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Abstract 
 
 SAR scattering mechanics is dominated by the surface scattering, which provides the potential for offshore oil 
spills detection. On the basis of analyzing the SAR imaging mechanics about oil slicks, several factors, such as the wind 
speed, the wave length of the SAR sensor, the polarization of the SAR sensor, and quasi oil slicks are provided and 
analyzed. Finally, the present popular oil slicks detection algorithms for SAR images are introduced. 
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1. Introduction 

 
 The problem of oil slicks becomes one of the most important factors that threatening the sea environment. About 
0.25% of the total fossil oil is discharged into the ocean all over the world. The pollution sources consist of ships, oil 
ports, well drilling platforms, and oil wells under the sea surface. In the present days, SAR is becoming more and more 
important for sea oil slick surveillance, because of its all-day, all-weather, and large coverage area advantages. The sea 
oil slick surveillance system generally consists of three parts, namely oil dark field segmentation, feature extraction, and 
dark field classification. This paper firstly introduces the SAR oil slick imaging theorems. Subsequently, the influencing 
factors on the sea oil slick surveillance are analyzed. Finally, several popular algorithms for SAR image sea oil slick 
dark field detection are discussed. 
 

2. Offshore Oil Slick Imaging Mechanics for SAR Images 
 
 The dielectric constant of the seawater is large, and the microwave can only penetrate the sea surface several 
millimeters. Thus, the sea surface is dominated by the surface scattering, and the roughness of the sea surface, which 
related to sea waves, determines the intensity of back-scattering of the microwaves. Generally, the incidence microwave 
will be scattered by those short sea waves with the wave length less than 1 meter, and be reflected by those long sea 
waves with the wave length around 100 meters[1]. As the wind speed increases, the back scattering energy turns 
stronger. The incidence angles of space borne SAR sensors lies between 20°and 70°, so the reflection energy from 
the long sea waves cannot be received by SAR sensors. Thus, the SAR imaging is formed by scattering from short sea 
waves, short gravity waves, and capillary waves, which are totally called “Bragg waves”. The “Bragg wave”, with the 
wave length several centimeters or a few decimeters, causes the “Bragg scattering”. The back scattering energy is also 
influenced by the SAR incidence angle. Large incidence angles result in little surface back scattering energy. In a word, 
the essence of SAR imaging over the sea relies on the changes of the sea surface roughness. Further, factors that 
influence the sea surface roughness also take effect on SAR images. Obviously, oil slick is one of such factors [2]. 

Large quantities of theoretical and experimental researches on the damping action from the oil slicks to the sea 
surface waves have been carried out. The elasticity of thin oil slicks generates a local tensile force gradient on the sea 
surface, which forms a longitudinal wave. The interaction between the longitudinal wave and Bragg wave makes the 
strongest damping action. As the oil slick is thick, its high dynamic viscosity also impedes the Bragg waves. Figure 1 
shows an example of oil slicks impede the surface short waves. In Figure 1, the sea surface between the two red lines is 
covered by oil slicks. The sea surface beyond the two red lines is normal. It can be seen that the sea surface covered by 
oil slicks owns less roughness than the normal surface. The oil slicks decrease the surface tension, make the surface 
smoother, and impede the Bragg scattering from sea short waves. As a result, the oil slicks, corresponding less back 
scattering energy than the normal sea surface, appear as darker plaques are on SAR images. 

The SAR received signal is related to the physical characteristics of the observed ground unit. The received back 
scattering energy is generally denoted by 0 , which is the normalized radar scattering cross section (the cross section 
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per scattering surface unit). Approximately, when the incidence angle is large, it can be assumed that the interaction 
between the incidence wave and the sea surface local geometry is dominated by Bragg scattering, which resonance 
equation is shown in (1), where s denotes the Bragg scattering resonance wave length, r denotes the radar wave length, 

and denotes the incidence angle. The sea observation depends on the map of 0 . 
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The phenomena and processes that influence the sea local micro structure act as modulating signals to the SAR 
image. When the incidence angle is between 20°and 70°, the incidence radar wave length is consistent with the sine 
component of the sea surface wave height, and the resonance appears. At this time, the back scattering intensity is 
determined by the Bragg equation. So, the back scattering is also named as Bragg scattering. Alpers et al. [3] 
theoretically explained the damping action from the oil slicks to the Bragg resonance short waves, denoted by the ratio 
between the back scattering coefficient of the background sea surface 0

