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ABSTRACT   

Mezzocielo (or "half of the sky") is a concept for a single large monocentric optical system composed by a tessellated 
spherical container filled with low refractive index liquid characterized by an extremely high transparency. This system 
allows for a continuous monitoring of the whole sky with a large number of mass produced correcting cameras. In 
comparison with existing projects is characterized by a high efficiency and by a relatively large aperture. The current status 
of development with the aim of producing a prototype of one meter class size is being reported. 
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1. INTRODUCTION WITH AN HISTORICAL PERPESCTIVE 
What defines a “large” aperture and a “wide” Field of View is probably defined by the current zeitgeist on the state of the 
art into designing and building astronomical (and not…) optical telescopes. The largest telescopes in such an area are, 
without any doubt, at the moment the largest Schmidt telescope (the Samuel Oschin telescope atop the Mount Palomar) 
now carrying the  Zwicky Transient Facility [1,2] with an equivalent Field of View comparable to a diameter of somehow 
less than a full 10 degree in diameter (depending upon the adopted criteria), and the Vera Rubin Observatory with its Large 
Sinoptic Survey Telescope [3] with an aperture of 8.4m and a Field of View of 3.5degree in diameter (but the large 
obstruction made an equivalent collecting area of about 6.8m in diameter).  

With these figures in mind it is interesting to get a feeling of the “scalability” of such approaches. First of all both are 
telescopes that still need to be pointed somewhere on the sky. This sounds like an obvious thing, and nothing would change 
if the FoV would range from a few arcsec to a few (or several) degrees.  

However, as soon as the FoV starts to be of comparable size with the available sky (half of the whole sky from the ground, 
and the whole sky if you are in space, far from a large source of disturbance, like the Earth while flying in a low orbit) 
such a requirements would become disputable and as soon as the FoV would approach the full available area in the sky it 
would get out from the requirement list. In other words, a whole sky camera does not require pointing and in fact almost 
all Observatory nowadays has what is sometime called “cirrus camera” [4] just to monitor the quality of the sky, and 
several are the transient applications for bright satellites or meteroids for patrol purposes that use a single fish-eye wide 
FoV camera.  

These kind of optical systems are confined to diameter comparable to the human eye aperture. A commercial fish-eye with 
a retrofocus mechanism for an high quality commercial camera has an equivalent aperture of the order of a few millimeters, 
quite often below the aperture of a well adapted to the dark human eye, in spite of the much larger front lens.The same is 
true for systems employing a relatively large convex mirror, as the actual stop aperture is by far much smaller. Specific 
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optical systems with large front lenses, populate all the areas among these extremes, up to aperture significantly smaller 
than the largest Schmidt telescopes.  

The Schmidt telescope is an interesting benchmark. It is interesting to point out that while its scalability in diameter is 
confined to the ability to build and maintain a large correcting plate, the one in FoV is mainly limited by fundamental 
reasons (see also Fig.1). First of all the central symmetry characterizing the primary mirror and the focal plane of such a 
concept, is lost when the Schmidt plate is being considered. As seen from off-axis, the correction is no longer symmetric 
and the aperture is seen with a more and more elliptical shape.  

An extension to a mere (with respect to the full sky) full 90 degrees FoV is unattainable from this point of view. Also, the 
obstruction introduced by the focal plane (or by its extraction with a folding mirror) would rapidly make the equivalent 
aperture non convenient for much smaller FoV. The LSST approach already suffers from the same issue as the secondary 
mirror is already leading to an obstruction of the order of 0.6. While both the Schmidt telescopes and the LSST are great 
telescopes overwhelming the capability of a number of other approaches, they are not scalable by significant numbers, at 
least on the FoV side.  

 

  
Figure 1 – In a Schmidt telescope, augmenting the covered FoV (as depicted in these two cartoons where the FoV  
is doubled from the left to the right) can be made at the expenses of two effects. One is that the Spherical aberration 
correction is less and less effective going off-axis because the correcting plate is seen from an oblique point of view 
and the correction is achieved on an elliptical pattern rather than the circular one (the primary spherical mirror in 
fact remain unchanged in its pattern of spherical aberration). The second is given by the obstruction of the focal 
plane that would diminuish the equivalent aperture, leading to a vanishing aperture at a certain FoV. 
 

