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Gigapixel Frame Images: Part II

Is the Holy Grail of Airborne Digital Frame Imaging in Sigh
In the Gigapixel article in GeoInformatics 1-2006, the various methods that have been
devised to generate Gigapixel frame images in the area of amateur and professional
photography have been outlined. In this article, a review will be undertaken of the
methods being used by scientific astronomers to generate large-format digital frame
images that are Gigapixel in size. These appear to have much more relevance to satisfy the current needs of the photogrammetric and remote sensing communities for the
direct acquisition of larger-format frame images from airborne platforms.
by Gordon Petrie

photogrammetrists and astronomers, is the
limitation in the size of the area arrays that
are currently available for direct imaging.
Besides which, the CCD arrays used in astronomical telescopes need to detect the very
low light levels that come from very distant
stars. So they need to have high quantum
efficiencies and very low noise levels. As a
result, many of the CCD arrays installed in
astronomical telescopes are custom built by
specialist labs. Furthermore, the yield – that
is the number of CCD chips that reach the
required level of performance - is often low,
which makes them rather rare and very
expensive. However, in order to overcome
the problem of the small size of the individual area arrays, astronomers are now developing mosaics of these area arrays that will
generate large-format digital images that will
replace their photographic plates. In particular, their recent development of buttable CCD
arrays could be of considerable interest to
the photogrammetric and remote sensing
communities.

1 Ground-Based Telescopes

Figure 1 (b): The MegaCam CCD mosaic featuring 40
buttable CCD detectors, each 2k x 4k in size, manufactured by the e2v technologies company in the U.K.
(Source: CFHT Corporation)

Figure 1 (a): The MegaCam digital frame camera
mounted on a cart for transport. The camera was
built by the French Atomic Energy Commission (CEA)
and fitted to the Canada-France-Hawaii-Telescope
(CFHT) which is located in an observatory on the summit of Mauna Kea, Hawaii. (Source: CEA, France)

Astronomical Images
Until recently, most of the images collected by
astronomical telescopes have been recorded
as frame images on large-format photographic
plates. Thus, for example, the wide-angle
Schmidt telescopes that have been used to
conduct systematic surveys of the northern
skies [by the Palomar Observatory in the
U.S.A.] and of the southern skies [by the U.K.
Schmidt Telescope (UKST) based in Australia
and the European Southern Observatory (ESO)
located in Chile], record their images typically
on 14 x 14 inch (35.5 x 35.5 cm) photographic
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plates. The images on these photographic
plates are then digitized using automated
plate scanners such as the SuperCOSMOS at
the Royal Observatory Edinburgh (ROE). This
uses a 10 µm pixel size and has a measuring
accuracy of less than 1µm. Thus it operates
with pixel sizes and accuracies similar to those
of the current Leica, Z/I Imaging and Vexcel
film scanners that are used in aerial photogrammetry. The size of the final digital image
is 35.5k x 35.5k pixels = 1.26 Gigapixels.
However, in recent years, in scientific astronomy, as in aerial photogrammetry, the trend has
been towards the direct acquisition of digital
images. So existing telescopes are being converted and new telescopes are being built to
allow the direct digital imaging and recording
of star images.
As already discussed in the previous
Gigapixel article, a major difficulty, both for

Examples of ground-based astronomical telescopes where CCD area arrays are being
used to produce large-format frame images
include the Canada-France-Hawaii Telescope
(CFHT) and the Sloan Digital Sky Survey
(SDSS).

(a) Canada-France-Hawaii Telescope (CFHT)
This telescope is, as its name suggests, a
joint project between Canada's National
Research Council (NRC) and the French
Centre National de la Recherche Scientifique
(CNRS) in cooperation with the Institute of
Astronomy of the University of Hawaii. For
many years, it has operated a telescope with
a 3.6m diameter primary mirror from an
observatory located on the summit of Mount
Kea in Hawaii. The use of CCD area arrays
on this telescope has evolved steadily using
a series of digital frame cameras. First it was
equipped with a single Loral 2k x 2k pixel
array in 1991; then a 4k x 4k mosaic
(MOCAM) in 1994; next an 8k x 8k array
(UH8K) in 1995; and finally a 12k x 8k mosaic (CFH12K) in 1999. This last mosaic comprised twelve 2k x 4k pixel CCD area arrays,
each of which was buttable on three sides,
that were fabricated by the MIT Lincoln
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Figure 2 (a): The telescope of the Sloan Digital Sky Survey (SDSS) forms part of the Apache Point Observatory located in
the Sacramento Mountains of New Mexico. The telescope has a 2.5m diameter primary mirror. The boxy slatted metal
structure is the outer wind baffle, mounted separately from the rest of the telescope, to help prevent the wind from
shaking the telescope.