s and that of the oil slick covered surface 0

o , as 

is shown in (2), where 0
osp and 0

oB are mirror reflection coefficient and Bragg scattering coefficient respectively. 
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As shown in (3), when the incidence angle is large, only the Bragg scattering is considered, whereW is the 
section scale gravity wave direction spectrum. 
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As shown in (3), the attenuation of the radar back scattering coefficient is equivalent to the reduction of the 
Bragg resonance short wave spectrum, i.e., the oil slick increases the sea surface tension, and decreases the radar back 
scattering coefficient by reducing the sea surface wave spectrum. The oil slicks appear as dark plaques, which intensity 
is lower than that of the sea surface. Figure 2 indicates a SAR image with oil slicks discharged by a ship. The black 
banding curve is the oil slick, with a bright dot in the front, which is the ship. The front part of the band is darker and 
narrower, and the trailing end of it is light colored and broader because of the oil slick diffusion in pace with time. 

 
3. Influencing Factors on Offshore Oil Slick Surveillance Using SAR Images 

  
3.1 Wind Speed on Sea Surface 

 
 The oil slicks are sensitive to the wind speed on the sea surface for SAR images. The wind field does not have 
enough energy to generate plenty of sea clutter, and cannot balance the damping action of the oil slick, as the wind 
speed is low. The same wind speed has different effect on different SAR sensors. Two other related factors are the radar 
wave length and the incidence angle. For a C-band SAR sensor, when the wind speed lies between 2m/s~4m/s, the oil 
slicks are observable [4]. However, for X or L-band SAR sensors, which wave lengths are 3cm~5cm and 5cm~7cm, the 
oil slicks are observable only when the wind speeds are higher than the lowest value 2m/s and 3m/s, respectively. When 
the wind speed is too high, large quantities of sea clutters generated by the wind will release the damping action of the 
oil slick to the Bragg wave. As a result, the oil slicks are covered by the background sea clutters and invisible to SAR 
sensors. Empirically, the maximum wind speed should be in the region of 10m/s and 14m/s. 

 
3.2 SAR Wave Length 

 
 The radar wave length also affects SAR oil slick detection. Experimental results indicate that the contrast ratio 
between the back scattering energy of the oil slick and that of the background sea clutter will drop, as the radar wave 
length increases. According the Bragg scattering theory, longer SAR wave length corresponds to longer resonance 
Bragg wave length. Therefore, the damping action of the oil slick to the Bragg scattering is more observable for a 
shorter SAR wave length. So the X-band or C-band SAR sensors are more suitable than L-band and P-band SAR 
sensors for oil slick surveillance. 

3.3 SAR Polarization 
 

 The SAR polarization is another influencing factor. According to the radar theory, the radar back scattering 
energy and the contrast between the oil slick and the background sea are both larger for the VV polarization than the 



HH polarization. Therefore, the VV polarization is more suitable for oil slick surveillance. It has been validated that the 
VV polarization gained a larger contrast ratio of the back scattering energy between the oil slick and the sea water than 
the HH polarization and HV polarization for a C-band SAR. In other words, the VV polarization is superior for SAR oil 
slick surveillance.  

3.4 Quasi Oil Slick 
 

 Similarly to real oil slicks, other artificial or natural sea phenomena can also have a damping action to the Bragg 
scattering, which appear as darker regions on the SAR images. For instance, the feature of a ship wake is quite similar 
to oil slicks on SAR images. Furthermore, low wind regions, biomembranes, island shadows, bitty cream ice, sea 
internal waves, whirlpools, etc. can all generate quasi oil slicks darker regions. The discrimination of oil slicks from 
these disturbing factors is significant to SAR oil slick surveillance. In Figure 3, the arrow points to an oil slick dark 
region. However, other dark regions correspond to low wind regions. 