Multiplexing as a way out of this shortcoming is not a new approach [5,6,7]. It is common among relatively small sized 
optics [8,9] and incursions on large astronomical facilities have been attempted, and recently revamped given the 
development of technologies able to rapidly adapt to continuously variable optical corrections over a much larger portions 
of FoV [10], In practice, a large aperture designed for conventional purpose, is being sampled into a large number of sub-
FoV each compensated for a specific set of aberrations.  

Following the Schmidt concept one can hence used spherical symmetry, i.e. monocentric, collecting systems. The use of 
reflective concave spherical mirrors for observing celestial objects produces, in general, images affected by strong 
spherical aberration that, as pointed out before, is compensated collectively by the Schmidt plate, however this is not the 
only approach and one can use multiplexing taking the large advantage that the optical compensators are numerous but all 
identical to each other allowing for using mass production approaches in their fabrication. The concept of compensating 
spherical aberration for different line of sight is also employed in some optical [11] and radio telescopes [12] for a specific 
directions at a time with a spherical reflector fixed in space or with limited repointing capabilities. 

Multiplexing the compensation of the same identical aberration is an approach being implemented in a concept 
[13,14,15,16] nicknamed “FlyEye” with the aim of patrolling the sky for space debris or Near Earth Objects that led to the 
development of at least two one meter sized equivalent aperture optical elements prototypes and is going to be produced 
in a relatively large number of telescopes around the globe.  

Refractive concepts with a purely monocentric design are known [7] but usually employs extremely small apertures with 
a bulk glass monocentric spherical lens. We update here an approach in which a focusing sphere is adopted, allowing to 

Proc. of SPIE Vol. 12182  121820H-2
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 09 Jan 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 
 

 
 

 
 

focus on an emispherical surface where field lenses and camera correctors can be placed, associated with the nickname of 
“MezzoCielo” [17]. 

   
Figure 2 – The MezzoCielo concept can be employed in different forms depending upon the degree of filling the 
spherical focal plane with cameras, taking into account that these would unavoidably vignette or limit the overall 
portion of the sky covered. In the leftmost example a full half of the sky is employed, leading to a partial vignetting 
(never exceeding 50% however) of objects close to the horizon. In the central example an asymmetric case is 
portrayed where, for instance, non circumpolar objects are scanned to the maximum extent in an unvignetted 
fashion. The rightmost example (and the most favourite option from several purely astronomical viewpoints) is 
considering zero vignetting from elevations characterized by a limited airmass (e.e. 15 or 30 degrees above the 
horizon). 
 
 Assuming a one meter class equivalent aperture monocentric design is made operational and even assuming a limited 
version capable to collect simultaneously only half of the half of the sky, corresponding to an equivalent of 10 thousand 
square degrees, the covered FoV is largely superior to most of the astronomical instrument in use, although comparable to 
options with an array of much smaller equivalent aperture. Their comparison in terms of potential scientific outcome has 
been analyzed [18] and it is briefly depicted in Fig.3 

  
Figure 3 – How MezzoCielo stands in terms of survey capability or “etendue” is portrayed in the left panel where 
diagonal lines of identical etendue are shown along with several ongoing or existing projects along with a one meter 
class MezzoCielo. In the right panel a similar diagram is shown where emphasys is given to the adopted pixel size 
that can adapt to various kind of scientific targets. 

