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ABSTRACT 

Despite the ability to remove the degradation introduced by the atmospheric turbulence has dramatically improved in the 

last years, in particular for NGS based systems, sky-coverage is one of the major issues for ground-based observations 

with current and future AO-assisted telescopes. Although new LGS WFS concepts have been recently proposed to strongly 

improve performances, the use of LGS, to increase the limited sky-coverage, still remains a significant bottleneck, severely 

limiting the exploitation of the enormous capabilities of current and already planned AO instrumentation on the 8-10m 

class telescopes and the upcoming ELTs. The progressive advancement of AO and the advent of CubeSat technologies, 

have led to the possibility of providing the largest ground-based AO facilities with suitable Satellite Guide Stars (SGS) as 

reference, to overcome the sky-coverage problem and achieve unprecedented scientific results. This perspective has 

induced numerous research institutes around the world to collaborate and to propose new ambitious space programs. The 

Ground-based adaptive optics Observations with Orbiting Nanosatellite (GO-ON) mission aims to design, develop and 

launch a CubeSat pathfinder, to assist astronomical observations at the Large Binocular Telescope (LBT). This mission 

will demonstrate, for the first time, the readiness of space and ground-based technologies and validate this new paradigm 

for future scientific programs with the ELTs, enabling transformative science across many fields of astrophysics.  
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1. INTRODUCTION  

Adaptive Optics (AO) has led to fundamental advances in our understanding of several astrophysical processes, enabling 

ground-based astronomical instrumentation to overcome the limitation imposed by the atmospheric turbulence and 

allowing the largest telescopes to reach the diffraction limit of their primary mirror, thus, providing superior spatial 

resolution with respect to the current or planned space telescopes. 

In the last two decades, the INAF Adaptive Optics scientific community played a decisive role in the development of new 

technologies that pushed the capability to sense and correct the incoming radiation wavefront closer to the diffraction limit. 

Nevertheless, the full potential of AO instrumentation is still not completely exploited, while a new generation of giant 

ground-based facilities, namely Extremely Large Telescopes (ELTs) is under construction. In fact, besides a number of 

instrumental factors, the overall performance of the phase errors compensation strictly depends on the resulting signal-to-

noise of the reference star and on the isoplanatic angle (the angular field within which the correction reaches its maximum). 

In fact, to sample the incoming wavefront, according to specific techniques, AO instruments make use of bright Natural 

Guide Stars (NGS)1,2, or fainter ones combined with artificial Laser Guide Stars (LGSs)3,4,5 projected from the ground, 
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close to the scientific targets. The LGSs are obtained through Rayleigh scattering or mesospheric sodium resonance at 

finite altitudes, limiting the effectiveness of the correction of the optical turbulence.  

The use of artificial LGS requires high complex systems available or planned6 only at few astronomical observatories. 

They are thought to effectively increase the total sky coverage at those sites, but there are still a number of physical 

limitations (e.g. the focus anisoplanatism7, the tilt indetermination8 and spot elongation9) that reduce the final performance 

of the LGS-based AO systems, and lead to more severe technological implications for future ELTs.  

For this reason, the idea of using artificial reference sources aboard satellites outside the atmosphere has recently taken 

hold again. This idea had already been proposed by Greenaway10 in the 1990s,, but at that time, ground and space 

technology was not sufficiently mature to pursue this idea at an affordable cost.  Only in recent years, with the progressive 

advancement of AO techniques and the advent of CubeSat technologies, this possibility has become concrete, inducing 

numerous research institutes around the world to collaborate at new ambitious space programs, with the aim to provide the 

largest ground-based AO facilities with suitable Satellite Guide Stars (SGS). One of the most promising collaborations is 

gathering around the ORCAS11 mission proposal by the NASA Goddard Space Flight Center (GSFC), conceived to launch 

a reconfigurable constellation of 4 satellites to be used with the future ELTs, and whose discussion has recently involved 

INAF researchers working on AO technologies. 

In order to achieve a proven experience in this new field and establish new partnerships for future missions, we propose a 

CubeSat mission named GO-ON (Ground-based adaptive optics Observation with Orbiting Nanosatellite) that for the first 

time will demonstrate the technology readiness of this innovative application, providing outstanding quality data on a wide 

variety of scientific cases, from exoplanetary systems to early universe galaxies.  

The GO-ON mission proposal has been submitted to the call “Future Missioni per CubeSat” of the Italian Space Agency 

on November 2020. 

2. THE GO-ON PROJECT 

2.1 Scientific Rationale and Mission Overview 

Ground-based observations at visibile/infrared wavelengths are hampered by the atmospheric turbulence that generates 

aberrations on the incoming wavefront. In the last two decades, the AO technology has allowed to overcome the seeing 

problem by providing telescopes with highly complex systems, able to measure the incoming aberrated signal and to 

compensate distortions with deformable mirrors in a high-frequency real-time control loop12. 

