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Abstract—Within the National Environmental Satellite, Data,
and Information Service, National Oceanic and Atmospheric Ad-
ministration, multiplatform synthetic aperture radar (SAR) im-
agery is being used to aid posthurricane and postaccident response
efforts in the Gulf of Mexico, such as in the case of the recent
Deepwater Horizon oil spill. The main areas of interest related to
such disasters are the following: 1) to identify oil pipeline leaks
and other oil spills at sea and 2) to detect man-made metallic
targets over the sea. Within the context of disaster monitoring and
response, an innovative processing chain is proposed to observe
oil fields (i.e., oil spills and man-made metallic targets) using both
L- and C-band full-resolution and fully polarimetric SAR data.
The processing chain consists of two steps. The first one, based
on the standard deviation of the phase difference between the
copolarized channels, allows oil monitoring. The second one, based
on the different symmetry properties that characterize man-
made metallic targets and natural distributed ones, allows man-
made metallic target observation. Experiments, accomplished
over single-look complex L-band Advanced Land Observing
Satellite (ALOS) Phased Array type L-band Synthetic Aperture
Radar (PALSAR) and C-band RADARSAT-2 fully polarimet-
ric SAR data gathered in the Gulf of Mexico and related to
the Deepwater Horizon accident, show the effectiveness of the
proposed approach. Furthermore, the proposed approach, being
able to process both L- and C-band fully polarimetric and full-
resolution SAR measurements, can take full benefit of both the
ALOS PALSAR and RADARSAT-2 missions, and therefore, it
allows enhancing the revisit time and coverage which are very
critical issues in oil field observation.

Index Terms—Gulf of Mexico, man-made metallic target detec-
tion, oil spill detection, synthetic aperture radar (SAR).

Manuscript received October 29, 2010; revised February 8, 2011 and April 9,
2011; accepted May 19, 2011. This work was supported in part by the Italian
Space Agency (ASI) under the contract I/066/090: “SAR Remote Sensing for
Sea Oil Slick observation”.

M. Migliaccio, F. Nunziata, and A. Montuori are with the Dipartimento per
le Tecnologie, Universitá degli Studi di Napoli “Parthenope,” 80143 Napoli,
Italy (e-mail: maurizio.migliaccio@uniparthenope.it; ferdinando.nunziata@
uniparthenope.it; antonio.montuori@uniparthenope.it).

X. Li is with the I. M. Systems Group/National Environmental Satellite,
Data, and Information Service, National Oceanic and Atmospheric Adminis-
tration, Camp Springs, MD 20746 USA (e-mail: Xiaofeng.Li@noaa.gov).

W. G. Pichel is with the Center for Satellite Applications and Research,
National Environmental Satellite, Data, and Information Service, National
Oceanic and Atmospheric Administration, Camp Springs, MD 20746 USA
(e-mail: William.G.Pichel@noaa.gov).

Color versions of one or more of the figures in this paper are available online
at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/TGRS.2011.2158828

I. INTRODUCTION

THE GULF OF Mexico is one of the largest basins in the
world, located south of the U.S. and north of Mexico. It

serves an important role in the worldwide economy due to its
oil fields that are at the core of the petrochemical industry of
the U.S. In fact, there are thousands of oil and gas rigs a few
miles away from the coast running from Texas to Louisiana and
the state of Mississippi. A recent estimate indicates that there
are approximately, in June 2010, 3445 oil and gas structures in
the Gulf of Mexico, producing, in October 2010, 29% of the oil
and 13% of the natural gas produced in the U.S. [1]. However,
these oil rigs pose an important environmental risk in the case of
disasters and accidents, such as the recent massive Deepwater
Horizon oil spill, which is considered the largest offshore spill
in U.S. history.

