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Oil detection algorithm based on edge detection
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Abstract: The side-look imaging of SAR (Synthetic Aperture Radar) may result in the pockety density, so we can not get a
satisfying result by using CFAR (constant false alarm rate) detection on the whole image. To improve the oil detection capability,
we propose a new oil detection method based on edge detection in this paper. First, the AOI (area of interest) of oil is detected
through radio edge detection, then an improved Weibull-CFAR detector is applied to the AOI. Comparing with the whole CFAR
detection results, this detection method demonstrates better accuracy and efficiency on SAR images with pockety density, espe-

cially suitable for the oil detection of big images.
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1 INTRODUCTION

With the unceasing exploitation of oil resources, the pollu-
tion of oil spill in sea becomes more and more serious day by
day. Within all kinds of marine pollution, oil spill pollution,
which has seriously impacted people’s life, ranks top in terms
of occurrence frequency, dispersing area and damage degree.
Therefore, how to deal with the oil spill pollution effectively
and scientifically has become an important issue, and the pre-
condition to solve the oil spill pollution is how to find an accu-
rate and quick detection method of oil spill.

Since SAR is the all-day and all-weather radar, it becomes
the favorite in oil spill detections. These years, the researches
on automatic oil spill extraction on the SAR image are rather
popular. For example, the method of adaptive threshold detec-
tion based on mobile window (Bjerde et al., 1993). This
method first determines whether the region in the window is
homogeneous. If its histogram shows two peaks then use
threshold detection. We can also use gray-scale information or
statistical characters to make a pre-segmentation, then use a
merger algorithm to detect oil spill (Barni et al., 1995; Chang et
al., 2005). In addition, there are also some people acquiring the
information extraction by using the region growing method
(Araujo et al., 2004). Among these detection methods, the oil
spill information extracted by adaptive threshold detection is
incomplete, and the information could not be extracted if win-
dow is completely filled with oil spills. For method based on
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merger and segment, it is difficult to determine the judgment
criteria, and the process of merger takes too much time, so it
does not suit large images. The result of regional growth de-
pends on the selection of seed point. Presently the widely used
method is to select the peak of the histogram as seed point, but
the characteristic of side-look imaging makes image appear
bright in one side but dark in the other side. Therefore, the his-
togram can not reflect the partial characteristics very well,
which makes it difficult to obtain good results. For the above
reasons, in this paper we propose a rapid algorithm of oil spill
detection, this algorithm combines edge detection and CFAR,
fits for big images with non-uniform gray. First it uses the ratio
of edge detection (ROA) to monitor the approximate location of
film, marking it as AOI by rectangular, then carries on the
CFAR detection to the AOI. Experiments show that this algo-
rithm can better fit the background of sea which is not only
complex but highly localized in SAR image, and can obtain a
better result.

2 METHOD OF OIL SPILL EXTRACTION BASED
ON EDGE DETECTION

2.1 Analysis characteristic of oil spill on SAR images

The oil film’s thickness on the sea surface changes rapidly.
It increases the ocean surface tension and causes the damping
effect to wave field. Since this effect will change the backscat-
tering of sea surface, the oil spill can be reflected well in SAR
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images. The most prominent characteristic of oil film is the
damping effect on surface capillary wave and short gravity
wave. When the incident angle of radar is between 20°—70°,

the scattering of the sea is mainly Bragg scattering. Bragg scat-
tering’s short-wave is influenced by damping because of the oil
film, thus will change the surface roughness, which is the main
factor that impact the sea’s backscattering coefficient.

When the sea is covered by oil film, the surface tension
waves and short gravity waves will be damped, surface be-
comes smoother and the surface roughness is decreased, thus
reduce the reflex of oil spill in the radar signal, that is, the radar
backscattering coefficient of sea’s surface is decreased. The
gray level of the corresponding parts in SAR images is reduced.
That is the reason why the observed oil spills are usually pre-
sented as dark spots, patches or stripes in SAR images, and we
can take advantage of this characteristic to identify the oil spill
region.