Thanks to the AO instrumentation, ground-based observations can achieve the maximum spatial resolution allowed by the 

largest astronomical facilities, only limited by the diffraction. Applied to the current 8-10m class telescopes, this results in 

the highest quality data currently available to the astronomical scientific community nowadays.  

Since the performance of AO systems strictly depends on the brightness of the reference star, its angular distance and the 

wavelength in use, considering also the limitations due to the sky coverage, only about the 0.1% of the astronomical targets 

can be observed, in the visible, at the full capability of a high-performing NGS-AO system13. However, a larger sky-

coverage can be obtained with less performing LGSs-based systems. 

The availability of bright, space-based artificial stars, placed close to the astrophysical targets and pointed to the observing 

sites, hence acting as very bright reference stars, would overcome the problem of the sky coverage and maximize ground-

based telescopes capabilities, achieving outstanding data quality. For this reason, SGS-assisted AO will provide high Strehl 

ratio (SR), and high contrast imaging in the diffraction-limited regime, from the Near Infrared (NIR) up to Visible bands 

(VIS), the latter being currently still the most limited and less explored by the ground-based AO instrumentation. 

In addition, the possibility to extend the AO correction to VIS (400-900nm) in principle for all astronomical sources in the 

sky, would open a new era of investigation for science fields that are critically limited by currently achievable resolution 

and sensitivities, from high redshift galaxies evolution and sub-parsec Active Galactic Nuclei (AGN) morphology, to extra-

galactic star forming regions, globular clusters exoplanetary systems and atmospheres. 

GO-ON will make use of a CubeSat platform developed by Argotec S.r.l. hosting an optical system provided by INAF, 

able to generate a collimated high flux beacons at two monochromatic wavelengths (between 600nm and 1000nm), and 

pointing to Earth towards the Large Binocular Telescope (LBT) Observatory in Arizona (USA). LBT is one of the largest 

VIS/IR telescopes in the world, with two 8.4m primary mirrors and hosts a high advanced AO system named SOUL14. 

LBT is also a double facility with similar but completely independent AO instrumentation. This unique characteristic is 

fundamental to maximize the scientific throughput of SGS-assisted AO observations and minimize the risk of 

unavailability of the scientific equipment at the telescope.   In addition to the already operating advanced systems (2x 
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diffraction-limited imager in J-H-K, 2x L-M-N band imager), new instruments are being commissioned for extreme AO 

in the visible15 and near IR16, also allowing high resolution spectroscopy. Moreover, as a Fizeau NIR interferometer, it 

offers unique interferometric capability, potentially achieving the resolution of a 23m telescope. For this reason, LBT is 

an excellent forerunner of the ELTs to be used with SGSs. 

LBT observations will be coordinated by the INAF LBT-Italia team within the framework of the LBT Corporation (Tucson, 

AZ, USA), according to an agreed plan that will be discussed and preliminary defined during mission phases A+B. 

To maximize the crossing time of the SGS in the scientific field-of-view, the satellite will be deployed in a High Elliptical 

Orbit (HEO) allowing for more than one observing opportunity per orbit, close to the apogee. Moreover, the orbit will be 

chosen to have the SGS near the telescope Zenith during astronomical observations and a low perigee for TT&C operations. 

The Ground Segment Architecture for the GO-ON mission will be managed by Telespazio S.p.a, one of the main players 

in the world on satellite solutions and services.   

 

2.2 Mission Objectives and motivations 

GO-ON is an ambitious project whose rationale and a general overview have been already more widely presented in the 

previous paragraph. The main objectives of the mission are reported in the following list: 

a. Test and demonstrate the technology readiness of a new observing paradigm based on the use of SGSs to assist current 

and future AO ground-based instrumentation, enabling transformative science across many fields of astrophysics.  

b. Design, develop, launch and operate a CubeSat satellite in HEO equipped with a Laser Emission Optical System 

(LEOS) pointed at the LBT observatory site to assist AO observations during suitable visibility windows, spanning 

one year or more. 

c. Demonstrate the highest performance achievable from the AO+SGS observing mode at LBT, one of the largest and 

most advanced ground-based astronomical facilities from visible (400nm) to mid-infrared (10μm) band observations. 

d. Acquire supreme quality data (highest resolution, SR and contrast in acquired images) of a large number of well-

identified astronomical targets, covering the most relevant and challenging scientific cases, effectively extending the 

investigation to the visible band. 

This innovative application will demonstrate the great advantages coming from the interoperability of SGSs and largest 

ground-based telescopes in achieving images with unprecedented resolution, not only for the comprehension of 

astrophysical phenomena, but also for the direct imaging of satellites, space debris, NEOs and to support future space 

missions.  

INAF and several research institutes worldwide are recently evaluating the revolutionary approach offered by SGS and 

discussing about possible collaborations for larger space missions aiming to launch a constellation of satellites that could 

assist the largest ground-based astronomical facilities for extreme AO observations. Besides the current class of 8-10m 

telescopes (LBT, VLT, KECK, GEMINI, SUBARU), the SGS constellation would provide perfect reference stars to the 

upcoming generation of Extremely Large Telescopes. Thanks to SGS, this new class of telescopes will enable 

transformative science, with unprecedented resolution and sensitivity, in particular at visible wavelengths, achieving 

performances that, up to the advent of SGS, would have been possible only considering space telescopes of the same sizes. 