Figure 2 (b): The 30 CCD area arrays fitted to the
SDSS telescope are arranged in 6 columns, each containing 5 arrays. Each column is encased in a vacuum sealed chamber, while each CCD in an individual
column has a different spectral filter placed in front
of it in order to generate a false-colour image.
(Source: Sloan Digital Sky Survey)

Laboratory. These arrays were arranged in
two rows, each consisting of six individual
arrays that produced images that were 12k x
8k = 96 Megapixels in size.
In 2003, a further development saw the
introduction of a still larger mosaic on the
so-called MegaCam that was built by the
French Atomic Energy Commission (CEA) and
fitted to the telescope, see Figure 1(a). This
utilizes 36 (later 40) arrays, each 2k x 4k
pixels in size, producing a total image size of
340 (later 377) Megapixels , see Figure 1(b).
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The VST telescope of the European Southern
Observatory (ESO) and the MegaCam fitted
to the MMT telescope of the Smithsonian
Astrophysical Observatory (SAO) will use similar sets of 36 close-packed CCD arrays in
their focal planes. These new sets of foursided buttable CCD arrays have all been
supplied by the e2v company from the U.K.
It should be noted that, although these
arrays are fully buttable, there still remain
very small gaps (of several tens, up to one
or two hundred pixels) between the arrays.

These gaps are eliminated by a dithering
technique that is implemented as the telescope tracks the sky field. However this is
not a observing procedure that seems
applicable to imaging from airborne platforms. Instead some other arrangement
needs to be found to fill the tiny gaps.
The basis for this might well be similar to
that adopted for the Vexcel UltraCam airborne digital frame camera.
(b) Sloan Digital Sky Survey (SDSS)
This project follows on from the systematic
sky surveys using wide-field Schmidt telescopes described above. It aims to cover
only one-quarter of the entire sky (in the
Northern Hemisphere) but in much greater
detail - since its CCD detectors can resolve
much fainter objects than could be detected
using photographic plates. The Sloan Survey
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ground-based wide-field telescopes that can
undertake systematic surveys of the sky with
a view to detecting and locating ever fainter
objects. These are the PanSTARRS
(Panoramic Survey Telescope & Rapid
Response System) and the LSST (Large-aperture Synoptic Survey Telescope). Both are
based on the use of very large mosaics of
CCD area arrays that will produce Gigapixel
images.
Figure 3 (a): A perspective sectional drawing of the prototype PS-1 telescope with its 1.8m diameter primary mirror. This will be the first of the four telescopes forming
part of the Pan-STARRS observatory that will be located
on Mount Haleakala on Maui Island, Hawaii.

Figure 3 (b): Diagram illustrating the layout of the
Orthogonal Transfer Arrays (OTAs) to be fitted to each
of the four Pan-STARRS telescopes. In total, these will
generate frame images that are Gigapixel in size.
(Source: Institute for Astronomy, University of
Hawaii)

is based on the use of a dedicated 2.5m
diameter telescope with a wide field of view
that is located at the Apache Point
Observatory in New Mexico, see Figure 2(a).
This site is 2,800m in elevation and well
away from any city or town that might generate extraneous light that would affect the
exposure of the sky image. The SDSS telescope is equipped with 30 CCD area arrays,
each 2k x 2k = 4 Megapixels in size manufactured by the Scientific Imaging
Technologies company based in Oregon.
These are arranged in 6 columns, each containing five arrays, see Figure 2(b). The tele-

scope is operated in drift scan mode by
which the images of the objects in the sky
are allowed to drift across an individual column of arrays in the mosaic with each CCD
in the column having a different spectral filter. Thus the five successive exposures, when
combined, allow a false-colour image of the
portion of the sky to be formed. It appears
that this is more of a multiple line scan
imaging technique than a frame imaging
method.
Two further projects are now being developed that represent the next generation of

Figure 4 (a): A perspective sectional drawing of the proposed Large-aperture Synoptic Survey Telescope (LSST) with
its folded three-mirror design and its rotatable spectral filters. (Source: LSST Corporation)
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(c) PanSTARRS
This particular project is being undertaken by
the Institute of Astronomy of the University
of Hawaii. It is designed specifically to detect
potentially hazardous objects in the Solar
System (primarily asteroids) that might hit
the Earth. Their detection will be achieved
through repetitive observations of the same
piece of the sky over time scales of a few
days or weeks. However the wide field of
view of its optical system makes it suitable
for other types of astronomical project. The
PanSTARRS observing system will comprise
an array of four telescopes, each equipped
with a 1.8m diameter primary mirror and its
own mosaic of CCD area arrays. Normally
these four telescopes will operate together
and point in unison at a particular part of
the sky under computer control.
The use of four relatively small but wideangle telescopes is thought to be cheaper
and quicker to build than a single telescope
of a comparable light gathering area. The
CCD arrays to be installed in the focal plane
of each telescope are being developed by
the MIT Lincoln Laboratory. Each will consist
of an 8 x 8 mosaic of orthogonal transfer
arrays (OTAs). In turn, each of these OTAs
comprises an 8 x 8 mosaic of orthogonal
transfer CCD area arrays, each 512 x 512 pixels in size. Thus, in total, each camera will
record images with (8 x 8) x (8 x 8) x (512 x
512) pixels = one Gigapixel in size, see
Figure 3(a). Financing such a large project as
PanSTARRS has proven to be quite difficult.

