or
spacecraft navigation are complex multiprocessor systems.
They include many hardware and software objects that are
communicatng in 8 real-ime mode. The standard
stabilization and navigation systems are not fault resistant and
they have static configurations and insufficient reliability. The
most important characteristic of these systems is their
reliability. As NASA reports many crashes were not due to
hardware but software failure [9]. To increase the ACS
software reliability formal methods are used in recent years
(10, 11].

Usually formal methods implementation consists of two
steps: specification and verification. The particularity of the
approach described in the paper is that it includes in addition
a real-time trace control which allows relatively easy
computer realization of software specification and
verification. The approach also includes method for dynamic
reconfiguration of ACS structure in accordance with the
developed formal model.

This paper presents the author’s approach for creating of
autonomous control and modeling system called ACS
(Autonemous Control System). The approach is characterized

using of formal models and methods at all the system
operating cycle,

the system is presented as set of objects freely configurable
and connectible by channels [2];

Artificial Intelligence (AI) is used in the stage of system
reconfiguration or as a part of the control process.

The main differences of ACS from RA are:

ACS executes control and development functions - in real
time it makes dynamic reconfiguration (analysis, synthesis
and ete.) of the execution control system;
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