2. WHAT ABOUT A  REALLY TRANSPARENT SPHERE? 
Making a full spherical monocentric system build up by solid glass is a viable solution for small sized systems [8,9,19] but 
is basically unpracticable for several reasons for an astronomical sized telescope of one or several meter in equivalent 
aperture. This is because of manufacturing reason of a large portion of melted glass with large differences from the outer 
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edges of a large parts of their components, leading to difficulties in the cooling down that would be extremely different 
from the inner to the outer portions of it, and to structural problems once such a large sphere would be kept into position. 
Moreover the lowest refractive index glasses would still exhibit a large spherical aberration and a wild focal ratio that can 
be lowered using a sphere in which the bulk of the filling material is significantly smaller than glass. Water is an obvious 
choice with n=1.33 at visible wavelength and there is evidence that experiments in such a sense have been carried out in 
the past [20].  

  
 

Figure 4 - A spherical element is achieved, in this example, by replacing the faces of a dodecahedron with: a) circular 
meniscus with the edges cutted to fit a pentagonal shape or b) meniscus lenses fitted within a pentagonal support. 
In the two cases different relationships between the lenses diameter d and the overall sphere diameter D holds. 
 

Building up a sphere through tessellation of single meniscus with a common radii of curvature (see also Fig.4)  allows for 
a large hollow sphere using lenses that can range in diameter to a small fraction of the overall diameter of the resulting 
sphere, up to a much smaller number of meniscus with diameters that can be as large as slightly more than the radii of the 
final spherical container. While in one case a large number of relatively small lenses is employed in the other a modest 
number of these is needed, and as lenses in the class of size approaching one meter in diameter are employed in 
astronomical instrumentations [21,22] is the preferred choice. In case one would like to build a much larger, like an 
hypothetical 4m class monocentric system, such a paradigm should be, evidently, accordingly adjusted, to the limit cases 
of a large number of tessellations reminding a fullerene structure, for instance. Liquid with relatively small refractive index 
and extremely high transparency are available in the industrial market [23] and are the subject of specific measurements 
[24] (see also Fig.5) that are being carried out on a number of potential fluids to be used in a first prototype of such a 
system. 

 
Figure 5 – A set of pictures of a liquid embedded between two concentric cylinder is used as a technique to compute 
the refractive index and its behaviour at several wavelengths. 
 
As the sphere obtained in such a way is strictly monocentric but it is not uniform with respect to the refractive index (the 
“skin” is made of glass with a larger refractive index) while its optical characteristics are dominated by the bulk material 
(the low refractive index fluid) the maximum theoretical aperture is given by the inner radii of the tessellated hollow 
sphere. In practice, it would be necessary to control the stop aperture in order to make the aberrations manageable with an, 
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as mild as possible, downstop of the entrance aperture. In order to maintain the monocentric feature of the optical system 
(or at least to have a system in which this is accomplished, with no more than some perturbing elements) a projection of a 
stop in the middle of the sphere is necessary. A set of field lenses should fill, other than for practical reasons, the principal 
focal pane surface generated by the monocentric device in the center of MezzoCielo. These lenses, further to bent enough 
the incoming rays to make any correcting system to occupy the space allowed to avoid interference with the adjacent ones, 
should be properly coupled with a physical diaphragm such that a virtual diaphragm in the center of the sphere is being 
projected. In fact, each camera projects its own field stop in the middle of the sphere, such that each of them is orthogonal 
to the common optical axis of each field lens and associated corrector (see also Fig.6). 
 

  

 

Figure 6 – Each field lens (left panel) would project into the center of the spherical device in the center, a diaphragm 
whose diameter is smaller than the inner radii of the tessellated hollow glass sphere. Each camera (right panel) 
would collect slightly more than the nominal FoV assigned too each portion in order to tackle with the spherical 
aberration insisting on the plane where the field lenses are located. In this way no light is lost, in principle, and the 
effects of imperfect coupling of the field lenses one to each other, are smoothed out. 
 

