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We live in an epoch where the frontiers of our investigation
and comprehension of fundamental physics depend largely
on the light coming from the sky, that is, on the study of
galactic and extra-galactic radiation. Watching the sky, in
principle, we have access to the highest energies conceiv-
able, generated by the laws of nature in extreme conditions,
such as nearby black holes or even close to the origin of
the universe itself. For example, in the microwave band,
the extra-Galactic radiation is dominated by a markedly
isotropic component, obeying a black body spectrum char-
acterized by a temperature of about 2.726 Kelvin. That is
the relic of the Big Bang, originated just 300 000 years af-
ter the initial starting point of the universe. This radiation,
namely the cosmic microwave background (CMB) radia-
tion, today is the most important observable we have to ac-
cess the mysterious physics of the Big Bang itself. The lat-
ter is telling us about the unknown fundamental interac-
tions and particles, the physics of spacetime, and the na-
ture of quantum gravity, and represents the only way to ad-
dress those issues in physics today. Electronics hardware tech-
nology has reached in these very recent years the capabil-
ity to study the tiniest details of the CMB, carrying the im-
age of the primordial stage of cosmic geometry, structure,
and composition. Such a fantastic challenge is ongoing in
this very moment, while several CMB detectors are operating
and advanced probes are being designed for the forthcoming
decades.

Many breakthroughs in physics are made possible by
the use of the most advanced data analysis techniques. The
present datasets obtained in astrophysical and cosmologi-
cal observations are huge, and cover the entire electromag-
netic spectrum, dealing with very different processes, from
gamma and X-rays of the high-energy astrophysics of com-
pact stars or black holes, to the microwave and infrared emis-
sion from the whole large-scale universe. This variety of the
observational techniques and signals to deal with represents a

formidable challenge for signal processing. We need state-of-
the-art techniques that can analyse, summarise, and extract
the necessary information from this ocean of data.

To continue with the example above, the microwave sky is
dominated by the CMB radiation, but several processes con-
tribute to the total emission, coming for instance from all the
processes occurring along the line of sight, such as the emis-
sion from other galaxies or clusters of those, as well as from
the diffuse gas in our own Galaxy. Each of these processes are
most relevant in different contexts in astrophysics and cos-
mology. Recently, the astrophysics field has benefited a great
deal from the rich research work going on source separation
in the signal processing field. Source separation aims at the
recovery of the various different components from the multi-
band observations exploiting the differences between them,
induced by their independent physical origins.

Despite the mutual interest, the two disciplines suffer
from lack of a common publication ground, implying that
the results produced in one of them are not immediately vis-
ible in the other. The aim of the present issue is to provide
a unified platform that would strengthen the bridge between
signal processing and astrophysics and cosmology and enable
the sharing of information. We would like to provide astro-
physicists and cosmologists with a spectrum of the most ad-
vanced signal processing techniques and the signal process-
ing community an exposure to various vital real problems in
analysing astrophysics data that await solution. Finally, our
aim is to provide a reference for present and future literature,
in the widest possible context, accounting for various appli-
cations and algorithms proposed. Indeed, as the reader may
see, the topics we collected range from solar physics, thus on
the scale of stars, to the reconstructuon of the most ambi-
tious signal from the Big Bang, with the reconstruction of
the CMB pattern on all sky. The methods presented in the
issue range from transform domain analysis of such wavelets
to data mining techniques.
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We start the special issue with four papers addressing the
problem of separating components in astrophysical radiation
maps which is a very hot problem due to the recent availabil-
ity of WMAP satellite radiation maps and the future Planck
satellite mission. The first paper on the problem is by Bedini
et al. who consider the separation of components which are
mutually dependent, therefore differing from classical ICA
approaches. Therefore the paper also houses novelties from a
signal processing point of view. The second paper in the se-
quel, by Forni and Aghanim, considers a more specific prob-
lem, namely the separation of kinetic SZ signal from pri-
mary CMB fluctuations. The next paper, by Loépez-Caniego
et al., provides instead a technique based on Bayesian detec-
tion theory for the separation of point sources from the rest
of the astrophysical radiation map. Moudden et al., in con-
trast to these works, consider separation in the transform do-
main. In particular, they propose a new separation method in
the wavelet space.

A related paper, by Starck et al., again in the wavelet
methodological frame follows: it analyses the spatial dis-
tribution of the galaxies by multiscale methods. Jin et al.
also concentrate their efforts on the analysis of the statisti-
cal distribution of the CMB utilising wavelet transform, with
the particular aim of detecting non-Gaussianity. Continuing
with transform domain analysis techniques, closely related to
wavelet ideas, Thiebaut and Roques present time-frequency
analysis techniques applied to irregularly sampled astronom-
ical time series.

Astrophysical images are obtained by mechanisms far
from perfect and the images are corrupted with noise and
are blurred by the cameras’ limited resolution and may be
distorted by nonlinearities in the cameras. Lantéri and Theys
provide a technique for the restoration of the images in the
case of Poisson data and additive Gaussian noise.

Recent satellite missions have provided us with vast
amounts of data. Therefore, it is of paramount importance
to build efficient indexing methods and equally design data
mining methods to recover information from big databases.
To this end, Frailis et al. propose a multidimensional index-
ing method. Again due to the vast amount of data available,
it is important to be able to store them in an economic way.
Lastri et al. suggest a new compression technique which is
virtually lossless.

Bratsolis tackles the problem of classification of astro-
physical images and his paper gives a flavour of the ap-
plication of neural-network-based techniques to the prob-
lem. Flitti et al. deal with the problem of 3D segmentation
and present a new technique which they apply on real data.
Wilson et al. present the adaptive DFT-based interferometer
tracking algorithm they have designed.

While most of the works presented here are on cosmo-
logical problems of dimensions, surely solar science, in which
important developments take place, is also in the interest area
of the issue. In particular, Zharkov et al. present a detailed
system for the automated recognition of sunspots. They use
a combination of elaborate morphological operators which
make the paper interesting also from an image processing
point of view.

Lastly, to add a flavour of implementation issues of dig-
ital signal processing systems for astrophysical tasks we in-
cluded a work by Belbachir et al. who describe a DSP sys-
tem for infrared astronomy that implements a combination
of lossy and lossless compression.

We would like to thank all of the authors who contributed
to this issue for their very interesting work. We are very grate-
ful to the referees who gave their time and energy in the re-
view process and contributed immensely to the value of this
issue. Finally, we would like to thank the Editor-in-Chief Dr.
Moonen and the EURASIP JASP staff for helping us at every
stage of the creation of this issue. We do hope that the reader
will find the issue useful, interesting, and inspirational.
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