In addition to such disasters/accidents, the Gulf of Mexico
is prone to hurricanes. During such events, man-made metallic
infrastructures, such as oil rigs, can be wrecked or destroyed,
accompanied by release of oil at sea [2]. Therefore, both oil-at-
sea monitoring and man-made metallic target observation are
very important issues. They represent two complex activities
that cannot be solved just by means of conventional observa-
tion techniques, i.e., coast guard ships and aerial observation.
Accordingly, coastal managers are continuously interested in
knowing the real-time positions of all the oil rigs, particularly
after the passage of hurricanes. The main reason for such an
observation is to identify possible oil pipeline leaks on the sea
surface and to detect changes in man-made metallic targets,
thus providing firsthand information on potential oil drilling
infrastructure damage. Within such a framework, synthetic
aperture radar (SAR) plays a fundamental role since it allows
overcoming the constraints of in situ techniques and ensures
improved spatial/temporal coverage. SAR is an active coherent
band-limited microwave high-resolution sensor that can make
daytime and nighttime measurements almost independent of at-
mospheric conditions. However, observing oil slicks and man-
made metallic targets at sea by means of SAR is not an easy
task due to both technical, e.g., false alarms, speckle, etc., and
technological, e.g., spatial resolution, spatial and/or temporal
coverage, etc. In this paper, for the first time, a polarimetric
approach that embodies both oil slick and man-made metallic
target observations is proposed. In order to properly frame this
paper, the relevant state of the art is hereafter briefly summa-
rized. Since the states of the art of SAR oil slick observation
and SAR man-made metallic target detection are disjoint, they
are described separately.
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SAR oil slick observation is physically possible, under low-
to-moderate wind conditions (∼3–12 m/s) [3], [4], because an
oil slick damps the short gravity and capillary waves and re-
duces the friction velocity, generating a region of low backscat-
ter area in the SAR image [3]–[7]. However, SAR oil slick
detection is not an easy task since SAR images are affected
by multiplicative noise, known as speckle, which hampers
interpretability of such images [4]. Furthermore, there are other
physical phenomena, known as look-alikes, which can generate
dark areas in SAR images not related to oil slicks, such as
biogenic films (e.g., slicks produced by animals and plankton),
low-wind areas, areas of wind shadow near coasts, rain cells,
currents, zones of upwelling, internal waves, and oceanic or
atmospheric fronts [3], [4]. Tailored filtering techniques must
be developed in order to minimize the number of false alarms.
Within such a context, single-polarization SAR oil slick de-
tection procedures can be generally divided into three phases:
dark area detection, feature extraction, and oil slick/look-alike
classification [4], [8]–[10]. Dark area detection algorithms are
generally based on filtering techniques accomplished on mul-
tilook single-polarization SAR data. While dark area detection
algorithms yield the area location and the segmentation of sus-
pected polluted areas, the extraction of features (e.g., geometric,
radiometric, and texture related) is necessary to perform the
classification [4], [10]. On the basis of the estimated features
and some a priori knowledge, it is possible to assign a proba-
bility that a dark area is an oil slick. Furthermore, the usefulness
of additional external data is recognized to enhance the ability
to distinguish between oil slicks and look-alikes, such as local
wind field information (to sort out low-wind areas) and optical
data to identify biogenic films [3], [4]. Following this rationale,
the importance of polarimetric SAR measurements for oil slick
observation purposes has been demonstrated [11]–[19].

New quad- and dual-polarization approaches have been re-
cently developed for sea oil slick observation, under low-to-
moderate wind conditions.

Among the quad-polarization approaches, a method has been
developed in [11] that combines the use of a fully polarimetric
constant-false-alarm-rate (CFAR) filter and the Cloude–Pottier
target decomposition (TD) theorem to better assist oil slick
classification. The approach first demonstrates the effectiveness
of a polarimetric CFAR filter to identify dark patches related to
possible oil slicks and the usefulness of polarimetric entropy
(PE) in distinguishing sea surface from both oil-covered areas
and weak-damping biogenic look-alikes. On similar guidelines,
biogenic slicks are characterized in [12]. An electromagnetic
model, based on the Mueller matrix, was exploited in [13] to
characterize the scattering mechanism of the sea surface with
and without oil and biogenic slicks. The model predicts a com-
pletely different scattering mechanism for a slick-free or weak-
damping slick-covered sea surface and an oil-covered one. A
simple and effective filtering technique has been developed and
shown to be both able to observe oil slicks and distinguish
them from weak-damping look-alikes. In [14] and [15], the
copolarized signature has been interpreted in terms of the sea
surface scattering mechanism with and without oil slicks. It
was found that the pedestal, on which the copolarized signature
is set, is both able to emphasize oil slicks and de-emphasize
weak-damping surfactants, with respect to the surrounding
sea surface. In [16] and [17], the Mueller-matrix-based filter

[13] and the polarimetric signature approach [14] have been
combined together with a PE filter [11] in order to develop a
physically based approach to exploit, for the first time, fully
polarimetric L-band ALOS PALSAR data for oil slick detection
purposes.

