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Abstract

The recent exponential increase in resident space objects in Earth orbit is incentivizing the efforts
by space agencies, private companies and national governments to standardize recommendations and
guidelines related to the protection of the dark and quite skies, which are increasingly threatened by
the sunlight scattered by satellites and space debris that degrades ground based astronomical observa-
tions by directly impacting the acquisition of the scientific data. In the context of the project BILAR,
funded by the European Space Agency, researchers at Sapienza’s S5Lab developed a simulation tool to
assess the apparent brightness of space objects as a function of their size, shape, materials and attitude
state. All these factors impact the object light intensity as perceived from ground and must be accu-
rately simulated to return a reliable estimate of its brightness, expressed in astronomical magnitudes.
The simulation tool enables the generation of object-tailored digital twins to replicate the observation of
multispectral light curves across multiple object configurations and orbital or attitude scenarios. These
digital twins account for wavelength dependent effects, like atmospheric extinction, telescope filters, and
sensor quantum efficiency and response, and represent object surface properties through experimental
Bidirectional Reflectance Distribution Function (BRDF) measurements, returning a reliable light curve
of the object. The digital twin approach was validated by comparing simulated light curves with real
ones observed with a ground based optical telescope, SCUDOQ, part of the Sapienza optical observatories
network. The target object is Sentinel-6A, whose attitude ephemeris are publicly released in the context
of the Copernicus programme, making it a suitable target for digital twin robust validation. Materials
were simulated via experimental BRDF measurements acquired in laboratory, through a dedicated facility
designed and developed at Sapienza. Light curves were observed in four Sloan spectral bands and consis-
tently replicated by the digital twin, with a median error lower than 0.5 magnitudes. This paper presents



preliminary results obtained through the digital twin approach adopted within the BILAR framework,
including the validation campaign, as well as the space sustainability services it can support in the field
of Space Situational Awareness (SSA).



