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ABSTRACT

Human long duration exploration missions (LDEMs) raise
a number of technological challenges. This paper addresses
the question of the crew autonomy: as the distances increase,
the communication delays and constraints tend to prevent
the astronauts from being monitored and supported by a real
time ground control. Eventually, future planetary missions
will necessarily require a form of astronaut self-scheduling.
We study the usage of a computer decision-support tool by
a crew of analog astronauts, during a Mars simulation mis-
sion conducted at the Mars Desert Research Station (MDRS,
Mars Society) in Utah. The proposed tool, called Romie
[1], belongs to the new category of robust modelling and
scheduling (RAMS) systems. It allows the crew members (i)
to visually model their scientific objectives and constraints,
(ii) to compute near-optimal operational schedules while tak-
ing uncertainty into account, (iii) to monitor the execution of
past and current activities, and (iv) to modify scientific ob-
jectives/constraints w.r.t. unforeseen events and opportunistic
science. In this study, we empirically measure how the as-
tronauts, which are novice planners, perform at using such
tool when self-scheduling under the realistic assumptions of
a simulated Martian planetary habitat.

1. INTRODUCTION

Past space missions have had very limited experience in hu-
man self-scheduling. In fact, [2] states that current human
operations, including extravehicular activities (EVAs), are
“carefully choreographed, and rehearsed events, planned to
the minute by a large team of EVA engineers, and guided
continuously from Earth” [3, 4]. As the distances increase
however, the communication delays rapidly become an ob-
stacle to remote real time monitoring and management of
operations from Earth. However, human operations on Mars
are expected to be carried at a faster rate than current rover
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Fig. 1. The Mars Desert Research Station (MDRS), located
in the Utah desert, is a Mars analog planetary habitat (Mars
Society).

missions' [5], which implies new planning strategies and
tools that account for latency-impacted interactions [6]. In
addition, future planetary EVAs are likely to be driven by
science [7], requiring flexible adaptations according to scien-
tific samples. In such context, future human space missions
will have to enable some degree of crew autonomy and self-
scheduling capabilities.

The problem of scheduling a set of operations in a con-
strained context such as the Mars Desert Research Station
(MDRS, Fig. 1) is not trivial, even in its classical determinis-
tic version. It is a generalization of the well-known job-shop
scheduling problem, which has the reputation of being one
of the most computationally demanding problems [8]. In [9],
the authors raise on the importance of mission planning, as
25% of the budget of a space mission may be spent in making
these decisions beforehand, citing the Voyager 2 space probe
for which the development of the a priori schedule involv-
ing around 175 experiments requiring 30 people during six
months. Nowadays, hardware and techniques have evolved
and it is likely that a couple of super-equipped (i.e. with a
brand new laptop) human brains may suffice in that specific
case. Yet, the problems and requirements have evolved too.
Instead of the single machine Voyager 2, space missions have
to deal with teams of astronauts.

Current Mars rover missions are commanded by the ground operations
team at most once per Martian day, or sol, and operate independently in be-
tween such contacts.



1.1. Rescheduling on-the-fly: objectives, constraints and
opportunistic science

A human mission on Mars is different will necessarily be a
long duration exploration mission (LDEM). The communica-
tion delays, in each direction, range from 3 to 22 minutes.
Finally, in the current configuration of Mars orbiters, only a
few short communication windows with Earth are possible
per each Martian day (called a sol), with limited data rate (2
Mega bits per second).

In such conditions, any deviation from the original plan
must be managed on the fly by the astronauts themselves.
However, [10] demonstrated the fact that astronauts are not
good at solving such complex problems by hand. This is not
surprising. The sheer complexity of space systems means that
thousands of constraints must be accounted for in decision
making, and balancing of a large number of competing soft
objectives must also be considered. An articulation of the
size of this problem space for the Rosetta Orbiter mission sci-
ence planning is described in [11] and a future human mission
to Mars is likely to be orders of magnitude more complex.
Furthermore, the astronauts must also be able to adapt their
schedules according to new scientific goals and requirements,
such as conducting opportunistic science (e.g., recording a
dust devil), or even a new scientific project, or unexpected
events such as machine breakdowns. In other words, the hu-
man machine team must be able to track evolving scientific
objectives and operations constraints to re-optimize activities
in an ever changing mission context.