 

2.3 GO-ON Science and beyond  

The coupling of SGS and AO-assisted imaging offers a unique opportunity for untangling the properties of many 

astrophysical targets on sky. The choice to use the LBT was guided by both its extraordinary potential and the strong INAF 

international collaboration with the community of scientists and technologists that are involved in science and technology 

projects for this facility. Besides the already mentioned advanced instruments available at the observatory, one of the next-

generation instruments that can massively gain from the SGS-assisted operations, is SHARK-VIS17, the upcoming optical 

(400nm-900 nm) high-contrast imager coupled with its NIR counterpart SHARK-NIR16, both operating independently but 

simultaneously at the binocular telescope. Thanks to both its innovative fast-cadence-imaging approach and the brand new 

AO module SOUL, SHARK-VIS will provide high-angular-resolution capabilities in the visible band, by delivering 
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diffraction-limited images with a FWHM of the order of 16 milli-arcsec, which are comparable to the resolution of the 

future ELTs in the K-band. SHARK-VIS will investigate many scientific cases at the forefront of the current astrophysical 

research, like the search and characterization of exoplanets, the study of the structures around both young and evolved 

stars, the analysis of the innermost regions of AGNs, and the surface characterization of moons and minor bodies of the 

Solar System. 

It is important to underline again that enormous advantages can be obtained using an SGS, in particular for AO in the full 

visible bands: using the LBT telescope for example, it will allow to achieve up to an order of magnitude better performance 

than the Hubble Space Telescope (HST) due to the higher sensitivity at that wavelengths18.  Moreover, besides the ones 

already mentioned, there are further advantages in favor of the SGSs: their scatter is smaller than a classical LGS19, the 

light is totally monochromatic, and it is also possible to integrate incoherent sources to prevent any kind of interference 

with AO WFSs.  

Current NGS-based AO systems are already suited to use SGSs as reference stars, therefore this new concept requires very 

small modifications on the instrumentation, and mostly at post-processing level. For example, considering the state-of-the-

art of the equipment, some preliminary considerations can be easily done. Assuming that GO-ON satellite spans 10 arcsec 

in about 2 hours along a non-linear trajectory with a double crossing, the expected mean velocity is < 5 mas/sec, which 

can be considered as the worst case. Given the typical FWHM of the SHARK-VIS PSF in R band, in this pessimistic case, 

the maximum exposure time for a single Digital Integration Time (DIT) is around 1 sec. This time represents the coherence 

time, used to re-align the images in a post-processing activity. Therefore, considering the current configuration of SOUL, 

with an SGS of mR = 7 mag, a seeing of 0.6”, and exposure time of 1 s, SHARK-VIS would reach the limit of mR~21mag 

(with a S/N=5), which is a very performing value even just for such a short exposure. Longer exposures will be achieved 

by registered co-adding of short sub-frames also by using shorter DIT’s time and allowing the scientists to reach mag 28 

and beyond targets at the diffraction limit. 

Assuming an isoplanatic angle of 5 arcesc (the patch within the turbulence is coherent) and considering 150 square-arcsec 

as the area covered by the satellite crossing the field during 1 h, it is possible to calculate the probability of finding faint 

sources (about R = 20 mag with a S/N=10) using TRILEGAL20. Simulating such observations in a number of different 

regions of the sky (considering a Zenith angle of less than 30° at the LBT site), several targets can be found in the field 

during the night. 

The last remarkable point in favor of this new idea is the future application, when the new generation of giant telescopes 

(EELT, GMT, and TMT) will be operative. The ELTs would overcome some major challenges facing current development, 

like the scarcity of NGSs, insufficient brightness, the cone effect, and Tip-Tilt correction limitation, benefit tremendously 

from an SGS placed ad hoc during the observations.  

In conclusion, many key areas in Astrophysics could be deeply transformed enabling AO for a variety of regions of the 

sky at near-infrared and in particular at visible wavelengths. Below we list a few examples of possible science cases which 

could benefit from SGS-assisted AO, ranging from the characterization of exoplanetary systems, up to cosmology with 

high redshift lensing, highlighting that the potential impact of this new paradigm on astrophysics (to be demonstrated and 

for the first time applied by GO-ON) is uniquely broad and significant. 

 

Young extrasolar planets 

Direct imaging is the only technique to probe the distribution of gaseous giant exoplanets on wide orbits (> 5 AU) and, 

coupled with observations in the sub-mm, it allows us to observe the planet formation phase and the interaction between 

planets and protoplanetary disks.  

