Journal of Basic and Applied Engineering Research

Print ISSN: 2350-0077; Online ISSN: 2350-0255; Volume 2, Number 14; April-June, 2015 pp. 1192-1200

© Krishi Sanskriti Publications
http://www krishisanskriti.org/jbaer.html

Fuzzy Classification of Oil Spill Detection on
SAR Images

S. Vijaya Kumar

School of Computing Science and Engineering VIT-University
E-mail: vijayakumar.chinna@vit.ac.in

Abstract—Synthetic Aperture Radar (SAR) satellite images are
mostly used for identifying the oil spills on the ocean surfaces. The
identification of oil spills are extracted from the dark spots in marine
surroundings. The SAR satellite system analysis is developed a
framework for detecting the dark spots on the SAR images. And this
type of identification of oil spills; I used a classification of dark spots
on SAR images. The fuzzy logic in that the classification is conceded
on show to acquire major partition of the pixels on the basis of grey
scale moderations. This mechanism is based on the threshold values
is clear for detection of dark spot, which is acquired from histogram
analysis. In this, the dark spots obtained from different SAR scenes,
which are classified as oil spills in SAR images. The result of the
system is receiving from different SAR images processed with fuzzy
classification technique.
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1. INTRODUCTION

Now a day’s, ocean environmental protection is very
important subject for increasing public concern. The specific
result of responsiveness is being paid to the environmental
damage caused by the oil spills on sea surface. A successful
operation is performed on marine oil spill depends on rapid
response from the detecting of oil spills. In detail, the oil spill
model is referring to many types of activities are developed
for the immediate response of oil spill detection is most
important. In previously also reported on oil spill contingency
planning [1, 2, 3, and 4].

The SAR system is already proved useful and efficient in
ascertaining and measuring oil spills [5, 6]. But this type of
operational use is sufficient by the time resetting, cost
expenditures, wind force, and fabricated objectives. Mostly,
the oil spills are appears as dark areas on the SAR images.
Because of oil dampens the capillary waves of the ocean
surfaces. Generally, oil slicks property reduces backscattering
waves on the ocean surface in arrears to both overpowering of
tendency progress and increase of flood indulgence. Hence,
the oil spills to reduce the radar backscatter from the SAR
images on dark spots. Moreover, the other natural occurrences
also creates dark spots in SAR images, such as low wind
speed surface areas, organic film, ocean fronts, surface lands,
current fronts, coastal upwelling conditions and etc. So many

common possessions in SAR images for specific look-alike,
such type of deal is mostly with the false identification
problem in oil spill detection using SAR images. But the oil
spill discrimination is as usually carried out with classification
procedure based on the different characteristics monitoring.
These characteristics are including geometrical constrains,
image physical intensities, texture and more contextual
information’s describing slicks in relation to its surroundings

(7.

SAR imagery processing is a corporate medium for
recognizing the oil spills. Especially, some of the cases is a
large number of SAR projections has to be observing, the task
(Gade and Alpers, 1999) of image processing techniques are
used to detecting between oil spills and look-alikes. Most of
the techniques are already used to the detection of oil spills
through a SAR images without interference of the practiced.
Those SAR image systems are referring to retrieving the under
ocean region surface considerations on radar sensor
projections. In previous reporting to detecting oil spills in
SAR images is very complicated task. Because of the rarely
occurring of object close to oil spills in SAR images based on
the low wind conditions.

In present, many types of classification techniques have been
used to identifying the oil spills from the look-alikes. These
types of techniques are used statistical design with prior rule-
based modification of probability [8], Mahalanobis classifier
[9], perceptron multi-layer classifier [10], and the basic
function of neural network classifier [11]. The statistical
classifier is using a guassian model with possible rule-based
change to seen from the different conditions of ocean
monitoring. Keramitsoglou et al. [12], operation is a fuzzy
logic structure to assessment the possibility of oil spills by
using different image for training and testing. The some
sample system parameters are to be analysed by the fuzzy
ways and assign the possible of dark spot to be a describing
the oil spill. The fuzzy logic is a technique to improve the
accurate detection and at the equivalent time to reduce the
floor area ratio compare with other techniques.

In our paper, a same fuzzy logic classification was established
in other country ocean based on surface landscapes of oil
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spills and with different SAR images for preparation of
information. Basically, fuzzy system having the four types of
the fuzzy sets is created based on the statistics of the ocean
surface features and with appropriate rules made by the four
fuzzy sets. The different classification techniques have been
applied to classify a slick as oil or look-alike. These different
oil spill identification approaches classification accuracy is
difficulty to comparing. In this we are using the different data
sets and different classifiers, so the result of classification
truthfulness cannot be unswervingly associated with an ocean
wind conditions. This is including the low wind where an in
elevation number of look-alikes can be expected from the
SAR images. In this paper, we are testing the performance
analysis of classification on test set of different views of look-
alikes on SAR images.

Classification is to be ready to categorize the dark regions into
oil spills and look alike established on the ocean surface
monitoring features should be extracted. In this, commonly
used are statistical classifiers, which are the based on possible
decisions of classifications. This classification results variation
is inspected by the trained operator and the consequent
contribution of different standard SAR images, which is to be
variation of the oil spill detections done about the satellite
services. Mainly, in this paper we present a fuzzy based
classification for identifying the oil spills in SAR images. This
classification to be trained on hundreds of images from the
each satellite sensor and they are detecting results on the basis
of aircraft verifications.

