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ABSTRACT

The Near-Earth Object Survey TELescope- NEOSTEL telescope is based on the Fly-Eye design developed by
OHB-Italia that it is also the prime contractor and the technical coordinator of a multinational consortium that
develops and deploys its first unit. The Italian INAF institute supports OHB-Italia in the integration and testing
phase of the NEOSTEL telescope within the NEOSTED (Near-Earth Object Survey TElescope Development)
program. NEOSTEL is an optical telescope, 1-meter class primary mirror, that splits the image into 16 CCD
cameras mounted on as many objectives (Secondary Optics Tubes-SOTs). Each channel optically works as
a single unit of a multi-telescope, and it is equipped with a camera. The NEOSTEL CCD camera is under
development within the ESA ASTROCAD program. The 1180mm entrance aperture and the performance of
the ASTROCAD camera shall allow scanning two-thirds of the visible sky about three times per night, detecting
NEOs down to apparent magnitudes 21.5. ESA, in collaboration with the Italian Space Agency (ASI) identified
the location for the installation of the first NEOSTEL prototype on top of the Mount Mufara on the Madonie
Chain in Sicily.
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1. INTRODUCTION

ESA is developing an automated telescope for sky surveys devoted to discovering possible risky objects such
as asteroids and comets. In the whole picture, the telescope will provide the survey and tracking of Near
Earth Objects (NEOs) and space debris orbiting Earth. The telescope (Near-Earth Object Survey TELescope-
NEOSTEL) is based on the Fly-Eye1–3 design developed by OHB-Italia that it is also the prime contractor
and the technical coordinator of the multinational consortium that builds the prototype and it is composed
by Emil Lundgren (NO), Actemium-Cegelec (DE), Ixion/TTI (ES), Anafocus-E2V (ES), Hitec (LU), Toptec
(CZ), Creotech (PL), Enviroscopy (RO), Prooptica (RO). The Italian INAF institute support OHB-Italia in
the integration and testing phase of the NEOSTEL telescope3–6 within the NEOSTED (Near-Earth Object
Survey TElescope Development) program. This collaboration follows the ESA awarded Feasibility Study on
an optical system for debris surveillance awarded by ESA. The NEOSTEL telescope is part of the ESA Space
Situational Awareness Near-Earth Objects System (SSA NEO) Program.7 The Fly-Eye is the prototype of a
network of automated telescope that shall thoroughly scan the sky in order to automatically identify the NEO,
to be delivered for detailed follow up to other observatories.

The telescope structure, and optics are currently mounted on two copies of the telescope and the objectives
are populating part of the full FoV. Several testing on the sky is currently undergoing in order to provide a
functional check and for some camera characterization see section 3. NEOSTEL is an optical telescope, class
1 meter of the primary mirror, that splits the image into 16 CCD cameras mounted on as many objectives
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Figure 1. The picture shows the telescope equatorial mounting with on board a dummy version of the telescope, used for
testing purposes with an equivalent load.

(Secondary Optics Tubes-SOTs). The selected detector is an E2V-Teledyne back-illuminated CCD, 4k × 4k
single chips with a 15 µm pixel-size. The 2000mm focal length corresponds to a scale of 1.5 arcsec aperture and
6.7◦ × 6.7◦ combined field of view. The 1180mm entrance aperture and the performance of the ASTROCAD
camera shall allow scanning two-thirds of the visible sky about three times per night, detecting NEOs down
to apparent magnitudes 21.5. NEOSTEL shall also enable the identification of fast NEOs objects, moving at
apparent speeds down to 1.5 arcsec/min.

ESA will mount the NEOSTEL on an equatorial mount, that has been already developed and accepted in
parallel to the first half FoV Optics, during the first phase of development, at the manufacturer’s factory in
Villafranca (Verona, Italy).

ESA, in collaboration with the Italian Space Agency (ASI) identified the location for the installation of the
first NEOSTEL prototype on top of the Mount Mufara on the Madonie Chain in Sicily.