A dual-polarization model has been developed in [20]–[22],
which, relating the phase difference between the copolarized
channels (CPD) to the sea surface scattering with and without
surface slicks, allows both observing oil slicks and distin-
guishing them from a broad class of look-alikes, i.e., those
characterized by weak-damping properties. Following this ra-
tionale, a very effective and robust approach has been imple-
mented and successfully applied on a large data set of C-band
SIR-C/X-SAR data [20], [21] and, recently, extended to X-band
TerraSAR-X SAR data [22].

With respect to the state of the art related to SAR ob-
servation of man-made metallic targets at sea, both image-
based and physically based approaches have been developed.
The electromagnetic wave scattered off man-made metallic
targets at sea is physically determined by several scattering
mechanisms which cause a high coherent microwave response
depending on the construction material and the characteristics
of the radar instrument, such as incidence angle, frequency,
polarization, resolution, and speckle [23]–[25]. Accordingly,
ships and oil rigs, hereinafter man-made metallic targets, appear
in SAR images as bright spots over a dark marine background.
Following this rationale, many image-based techniques have
been developed which seek for anomalies in SAR images
[24]. However, SAR observation of man-made metallic tar-
gets at sea is a nontrivial task due to speckle and natural
physical processes, e.g., atmospheric fronts, internal waves,
current boundaries, breaking waves, outlying rocks, shoals, sea
currents, coastal effects, etc. [24], which may generate false
alarms. Accordingly, man-made metallic target detection is a
complex topic that can hardly be optimized with conventional
single-polarization SARs. Radiometric information provided
by traditional single-channel SAR is not generally sufficient
to unambiguously detect man-made metallic targets over the
sea surface since it does not fully characterize the scattering
mechanism of such targets [26].

New polarimetric approaches have been developed for man-
made metallic target observation at sea [26]–[33]. In [26],
some polarimetric detection approaches are reviewed for ship
detection purposes. Both physically based approaches, e.g.,
coherent TD (CTD) and PE, and image-based algorithms,
e.g., polarimetric CFAR and polarimetric whitening filter, are
accounted for. In [27], two studies have been accomplished
and tested on airborne C-band polarimetric SAR data. The first
study compares target-to-clutter ratios for various polarimetric
channels, demonstrating that the best polarimetric channel for
ship observation purposes depends on the incidence angle.
HH performs better than HV for larger incidence angles. More-
over, a comparative study on the suitability of two polarimetric
TD techniques, i.e., CTD and van Zyl decomposition, is also
undertaken, which demonstrates that CTD performs better than
the van Zyl one in terms of false alarm rate. In [28], CTD has
been enhanced in order to extend its range of applicability, and
the symmetric scattering characterization method is introduced
to better exploit the information provided by the symmetric
scattering component in the frame of coherent scattering. In
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[29], a CFAR detector is developed which, based on the po-
larization cross entropy, is able to account for the different
polarimetric scatterings of sea surface and ships. In [30], a
multipolarization study is undertaken to develop a physically
based computer-time-effective filter that is able to work on full-
resolution SAR data. The study witnesses that a proper com-
bination of speckle-related parameters, when evaluated over
HV-polarized SAR data, allows detecting man-made metallic
targets with a very low false alarm rate.

In this study, a new polarimetric processing chain that, tak-
ing full benefit of fully polarimetric and full-resolution SAR
measurements, allows observing both oil slicks and man-made
metallic targets is proposed. The processing chain consists of
two steps. The first one is based on the CPD model and allows
observing oil slicks by processing the copolarized (HH/VV) po-
larimetric channels. The second step is based on an innovative
model, which is first developed to observe man-made metallic
targets at sea. The model, which furthers on the seminal studies
undertaken in [31]–[33], allows exploiting the different symme-
try properties which characterize sea surface with and without
man-made metallic targets through the correlation between the
cross-polarized polarimetric channels (HH/HV). As a matter
of fact, the proposed processing chain, by implementing the
two aforementioned approaches, is able to effectively process
fully polarimetric SAR data and to produce logical true-and-
false outputs where both oil slicks and man-made metallic
targets are clearly distinguishable. Experiments, undertaken on
fully polarimetric single-look complex (SLC) L-band ALOS
PALSAR and C-band RADARSAT-2 SAR data gathered in the
Gulf of Mexico and related to the Deepwater Horizon accident,
show the effectiveness of the approach.

