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Foreword to the Special Issue on COSMO-Skymed
First and Second Generation Exploitation

E ARTH OBSERVATION (EO) via satellite sensors to
image the Earth, day and night and in almost all weather

conditions at high-spatial resolution, attracted the scientific and
industrial interests in 1950s of the last century [1]. Synthetic
aperture radar (SAR) technology advanced in classified and
nonclassified formats leading, in the late 1960s, to the well-
known Goodyear SAR system [1].

From its early stage, it was clear that SAR was an important
tool to help monitoring Earth environment [2], [3]. A SAR
is an active microwave high-spatial resolution imaging sensor
acting as a microwave transducer of the electromagnetic field
scattered by the scene. In other terms, a SAR is a filter that
estimates the scene backscattering. Therefore, a SAR image
is not a simple and straightforward representation of the
geophysical quantity of interest, and the interpretation step
calls for a physical modeling and inverse problem to be dealt
with [2], [3].

In the first years of SAR era, some satellite scientific
missions were launched not only to demonstrate the SAR
technology capability but also to promote and foster scien-
tific interpreting skills. The interdependency of technology,
science, and user needs is crucial in all SAR systems. This
multidisciplinary has allowed extending SAR modes and their
use toward operational services.

In 2003, the Agenzia Spaziale Italiana (ASI), supported
by the Ministero dell’Università e della Ricerca (MIUR) and
the Ministero della Difesa (MD), commissioned and funded
the COSMO-SkyMed (COnstellation of small Satellites for the
Mediterranean basin Observation) constellation. Thales Alenia
Space Italy was the industrial prime contractor for the space
segment having direct responsibility for the design, manu-
facturing, and qualification of the COSMO-SkyMed (CSK)
end-to-end system. In the overall project, small-medium sized
Italian enterprises also contributed, while the ground segment
prime contractor was Telespazio [4], [5].

The four satellite multimode X-band SARs were effectively
deployed from June 2007 to November 2010 building up
the largest Italian environmental laboratory. The CSK system
can be tasked to support user requests that are institutional,
scientific, and commercial, ensuring short revisit time and mul-
timode acquisitions [4], [5]. The CSK relevance was witnessed
by several international cooperation and a large scientific
participation to ASI data calls [5]. The value and benefit of the
CSK system in supporting environmental and civil protection
actions were further underlined its use in several operational
bodies, e.g., the Italian Dipartimento di Protezione Civile, the

Digital Object Identifier 10.1109/JSTARS.2014.2346413

Italian Ministero dell’Ambiente e della Tutela del Territorio
e del Mare, the Italian Ministero degli Interni, the Italian
Ministero dei Trasporti, the World Food Program (UN), and
the Eduador ETAPA EP, EMSA, and UE JRC.

In view of this success, a follow-on of the CSK system
that is meant to integrate and enhance it has been planned.
COSMO-SkyMed second generation (CSK-2) is made of two-
satellite SAR sensors similar to the ones on-board of the
actual system but with some important enhancements, i.e.,
the coherent dual and full-polarimetric SAR capability [4],
[5]. The CSK-2 satellites, funded jointly between MIUR and
MD and commissioned by ASI, will be deployed in 2016–
2017 to further improve the observing power of the existing
constellation.

The national and international scientific community was
soon able to publish several scientific papers exploiting CSK
SAR data. New specific models and inversion procedures to
generate CSK value-added products were proposed. However,
no special issue collected on a single journal provides such sci-
entific ideas and outcomes. The interested reader can find these
papers mostly in IEEE Geoscience and Remote Sensing publi-
cations. The two main topics of interest were marine/maritime
and land/urban/vegetation, e.g., [6]–[16]. Several other papers
regarding snow, atmosphere applications, and SAR technol-
ogy were also published in past years, e.g., [17]–[21]. Key
scientific results and outcomes were achieved, for instance,
in [16], the first ever CSK SAR coseismic interferogram has
been published.