Up to now, extreme-AO instruments such as SPHERE and GPI have provided contrasts down to 10-5-10-6 in the near-

infrared at angular separations larger than ~100-150 mas, i.e. typically >10-20 AU from their parent star. Despite this 

remarkable performance21, the total number of directly imaged planets still amounts to only about 20, likely because the 

bulk of the population of giant planets form at separation smaller than 10-20 AU by core accretion. The required contrasts 

and angular resolutions to probe these planets can be achieved by pushing the observations to visible wavelengths 

with SGSs. In particular, young giant planets still in formation can be effectively detected using their bright H alpha 

line emission22,23. These observations will be fundamental to delineate the planet formation process within the disk 

and understand the mechanisms that shape planetary system architectures. 

 

Young stellar objects 

The most relevant processes characterizing the physics of young stellar objects (namely mass accretion, formation of jets 

and winds, planet formation within the disk) all occur on spatial scales of the order of a few AUs, which correspond to a 

few tens of milli-arcseconds at the distance of the closest star-forming regions such as Taurus-Auriga at ~140 pc (1 AU ~ 
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7 mas). AO-assisted observations are therefore an essential tool to directly probe the innermost regions of young sources. 

However, due to the high extinction of star-forming regions, many young sources are typically too faint for driving AO 

systems. SGSs will enable excellent AO observations on large areas of star-forming regions that are still unexplored in 

terms of high-angular-resolution and high-contrast observations. In particular, SGS-assisted observations will provide: 

i) images of the protoplanetary and debris disks in scattered light at VIS and NIR wavelengths, which are 

complementary to ALMA data and give information on the distribution of micron-sized dust grains in the inner 

regions of the disk; ii) high-resolution images of the formation region of jets and winds ejected from young sources24, 

which will allow to finally assess their role in the evolution/dissipation of the disks, with strong implications on 

planetary formation. 

 

Black Holes/AGN 

To understand the formation and the evolution of galaxies, it is necessary to unveil the astrophysical processes that drive 

the star formation and fueling of active galactic nuclei. Up to now, these studies have been carried out only thanks to HST 

and ground-based AO. 

Nevertheless, given the faintness of high-z host galaxies, HST observations do not provide an excellent contrast (nucleus-

to-host magnitude ratio) and therefore there are often limited performances in the NIR25,26. In this context, the future James 

Webb Space Telescope (JWST) would contribute massively to these studies because of its large aperture and optimization 

for NIR frequencies. However, its resolution is still low, given the fact that at high redshift (z > 1) the galaxies hosting 

quasars have a size smaller than 1 arcsec and their faint starlight is hidden by that of the bright nucleus. For this reason, 

the significantly larger collecting power of current 8-m class telescopes and the future ELTs, combined with orbiting 

SGSs, will allow to characterize the properties of high-z quasars with unprecedented resolution. 

 

Dual AGNs 

Mergers are responsible for the highest luminosity AGNs, but the connection between mergers and the growth of 

supermassive black holes is still not fully understood. Thanks to the SGS-assisted AO, closer AGN pairs separation 

will be possible, providing crucial information to the understanding of features related to the “final parsec” problem 

and gain insight into SBH coalescence timescales. 

 

Extended Galaxies 

Usually large/bright galaxies are not targeted by AO observations, mostly because of the lack of sufficiently bright NGS 

close to them. SGS will be used to target extended galaxies to get high-resolution imaging to study the globular 

cluster (GC) population and their distance (e.g., by using resolved stellar population methods, e.g. the Tip of the 

RGB, or via the analysis of the surface brightness fluctuations) of the target.  

 

Strong gravitational lensing 

Strong gravitational lensing systems show time delays between their multiple images. The time delay is primarily sensitive 

to the Hubble constant that is key to probing Dark Energy, neutrino physics, and the spatial curvature of the Universe, as 

well as discovering new physics. Thanks to the use of SGS, the coupling of a large collecting area and a spatial 

resolution offers the opportunity to improve the characterization of well-known strongly lensed systems with 

unprecedented details and accuracy. 

 

Deep Fields 

Several astronomical surveys that investigate the galaxies’ structure over a wide range of morphologies were carried out 

and have revealed other important observational evidences, such as the evolution of the mean effective radius, Re, for 

passive (i.e.  early-type) galaxies27, the existence of a main sequence for star-forming galaxies28, and color gradients in 

elliptical galaxies at high redshifts29. Moreover, despite previsions, at high redshift very massive galaxies are already 

present, but they are smaller than nowadays ellipticals30,31,32. This suggests they cannot be the direct precursors of local 

galaxies and interaction phenomena may play a fundamental role in their evolution. This kind of study needs an excellent 

level of detail, possible only with space telescopes or with the application of AO techniques for ELTs. In this framework, 

a challenging problem for AO is the fact that deep surveys are done in fields which are selected for having no bright stars, 

reducing the total number of targets that can be observed and studied with current AO systems. 

This scientific case will probably be one of the most exciting for SGS, because it is possible to select the orbit crossing 

several times the most studied deep fields in order to obtain deep outstanding data with higher resolution compared with 
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HST observations. The details of this strategy will be discussed in phases A-B of the GO-ON mission, with the aim to 

increase the limiting magnitude required to detect high-z galaxies by repeated exposures. 