II. ELECTROMAGNETIC MODEL

In this section, the polarimetric background relevant to sea
surface scattering with and without oil slicks and man-made
metallic targets is described. Thus, the two polarimetric filters
are detailed. A fully polarimetric SAR measures the scattering
matrix S, which relates the field scattered off the observed
scene Es to the incident one Ei according to the Jones
formalism

Es =
e−jkr

r
SEi (1)

where S is a 2× 2 complex matrix given by

S =

(
Shhe

jϕhh Shve
jϕhv

Svhe
jϕvh Svve

jϕvv

)
(2)

where each complex element of the scattering matrix is termed
as scattering amplitude. For a given frequency and view-
ing geometry, S depends on the scattering target properties
only [34].

Equation (1) represents a first-order coherent scattering
model that cannot be employed to describe the polarimetric
scattering due to a generic and depolarizing distributed target,
since the Jones formalism is not able to account for depolarizing

phenomena. Hence, a more general formalism, based on the
Stokes parameters, must be employed [35]

ss =
1

(kr)2
Msi (3)

where ss(i) is the scattered (incident) Stokes vector and M
is the 4× 4 Mueller matrix which generally consists of 16
independent parameters. Equation (3) represents a second-order
incoherent scattering model which, due to the capability of
the Stokes vector to describe both fully and partially polarized
waves, represents the most general way to deal with polari-
metric scattering [34], [35]. The scattering configuration, e.g.,
the symmetry and the reciprocity properties of the medium
and the scattering geometry, simplifies the Mueller matrix,
reducing the number of independent parameters. In the
backscattering case and assuming that the reciprocity condition
is satisfied, M consists of nine independent parameters

M =

⎛
⎜⎝

M11 M12 M13 M14

M12 M22 M23 M24

M13 M23 M33 M34

−M14 −M24 −M34 M44

⎞
⎟⎠ (4)

which, according to the backscattering alignment convention,
are given by

M11 =
1

2

〈(
S2
hh + 2S2

hv + S2
vv

)〉

M22 =
1

2

〈(
S2
hh − 2S2

hv + S2
vv

)〉

M33 =
〈
�
(

˙Shh
˙S∗
vv + S2

hv

)〉

M44 =
〈
�
(

˙Shh
˙S∗
vv − S2

hv

)〉

M12 =M21 =
1

2

〈(
S2
hh − S2

vv

)〉

M13 =M31 =
〈
�
(

˙Shh
˙S∗
hv +

˙Shv
˙S∗
vv

)〉

M14 = −M41 =
〈
�
(

˙Shh
˙S∗
hv +

˙Shv
˙S∗
vv

)〉

M23 =M32 =
〈
�
(

˙Shh
˙S∗
hv − ˙Shv

˙S∗
vv

)〉

M24 = −M42 =
〈
�
(

˙Shh
˙S∗
hv − ˙Shv

˙S∗
vv

)〉

M34 = −M43 =
〈
�
(

˙Shh
˙S∗
vv − S2

hv

)〉
. (5)

Although the Mueller approach represents the most general way
to deal with polarimetric scattering, the Mueller matrix is not
easy to understand in physical terms, and therefore, it is not
widely employed to describe the polarimetric scattering [36].

A. Oil Slick Observation

An electromagnetic model has been developed in [20]–[22]
which gives an understanding of the CPD in terms of the sea
surface scattering mechanism with and without oil slicks under
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low-to-moderate wind conditions. According to (2), the CPD is
given by

ϕc = ϕhh − ϕvv (6)

where ϕhh and ϕvv are the copolarized phases. The CPD
probability density function (pdf) is related to the complex
correlation between the copolarized channels ρ̇ [20]

ρ̇ = ρejϕ̄. (7)

For a given look number l, the width of the CPD pdf depends
on ρ, and the peak of this pdf is at ϕc = ϕ̄. In particular, when
ρ tends to zero (total decorrelation between the copolarized
channels), the pdf becomes uniformly distributed between
[−π, π), while for ρ approaching one (HH and VV totally
correlated), the pdf tends to a Dirac delta function. For
0 < ρ < 1, the pdf resembles a Gaussian bell with a mean value
and a standard deviation σ inversely related to ρ.