Figure 4 (b): The arrangement of the circular mosaic
of 201 CCDs to be fitted to the focal plane of the LSST
telescope. These will produce images that are over
three Gigapixels in size. (Drawn by Mike Shand)
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work has already started on the project with
a contract having been placed with the
Steward Observatory Mirror Lab of the
University of Arizona for the supply of the
huge primary mirror of the LSST. The funds
for this initial part of the project have been
donated by an Arizona businessman, Richard
Caris.

2 Space-Based Telescopes

Figure 5 (a): Diagrams showing the dome-shaped Gaia satellite with its sun-shield in its folded configuration
for launch on the left; and its configuration when deployed in space on the right. The underside of the shield is
covered by solar cells that generate power for the satellite. The shield also shades the three telescopes that are
mounted inside the satellite dome to allow their operation at low temperatures. (Source: European Space Agency)

Figure 5 (b): The first full-scale back-illuminated demonstrator CCDs built for the Gaia telescopes by the e2v
company and mounted on a test jig. (Source: e2v technologies)

So, for the time being, work has gone ahead
on building one of the four telescopes (PS1)
that will act as a prototype to validate the
technology, see Figure 3(b). The main mirror
for this telescope is currently being built in
Zerodur glass by Schott in Mainz, Germany,
which is also constructing the mount. The
PS1 telescope will be mounted on Mount
Haleakala on the island of Maui in the
Hawaiian Islands.

(d) LSST
This is another still more ambitious American
project that is supported by the National
Optical Astronomy Observatory (NOAO), various government (DOE) research labs and a
large consortium of universities. The project
aims to survey the whole sky on a regular
basis using a single three-mirror telescope
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equipped with a very large (8.4m) diameter
primary mirror with a 3.5° field of view and
utilizing a very large mosaic of CCD (or
CMOS) area arrays in its focal plane, see
Figure4(a). The mosaic will comprise 201 CCD
area arrays giving a frame image that is
three Gigapixels in size with a one-second
parallel read-out speed, see Figure 4(b). Each
pixel is 10µm in size. The use of the very
large diameter mirror should enable very
faint objects to be detected and the sky to
be imaged repeatedly.
Various sites in Chile and the Canary Islands
that are located not too far from the Equator
are being considered for the location of the
LSST to allow observations to be conducted
in both hemispheres. Once again, financing
such a large project - costing an estimated
$150 million - is proving difficult. However

As is well known through the very successful
activities of the Hubble Space Telescope
(HST), placing a telescope in space removes
many of the difficulties of ground-based telescopes arising from the effects of the Earth's
atmosphere. However the HST has a very
narrow field of view - 6 minutes of arc per
side - compared with the wide fields of the
various telescopes discussed above - namely
2.5 degrees in the case of the SDSS and 3.5
degrees in the case of the LSST. Now, however, projects are under way to place widefield telescopes equipped with mosaics of
CCD arrays to produce Gigapixel images from
space. This would allow the entire sky or
parts of it to be mapped in even greater
detail. Examples of these projects are the
European Space Agency's Gaia project and
the SuperNova/ Acceleration Probe (SNAP)
that has been supported by several American
organisations [Dept. of Energy (DOE);
National Science Foundation (NSF) and
NASA].

(a) ESA Gaia Project
This particular project involves the launch
and the operation of a spacecraft from the
special Lagrangian L2 position located in
space 1.5 million km beyond the Earth where
it will keep pace with the orbit of the Earth
around the Sun. From this position, where
the Earth will help to shield the spacecraft
from the Sun's radiation - see Figure 5(a) - it
is intended that principally the instruments
on-board the spacecraft will map the objects
lying within our own galaxy (the Milky Way),
following on from ESA's previous successful
Hipparcos mission. It would also be used
detect the asteroids within our solar system.
The Gaia spacecraft will carry three telescopes, see Figure 5(a). Two of these (called
"Astro") will feature primary mirrors, each
1.4m in diameter that will be used for the
detection and location of the galactic
objects. The third telescope ("Spectro") is a
spectrograph.
The focal plane of each of the two main
"Astro" telescopes will feature a total of 170
CCD arrays, each 9 Megapixels in size, that
will be tiled together to form a mosaic that
is 1.5 Gigapixels in size. An additional 30
CCDs will be supplied for the "Spectro"
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Figure 6 (b): Hundreds of CCD arrays will be assembled to form a circular mosaic over a third of a metre
wide to acquire Gigapixel images using the SNAP
telescope. (Source: Lawrence Berkeley National Lab)

