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ABSTRACT

It is generally believed that very fast cameras imaging large Fields of View translate into huge optomechanics
and mosaics of very large contiguous CCDs. It has already been suggested that seeing limited imaging cameras
for telescopes whose diameters are larger than 20m are considered virtually impossible for a reasonable cost.
It has also been suggested that using existing technology and at a moderate price, one can build a Smart Fast
Camera, a device that placed on aberrated Field of View, including those of slow focal ratios, is able to provide
imaging at an equivalent focal ratio as low as F/1, with a size that is identical to the large focal ratio focal plane
size. The design allows for easy correction of aberrations over the Field of View. It has low weight and size
with respect to any focal reducer or prime focus station of the same performance. It can be applied to existing
8m-class telescopes to provide a wide field fast focal plane or to achieve seeing-limited imaging on Extremely
Large Telescopes. As it offers inherently fast read-out in a massive parallel mode, the SFC can be used as a
pupil or focal plane camera for pupil-plane or Shack-Hartmann wavefront sensing for 30-100m class telescopes.
Basing upon Smart Fast Camera concept, we present a study turned to explain the pliability of this instrument
for different existing telescopes.

Keywords: Wide-field camera, seeing limited, lenslet array, wavefront sensing, Extremely Large Telescope,
Smart Focal Plane

1. CONCEPT

A fast camera design (including wide-field corrector) must provide: a large FoV (that physically translates into
large optics); a fast focal ratio for proper sampling with currently available pixel sizes (that translates into the
choice of a Prime Focus station or to a Focal Reducer in a second focal station); the capability to compensate
for relatively large FoV-dependent aberrations (that leads to the adoption of a number of optical elements to
control simultaneously the wavefront distortions, often requiring complex aspheric surfaces involved in the optical
design) and; a physically large detector area (that translates into the adoption of a certain number of large format
buttable CCDs). In actuality, most of the issues listed above are simply a consequence of the first: by reducing the
FoV requirement (something that of course sounds nonsense for a wide FoV camera) all the technical drawbacks
cited above are substantially reduced if not eradicated altogether. In particular, a focal reducer for a small FoV
can be achieved with simple optics and, as soon as a pupil plane is made available, this can be used to compensate
aberrations that are expected to vary slowly within such a small FoV. As shown in Fig.1 the basic principle of
the SFC is to replicate such a relatively small FoV focal reducer on a bi-dimensional matrix, eventually allowing
one to cover a much larger FoV. The replicas are identical, other than for the aberration compensation plates
that depend upon the position in the telescope FoV.

Now it is possible covering the whole FoV with an array of almost identical lenslet focal reducers that differ
only in the type of pupil plane aberration corrector chosen in function of focal plane radial position only. If one
allows the focal surface to be curved substantial simplification of the lenslet optics are possible. It is felt this
curvature can be accommodated by the printed circuit board onto which the array of CCDs is connected.
A schematic of the SFC concept is shown in Fig.2. The image, with large plate-scale (hence physically large)
formed in the focal plane is segmented by the array of lenslets, each 1 arcmin square. An array of aberration
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Figure 1. A single corrector scheme: the pupil plane house an aberration compensator. The optics placed off-axis
are optimized to the average aberration encountered in the focal reducer FoV. Only residuals due to the variations of
aberration over the mini-FoV are recorded in the focal plane. Once the FoV covered by such a focal reducer is small, the
optical design can be as simple as just two or three lenses.

correctors are placed in the pupil plane, each correcting the approximately constant aberrations found across
the FoV of each lenslet system. Finally an array of camera lenses produces an array of images detected by the
CCDs, with a much more user-friendly plate-scale. Whenever the aberration on the long focal plane is large,
objects imaged on the edges between two adjacent lenslets will be shared between the corresponding detectors.
Therefore it is suggested the size of the latter element should be enlarged with respect to the nominal one by
the largest spot aberration so that no light loss occurs, other than losses due to the imperfections of the lenslet
edges. This will result in a small overlap of adjacent parts of the FoV.

Figure 2. A pictorial description of a SFC. The image with a relatively large plate-scale is projected onto the lenslet
array whose elements are field lens of the single focal reducers, and portions of the images are then imaged with a smaller
plate-scale onto a number of small detectors.

2. MODULAR DESIGN

The SFC design summarized has the great advantage that it lends itself to a modular design approach. If we
assume, for now, a base element (or module) of a 4×4 lenslet array, covering roughly 4 square arcmin of sky,
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one can cover a physically large focal station with identical modules. Each module is in essence a small-scale
instrument with corresponding sky coverage and read-out time. Therefore the performance of the SFC as a whole
is limited only by the performance of these individual, simple modules. This feature has implications on the ease
of manufacture, optical alignment, imaging performance and read-out time. One can imagine a 20 arcmin FoV
image taken by an 8m-class telescope downloaded in the time it takes to read one CCD.
Trying to understand the feasibility of such an instrument for an existing telescope, we developed a procedure by
ray-tracing affording to establish the largest angular range in wich the same field correction could be applicated
without deteriorate images.