Further to this, one should recall that the optical quality at the intermediate focal plane where the field lenses are located 
is grossly dominated by a constant spherical aberration of various orders. This, however, translates into a robustness of the 
optical design to the unavoidable imperfections that will occurs to the edges of each lenslet when couple with the 
neighborhoods ones. In fact each camera should take care the nominal assigned Fov plus a rim on the edges of the thickness 
of the full diameter of the aberrations experience in the field lenses spherical surface. In this way no light is lost and sources 
lying closer to the projected borders between two cameras will be seen simultaneously by the adjacent ones (with a 
maximum of four cameras, if the reference is closer to one corner than the angular size of the aberration). Images should 
be reconstructed by using the data from adjacent cameras in these strips, and, ideally, no photon would be lost. Irregularities 
in the edges much smaller than the aberration size, will translates into a minimum lack of photons (a local vignetting, 
technically) making the system robust to such irregularities. This is an approach already used, and tested, in the FleEye 
approach, by the way. 

3. ENGINEERING CHALLENGES ASSOCIATED 
There are a number of technical and engineering challenges associated with the MezzoCielo approach. We will try to 
outline them although one of the aim of the prototypization is clearly to assess which are the most critical one and to which 
extent their handling is properly accomplished.  

From the optical viewpoint, further to the projection of the diaphragm, that has been briefly outlined in the previous section, 
there are a number of parameters to take into account. The first and most obvious is the degree of multiplexing. A huge 
number of very small cameras allow for an extremely simplified optical design, taking into account that the attainable 
optical quality should be comparable to the normal seeing condition of where the telescope would be located. This would 
require a corresponding number of cameras, and at a certain point wireless connections become mandatory to avoid 
nightmare harnessing. On the other hand a larger and larger corrected FoV by each individual camera will translates into 
a more complex optical design. Use of aspheric surfaces of various sizes is probably necessary in all cases, but one should 
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remind that the cost of the manufacturing of these would be greatly ameliorated by the mass production involved, even 
with relatively large cameras FoV.  

The overall number of pixels, once the pixel size is chosen, is of course common, although it slightly favour a moderate 
multiplexing, because of the need for overall of adjacent cameras as discussed in the previous section as well. Chromatism 
correction deserve a special attention given that the overall pathlength in the monocentric device is large, and strongly 
variable, especially if a large equivalent diaphragm is adopted.  

This consideration leads also to the question of trading in the complexity of the camera among both the local FoV and the 
equivalent aperture (and corresponding focal ratio). Chromatism issue is also correlated to the kind of observations one is 
intending to carry out. While for applications like space debris or asteroid patrol one is tempted to choose an as large as 
possible filter in order to maximize the signal to noise ration, almost any kind of astronomical survey would include the 
need for relatively narrow filters. If one take an extreme approach to do not incorporate filter change (even on a regular 
basis, an option that one could use changing filters from one night to the others through some sort of dedicated daily  -or 
any useful time shift- maintenance service) one can image to have groups of adjacent cameras encompassing different but 
fixed filters. This would allow for the same optical design with a dedicated focus position or different very large groups of 
camera design, maybe differing by the mounting or by one or few specific optical elements.  

Survey will be accomplished by continuously observing the same point in the sky through different camera, also taking 
advantage of the apparent rotation of the celestial sphere. Variation with time of focus terms or the appearance of distortion 
terms should be considered one integrate in the design the optical variations due to the change in temperature of the fluid 
or simply the geometry of the system.  

As in a lot of other optical systems, passive thermal compensation could be adopted as well. It is noticeable that linear but 
asymmetric distortions could be experienced in presence of thermal (or density) gradient on the monocentric device, for 
instance along a vertical axis or a radial one, in presence of various perturbing elements, and even assuming the sphere 
being protected and thermalized during the day as it is probably a mandatory approach, especially for a large sphere whose 
thermal relaxation time could become significant. This is not much different from thermalization of large primary mirror 
however, and it can be greatly taken into account considering the idea to pump in the sphere fluid at a given temperature 
shortly before the operations. 