According to the model presented in [20], two cases must
be distinguished under low-to-moderate wind conditions: slick-
free or weak-damping slick-covered sea surface and oil-covered
sea surface.

When dealing with a slick-free sea surface, Bragg or tilted-
Bragg scattering mechanism is in place which, being a single-
reflection scattering mechanism, calls for highly correlated
copolarized channels. Accordingly, a narrow CPD pdf and,
therefore, a low CPD standard deviation are expected, as
demonstrated in [20].

When dealing with a weak-damping slick-covered sea sur-
face, Bragg scattering is still in place, although characterized
by a lower backscattering intensity which generates the dark
area in a single-polarization SAR image. Accordingly, this case
is expected to be indistinguishable from the former one in terms
of CPD standard deviation, as demonstrated in [20].

When dealing with an oil-covered sea surface, due to its
strong damping properties, a large departure from the Bragg
scattering mechanism occurs which calls for a weak correlation
between the copolarized channels. Accordingly, a broader CPD
pdf and, therefore, a large CPD standard deviation are expected,
as demonstrated in [20].

Based on this rationale, a simple and very effective physi-
cally based filtering technique, which estimates the CPD stan-
dard deviation in dual-polarized SAR data, has been developed
and tested [20]–[22]. The approach is expected to highlight both
oil slicks and man-made metallic targets with respect to the
background sea surface.

B. Man-Made Metallic Target Observation

For man-made metallic target observation, an electromag-
netic model has been developed to both interpret reflection
symmetry in physical marine terms and relate the symmetry
properties of the sea surface with and without man-made
metallic targets to polarimetric observable features. Reflection
symmetry is accounted for since most natural targets, i.e., the
sea surface, satisfy this property [37]. On the contrary, man-
made metallic targets, i.e., ships and oil rigs, being complex
scatters do not follow reflection symmetry.

Within such a framework, it can be proven that reflec-
tion symmetry manifests itself by nulling the correlation be-
tween like- and cross-polarized scattering amplitudes [37]. This
means that the Mueller matrix (4), when reflection symmetry
applies, has only eight nonzero elements

M =

⎛
⎜⎝

M11 M12 0 0
M12 M22 0 0
0 0 M33 M34

0 0 −M34 M44

⎞
⎟⎠ . (8)

It must be explicitly stated that this result applies without
any reference to the specific scattering mechanism (surface
scattering, volume scattering, or volume–surface scattering)
and without regard to how dense the medium or how rough
the surface is, as long as the scattering configuration has the
corresponding symmetry [37].

Following this rationale, it is now important to understand re-
flection symmetry in marine terms by considering two reference
scenarios: sea surface with and without man-made metallic
targets.

Free sea surface, being a reflection symmetry target, is ex-
pected to call for (8), and therefore, the correlation between
like- and cross-polarized scattering amplitudes HVc

HVc =
∥∥∥〈 ˙Shh

˙S∗
hv

〉∥∥∥ , (9)

is to be expected negligible. When a man-made metallic target
is present over the sea surface, due to its complex shape which
consists of plane, dihedral, and trihedral structures, as well as
dihedral corner reflectors and thin wires, reflection symmetry is
not expected to be still satisfied. Accordingly, the full Mueller
matrix (4) is expected to be in place, and therefore, the like- and
cross-polarized scattering amplitudes are expected to exhibit a
nonnegligible correlation. This implies that a larger HVc value
is expected.

As a matter of fact, the model predicts that the different
symmetry properties which characterize the two scenarios call
for completely different Mueller matrices, e.g., (4) and (8),
respectively, which can be easily distinguished in polarimetric
SAR measurements by looking at a particular polarimetric
feature, namely, HVc. In detail, negligible HVc values are
expected in the case of a free sea surface while significantly
larger HVc values are expected when a man-made metallic
target is in place.

This model suggests a simple filtering technique which,
based on HVc, is expected to be able to highlight the pres-
ence of man-made metallic targets in dual-polarized HH/HV
SAR data.

III. EXPERIMENTAL RESULTS

In this section, some thought experiments are presented to
demonstrate the effectiveness of the proposed approaches for
both oil slick and man-made metallic target detections.