     
Figure 1  An example of the damping         Figure 2  SAR image of a ship       Figure 3  Example of real oil slicks and 
action from oil slicks to the sea surface          discharges oil into the sea                quasi oil slicks on the SAR image 

 
4 Oil Slick Segmentation Algorithms for SAR Images 

 
    4.1 Thresholding Algorithms 

 
 Image thresholding is a region based segmentation technique, which advantage is the computational simplicity. 
A thresholding algorithm defines non-crossing regions by closed and connected boundaries. When the image is 
segmented by thresholding, all the pixels with their values lower than a certain threshold are regarded as in the same 
class, other pixels with the values larger or equivalent to the threshold, are considered as in another class. A single 
thresholding algorithm is defined by (4), where T is the segmentation threshold. The threshold T is generally defined by 
the minimum value between double peaks in the SAR image histogram, or defined by half of the average backscattering 
coefficient. 
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However, in the darker oil slicking field of the SAR image, the double peaks do not always appear in the 
histogram. A single peak or several peaks are more usual. The threshold is defined by the minimum value among the 
pixels between the highest peak and the lowest peak, when several peaks appear. The single threshold algorithm 
determines a target from non-targets by a single constant value, which makes it the fastest and simplest oil slick 
detection method. At present, the single threshold algorithm has been widely used, but it is not quite suitable for SAR 
image, because the SAR image histogram is not always double peak distribution or multi peak distribution. 

 
4.2 Seed Filling Algorithms 

 
 The seed filling algorithm assumes that a certain point in the closed outline in the image is the target, and 
searching the points pixel by pixel in the outline that satisfying the same principles with the seed. During the process of 
searching, if the neighborhood pixel of a certain seed is not inside the outline, then, the boundary of the outline is 



reached. In the oil slick darker region detection, although the seed filling method is simple, it is deeply recursive. The 
recursion takes time. And when the memory is limited, it is possible to cause stack overflow. 
           The line scanning seed filling algorithm, works in the scanning mode with the scanning direction from top to 
bottom and from left to right. Each scanned pixel is compared with the seed, and those pixels that satisfying a certain 
principle, is marked as the growing pixel. According to the coordinate of the seed, the averaged pixel value in the 
neighborhood of the seed and the pixel normalized standard variance in the window is computational. In the line 
scanning, if the average value and the normalized standard variance corresponding to the neighborhood of a pixel are in 
a certain error band with those of the seed pixel, this pixel can be considered as a growing point. All the growing points 
in the horizontal direction are connected to form a growing line. Whether two neighbor growing lines in the vertical 
direction are in the same connected region can be determined by the entrance and export of the growing line.  

 
4.3 Level Set Algorithms 

 
 The level set method was first proposed by Osher and Sethian, which basic theory is the Hamilton-Jacobi 
equation. This equation embeds a curve or a curved surface into a higher level set function, i.e., the process of curve or 
curved surface evolution is described by a higher dimensional function. This method has a great feature that if the 
closed curve embedded in the level set function changes its topology, for example, fission or merging, the level set 
function is always an effective function. 
 Chan and Vese proposed a level set method based on a simplified Mumford-Shah, which is called Chan&Vese 
model, with the abbreviation C-V model. This model utilizes the energy function for the whole image to control the 
curve’s evolution, which does not rely on local information of the image any more. It is effective for blurred edge 
detection. The purpose of image segmentation is to find the homogeneous areas in the image, which is expressed by 
their edges. And the Mumford-Shah model is to find the real image edge and minimize the following energy function in 
(5), where u denotes the original image, 0 denotes the segmented image, andμ,λand V are all modulating parameters. 
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Huang [5] first applied the level set method to SAR image oil slick darker region detection. In 2010, Jun Wang 
proposed an improved C-V model based oil slick detection algorithm. An [6] proposed an Otsu thresholding and 
improved C-V model based SAR image segmentation method for sea water, which overcame the deficiency of the 
traditional C-V model, and increased the computation speed. Wu [7] proposed a kernel blurred C means and improved 
C-V model based SAR image segmentation. It first maps the SAR image from the original sample space to higher 
dimensional space by utilizing the kernel blurred C means algorithm. Then the clustering result is obtained, which acts 
as the initial condition for the C-V model to reduce the sensitivity of the C-V model to the original condition. 
Furthermore, the image edge intensity substitutes the Dirac function in the traditional C-V model to improve the 
computation speed and the suitability for different SAR images. Compared with the thresholding and seed filling 
algorithms, the level set method requires more computation, and is more complicated, which is not a problem for 
modern computers any more. 

5. Conclusion 
 This paper analyzes the imaging mechanics and the influencing factors for the SAR oil slicks. Several popular 
oil slick detection algorithms are discussed with their advantages, shortcomings and suitability analyzed. However, 
which method should be selected as the oil slick detection, depends on the characteristic of SAR images and the 
demand of oil slick detection. 
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