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ABSTRACT
Reconfiguration maneuvers for relative motion are investigated in this work, assuming High Areato-Masso Ratio (HAMR) femto-spacecraft. Considering the exact J2 nonlinear relative dynamics,
an optimal control problem is formulated to accomplish the maneuvers. A continuous control
acceleration is applied to the system orbital- and attitude- dynamics via a propellant-free approach,
which exploits differential solar radiation pressure by means of electrochromic coating. Thanks
to the advances in miniaturised technology, a great number of electromechanical devices can be
manufactured and deployed at low cost with active sensors on-board.
The recent developments in spacecraft design exploiting miniaturised electromechanical systems
with sensing, computing, bi-directional communicating and micro-power functions have enabled
a new class of low-cost, low-weight micro-scale spacecraft suitable for use in swarm applications.
Current concepts for functional devices in space have been designed by exploiting existing capabilities, such as satellite-on-a-chip [1]. Distributed devices for Earth observation and communication,
autonomous on-orbit self-assembly, diagnostic or environmental detection in the proximity of a
large satellite are among the prospective missions that may be enabled. The concept of a swarm of
separated elements cooperating coherently enables, for example, the implementation of extremely
large aperture radio frequency or optical antennae. These elements would be free-flying in space,
either controlled by active or natural forces for each element to stay within a prescribed volume.
The last few decades have seen a growing interest in space missions for remote sensing of the
Earth. Numerous missions carrying active and passive sensors for military and civil applications
have been implemented. Different kinds of sensors are currently available to obtain a complete
set of information useful for a plethora of applications (i.e., atmospheric gas monitoring, landslide
control, polar ice monitoring, harbour monitoring, etc.). However, due to the high overall system
complexity of space missions, the raw data products can only be obtained at a relatively high cost.
This reduces the diffusion and the exploitation of such raw data, especially for civil applications,
where Earth-based solutions often result to be cheaper (i.e., terrestrial monitoring of the environment). The aim of this paper is to propose a novel concept for cost effective space missions in
order to make remote sensed data accessible to a broader user community.
The exploitation of orbital dynamics at small-length scale and so high area-to-mass ratio requires
entirely new techniques for modelling and relative motion control. Solar radiation pressure and
aerodynamic drag may become dominant with respect to the Earth’s gravity [2]. Assuming the
femto-devices are coated with an electrochromic material, the relative motion within the swarm is
continuously controlled via the modulation of differential solar radiation pressure dcr asrp : the optical properties of the elements change when an electrical current is applied [3]. A propellant-free

(a) Deputy spacecraft trajectory, controlled dynamics.

(b) Relative coordinates evolution, controlled dynamics.

Figure 1. Orbit amplitude and centre shift reconfiguration maneuver.
control method is developed to design and maintain the relative orbits of the swarm. The dynamics
is initially based on the linearised formulation of the relative motion of - for a sake of clarity - only
two femto-spacecraft flying in close proximity, assuming they are in low, circular orbits around a
spherical Earth. Then the dynamical model is extended to include the perturbation caused by the
Earth’s oblateness[4] and to consider multiple spacecraft; therefore, the exact nonlinear J2 relative
dynamics for for each spacecraft is assumed as follows:
ẍ − 2ẏωz + x(ηd2 − ωz2 ) + yαz + zωx ωz + (ξd − ξ )si sθ − r(ηd2 − η 2 ) = +σ dcr asrp cos(α) cos(δ )
ÿ + 2ẋωz − 2żωx + xαz + y(ηd2 − ωz2 − ωx2 ) − zαx + (ξd − ξ )si cθ = −σ dcr asrp sin(α) cos(δ )
z̈ − 2ẏωx + xωx ωz + yαx + z(ηd2 − ωx2 ) + (ξd − ξ )ci = +σ dcr asrp sin(δ )
An optimal control problem has been formulated via an indirect approach, with the aim of finding
the optimal control law history expressed in polar coordinates.
A preliminary reconfiguration maneuver with the aim of changing the amplitude and of shifting
the centre of a PCO is shown in Figure 1. Starting from an amplitude of 500 m, the deputy microspacecraft is driven to a larger relative orbit, with an amplitude of 525 m. Moreover, starting from
an initial location of the centre along the y axis, the deputy femto-spacecraft is driven to a relative
orbit, with a centre location shifted by 25 m. The maneuver time is set equal to 2 orbital periods.
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