The data set consists of one SLC quad-polarization L-band
Level-1.1 ALOS PALSAR scene and three SLC fine quad-
polarization C-band RADARSAT-2 SAR scenes, gathered in
the Gulf of Mexico, where well-known oil slicks and man-made
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TABLE I
DATA SET

TABLE II
CPD STANDARD DEVIATION AND HVc VALUES MEASURED WITHIN SOME THOUGHT ROIs

metallic targets are present (see Table I). For each SAR datum,
wind information has been obtained by external European
Centre for Medium-Range Weather Forecasts data and by a
SAR-based inversion technique [38], [39]. In all the data, the
two sources of wind speeds were congruent and relevant to low-
to-moderate wind conditions (see Table I).

SAR data have been processed according to the aforemen-
tioned two-step processing chain. The first step consists in
applying the CPD standard deviation approach to observe oil
slicks at sea. A simple and very effective physically based
filtering technique has been developed which estimates CPD
standard deviation in dual-polarized SLC L- and C-band SAR
data by means of an N ×N moving window. The second
step consists in applying the reflection symmetry approach to
observe man-made metallic targets. A simple physically based
filtering technique has been developed which estimates (9)
in fully polarimetric SLC SAR data by means of an N ×N
average moving window. Both filters implement a 5× 5 win-
dow because it represents a good compromise between speckle
smoothing and detection of small targets.

Two thought experiments are fully detailed to demonstrate
the soundness of the proposed approach. Other results are
summarized in Table II.

The first experiment is to process the ALOS data given in
Table I, where well-known oil seepages and oil rigs are present.
The HH-polarized squared modulus SAR image is shown in
Fig. 1(a), where the polluted area is clearly visible while no
features associated with man-made metallic targets can be
easily recognized in the gray-tone image. The corresponding
CPD standard deviation image is shown in Fig. 1(b), where both
oil slicks and man-made metallic targets are highlighted with
respect to sea surface. One can see that the CPD standard devi-
ation values are high in areas where oil slicks and/or man-made
metallic targets are present and low over the surrounding free
sea surface. To provide a quantitative analysis, the CPD stan-
dard deviation values have been measured within three thought
regions of interest (ROIs) relevant to sea surface (27.7◦), man-
made metallic targets (54.6◦), and oil-covered areas (91.8◦),
respectively (see Fig. 1(b) and Table II). The unpredicted large

departure of the CPD standard deviation values over man-
made metallic targets suggests to further the CPD approach
for man-made metallic target observation purposes. However,
in this study, this latter task is undertaken in the second step
of the processing chain by exploiting the reflection symmetry
approach whose threshold is physically set by the different
symmetry properties of the targets and sea.

Here, an empirical threshold, equal to 45◦, is adopted to
obtain the logical true-and-false output shown in Fig. 1(c). It
can be noted that both oil and man-made metallic targets have
been correctly detected with respect to the background sea and
coded with black and white colors, respectively.

The second step of the processing chain consists in apply-
ing the HVc correlation filter to the cross-polarized scatter-
ing amplitudes. The HVc filter output is shown in Fig. 2(a),
where man-made metallic targets are clearly visible as white
patches in the image. It can be noted that the HVc correlation
is high where man-made metallic targets are in place, while
it is low both over the free sea surface and within the low
backscatter area related to the oil. This suggests that reflection
symmetry is everywhere in place (dark background) except
within man-made metallic targets (bright patches in the image).
Therefore, this result confirms that, according to the electro-
magnetic model described in Section II-B, man-made metallic
targets are distinguished from the background marine scene
by means of the HVc correlation approach. Moreover, the
experimental result confirms that symmetry properties are not
strictly related to the scattering mechanism. In fact, reflection
symmetry applies to both sea surface and oil slicks, which
are both well distinguishable from man-made metallic targets.
This is a very important result that witnesses the robustness
of the proposed technique. To provide a quantitative analysis,
the HVc correlation relevant to both man-made metallic targets
and sea surface has been measured within the ROIs shown
in Fig. 2(a). In detail, the HVc correlation values are 1.201
and 0.007 for man-made metallic targets and sea surface,
respectively (see Table II). Since the HVc correlation values
relevant to sea surface and man-made metallic targets are well
separated, a simple empirical threshold, equal to 0.02, has been
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Fig. 1. (a) HH-polarized squared modulus image relevant to the acquisition on January 10, 2008, site ID: ALPSRP104460550. (b) CPD standard deviation
image. (c) CPD-based logical true-and-false output.

