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Several million dust devil events occur on Mars every day. These events last, on
average, about 30 minutes and range in size from meters to hundreds of meters in
diameter. Designing low-cost missions that will improve our knowledge of dust
devil formation and evolution, and their connection to atmospheric dynamics and
the dust cycle, is fundamental to informing future crewed Mars lander missions
about surface conditions. In this paper we present a mission for a constellation
of low orbiting Mars cubesats, each carrying imagers with agile pointing capabil-
ities. The goal is to maximize the number of dust devil follow-up observations
through real-time, on-board scheduling. We study scenarios where cubesats are
equipped with a 2.5 degree boresight angle camera that accommodates five slew
positions (including nadir). We assume a concept of operations where the cube-
sats autonomously survey the surface of Mars and can autonomously detect dust
devils from their surface imagery. When a dust devil is detected, the constellation
is autonomously re-tasked through an on-board distributed scheduler to capture
as many follow-on images of the event as possible, so as to study its evolution.
The cubesat orbits are propagated assuming two-body dynamics and the ground
tracks and camera field of view are computed assuming a spherical Mars. Realis-
tic inter-agent communication link opportunities are computed and included in our
optimization, which allow for real-time event detection information to be shared
within the constellation. We compare against a powerful “omniscient” mission
which has a priori knowledge of all dust devil activity to show the gap between
predicted performance and the best possible outcome. In particular, we show that
the communications are especially important for acquiring follow-up observations,
and that a realistic distributed scheduling mechanism is sufficient to capture nearly
all dust devil observations that are possible for a given orbit configuration.

INTRODUCTION

Martian dust storms have had a major impact on Mars exploration efforts. Planet-wide storms
can bring exploration operations to a halt by reducing available power or obscuring view. This has
serious implications for both the explore-ability and habitability of Mars. An understanding of the
dust cycle, with its connections between regional and global storms, thermal exchange between the
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Figure 1. A CTX image and HiRISE zoom-in (inset) of a large dust devil in Amazonis
Planitia. A framing version of CTX, likely well within today’s photoimaging capa-
bilities, may be able to record near-real-time imagery and track size, distribution,
and shape over time when combined with on board processing. Credit: NASA-JPL,
University of Arizona

surface and atmosphere, and the circulation that can eventually lead to atmospheric escape, remains
a top scientific priority.'

Yet, as dynamic, widespread phenomena, these processes are challenging to capture with global
context from the lower orbits that have dominated Mars orbiter missions, and nearly impossible to
capture in the detail required if higher orbits are assumed (e.g., Areostationary). Our goal in this
paper is to find a middle ground using a constellation of small orbiters collaborating at 200-400 km
altitude. In this paper, we present initial feasibility studies of a constellation of small orbiters using
medium-resolution cameras to track dust devils on the surface of Mars in real-time.

The constellation, by using a combination of medium-resolution imagers, on board processing,
and cross-platform cueing will enable short and long time-scale studies of dust devil formation,
propagation, and global distribution over seasonal weather variations. We take, as inspiration, the
recent NASA study on a multi-satellite network (MOSAIC)! for Mars.

We proceed as follows. We evaluate with a five satellite network. We assume that the five satel-
lites were sufficiently small to be delivered as a secondary payload, perhaps on an ESPA ring ac-
companying a main mission.” The satellites are assumed to have basic telemetry and commanding
interfaces direct to Earth, but otherwise relay their data through the main mission platform. We do
not model the main satellite or nearby telecommunications relays, and simply assume there is “suffi-
cient” capacity for this role. Note that MOSAIC! does include such relays for their mission concept,
and significant literature points to the need and high likelihood of such relays being deployed after
the retirement of the Mars Reconnaissance Orbiter.>*

However, we do assume that the five satellites are equipped with communications arrays to com-
municate between members of the network. The main use of this limited communication ability is to
exchange information about the surface conditions between each observer and “cue” other members.
There is precedent for this concept of operation. For instance, it resembles the “A-train” configura-
tion near Earth, but includes significantly more autonomy to cope with the long propagation delays
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