Similarly the use of four smaller-format digital cameras coupled together in commercial
airborne camera systems from which a single
image is produced through later image processing results in final images that of a similar size - 108 Megapixels in the case of the
Z/I Imaging DMC; 86 Megapixels in the case
of the Vexcel UltraCam; and 88 Megapixels in
the case of the DiMAC Systems DMC.

Figure 6 (a): An artist's impression, produced as a schematic diagram, of the proposed SNAP satellite in space,
showing the internal three-mirror arrangement of the wide-field telescope.

instrument. The CCDs will all be supplied by
the e2v company based in Chelmsford in
south-east England that has already supplied
the CCDs being used in the ground-based
CFHT, VST and MMT telescopes discussed
above, see Fig. 5(b). Indeed the e2v company has also supplied the mosaics of spacequalified CCD arrays used in ESA's previous
XMM-Newton space astronomical mission
and those that will be used in NASA's forthcoming Kepler mission that is scheduled to
be launched in 2007.

(b) SNAP
The proposed SuperNova/Acceleration Probe
(SNAP) is intended to concentrate on the
mapping of the special type of exploding
star that is called a Type 1a SuperNova by
astronomers. Observations of this particular
class of star are intended to measure the
recently discovered acceleration in the
expansion of the Universe and its associated
but still undiscovered "dark energy". The
SNAP proposal is for a spacecraft carrying a
three-mirror wide-field telescope with a 2m
diameter primary mirror, see Figure 6(a). This
will be placed in a near-polar orbit to image
certain specific parts of the sky near the
north and south celestial poles repeatedly to
discover and measure the positions and
behaviour of these exploding stars. Once
again, the camera fitted to the telescope
mounted on-board the SNAP spacecraft will
feature a large mosaic of CCD area arrays to
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produce frame images that are more than
one Gigapixel in size, see Figure 6(b).
Each CCD area array is 3.5k x 3.5k pixels in
size with 10.5 µm pixel size. These CCDs are
being developed by the Lawrence Berkeley
National Laboratory (LBNL). Additional
mosaics of HgCdTe (mercury-cadmium-telluride) detectors will be used to monitor the
infra-red part of the spectrum.

3 Discussion
From the account set out above, it is apparent that the development of mosaics of buttable CCD area arrays for use in the focal
planes of astronomical telescopes to create
larger-format frame images offers a technology that is potentially useful in overcoming
one of the main difficulties with the current
generation of airborne digital frame cameras
- which is the small format size of the
images that are generated by these cameras.
Taking a pixel size of 10µm as the basis for
a comparison, the standard format (23 x
23cm) aerial film camera produces images
that are 23k x 23k pixels = 529 Megapixels
(or 0.5 Gigapixel) in size. Whereas the largest
format CCD area array that is being used in
an airborne digital camera (from BAE
Systems) is 9k x 9k pixels = 85 Megapixels
in size. Indeed these arrays are being used
as the basis of digital backs that are being
fitted to military aerial reconnaissance film
cameras such as the KS-87 that have a format size of 5 x 5 inches (12.5 x 12.5cm).

Of course, format size isn't everything - the
greater radiometric depth that is recorded by
each pixel in the CCD area array is a very
important advantage of the digital camera.
Nevertheless the limitations in format size
are a major shortcoming of all current airborne digital frame cameras - affecting both
coverage and base:height ratio. Since
astronomers face more or less the same
challenge as photogrammetrists in moving
away from large-format photographic frame
images to their digital equivalents, it is
extremely interesting to see how they have
developed mosaics of multiple CCD area
arrays to overcome this particular challenge.
These new types of CCD sensor are now
starting to be produced in large quantities to
meet the demands of astronomers. Does this
development contain the seeds of a solution
to the problem of limited image format size
that is a characteristic of the present generation of airborne digital frame cameras?
Obviously CCD (or CMOS) detectors with
rather different characteristics would have to
be developed for airborne imaging purposes,
while the problem of eliminating the tiny
gaps between the arrays would need to be
overcome. Nevertheless the development of
mosaics of area arrays to produce large-format (up to Gigapixel) airborne frame images
is an intriguing idea.
Professor G. Petrie (g.petrie@geog.gla.ac.uk) is
Emeritus Professor in the Department of Geographical
& Earth Sciences, University of Glasgow.
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