2. NEOSTEL TELESCOPE

The NEOSTEL is the prototype in a future network of telescopes that will patrol the sky to detect potentially
hazardous objects. OHB conceived the optomechanical design to allow ”massive” production at the scientific-
grade optical quality.

The main body hosts the Zerodur spherical primary mirror, which harness supports its shape to provide less
the 40nm PtV because of gravity loads.
The system of secondary optics composes the multiple telescopes, the Fly-Eye concept: sixteen identical objec-
tives focus a 1.7 × 1.7 degree FoV on as many cameras equipped with 4k×4k CCD. In the core of the telescope,
working as central obstruction (600 mm) a complex folding mirrors system a.k.a. Central Beam Shaper (CBS) is
followed by the aspheric field lenses. The final image is built by digital mosaicking the sixteen frames, generating
a continuous FoV of 6.7 × 6.7 degrees.
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Figure 2. The picture shows the telescope mounted on the Mechanical Ground Support.

Each channel sees a circular aperture on the primary mirror of 1.2m, with a large superimposition of the sixteen
footprints: this is one of the crucial points. With one single large mirror, the Fly-Eye design is able to obtain
many more telescopes of the same class (just somewhat smaller).

The composition of the objectives, the sixteen identical Secondary Optical Tubes (SOT) consists of twelve
spherical lenses eligible for fast alignment (in the tube) and integration of the telescope.

As of October 2020, three different CCD cameras are used to test the sixteen SOTs already populating the
secondary system.

2.1 NEOSTEL CCD camera

The NEOSTEL camera is an advanced astronomical CCD detector and electronics that offers 61 × 61mm area
covered with 4k × 4k active pixels. Once coupled to the NEOSTEL optics, the 15µm pixel has a pixelscale of
1.5arcsec per pixel. It is barely sampling the seeing condition of Mt Mufara. The NEOSTEL CCD camera is
under development within the ESA ASTROCAD program, in the following we refer to it as ”ASTROCAD”.
ASTROCAD wavelength working range is between 450 and 770nm, and provides fast readout time of the full-
frame in less than 2.5 seconds, with a Read Out Noise (RON) of less than 10electrons (RMS).
The camera achieves low dark current performance, thanks to a Peltier cooling, down to -50 C.

3. TESTING

The NEOSTEL prototype is being tested at the OHB premises in Turate (Como, Italy) and it is installed on the
Mechanical Ground Support (MGS), see figure 2, that is equipped with motorised wheels, handy to perform sky
observations at the factory location. The MGS can change elevation remotely.
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Figure 3. The picture shows a phase of the installation of the ASTROCAD on the Nasmyth focus of the Copernicus.

Since it is not mounted on the final equatorial mount, the sky rotation correction is not possible during the
nighttime. Typically the telescope observes in the proximity of the North Celestial Pole, to minimize the star
trailing, acquiring frames with a short exposure time of the order of ten seconds.
OHV installed the ASTROCAD camera on the 1.82m Copernicus telescope8 in Asiago, Italy for testing in
September 2019.
The Asiago’s test campaign had as a fundamental goal to demonstrate the correct functioning of the ASTROCAD
CCD Camera on the sky. The ASTROCAD CCD Camera proved to

• perform the overall system operations correctly, with all subsystems showing a proper functioning be-
haviour;

• to correctly handle the functional interface (mechanical, electronic, SW, etc.);

• to provide the expected data acquisition and data handling
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Figure 4. The picture shows the mosaic of the valid frames collected using the ASTROCAD on NGC7063 from Asiago
Cima Ekar Observatory.