 
Figure 7 – A partial axonometric projection and a visual depiction of a possible layout for MezzoCielo in which 
the monocentric system is build by identical pentagon meniscus elements and it is kept into position through five 
identical spiders. A number of other configurations are clearly possible. 
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On the mechanical side a number of practical and technical issues are related to both the monocentric sphere and the 
array of cameras, that could be arranged in a static manner or in a dynamic ones. The subject implies a large number of 
degree of freedoms and it is being treated in more details elsewhere[25,26]. Within the framework of this work it is 
important to recall that the monocentric system is static by design. Side effects as the variable vignetting over the FoV 
because of the obstruction introduced by the supports of the edges of the meniscus composing the sphere, or the presence 
of spiders or other kinds of supports are not discussed in detail here. Because of the static nature, at least at the first 
order, of the sphere, one can easily compute the deformation of the various meniscus elements and counteract them in 
advance by designing the elements with pre-imprinted variation in the radii of curvature, or adding cylindrical terms or 
more in general applying a modal decomposition (like a Zernike one) in order to produce meniscus that can be easily 
tested in laboratory to produce, when subjected to the gravity and hydraulic forces in operations, the final correct shape. 
Of course there are perturbatory elements to this. Some are slowly varying with time, like temperature of gradients of 
temperature, or the presence of overpressure in the filling system in order to avoid presence of air bubbles to counteract 
probably unavoidable leakage of the fluid. 
 

  
 
Figure 8 – A perspective technical view on the right panel of the essential elements of MezzoCielo with the two 
parameters R and F, the radii of the monocentric system and the equivalent focal length of it and by consequences 
the radii of the first (aberrated) focal plane where the field lenses would insist and supply the ensemble of 
correcting cameras. On the right panel a depiction of the first order deformation due to the gravity and hydraulic 
loads. The top meniscus would be basically subjected just to its own weight, while the bottom one is being 
subjected further to the hydraulic load. The ones on intermediate positions would be subjected to a more complex 
pattern of forces, but clearly leading to a cylindrical behaviour as first order mode. 

Other kind of perturbations that one should consider are on a much faster timescale are given by perturbations introduced 
by external sources like wind or vibrations. For the first, depending upon  the choice of FoV over the horizon would allow 
to shield with some windscreen (especially with the astronomical solutions to observe only points with an airmass below 
than a given threshold) or should place constraint on the operational part of the observatory. A study of the eigenfrequency 
of the system, including the fluid, is going to be carried out in the near future to assess possible hot spots in the project, 
especially for large sized spheres. 

An aspect that is not being considered here, is related to the vast amount of data flow generated by such kind of telescope, 
and the related need of handling required in order to make a proper use and storage of them. This is of paramount 
importance, as one can easily see that the overall number of pixels for even a 10 thousands square degrees FoV (limiting 
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to airmasses equal to two or below) amounts to about 130Gpixels per shot, with a full, uncompressed flow of about 
100Tbytes per hour for a 10 seconds cadence with a two bites per pixel encoding. 

4. PERSPECTIVES 
Preliminary considerations, to be confirmed by ongoing measurements and computations, indicate that a MezzoCielo with 
an equivalent effective aperture of 1m in diameter is feasible. How larger than this figure could be achieved is still to be 
figured out and, hopefully, the construction of a prototype in a size ranging from a fraction of a meter to a 1.5m or so, in 
order to accommodate with ample margin for a significant etendue, should carry with it significant knowledge to assess 
the feasibility of a larger telescope of this class. The availability of relatively low cost CMOS detectors and the feasibility 
of big data handling could make this kind of telescopes a reality within a relatively small amount of time, changing 
completely the concept of surveying. 

 
 

 
 
Figure 9 – Left panel: an artistic rendering of MezzoCielo. Right panel: an option for an astronomical suited 
configuration includes a mean to rotate around an axis parallel to the Earth one, the ensemble of field lenses and 
cameras. The covered FoV with respect to the local horizon and Zenith is not constant within this configuration. 
Because of this it is reasonable that a  very limited turning angle should be considered, with a repositioning to the 
initial position after each consecutive exposure. 
 
It is of course completely speculative, and probably on a much larger time scale, the adoption of energy dependent detectors 
able to achieve continuous multispectral imaging with large effective aperture allowing for a continuous all sky monitoring 
though a network of telescopes. MezzoCielo could be one of the ingredients for this futuristic view. 
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