Fig. 2. (a) HVc correlation image relevant to the acquisition on January 10,
2008, site ID: ALPSRP104460550. (b) Comparison between the HVc-based
true-and-false output and the ground truth provided in [40]. The red and blue
boxes are relevant to oil rigs and ships, respectively.

applied to provide the logical true-and-false output shown in
Fig. 2(b).

As a matter of fact, the second step of the proposed process-
ing chain allows unambiguously detecting man-made metal-
lic targets with respect to both the background sea surface
and the low backscatter area. However, it must be noted that
full-polarized SAR data are needed to implement the whole
processing chain. A comparison between the physically based
filtering results and the ground truth provided in [40] has been
undertaken to classify and better distinguish different kinds of
man-made metallic targets, i.e., oil platforms and ships. The
obtained results are shown in Fig. 2(b), where the 13 oil rigs
have been all detected and correctly located [see the red boxes
in Fig. 2(b)]. Furthermore, three ships are detected in the SAR
data [see the blue boxes in Fig. 2(b)]. This result shows the
effectiveness of the proposed approach.

The second experiment is to process the RADARSAT-2 data
in Table I. The HH-polarized squared modulus SAR image is
shown in Fig. 3(a), where oil slicks, related to the Deepwater
Horizon spillage, are present. Again, no features clearly asso-
ciated with man-made metallic targets can be recognized in the
gray-tone image. The corresponding CPD standard deviation
image is shown in Fig. 3(b), where both oil slicks and man-
made metallic targets are detected as bright spots over the
image. The mean values of the CPD standard deviation mea-
sured over the ROIs shown in Fig. 3(b) are 50.2◦, 31.2◦, and
75.5◦ for oil, sea, and man-made metallic targets, respectively
(see Table II). Even in this case, the CPD standard deviation
values relevant to oil-covered sea surface are well separated
from the background ones; therefore, a threshold equal to the
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Fig. 3. (a) HH-polarized squared modulus image relevant to the acquisition on May 15, 2010 (SLC fine quad-polarization C-band RADARSAT-2 SAR data,
image ID 81514, descending pass). (b) CPD standard deviation image. (c) CPD-based logical true-and-false output.

Fig. 4. (a) HVc correlation image relevant to the acquisition on May 15, 2010
(SLC fine quad-polarization C-band RADARSAT-2 SAR data, image ID 81514,
descending pass). (b) HVc-based logical true-and-false output.

previous CPD one has been applied to provide the logical true-
and-false output shown in Fig. 3(c).

To discriminate man-made metallic targets from the low
backscatter area, the HVc approach is applied to the cross-
polarized scattering amplitudes, and the output is shown in
Fig. 4(a). It can be noted that man-made metallic targets are
clearly visible as white patches in the image, and also in this
case, the proposed approach does not exhibit any sensitivity to
the presence of oil slicks. The HVc correlation values measured
over the ROIs shown in Fig. 4(a) (see the red boxes in the
image) are 0.588 and 0.001 for man-made metallic targets and

sea surface, respectively. Even in this case, the HVc correlation
values relevant to sea surface and man-made metallic targets are
well separated. Therefore, following the same guideline of the
previous experiment, a logical true-and-false output has been
obtained using the same threshold (0.02) [see Fig. 4(b)].

Further experiments, undertaken on the RADARSAT-2
SLC SAR data, agree to what was formerly experienced
(see Table II) and confirm the soundness of the proposed
processing chain.

IV. CONCLUSION

In this paper, an electromagnetically based processing chain
which makes full benefit of quad-polarization SLC SAR data
has been proposed for sea oil field observation, i.e., to observe
both oil slicks and man-made metallic targets. The processing
chain is computer time effective (a quad-polarization SAR da-
tum is processed in about 20 s). It is operationally oriented since
it is able to both produce logical true-and-false outputs and
exploit both L- and C-band polarimetric SAR data, ensuring
a denser spatial/temporal coverage. As a matter of fact, the
proposed processing chain is amenable to be exploited for
operational purposes.
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