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ABSTRACT

The applicability of L-band Synthetic Aperture Radar (SAR)
to identify and extract information from oil spills in marine
environments has been studied. Although the extraction of
this type of information is possible, is necessary to analyze
the backscatter signal from the targets of interest, i.e., wa-
ter and oil. This study aims to make a preliminary analysis
of the adequacy of data collected by the Phased Array L-
band SAR (PALSAR) sensor, on board the Advanced Land
Observing Satellite (ALOS), to discriminate oil films yielded
by seepages or spills in offshore environments of the Gulf of
Mexico. The results show that the HH and VV polarizations
have a signal decreasing trend when the incidence angle in-
creases. This trend is clearly observed for incidence angles
above 25°, which is related to the tilted Bragg scatter mode.
Furthermore, were verified that the HH and VV polarizations
acquired on PLR acquisition mode and HH acquired on FBD
acquisition mode are suitable to discriminate oil spills films
from oceanic water. The opposite was verified about HV po-
larization in both acquisition modes.

Index Terms— Oil detection, Offshore, Bragg model,
ALOS-PALSAR

1. INTRODUCTION

The society dependency for energy sources, especially petro-
leum and its derivatives, is increasing nowadays. Investigate
areas for petroleum extraction became an extremely important
economic activity. Furthermore, oil slick monitoring, detec-
tion and characterization may help on continence and mitiga-
tion environmental plans.

Due to the nature and spatial dimensions on investigations
of this type, imaging satellites are an adequate source of in-
formation. These sensors provide information in a repetitive
and synoptic view of large areas [1] at a low cost compared to
traditional methods of exploration, such as seismic inference
and drilling [2].
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A limitation about the use of optical sensors is that the
data collection depends on the sunlight and the presence of
adverse atmospheric conditions, i.e., cloud covering over the
imaged region, blocks the reflected radiance from the sea sur-
face. An alternative is the use of Synthetic Aperture Radar
(SAR) sensors, once they do not have limitations in data ac-
quisition under adverse atmospheric conditions.

With the advent of polarimetric SAR systems, the appli-
cability of this kind of data got increased with respect to the
detection and inferences about the thickness and characteris-
tics from emulsion of offshore oil slick, as shows in [3].

Recent studies have shown the applicability of the Synthe-
tic Aperture Radar (SAR) L-band images to identify and ex-
tract information from oil spills in marine environments [3]
[4] [5]. Although the extraction of this type of information
is possible, it is first necessary to analyze the 0¥ backscatter
signal of the targets of interest (water and oil). This is an im-
portant procedure to verify the relationship between Norma-
lized Radar Cross Sections (NRCS) and the Noise Equivalent
Sigma Zero (NESZ), which impacts on oil detection.

Therefore, this paper aims to do a preliminary analysis of
the adequacy of data collected by the Phased Array L-band
SAR (PALSAR) sensor, on board the Advanced Land Obser-
ving Satellite (ALOS), in PLR and FBD acquisition modes, to
discriminate oil films yielded by seepages or spills in offshore
environments of the Gulf of Mexico.

2. MATERIALS AND METHODS

Three ALOS-PALSAR images were used in this study, two
acquired in Fine Beam Dual (FBD) mode (HH and HV pola-
rization) and one in Polarimetric (PLR) mode (HH, HV and
VYV polarization). These images were acquired on 10" Ja-
nuary (PLR), May 20*" (FBD) and July 18" (FBD) of 2008,
over the Northwestern sector of the Mexican Gulf, where se-
epage events are well documented [6]. All three images were
acquired during weak to moderate wind speed conditions (5
to 8 ms~1) [7]. This is a key feature since oil seepage identi-
fication using SAR images in offshore environments is mostly
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possible under the above conditions [5].

To be able to extract information from targets of interest
in SAR images, the o® backscatter signal of these images
must be greater than the NESZ. Therefore, proper interpre-
tation of the ALOS-PALSAR dataset can only be achieved if
the NRCS extracted from the imagery shows a signal above
this threshold.