Visible and near-infrared observations of LBT with GO-ON will compete in depth and will have up to one order of 

magnitude higher resolution respect to the ones from the HST. 

3. MISSION IMPLEMENTATION 

The GO-ON mission is comprised of one CubeSat that orbits in a long apogee HEO to be compliant with the scientific 

requirements. In fact, the nominal orbit shall guarantee a satellite long visibility, with windows of 3/4 hours. This translates 

into the need for the CubeSat to have an apogee velocity with direction and magnitude similar to the ground telescope, so 

that, during the visibility windows close to the apogee, the satellite appears stationary above the sky. The duration of these 

windows has been maximized according to Greenaway’s approach4. For this reason, the management of the GO-ON 

mission requires an accurate orbit prediction. This capability represents a crucial aspect of the mission since it shall provide 

the satellite visibility plan sufficiently in advance to allow for telescope booking, observation preparation and, finally, 

telescope pointing. 

3.1 Orbits and Visibility Windows 

The possibility to exploit SGSs is reliant on the existence of quasi-stationary points in the trajectory of the spacecraft as 

seen from the ground. Under specific conditions, these points allow the SGS to stay within a small field-of-view (FoV), 

typical for optical imagers, for a relevant fraction of time (thousands of seconds), hence allowing to perform AO-assisted 

astronomical observations with significant exposure times even in the visible regime. In addition, for faint scientific targets, 

repeated observations at each next passage of the SGS offer the chance to cumulate the exposure times, so reaching 

magnitudes and spatial resolution limits otherwise unattainable. Moreover, SGSs allow to overcome the sky coverage 

limitation, increasing the sky regions where the highest AO performance can be achieved.  

 

 

Figure 1. Quasi-stationary point for a 11° inclination orbit as seen from LBT: persistence times are about 40m, 48m and more than 

4h over a FoV of 9x3 arcsec2, 13x5 arcsec2 and less than 5x5 arcmin2, respectively. 

A preliminary study shows that creating the situation of both covering different regions of the sky and crossing periodically 

the same region is possible by considering orbits characterized by periods P which are related to the sidereal day (the Earth 
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rotation period, T) by the ratio of small integers, in the form P=(N/M)T. In a purely two-body model, this allows to repeat 

the configuration after M orbits or, which is equivalent, after N sidereal days. Taking into account perturbative precession 

effects, the configuration is obtained with a slightly different period (of the form P=(N/M)T+dP), while small adjustments 

have to be foreseen anyway for irregular perturbations. 

 

Figure 2. Top: first four orbits with the same parameters shown in Errore. L'origine riferimento non è stata trovata.. The red 

filled circles mark the apparent position of the apogee at each orbit. Stationary points (up to 3 per orbit) cover a wide region of the 

sky. In addition, the situation should be reproducible every four orbits with small adjustments to compensate for orbital perturbations. 

Bottom: time separation of stationary points during the first two orbits. For each “triplet” the typical separation is around 24 hours. 

The central windows are typically broader (more than 2000 s pass time across a 10 arcsec FoV). The abscissa reports time in solar 

day: this change of units is essential to evaluate the effective night-time visibility of the stationary points over long periods of time 

(months). 

Starting from this assumption, an orbit with P=3.75 sidereal days has been selected for a preliminary study. The apogee is 

placed slightly below 200,000 km geocentric distance. Such a maximum distance is adopted to have a satellite tangential 

velocity at apogee slightly smaller (of the order of a few tens of meters per second) than the observer velocity due to Earth 

rotation, according to the results obtained by previous authors10,19.  The inclination is 11° and the argument of perigee is 

248°. At each satellite orbit, its trajectory seen from an observer placed at 32° latitude (about LBT) shows up to three 
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quasi-stationary points around the apogee, with at least one of them characterized by crossing times up to more than 2000 

s within an FoV smaller than 10 arcsec, and up to more than 15000 s across a 5 x 4 arcmin2 FoV (Errore. L'origine 

riferimento non è stata trovata.). 

The situation occurs at different positions in the sky for different orbits (Figure 2, top), and a new passing across the same 

regions (supposing to correct small irregular orbit perturbations with small adjustments) occurs again after four satellite 

orbits. Even more relevant, all the stationary points are separated by about one solar day (or a multiple), leading to the 

conclusion that a large number of stationary points can be actually observed –one per night– in the observer’s night sky 

over the year (Figure 2, bottom). The example shown here is characterized by six observing conditions every 7.5 days: 

taking into account the Earth’s revolution around the Sun and the definition of the astronomical night (the fraction of the 

day when the Sun is at least 18° of elevation below the horizon), which typically makes an object observable for five 

months, the number of exploitable nights in one year can be evaluated. Such a number results to be about 

(6/7.5)*365*(5/12)=121. It is important to note that up to one-third of these nights, i.e. 40, offers observing windows of 

more than 2000 s.  

3.2 Mission Analysis 

In this paragraph we show two examples for orbit deployment, assuming two initial conditions as launch options: 

1) Transfer from GTO to HEO; 

2) Deployment from Artemis-like lunar transfer. 