In this special issue, the papers provide a reliable summary
of the wide spectrum of studies carried on CSK data exploita-
tion. A brief summary follows.

In [22], the authors look to the technological and operational
aspects of the CSK mission with special emphasis to user
needs and its interoperability, expandability, and capability.
This paper illustrates how, since its launch, the CSK system
has been continuously qualified and controlled to ensure
high-quality performances [22]. In [23], the benefit of high
revisit time connected to the CSK constellation is explored to
monitor oil spill at sea. The case of the Shell Gannett Alpha
platform oil spill occurred in North Sea is detailed. In [24],
another marine application is examined with reference to
CSK single-polarization stripmap Himage mode: the coastline
extraction. It is shown that in the challenging case of low-
to-moderate wind regime, the new procedure applies well
[24]. In [25], a procedure for sea bathymetry estimation is
proposed and tested over CSK SAR stripmap images acquired
in Gulf of Napoli, Italy. In [26], another paper dealing with
marine environment is presented. The authors describe a novel
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approach to focus moving targets well at sea [26]. CSK SAR
images acquired in spotlight mode are exploited to test the
procedure [26]. In [27], the coastal management application
is considered. Hence, a study based on the exploitation of
CSK SAR Ping-Pong mode is proposed and tested to sort out
sea, vegetation, and urban areas [27].

The paper [28] illustrates how CSK stripmap mode can
be exploited to monitor flood events. Multitemporal and
interferometric SAR (InSAR) data are exploited to test the
procedure over a flood event occurred in Southern Italy.
The denser revisit time due to the CSK constellation system
is an unprecedented chance to improve multitemporal SAR
data analysis and is exploited also in [29], where a tree-
structured Markov random field algorithm is exploited and
tested over CSK SAR data. Even in [30], a flood study is
accomplished: a combined approach that exploits both CSK
SAR data and hydrodynamic modelling. A show case relevant
to a flood event occured in 2010 in Albania is examined
[30]. Conversely, in [31], semi-arid areas of interest are taken
into account. In such environment, the authors look how
CSK SAR data can assist the monitoring of small water
reservoirs. The study is applied over a semiarid region in
Burkina Faso [31].

A different topic is considered in [32]: in view of the
Italian-Argentinian SIASGE project, the data fusion of multi-
frequency SARs and optical data is examined by means of
a support vector machine approach. In [33], a multisensor
approach, embodying the use of CSK SAR data, is exploited to
monitor a volcano eruption in Chile. In [34], another important
environmental case is considered: the Lunigiana (Northern
Italy) earthquake. It is shown how differential interferometry
SAR (DInSAR) applied over CSK SAR data once assisted by
geophysical interpretation is good enough to generate high-
quality products of great relevance in civil protection [34].
In [35], the popular Persistent Scatterer SAR Interferometry
approach is at the basis of a new approach named Persistent
Scatterer Pair (PSP) to exploit CSK high-resolution images.
The paper [36] moves to consider urban scenarios. The authors
consider the CSK spotlight mode and an automatic technique
to extract key information relevant to urban areas [36]. Papers
[37] and [38] cover another important topic: SAR tomography,
a technique relevant to urban areas monitoring. In [37], the
authors propose a new multilook approach for fine-resolution
analysis of ground structures that combines SAR tomography,
and a method meant for classical DInSAR analysis at coarse
resolution. Differently in [38], the authors look at the benefit
of compressive sensing (CS) in SAR tomography. In [39], a
novel multibaseline InSAR approach is described.

In [40], the authors study the capability of CSK SAR data
to monitor agricultural areas. Two agricultural areas in Italy
are monitored via CSK SAR data at different stages of the
vegetation cycle. Himage and Ping-Pong CSK SAR modes
are acquired to assist electromagnetic model interpretation. In
[41], an application of Spotlight InSAR to the investigation of
a landslide occurred in a rural area is showed.
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