2.2 AOIl detection based on ROA

2.2.1 ROA edge detection

Because the speckle noise of SAR image is relatively serious,
the common method of edge detection cannot obtain good re-
sults. Taking into account of this, we use Ratio edge detection
algorithm method.

(a) (b) (c) (d)

Assuming the size of rectangular sliding window is MxM,
when it slides on the image, the center of the window is set to
be the detection point. For a straight line L that go through this
point along a particular directions, we calculate the respective

sample average u; U, in non-overlapping regions of both side

of the window, then average the two samples to get R
min(uy,u,)

R = max(uy,uy)’

1, max(uq,u,) =0

max Uy, Uy )!'=0

@

From the calculation of R, it can be seen when R tends to 1,
the two regions are more likely to belong to a homogeneous
area; instead when R tends to 0, the point is more likely to be
on the border of two regions. Considering the different orienta-
tion of the edge, we make detection on each point in the four
directions shown in Fig.1 (a)—(d) and get the smallest R. The

size of window in Fig. 1 is 5x5, it can be adjusted according to
situation.

In practice, there is little contrast between sea water and oil
spill, their border is not very clear with certain degree of blur-
ring. In Fig. 1(e), pixels adjacent to the target pixel are set to be
mask pixels, they are not involved in the calculation of average
value, and the number of mask pixels depends on actual situa-
tion, so we are able to get the blurring edge.

Fig. 1 Structure of ROA operator
(a)Vertical; (b) Horizontal; (c) 45°; (d) 135°; (e) Plus mask

Using a main threshold T to compare with R, when R<T, the
point is considered as an edge point; while the detection win-
dow is in a homogeneous area, if O<R<T, which means that
there are two heterogeneous regions, then it is an error detec-
tion. In the L-look SAR images, the homogeneous region of
image obey Gamma distribution:

L-1
1 1(1 1

=———|—=| exp|l-— 2

P(1) F(L)az(azJ p( O'ZJ @

Under the precondition that the image conforms to Gamma

distribution, the error probability P is
P(T)=P(R<T |homogeneity)

=j; f(RI1)dR @)
:J-T I"(2NL) RNL-L 2
® (r(nL)) (R+1)?M

If we ignore the pertinence among tests, it can be considered
as four-scale Bernoulli experiment and B €[0,1], the detection

process meets the geometric distribution, in this case the error
probability of this detection is

P-1-(1-R)' @

From the Eq.(3) and Eq.(4), if taking L=3 as the number of
image view, the error probability curve can be drawn as shown
in Fig. 2.
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Fig. 2 P-T curve of four orientation detection
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The error probability of Ratio algorithm are determined
merely by the SAR image’s look number, the threshold and
pixel number in the detection window not the pixel gray value,
so it can overcome the problem of uneven grayscale and has a
relatively good inhibitory effect to the speckle noise. Ratio
algorithm has a constant false alarm probability, can make a
very good detection on edge of SAR image, but the larger the
detection window is, the wider the edge has, it needs more
processing to obtain edge of a single pixel. In this paper, we
only needs to get the rough location of oil spill through the edge
image, the ROA test results can be directly used in the next
phase of AOI extraction, thus greatly simplify the algorithm
and reduce the calculating time.

2.2.2 AOI detection

After edge detection, we obtain a binary image of edge in-
formation, and we can start the selection of AOI: making a
connective region transformation on the edge image, removing
the small connective region, adding a rectangle to each connec-
tive region and finally formming the initial AOI.

In oil spill images, besides oil film and sea water, there
probably exist some islands, ships and other objects, and the
edge of these objects are also be found in edge information.
Therefore, the initial AOI possibly does not include the oil spill
but other objects. This will increase the false alarm rate, so it is
necessary to filter these AQOIs before going on for further proc-
essing.

We adapt a method based on region growth to pre-treat AOI,
as follows:

(1) Choosing a gray threshold for the AOI.