Figure 3 reports the orbital parameters for the first option, transfer from GTO to HEO. 

Orbital Elements Initial Orbit Final Orbit 

Semimajor axis 24467.5 km 90158.5 km 

Perigee Radius 6771 km 6771 km 

Apogee Radius 42164 km 17354635 km 

Eccentricity 0.723 0.925 

Period - 3.12 d 
 

 

Figure 3 On the left, orbital parameters of GTO and HEO. On the right, GTO in blue and HEO in red. 

This orbit has a perigee altitude of 400 km, below the Van Allen inner belt, which provides a safer condition for the 

CubeSat during the communication with Earth, but increases the ΔV required for the orbit maintenance. The observation 

windows do not repeat periodically, since the satellite takes 3.12 days to reach the same position in space between 

subsequent orbits. Assuming a lifetime of one year, the best option would be to use an electric propulsion system, which 

widely reduces the need for propellant for orbit maintenance. An extensive trade-off analysis among propulsion systems 

will be carried out during phase A and B of the GO-ON mission. For the second option, the orbital parameters are reported 

in Figure 4. 

Unlike the first HEO, perigee altitude (2978.6 km) falls within the Van Allen inner belt, therefore some additional 

considerations must be made for subsystem protection during this phase.  

Moreover, for the orbit configurations described above, in order to evaluate possible collaborations with other interested 

institutes, visibility windows for both LBT and Keck Observatory have been considered, with duration over 4.5 hours and 

over 4 hours respectively.  

Finally, in addition to the mission analysis, a preliminary analysis of the disposal of the GO-ON satellite has been 

performed to check the compliance with ESA’s space debris mitigation standards. In particular, all the considered orbits 

naturally decay in less than 10 years from the end of the in-orbit operations. 
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Orbital Elements Initial Orbit Final Orbit 

Semi-major axis 103436 km 106247 km 

Perigee Radius 6871 km 9349.6 km 

Apogee Radius 200000 km 203144 km 

Eccentricity 0.934 0.912 

Period - 4 d 
 

 

Figure 4. On the left, orbital parameters of Artemis-like orbit and HEO. On the right, Artemis-like orbit in blue and HEO in red. 

 

3.3 Orbit Determination & Predictions 

The Flight Dynamics, therefore, plays a key role in the GO-ON mission. In fact, the prediction of the apogee phase should 

be provided several orbits in advance for planning purposes, while, due to uncertainty created by the space whether, the 

accuracy will decrease with the forecast time. Therefore, it is necessary to provide the correct satellite ephemerides 

sufficiently in advance, so that, to minimize the errors, possible targets in the crossed area could be identified in time, 

based on the most recent orbit determination.  

In particular, the CubeSat will be equipped with a Global Navigation Satellite System (GNSS) module, able to identify its 

position with respect the GPS and/or Galileo satellites in the descending/ascending part of the orbit below the 36000 km. 

The position data will be recorded onboard and sent to the ground, to allow the calculation and prediction of the next 

visibility windows for the telescope.  

Two kinds of prediction will be done. 

● A long-term prediction (about 1-month), that will allow the definition of a row satellite visibility window. This 

plan is not accurate and cannot be used as it is, but offers important advantages: 

o the telescope booking, 

o the definition of the target to be observed. 

The plan cannot be used as it is because of the orbital dispersions that typically increase with the time. 

● A short-term prediction plan (2-days TBC). This plan is based on the last parameters available to the Ground 

Support Network (GSN), not only those acquired in the orbit descending phase, but also those acquired in the 

orbit ascending phase of the previous orbit. At this stage the orbit, as well as the visibility window from the 

telescope, can be predicted in a very precise way, allowing the correct telescope pointing and tracking. 

The satellite and payload control represents another important aspect of the mission management. At the moment it is 

excluded a commanding of the satellite at the apogee, and therefore the utilization of a Deep Station Network for that, but 

the configuration of the satellite and of the payload has to be done in autonomy and is based on a sequence of instructions 

to be executed when the satellite is approaching the apogee, in preparation of the ground observations with the telescope. 

3.4 LBT AO instrumentation 

GO-ON is conceived to operate in conjunction with the SOUL module and its assisted instruments at LBT, providing a 

bright reference SGS to achieve high diffraction-limited performance.  
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Besides the current generation of AO-assisted instruments at LBT (LUCI1, LUCI2, LBTI and LINC-NIRVANA), in the 

following three years, other technologies will become available enabling a boost in the science return of the GO-ON 

mission: 

1. Low noise fast imaging in visible light33,34 with:  

a. Advanced blind deconvolution techniques for fast imaging35,36 

b. Speckle free high contrast fast imaging37 

2. The commissioning of SOUL - the new advanced AO module for the Large Binocular Telescope38 - whose sensitivity 

will be 5 times better than MagAO39. 

3. The installation and commissioning of the AO Visible fast imaging camera SHARK-VIS15 and its near-infrared 

counterpart SHARK-NIR at LBT15,16. 

