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Introduction

This paper describes a method for scheduling obser-
vations by earth-observing satellites. The underlying
problem is translated into a directed acyclic graph for
each satellite. Fach arc in the graph has a profit related
to the value associated with an image. Each arc of the
graph also represents the constraints of the problem, in-
cluding memory, time and orbits. The scheduling prob-
lem is solved by representing the problem such that it is
a shortest path problem with resource constraints (SP-
PRC). Since each satellite is independent their solutions
can be found independently. The authors discuss sim-
plifying the problem to an “almost feasible solution”
in which some constraints are relaxed. This produces a
smaller set of possible answers that can lend themselves
to further reduction with heuristic techniques.

The approach discussed in the paper is interesting
and innovative. I want to use my commentary to chal-
lenge the authors to find other space scheduling prob-
lems that can use the same or similar techniques. I'd
like the authors’ ideas on how suitable their approach
is to these other problems and what extensions they
might have to make to their approach.

Earth observing satellite networks

This approach is a good start on scheduling earth ob-
serving satellites. However, the paper is clear that
this approach has only been tested in cases where each
satellite can be treated independently and are homoge-
neous. NASA is starting to explore using networks of
earth observing satellites that would be heterogeneous
(Prescott, Smith, & Moe 2001). In this case you may
very well want to schedule two different satellites with
two different kinds of sensors to image the same feature
at the same time or for one to lag behind another a fixed
amount of time. This would require a significantly more
complicated graph, probably requiring connections be-
tween different commodity’s graphs. Could this type of
problem be solved by extensions to the approach the
authors’ propose? What would the challenges be?

Robotics

Robotics researchers have a long history of solving
shortest path problems in order to determine the
most efficient way (with respect to time, fuel, cover-
age, etc.) to move a robot around its environment.
Some of these techniques include Voronoi Diagrams
(Choset & Burdick 1995), Monte Carlo techniques (Bar-
raquand & Latombe 1990) and various graph-based
techniques that are similar to this paper (e.g., D*
(Stentz 1995). Robotics has both similar problems to
satellite scheduling (i.e., finding an optimal trajectory
through a known space with fixed waypoints) and dif-
ferences (i.e., greater uncertainty in robot position and
environment). Could similar techniques as described
in the paper be used to solve robot scheduling prob-
lems, particilarly visiting a series of objects that need
to be imaged/grabbed/examined? Would the approach
in the paper be more effective than approaches that are
currently being used?

Crew scheduling

Crew members’ time on-board a spacecraft is a scarce
commodity. Scheduling their time is complicated fur-
ther by constriants with respect to power and commu-
nication demands for certain tasks. As the number of
crew members on ISS grows (hopefully to a full com-
plement of six) the scheduling problem will also grow.
Currently, crew scheduling is a fairly manual process
with little help from automated algorithms (Korth &
LeBlanc 2002). Is there a way to represent crew mem-
bers as commodities and the tasks they need to perform
has arcs in the graph with time, communication, etc.
constraints on those arcs? Could the solutions in this
paper help this problem? What are the challenges?

Conclusion

The techniques in this interesting paper have many po-
tential applications, as I have outlined in this commen-
tary. I would encourage the authors to look at other
domains. I would also like to see the authors com-
pare their approach against other competing schedul-
ing algorithms. For example, uncrewed spacecraft have
started using on-board science scheduling algorithms to



decide autonomously what they should do (Muscettola
et al. 1998; et al 2003). Can the algorithms described
in the paper complement these? Are these algorithms
the type of "heuristic” approaches talked about in the
paper? How can we best combine different types of
scheduling algorithms to achieve optimal performance
— both in terms of the final schedule and the computa-
tional requirements necessary to produce it?
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