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H.E.R.M.E.S.: A CUBESAT BASED CONSTELLATION FOR THE
NEW GENERATION OF MULTI-MESSENGER ASTROPHYSICS

Andrea Colagrossi; Stefano Silvestrinij Jacopo Prinetto’and Michele
Lavagna®

H.E.RM.E.S., a mission to fly in 2022, is the first 6 high performance 3U Cube-
Sats LEO constellation to collect multi-messenger astrophysics data devoted through
a fractionated payload strategy.

The paper describes the Mission Analysis performed to achieve the highest
possible sky coverage Sky throughout the mission duration, exploiting an inno-
vative tool to optimize the coordinated pointing strategy of the distinct space ele-
ments, coupled with their natural relative orbital dynamics.

A wide coverage analysis and communication passages optimization is dis-
cussed aiming to minimize the latency between the astrophysical event detection
and its ground communication.

INTRODUCTION

The High Energy Rapid Modular Ensemble of Satellites, H.LE.R.M.E.S., is a challenging scien-
tific space mission which aims contributing to the new Multi-Messenger Astrophysics , by cleverly
distributing a set of sensors on orbit, to timely localize Gamma Rays Bursts (GRB), trace of Gravi-
tational Waves generation, while continuously monitor the celestial sphere. Six novel miniaturized
X and Gamma rays’ detectors are installed on a dedicated 3U CubeSat to form the core of a quasi-
Equatorial, Low Earth Orbits constellation.! These multiple space assets, perform coordinated sky
monitoring and localization through triangularization, being the implementation of a fractionated
large detector. Sky monitoring shall be the widest possible and a timely transfer on ground of the
cosmic event localization coordinates, whenever occurring, is mandatory (order of magnitude: 15
min), to allow powerful Earth-based instrumentation to investigate the more the detected relevant
sky area.

H.E.RM.E.S., to fly in year 2022, is a project co-founded by the National Ministry for Research
(MUR), the Italian Space Agency, and the European Union’s Horizon 2020 research and innova-
tion program. Politecnico di Milano, Department of Aerospace Science and Technology, ASTRA
research group, together with INAF, oversees the space segments and payload implementation, re-
spectively.
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During operations, the Field of View (FOV) of at least three instruments, separated by a minimum
physical baseline of 1000 km, shall overlap to observe a common sky area to ensure the triangu-
larization feasibility in case of random cosmic events occurrence. Since the triangulation leans on
the time delay between the three incoming signals by pairs, the scientific desired delay of 3 ms
is achieved whenever at least two projected baselines (i.e. the physical baseline projected in the
direction of the payload’s pointing direction) are larger than 1000 km.? Therefore, the satisfaction
of very challenging scientific requirements can be met only smartly tuning the mission analysis
degrees of freedom offered by the six space segments orbital and attitude relative dynamics. The
CubeSat class selected for the service modules, imposes not negligible constraints such as the lack
of on-board translational control authority and the limited on-board computational and power re-
sources.> Last but not least, to fly as piggybacks, with no dedicated launch, introduces relevant
uncertainties on injection into orbit conditions the constellation shall be robust against.

The paper critically discusses the mission analysis performed to achieve the constellation highest
possible sky visibility throughout the mission duration, nominally 2 years. The proposed method-
ology combines a high-fidelity orbit propagator with an innovative mission analysis tool that can
estimate the scientific performances of the constellation, with a parametrized number of space as-
sets.* The optimization strategies settled to compute the six coordinated pointing directions — by
variable triplets of satellites — is presented. The capability to obtain a flexible pointing profile along
the mission timeline, is a powerful tool to maximize the scientific return during H.E.R.M.E.S. con-
stellation operations, attainable just uploading a new payload pointing plan, whenever required.
The discussion stresses that, being orbital correction maneuvers unavailable on-board, a determinis-
tic approach has been discarded: the Mission Analysis sizing, to get to a robust solution, asked for a
wide statistical campaign, to include all possible uncertainties affecting the orbits and the injection
conditions; both nominal and non-nominal scenarios have been assessed.

H.E.R.M.E.S. has a point of strength in its fractionated design which, on the other end, makes the
free relative dynamics leading the constellation performance along time and needs to be properly
tuned playing with that dynamic’s initial conditions,> being those the only control vector available.
The injection strategy to achieve and naturally bound the physical baseline is presented in the paper.
The fundamental idea is to have simultaneously released triplets, to get the desired baseline occur-
ring after few days with a periodic evolution of in the order of 102[d]. Thus, to assess the injection
strategy to guarantee the fulfillment of mission objective is crucial.

The H.E.R.M.E.S. scientific objectives impose stringent requirements on the data transfer to
rapidly inform the Scientific Operation Center about the triangulated event. To this end, the mission
baseline includes both Ground Stations and Space Relay Networks exploitation, the visibility of
which further stretched the Mission Analysis definition. Results discussed in the paper will high-
light the compliance of the settled baseline to the gap between contacts minimization, whenever the
astrophysical event is detected and localized.

The presented methodology can be easily extended to any kind of distributed scientific space
applications, as well as to constellations dedicated to Earth and planetary observation. Even if the
current H.E.R.M.E.S. fleet limits to six units, a further evolution of its space segment is foreseen to
get to the continuous sky coverage; results about the effectiveness of the constellation enlargement
by inserting new units on different orbital planes, with focus on highly inclined opportunities, are
part of the paper content.



MISSION SCENARIO BASELINE

The definition of the mission scenario baseline, starting from the scientific requirements, is in-
tended to select:

the nominal orbit of the spacecrafts;
the injection strategy of the space segment;

the pointing strategy of the payload’s line of sight.

The output of the mission analysis is selected according to the estimates of the scientific perfor-
mances. A key performance parameter is defined in order to evaluate the scientific return of the
mission. The logic driving the mission analysis is synthesized in Fig. 1.
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Figure 1: Flowchart of the logic driving the mission analysis.

The operational orbit and the injection strategy determine the natural dynamics of the system and
the evolution of the relative orbits of the spacecrafts. On the other hand, the pointing strategy is
crucial to perform the FOV alignment. The FOV alignment together with the baseline evolution
yields the projected baseline, which is relevant to assess the fulfilment of the scientific objective.
The projected baseline allows to determine the region of the sky that can be triangulated and hence
the expected scientific outcome in terms of number of triangulated GRBs. It shall be noted how the
lack of orbital control requires a careful modeling of the relative dynamics from the injection, with
all the possible mission uncertainties. The unavoidable relative drift is overcome by exploiting the
advanced attitude control operations, that are designed to have frequent re-alignment of the drifted
FOV due to the natural dynamics.

The scientific requirements applied during the mission analysis and orbit design are:

The altitude of the operational orbit shall be lower than 600 km;
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