 

The new SOUL system uses WFSs and deformable secondary mirrors to provide extremely sharp and deep images. This 

translates in 4 Single Conjugated Adaptive Optics (SCAO) systems that operate routinely at LBT. Two of these SCAO 

systems feed the interferometric focal stations of LBTI and the two SHARKs, while the others provide the correction for 

the two LUCI NIR spectro-imagers. 

Recently, the SOUL project completed the replacement of the WFSs cameras with a new class of Electron Multiplied 

CCDs. This upgrade has brought several improvements respect to the previous system, in particular a higher framerate (up 

to 2KHz) and one order of magnitude less noise. This implies an overall gain in limiting magnitudes that is between 1.5 

and 2.0 across the whole range of reference star brightness (7.5 < mR < 18). 

3.5 Ground Segment Architecture 

The communication with GO ON will be managed using primarily S Band Ground Stations available at the Telespazio 

Fucino site. Those suitable for the S-Band transceiver to be configured and used on the GO-ON spacecraft are listed below: 

BTS1 (S-Band) Diameter 11meter speed 1.0°/sec G/T: 23dB°K e EIRP: 73 dBW 

BTS2 (S-Band) Diameter 10 meter speed 7.0°/sec; G/T: 22dB°K EIRP: 68 dBW 

If from the Phase A/B study it will appear also necessary to operate the satellite over even greater distances, it would also 

be possible to use a ground station with a 27 m dish part of the Deep Space Network, available at the Telespazio Fucino 

facility, with the following characteristics: 

DSS1 (S-Band) Diameter: 27 meters speed 0.3°/sec G/T: 35dB°K e EIRP: 86 dBW  

Once the orbit and the period of contacts with ground stations will be better defined, Telespazio will evaluate the possibility 

to add one or more S-Band stations from its GSN, or to use the smaller S-Band tracking station (4 m dish) of a new 

communication network for nanosats (U DRAGON), that is currently under development. As part of the project, it is also 

planned to connect the above mentioned large stations to the U-DRAGON Network. 

For a correct mission management, it is necessary to connect the identified users to the Ground Stations Network, providing 

them with the capability of TT&C or simply with the capability to receive stored GNSS, payload and other critical data. 

At the moment we could assume four different users: 

● Mission Control Center (MCC) responsible for the mission. They are responsible for the monitoring of the H&S 

and the performances of the platform, including the capability to program the passes, to define the satellite 

maneuvers and orbital correction. The MCC is also responsible for the commanding activities; 

● Payload Control Center for Light Source data acquisition and processing and commanding; 

● Spacecraft Control Center for the Spacecraft data monitoring (main H&S) and control of the spacecraft and their 

subsystems; 

● Flight Dynamics Center (FDC) to determine the orbit using GNSS solution measurements, to compute Sequence 

of Events, GS antenna pointing data, satellite ephemeris to be provided to the planning facility and to prepare 

Station Keeping orbital maneuvers. In fact, for the computation of the actual satellite orbit, instead of using the 

signal acquired with large stations it could be possible to elaborate the GNSS data acquired by the satellite 
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navigation board starting from a certain altitude and transfer them to the FDC, which will use a specific algorithm 

to derive the orbital parameters.  

Figure 5 shows a possible cascading approach, with the MCC that receives and distributes all the data to the other elements. 

Customization activities will be required to have a system able to support the GO-ON mission. They will be addressed 

during the early design phases of the project, according to mission definition and to the specification of the GO-ON 

communication system. 

 

 

Figure 5 - GO-ON Ground Segment Cascading Approach 

 

4. GO-ON PLATFORM & PAYLOAD 

4.1 The CubeSat platform 

The GO-ON spacecraft will be based on the HAWK platform (goal 6U) from Argotec S.r.l., that supports the satellite’s 

operations and functionalities with the following subsystems: 

● Structure (SS), which is in charge of providing the physical support for the required hardware and of withstanding 

launch, deployment and operational mechanical loads;  

● Propulsion System (PS), which guarantees the capability of the satellite to perform both attitude and orbital 

manoeuvres; 

● Attitude Determination and Control System (ADCS), that determinates and controls the attitude, considering 

where the satellite should point and thus orienting it; 

● On-Board Computer & Data Handling (OBC&DH), that provides communication between all subsystems, to 

guarantee their right interaction, and to perform the desired satellite’s operations; 

● Electrical Power System (EPS), which is in charge of providing, managing and storing the required electrical 

power. Its aim is also to convert and distribute the electrical power coming from the solar panels to the battery; 
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● Telemetry Tracking & Command (TT&C), that allows the satellite to transmit data to the ground, including 

payload telemetries. It also guarantees the reception of commands sent from the ground; 

● Thermal Control (TCS), which keeps all the subsystems components in their prescribed temperature range. 

The compatibility of the payload with the HAWK platform will be assessed by considering the interfaces already available 

on the platform and custom interfaces required for GO-ON.  