The averaged o signal was analyzed in transects cros-
sing oil-free oceanic and areas where oil films are clearly vi-
sible, according to the incidence angle of the signal emitted
by the SAR sensor during the imaging. To evaluate the ability
of each polarization (HH, HV and VV) to discriminate oil-
free from oil-present areas, representative NRCSs extracted
from ALOS-PALSAR PLR image were used. In the ALOS-
PALSAR FBD image acquired on July 18" 2008, a represen-
tative transect comprising oil-free pixels was produced, whe-
reas an archetype transect of oil film was yielded from the
ALOS-PALSAR FBD acquired on May 20 2008.

3. RESULTS

Figure 1 shows the results obtained from the PLR image. It
is observed that for oil-free areas (Figure 1(a)) all polarizati-
ons showed NRCS higher than the NESZ, which are —30 d B
for HH and VYV polarizations and —34 dB for the HV pola-
rization [8]. The HH and VYV polarizations display a similar
oY backscatter signal behavior in oil-free areas. These results
are in agreement with those found by [5], which showed that
the HH and VV polarizations are highly correlated in offshore
environments. The HH and VV polarizations showed a decre-
asing trend in the ¢ signal with an increasing incidence an-
gle. This trend is clearly observed for incidence angles above
25°. Researches indicate that this ¢® behavior may be related
to the tilted Bragg scatter model [4] [9]. The HV polariza-
tion has a o signal along the NRCS lower than the HH and
VV polarizations but higher than the NESZ (—34 dB). For
this polarization, the ¢ signal increases with increasing in-
cidence angle; this behavior was opposite to that observed in
the HH and V'V polarizations.

The region of PLR image which oil films are present (Fi-
gure 1(b)), the HH and VV polarizations display a similar
behavior to that observed in oil-free, i.e., the o signal decre-
ases with increasing incidence angle. These two polarizations
proved highly suitable to discriminate oil seepages in offshore
environments. The areas highlighted in the Figure 1(b) with
dashed lines showed a considerable reduction in ¢ signal in
comparison to the oil-free transect (Figure 1(a). According
to [10], this is the expected behavior for the o signal of oil
spills in SAR images. The HV polarization o signal was less
affected by the oil films than the HH and VV polarizations,
which means that HV polarizations have a lower capacity to
discriminate oil spills from the background.

Figure 2 shows the results obtained for the FBD images.
For this image acquisition mode, the HH polarization showed
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Fig. 1. NRCS extracted from ALOS-PALSAR PLR image.

a 0¥ signal higher than NESZ along the NRCS (—32 dB).
Conversely, the HV polarization showed a lower o© signal
compared to NESZ along the NRCS. This behavior was
observed for both situations examined (i.e., oil-free and oil-
present transects).
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Fig. 2. NRCS extracted from ALOS-PALSAR FBD image.

Figure 2(b) indicates that the HH polarization acquired
on FBD mode is highly adequate to discriminate oil seepages
in offshore environments. In the areas highlighted in the Fi-
gure 2(b), the ¢ signal showed a considerable reduction in
comparison to the oil-free transect (Figure 2(a)). As observed
in the image acquired on PLR mode, the HH polarization ac-
quired on FBD mode also showed a decreasing trend in the
signal with increasing incidence angles. This behavior was
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also presented in [4] and can be related to the tilted Bragg
scatter model. The ¢ signal of HV polarization was less af-
fected by the oil spill than the HH polarization, which means
that HV polarization is less suitable to discriminate oil films
from the background in the FBD acquisition mode.

4. CONCLUSIONS

This study analyzed the ability of ALOS-PALSAR images to
identify oil films in offshore environments. Images acquired
in HH and VV polarizations and in PLR and FBD acquisition
modes showed to be suitable to discriminate oil spills films
from oceanic water in the background. The opposite was ve-
rified for HV polarization.

The HH and VV polarizations from the PLR image
showed a decreasing trend in the signal with an increasing
incidence angle. This trend is clearly observed for incidence
angles above 25°. As observed in the image acquired in
PLR mode, the HH polarization acquired in FBD mode also
showed a decreasing trend in the signal with increasing in-
cidence angles. This behavior may be related to the tilted
Bragg scatter mode. However, additional studies should be
conducted to confirm this hypothesis.

It is important to mention that current and future L-
band SAR sensors continue to provide worldwide imagery
in offshore environments both in HH and VV polarizations,
bringing benefits to petroleum exploration and environmental
monitoring.
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