The Asiago test campaign, see figure 3, was carried out not for a specific astronomic or scientific scope but
rather to demonstrate the capability of the ASTROCAD CCD camera to operate in actual operative conditions
following its specification requirements. In this view our first analysis has been focused on the specification
aspects, demonstrating the compliance of the ASTROCAD model. On board Copernicus an ASTROCAD frame
covered an area of 12.5 × 12.5 square arcmin (we measured a pixelscale of 0.1793 arcsec/px), clocked of 35 degree
with respect to the North direction.

We were able to compare ASTROCAD frames with data acquired on the same night with the AFOSC camera
mounted on the Cassegrain focus of the telescope. We observed in both cases the open clusters NGC7063 (figure 4
), although at different airmass. The AFOSC camera is equipped with an E2V back thinned CCD 2048×2048
pixels, with a 13.5 µm pixel size, physically smaller and effectively covering a narrower sky area. Limiting mag-
nitude results were comparable within a fraction of mag. We cross-matched the star list coordinates obtained
by the two cameras with the one download from the GAIA archive. In this way, we see how the two cameras
both reach the ultimate limit given by the completeness of the GAIA catalogue.

However, the AFOSC camera is exactly on the Copernicus’s nominal focus, whereas the ASTROCAD CCD
surface was not set at the nominal focus of the Copernicus Nasmyth location: the M2 was shifted 45mm apart in
order to compensate the different focal plane position by optimising star dimensions in the operative observation
conditions registered during on the sky observation. By changing the relative distance between the Copernicus
primary and secondary mirrors, we introduced a few more spherical aberration, with a further spread of the
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star images tails. To avoid fringing effects, a square KG3 window (not provided with Anti-Reflection coating)
was used, thus reducing the amount of light impinging into the ASTROCAD focal plane due to Fresnel back
reflections at the window surfaces. The KG3 retaining frame also introduced a vignetting due to its forced
positioning relatively far from the focal plane. It also has to be remarked that, the overall optical configuration
implemented by the Nasmyth focus of the Copernicus telescope, corresponds to a pixel scale of 0.189 arc seconds
(0.179 as measured on the sky) for the 15µm pixel of the ASTROCAD, i.e. an area of sky 67 times smaller than
the one to be observed by NEOSTEL Fly-Eye Telescope.

4. FURTHER ACTIVITIES

4.1 SOT alignment

INAF joined OHB-Italia in the NEOSTED project, contributing with the technological know-how in the design,
assembly, integration and testing of optical instruments for astronomy.9–13 The strategy for the optical alignment
of the SOT tube to the aspherical and primary mirror, is a central point where focusing the efforts. A reliable and
fast procedure will play a crucial role in the mass-scale alignment foreseen for the current prototype and for the to
be built NEOSTEL telescopes. INAF proposed a strategy based on Newton’s rings14 maximum superimposition
criterion: OHB Italy contracted Gestione Silo15 for the realisation of the twelve lenses composing the objective
and for the alignment in the SOT tube. Each of the sixteen SOT tubes has to be aligned to the rest of the
telescope, for each telescope ESA decides to build.

4.2 Autofocus

The definition of the autofocus system of the telescope is one of the topics of INAF and OHB-Italia collaborations.
We are studying the optimal strategy to provide for the whole night the best focus considering the cost in term of
observation time and achievable focus quality. We are considering different approaches that focus on the rigidity
of the telescope system, one of the strongest point of the NEOSTEL design. However, the final decision will be
taken during the commissioning phase once data about stiffness and repeatability of the system with respect to
temperature and gravity vector will be available.

5. CONCLUSIONS

In this paper we review the activities of the INAF–OHB-Italia collaboration for the development of the ESA
NEOSTEL telescope, a prototype of the Fly-Eye telescope and camera.
The very wide, combined, field of view of the telescope is 6.7◦ × 6.7◦, that allows patrolling two-thirds of the
visible sky three times per night, deriving positions and first orbital elements of NEOs objects characterised by
apparent magnitudes down to 21.5. To date, the mount and the telescope are being integrated in Turate and
Milan, Italy, by OHB-Italia preparing for installation on Mount Mufara.
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