The mechanical and thermal design of the HAWK platform will be customized according to the mission environment, e.g. 

launcher selection, the in-orbit temperature foreseen for the mission, etc. During the phase A/B of this project, a preliminary 

mechanical, thermal analysis will allow for understanding the delta-design required for the GO-ON payload to comply 

with the mission needs and constraints. In addition, also the radiation tolerance of the payload appears to be compliant to 

the predicted radiation environment, therefore only minor modifications are expected. 

The preliminary analysis leads to define the mass and power budgets of the CubeSat (to be refined in phase A+B).  

4.2 The LEOS Payload 

The GO-ON payload consists of the Laser Emission Optical System (LEOS). Its architecture is extremely simple to limit 

the cost of the unit as well as its reliability and operational safety. The system has no moving parts and includes: 

 Four independent Laser Diodes (LD) equipped with Single-Mode (SM) or Multi-Mode fiber output; 

 The laser diodes driver electronics; 

 An optical collimating system; 

 A monitoring fiber-fed photodiode to acquire the feedback from the laser diodes. 

The working principle of LEOS is shown in Figure 6. LEOS is made of 2x2 fiber LDs whose light is collected and 

collimated by an optical system that projects a light beam on the observing site at the ground. The preference for a 2x2 

array design with respect to a single light source is motivated by the higher reliability of a fault-tolerant design, and by the 

higher uniformity of the spot at the observing site. 

 

Figure 6. Working principle of the LEOS: the light delivered by the laser diodes fibers is collected and collimated by 

an optical element (here a lens) that projects their light beams onto the observing site. An array of 2x2 LD and Single-

Mode (SM) fibers provides the suitable illumination uniformity and ground coverage and fail-tolerant design with 

respect to a single source system.   
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Many commercial LDs come with embedded photodiodes that do not monitor the optical path within the fiber. The most 

effective control strategy, already used in other instruments built by INAF, is therefore to collect the backscattered light 

flux directly at the final optical interface of the beam projector with the outer space, i.e. the projection lens. The central 

wavelength of emission of the LDs shall be between 600nm and 1000 nm avoiding overlapping with the natural 

atmospheric OH lines, while falling into the sensitivity range of the SOUL WFSs. During Phase A, it will be explored a 

trade-off study on the benefits of having a polychromatic SGS using lasers of different wavelengths. This additional 

functionality would enable higher flexibility and avoid the light contamination of the scientific images (hence enhancing 

the target contrast).  

 

 

Figure 7. Conceptual layout of the assembly of the LEOS made by 4 twin light source units (LDs+driver electronics) coupled 

together at the front collimating optical system. The whole system easily fits inside a volume of 1 U.  

Several space-qualified COTS LDs are available for immediate integration in the GO-ON payload. Preliminary 

calculations show that a LD with an output power of about 200 mW is enough to produce a SGS with mI < 8 mag at the 

ground, from a distance of about 200,000 km. The driver electronics of the LDs is already available also as space-qualified 

COTS. It shall provide two main functionalities: power supply and temperature controller for the LDs. A concept design 

of the LEOS assembly using COTS LD drivers is shown in Figure 7.  

Nevertheless, custom simpler electrical boards can be assembled starting from space-qualified subcomponents. The power 

consumption is expected to be smaller than 5 Watts when four 100mW sources are switched-on in parallel. The minimal 

architecture for a custom LDs control board is sketched in Figure 8. For the sake of clarity, the block diagram shows all 

command and control lines only for two laser sources. 

The custom control board directly interfaces the satellite power and data buses, while monitoring and housekeeping can 

be delegated to a dedicated microcontroller running without OS. The power section is based on a low frequency (100kHz) 

and high efficient Digital PWM circuitry, filtered by Low Pass passive filters. For a highly-safe design it is foreseen to use 

ballast resistors to limit the inrush current of the LDs. Monitoring functions for the light flux feedback and LDs 

temperatures will make use of a multiplexed ADC based on I2c data bus. The complete footprint of such a board is well 

within the 10x10cm side of a 1U module and in case of using four sources, it is expected to not exceed 10W at the maximum 

light output and cooling power that is fairly available by the platform Electrical Power System (EPS).  
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Figure 8. Layout (block diagram) of the LEOS laser diodes control board using space qualified subcomponents. 

 

5. CONCLUSIONS 

The GO-ON project aims to pave the way to a new paradigm for ground-based astronomical observations using SGSs and 

state-of-the-art Adaptive Optics systems. The mission will test and demonstrate the technology readiness of both space 

and ground-based technologies required for this mission, by acquiring supreme quality data covering the most relevant and 

challenging scientific cases, effectively extending the investigation to the visible bands. 

The outcome of GO-ON will be fundamental to support the preparation of future missions, whose goal will be to provide 

reconfigurable constellations of several SGS to assist ground-based current and future large astronomical facilities (ELTs), 

enabling transformative science across many fields of astrophysics. Finally, the excellent performance offered by SGS-

assisted AO would provide the most efficient follow-up of observations with the next generation space telescopes (JWST, 

LUVOIR) and unmatched support activities to space missions for solar system exploration, including hazard avoidance 

and mission target discovery. 
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