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The ability to autonomously generate and execute large angle attitude maneuvers,
while operating under a number of celestial and dynamical constraints, is a key factor
in the development of several future space platforms. In this paper we propose a ran-
domized attitude slew planning algorithm for autonomous spacecraft, which is able to
address a variety of pointing constraints, including bright object avoidance and ground
link maintenance, as well as constraints on the control inputs and spacecraft states, and
integral constraints such as those deriving from thermal control requirements. Moreover,
through the scheduling of feedback control policies, the algorithm provides a consistent
decoupling between low-level control and attitude motion planning, and is robust with
respect to uncertainties in the spacecraft dynamics and environmental disturbances. Sim-

ulation examples are presented and discussed.

Introduction

key enabling technology that could lead to .

greater spacecraft autonomy is the capability to
autonomously and optimally slew the spacecraft to a
desired attitude while operating under a number of ce-
lestial and dynamic constraints. Large angle attitude
slews are typically required for certain space science
missions for retargeting of payload instrumentation,
e.g. to point a telescope towards a new celestial ob-
ject. In addition, typical mission profiles for future
platforms , e.g. missile-tracking satellites, will require
the execution of rapid attitude maneuvers at a very
short notice.

In most cases the slew maneuver is subject to sev-
eral constraints. As an example, consider a space-
craft carrying sensitive science or navigation sensors
(e.g. cryvogenically cooled telescopes, or star track-
ers): in this case the attitude reconfiguration must
be achieved without directing the sensors along the
Sun vector, or along other “bright” regions of the sky.
Other constraints can come from the necessity to main-
tain a comnnunication link with the ground station,
from pointing requirements imposed by other space-
craft subsystem (e.g. thermal control), or even from
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the necessity to reduce the probability of collision of
sensitive components of the spacecraft with man-made
or natural orbiting objects {e.g. in the case of the
crossing of planetary rings).

The planning of such constrained maneuvers can be
very challenging, and can result in a costly increase in
the workload of the ground segment, and in a reduc-
tion of the payload availability and flexibility of the
system — for example because of a reduced ability to
track targets of opportunity, for which a relatively fast
mission replanning is required.

Background

The problem of planning large angle slew maneuvers
for autonomous spacecraft, avoiding bright objects has
been addressed by Mclnnes,? who nsed an approach
based on the definition of an artificial potential func-
tion. The potential function guides the spacecraft to
the target attitude, while avoiding pointing the pay-
load boresight along the Sun vector. Such an approach
suffers from the main drawback associated with poten-
tial function methods in robot motion planning: the
convergence of the generated trajectory to the desired
attitude is not guaranteed in general, as the spacecraft
might get trapped at a local minimum of the potential
function. While possible in principle, the computation
of a potential function that is free of local minima (a
navigation function®) is a very hard problem from the
computational point of view, for non-trivial constraint
specifications: as a matter of fact the only constraint
that is taken into account is Sun vector avoidance by
a single body-fixed vector (i.e. the boresight of a tele-
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