(2) In this AOI, finding the first unmarked pixel point which
is larger than the chosen threshold in step (1). If the point is
found, put it into the stack and mark the pixel, set the counter
variable Count=1, if the point is not found, then skip the present
steps and deal with the next AOI.

(3) Testing whether the stack is empty, if not, then take the
first pixel out of the stack and make a four-connected region
detection, putting the unmarked neighborhood pixel which is
larger than the chosen threshold into the stack, marking this
pixel and increasing the counter variable’s value. If the stack is
empty, go back to step (2).

(4) If Count>a/5, where a is the area of AOI, then delete the
AOI and deal with the next AOI, otherwise return to step (3).

After the process in the previous step, these AOIs will in-
clude most information of oil spill, then expand the AOI border
to increase the background information, at the same time
merging these AOIs, which are relatively near, to obtain final
AOls.

2.3 Improved CFAR detection

CFAR detection plays an important part in automatic target
detection of radar images. Its essence is to adjust the false alarm
probability to a specific degree according to different back-
grounds. The key of CFAR detection is the determination of
adaptive threshold value. Assuming that p(x) is the probability

density function of radar clutter’s distribution model,

then F(x) = J.OX p(t)dt, where F(x) is an increasing function, we
can get the threshold I, by solving the equation

1-P = [ p(x)dx ©)

in which the Py, is the false alarm probability.
For a given Pg, we can get the solution of Eq. (5) through
dichotomy. Finding a positive integer | to satisfy

F(1)<1-P, and F(I+1)>1-P, 6)

then | is the threshold ..

From Eq.(5), we can see that estimating the background’s
distribution model is not only the base of CFAR detection, but
also the key of reducing the false alarm. It’s generally believed
that if using the ocean as background, the clutter usually con-
forms to k distribution and Weibull distribution model. How-
ever, because the gray of oil is lower than the ocean, we need to
inverse the image before carrying out the CFAR detection, after
this, the gray focus on the high part of grayscale, so its clutter
model will change. We select the Weibull distribution as clutter
model after testing.

The probability density function of Weibull distribution is

c(x\°* x\°
p(x)= B(Ej epobj }’XBO ™)
0,x<0

where b is the scale parameter while c is the shape parameter.
When c¢=2, the Weibull distribution degenerate to the Rayleigh
distribution, and to exponential distribution when c=1.

Using the model mentioned above, we define a partial win-
dow for each AOI, so that each AOI is divided into protective
part and background part (as shown in Fig. 3). We use back-
ground window to make the background clutter statistics, the
protective window is designed to prevent the target pixel from
leaking to background, which will affect the correctness of
background clutter’s statistic. We select the size of protective
window based on experiences, while in this paper its length and
width are set to 3/5 of the AOI’s.

Background window
_ |_— gl

— a N
[ Protective window

Fig. 3 Structure of window

Using the character of Weibull distribution and the data of
the background window, we can get the scale parameter and
shape parameter through the relationship between one-order
moments and second-order moments.

The first-order moments and the second-order moments of
the Weibull distribution are as follow:

E[x]:f:xP(x)dx:bF[H%j 8)
E[x?] = j::’ x2P(x)dx = b21*£1+§) )
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We define
2
] F[HEJ

]

One of the best polynomial curve fitting for the function

(10)

R-1 JR-1
a,=0.0791, a,=0.8481, a,=0.0817.
Thus the scale parameter

E[x]

r[“(l:)

(7), we can obtain the threshold.

above isC=

+3y, in which the parameters

of Weibull distribution

b= , taking the value of b and c into Eq. (6) and Eqg.

2.4 Post-processing

In target detection we use CFAR detection it deals with the

pixel, the speckle noise of SAR image make the target be much
likely to become multiply connected regions. In addition, the
oil spill’s edge is finely-broken this will make the perimeter be

longer. In order to improve the accuracy of results, it is neces-
sary to carry out post-processing to obtain more precise infor-
mation. In this paper, we mainly use morphology and boundary
tracking algorithm.