2.1. Procedure description

First it is necessary to set conditions about corrections and quality of the images. We decided starting optimizing
field corrections using a set of thirteen Zernike polynomials. In terms of image quality we impose that it must be
better than 10% of the seeing, so, convolving seeing and optics quality the latter doesn’t affect the final result.
The procedure acts optimizing Zernike polynomials starting from the center of the field, and analyzing quality
image off-axis with the aim to evaluate the maximum range in which the Zernike correction just calculated can
be considered acceptable.
Off-axis movement are radial and their step value is set in degrees before starting procedure.
Procedure gives in output the dimension of the total correct field in arcsecond for each off-axis radial position
expressed in degrees.

Figure 3. Graphic shows the trend of the full correct field (in arcsec) versus the axial off-axis radial displacement (in
degrees). Using a set of 13 Zernike it is possible covering a huge FoV with an acceptable optical quality.

Figure 3 shows how optimizing a set of 13 Zernike polynomials it is possible to obtain a full correct field of
26” at the edge of a three degrees Field of View, and it substantially demonstrates the effective feasibility of the
Smart Fast Camera.
This kind of graphic could be also used to determine SFC modular size starting from setting optical quality
requirements. For example, looking at figure 3, one knows that to have a correct field of 36” with an optical
quality of about 10%, the best performances could be obtained on a 1.5 square degrees FoV correcting a set of
13 Zernike.
Of course optical quality requirements depend on telescope design and on seeing. Hereto, all the considerations
done are based on a modified configuration of the Large Binocular Telescope. Because of the design of this
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telescope, especially because of its very fast focal ratio (F/1.14), if one would design a modular camera able to
cover such a big FoV, some optics would have been remodeled. We hypotized transforming the LBT in a classical
Cassegrain telescope introducing an hyperboloidal secondary mirror.
Of course the choosen design doesn’t mean that the feasibility results of the Smart Fast Camera are not still
general, in fact the proposed design is likely to be really similar for any kind of Large and Extremely Large
Telescope.

Rdial off-axis displacement

Step of 0.5 degrees26 arcsec

0.5 arcsec

42 arcsec

38 arcsec

0.5 arcsec

32 arcsec

0.5 arcsec

0.5 arcsec

Figure 4. Spot diagrams obtained analyzing the FoV starting from the center then moving off-axis by steps of 0.5 degrees.
The scale of the spot diagrams is 0.5”, the dimensions of the total correct field in arcsec are reported in each subfigure.
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Going on details, let’s consider figure 4: Zernike optimization starts from the center of the Field of View, as it
can be seen by the point spot in the center of the lower right subfigure, then it moves around by subsequent
increasing squares applying the same correction to the surrounding field until the PSF in correspondence of the
corners of such squares remains in the required optical quality range.
Each box in this picture reports also the spot diagrams at the edge of the maximun corrected field around the
central optimized position to get an idea of the optical quality trend. Spot scale is 0.5 arcsecond, as shown by
the circles in the boxes, while the total correct field dimensions, even in arcsecond, are reported over the spot
diagrams.
Figure 4 shows only some sampling steps of the procedure just descripted, one every 0.5 degrees off-axis.
The spot diagrams in the picture are of course symmetrical along the tangential line and quite asymmetrical
along the radial one (with the obiouvs exception of the central field) because the PSF variation of the telescope
is not linear along the radial direction in the considered area.
It could be interesting to notice that we didn’t made any kind of subsequent optimization inside each small
sub-area. Of course, this would likely lead to a more uniform PSF in the sub field.

3. CONCLUSIONS

The design study just presented shows the feasibility of a 3deg FoV camera for LBT, opening a new practicable
way to project wide-field cameras still independent of telescope focal station.
The design corrects for wide-field aberrations by segmenting the focal plane into manageable fields, over which
the aberrations are relatively constant. This has the virtue of requiring very simple optics to produce the seeing-
limited imaging performance required from a wide-field imager of this FoV (10 arcmin to several degrees).
Due to CCD-controller cost we are initially oriented towards ’large’ subapertures. It is noted that the SFC design
is not limited to imaging applications only. Indeed, for several reasons the concept is ideally suited to multi-
object spectroscopy using optical fibres, or 2D spectroscopy using integral field units (IFUs). We are therefore
considering a double instrument system of one SFC stationed at a single Nasmyth focus acting as an imager and,
at the twin mirror focus, placing a SFS (Smart Fast Spectrograph).
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