1.2. Robust Advanced Modelling and Scheduling (RAMS)

A recent review of planning and scheduling tools, specific of
applied to either space exploration and industrial operations
is provided in [1]. Existing systems usually fall into a) being
specifically designed for a particular application/mission or
operational context, or b) not having a generic, integrated op-
timization system to generate robust schedules (from a prob-
abilistic point of view). Instead, the Romie RAMS system
is used in this study. Compared to classical frameworks, a
RAMS system such as provides the following technological
innovations:

1. Graphical problem modelling. The user is able to
graphically draw and manipulate the structure and con-
straints of its scheduling problem, including stochastic
models for task durations.

2. Optimization under uncertainty. An optimization en-
gine allows the user to generate, or adapt existing
schedules, in a way that produces schedules robust
w.r.t. uncertainty.

Unlike all existing tools, in a (robust) advanced modelling and
scheduling (RAMS) system, both modelling and modifying
the problem is now made accessible to the end-user, which is

critical for a reliable self-scheduling. Although being a hot
research domain, Romie is the first scheduling tool to pro-
pose an integrated robust (i.e. under uncertainty) optimiza-
tion engine. Having more robust (i.e. reliable) schedules, the
end users are more likely to avoid last minute rescheduling.
Eventually, what-if analysis, as well as sensitivity analysis,
become less relevant: the solutions are optimized following
directly the KPIs expected values and considering the uncer-
tainties related to task execution.

We believe that both points /. and 2. provide significantly
more autonomy to users, whom remain otherwise highly de-
pendent of planning and scheduling experts. Based on the
theoretical foundations defined in [12], the empirical contri-
bution of point 2. has been extensively validated in [13, 1, 14].
Testing the ability of the non-experts end-users to actually
”self-schedule” using /. is the main goal of this study.

2. THE M.A.R.S. UCLOUVAIN 2022 MISSION

Our study on astronaut self-scheduling is driven by the scien-
tific research projects to be carried out by the crew members
in the context of the simulation. Before the actual beginning
of the mission, the selected projects have been modelled in the
Romie system, and provisional schedules have been designed.

2.1. Experimental plan

Several scientific research projects are to be conducted at the
MDRS. Each project will be carried on in place by either one
or two astronauts, and some projects (such as health projects)
involve the participation of all the crew members. Yet, these
projects are designed and prepared months ahead. During that
period, preliminary experiments can be conducted on Romie,
in order to get first results on the system’s usage by the astro-
naut, in offline (supervised) conditions. The actual M.A.R.S.
UCLouvain 2022 mission period, which lasts 12 days on field
at the MDRS (see Figure 1), constitutes the main material
of this study. Day after day, each crew member will use the
Romie system to monitor and update their operations. Mea-
sures using different techniques will be made each time the
astronauts use the system, in order to record and further ana-
lyze how well they succeed at self-scheduling.

What is the on-boarding time of the RAMS? Are the de-
cisions taken by the crew members of acceptable quality, and
how long does it take for a novice user before setting up cor-
rect schedules? Are our astronauts all able to adapt their
scientific objectives and schedules as the operations evolve?
Our study tackles these questions by focusing on the temporal
evolution of these following two complementary KPIs: sys-
tem usability and user experience. The ISO-9241-210 stan-
dard [15] defines the usability as the extent to which a system,
product or service can be used by specified users to achieve
specified goals with effectiveness, efficiency and satisfaction
in a specified context of use. User Experience is defined by the
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