3 ANALYSIS OF TEST RESULT

Using the above-mentioned algorithm, we conduct a pre-
liminary study on oil spill image in Bohai Sea area. In this pa-
per, all images used in the experiment are Envisat images of
Bohai region. Taking into account that there may be distribution
differences existing between the overall background and local
background, we select the false alarm rate through experimental
comparison.

In Fig. 4(a), the size of image which is acquired in January
2007 is 4560x4128.We can see scaly corrugation caused by
wind or other factors, while the whole gray scale has shown the
uneven distribution because of side-look imaging.

Fig. 4(b) is the result of overall CFAR test. Experiments
show that when the false alarm rate is 0.03, the test results are

relatively satisfactory. But due to the using of main threshold,
the corrugation which is relatively dark in the centre of image is
also detected as oil spills. There exist many false alarms, while
the oil spill in the marked rectangle is not detected completely.

Fig. 4(c) is the result of the algorithm by applying the
method indicated in this paper. The size of detective window in
ROA edge detection is 9x9. Because the gray of the corrugation
changes slowly in the image, if the mask window’s size is set
too large, it will make the corrugation be detected as AOI. We
take 3x3 as the size, namely, one mask pixel on each four direc-
tion of the target pixel. The false alarm rate is set to 0.02 in the
part of CFAR detection, the rectangular box is automatically
selected as AOI by algorithm. As it can be seen, most of the oil
spill can be detected effectively, and the negative impact by the
surface wave is also effectively inhibited.

Fig. 5(a) is another oil spill image whose size is 1364x1404,
and the acquisition time for the image is September 2007. You
can clearly see that there are many vessels whose gray is higher
in the image, while the gray of the whole image have also
demonstrated a degree of imbalance. Exerting the overall CFAR
algorithm and the algorithm mentioned in the text on the image
respectively, the false alarm rate is set to 0.1 in the former and
the latter 0.12. The results are showed in Fig. 5(b), Fig. 5(c). By
contrasting the two figures we can see, the oil spill in the bot-
tom-left corner of the image can be detected well by the algo-
rithm, and the impact brought by vessels in edge detection is
effective inhibit.

Fig. 6(a) and Fig. 6(b) are results of CFAR detection without
and with protective window respectively. While taking the same
false alarm rate (0.12), the detective result in Fig. 6(a) is obvi-
ously better than the one in Fig. 6(b), illustrating that the im-
proved CFAR algorithm match the clutter model better. Fig. 6(c)
is the result of edge after post-processing, comparing with the
edge in Fig. 6(b), the edge of oil spill become smoother, and
minor part of the border is inhibited well.

After testing images of different regions, it proves that this
algorithm has higher reliability and can achieve more desirable
results in practical application.

4 CONCLUSIONS

In this article, we analyze SAR images of oil spill and pro-

——

(a)

(b)

(c)

Fig. 4 Envisat image of Bohai and detection results
(a) Original image; (b) Result of whole CFAR detection; (c) Result of the arithmetic mentioned in this paper
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(c)

Fig. 5 Envisat image of Bohai and detection results
(a) Original image; (b) Result of whole detection (false alarm 0.1); (c) Result of the arithmetic mentioned in this paper

&

(c)

Fig. 6 Improved CAFR detection and result of post-processing
(a) Without protective window; (b) With protective window; (c) Result of post-processing

pose an algorithm based on edge detection for the oil spill ex-
traction. Experimental results show that for the non-uniform
gray image, the algorithm proposed in this paper is obviously
better than the overall detection, it can effectively detect the
target area with lower false alarm. At the same time, because it
highlights the target through AOI detection, it deal with the
large image with higher timeliness and improve the accuracy of
detection. It is also easy to be realized. This algorithm has
surely some deficiencies, for example, it’s difficult to meet all
the AQIs with an equal clutter model and false alarm rate etc.
These problems should be further studied and improved in the
future.
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