2. SAR IMAGE OF OIL SPILLS

Most of the SAR satellite sensors are efficient performance for
identifying the oil spills. In [7] the other sensors used for
detection of oil spills in SAR images. The oil spill may also
include entire oil-allied coastal surface areas caused by oil
spills from oil attires, pipeline leakages, passing containers as
well as the ocean ground level conditions, whereas natural
films/slicks, surface arecas of wind speed of threshold,
landscapes, sea shore areas, waves flow, etc. A coastal
department are trained to possible distinguishing between the
oil spills and SAR system projections of look-alikes. It is
based on the knowledge and earlier details with reference to
position, transformations in natures and dissimilarity, and
whether conditions. This knowledge is about the vessel tracks
and oil outfit locations can be identified from SAR imagery
data sets. But vessel and oil outfit locations container
correspondingly be there resulting from the SAR images (i.e.,
a specific vessel smallest possible size). Considering the
information about wind level is frequently used for
classification of the oil spills. This type of influences is based
on the wave backscatter altitudes and the brightness of oil
spills and look-alikes. The brightness of slicks in SAR images
is discussed in [13] and [14]. In the ocean surface wind speed
less than 0.003-0.005 KM/s, the observing possible projecting
of views is high. The local low-wind surface areas are about
the smaller number of dark spots generating based on the wind

speeds from 0.005 to 0.01 KM/s. in between the oil and the
sea surface decrease then automatically wind is increases.
Sometimes only dark oil slicks will be identified, because of
the rare look-alikes with high wind speed.

2.1 An approach of oil spill detection

The structure of the oil spill detection approach is as shown in
following Fig.l. Image processing consist of several pre-
processing methods are available, which one of the land-
masking method is converting the land mask to SAR image
grid to avoid the recognized pattern, that is followed by the
radar scaling and conversion values. It is obtained from a sea
shore data base. The coastal department is depends on the
radar backscatter projection angles, which I contains the low
level projection angles. This type of incidence depends
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Fig. 1: The structure of oil spill detection approach
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on the wavelengths, polarization, and sea surface monitoring
conditions. Instead of these effects based on to estimate and
compensate for weather conditions. We have determined the
simple solution of using the compensation of incidence angles
for all weather conditions.

2.2 SAR image dark spot detection and Segmentation

The starting phase in the oil recognition algorithm is to
segment on show the oil spill applicants in SAR images. To
segment on show all dark regions in the SAR images and
future distinguish between oil spills and look-alikes founded
on features work out for each ocean region surfaces. This
resultant approach is applicable only for the large number of
dark areas being segmented, specifically for the low-wind
conditions where continuously observing the sea look-alikes.
In SAR images specific modules are identified for detecting
the dark spots has been developed. Starting segmentation test
with an algorithm developed specifically for ERS SAR images
[15], which show a single-scalar approach. But it is not
perform well in segmenting both small and large sea surface
regions. At present a multi-scale approach was developed.
From the original image, the next level of averaging image
pixels for creating the image pyramid and with half the pixel
size of the original image. For this we can apply the adaptive
thresholding to each level of the image pyramid. The
following steps are to be used to segment the each level in
image pyramid with the threshold.

e To calculate the each pixel (i) of the mean value p and
the power-to-mean (PM) value o/p in a local size of
window W, where o is the standard deviation.

e Calculate the homogeneity category h from PM as
described the image interval values i.e., [0.015, 0.15]

e About to get threshold value Ady, given the homogeneity
category from the image intervals

e Then set the P; = p - Ady.

e  Threshold pixel i with the computed value of the P;.

Thus the threshold value is adaptively set based on roughness
of the sea surface areas. Suppose, if the low wind with several
look-alikes, the PM value will be high. As the wind speed is
increase then the PM value will also be decrease.

2.3 Dark Spot Feature Extraction

It is after segmentation of all image objects are from the
segmented images. In further no little objects are processed
and the subsequent process is considering only for region
objects. In each region a set of region are calculated and later
cases, these features are classified to using the each slick as oil
or look-alike. Specifically, the maximum features are consists
of a max of features developed for oil spill recognition and
testing to identifying from the literature of image analysis.
More features can be grouped into descriptors for shape,
contrast, slick ambiances and slick consistency. In earlier
performed a study on the subject of oil spill features in the
SAR images and mainly these features are used from [15], but

some researchers have been modified. Thus the feature
extraction is overlapped based on the SAR image threshold
values.

2.4 Shape Features

i Complexity of slick is defined by S, = P¥/R, where B is
the boundary and R is ocean surface of the region.

i The ratio of the slick width between the ocean surface
of the region and the width of the branches of the
essential region.

i Compute slick area is the number of pixels of the
region.

2.5 Contrast Features

L Local slick contrast is the difference between the slick
mean and area slick mean.

i To compute the Sobel operator is used to gradient of
area border values.

i Smoothness is defined as the ratio between the number
of region pixels R, and the sum of the region pixel
gradient values G, and the ratio of the number
background pixels B, and the sum of the background
gradient values Gy, i.e., (Ry/ G;) / (By/ Gy).

2.6 Slick Ambiances

i Compute the PM as the PM ratio o/p in a huge window
containing slick surroundings.

i Slick PM is computed based on the slick PM ratio.
i, Slick Consistency :
v SAR scenes the number of detected dark spots.

v. In a larger window number of nearest spots from the
centred of the region.

i In a small window number of nearest spots from the
centred of the region.

2.7 Dark Spot Classification

Consider the many important factors for to be discriminate
between oil spills and look-alikes. In this one of the factor is
the probable number of oil spills comparing to probable
number of look-alikes. These look-alikes are liable on the
wind speed and location with the segmentation approach.
Revising the spatial distribution and temporal trends for oil
spills is further [16], than the scope of this paper.

3. DATASET AND METHODOLOGY

3.1 Dataset Description

In this paper SAR data is received by the different satellites,
such as ERS-1/2, ENVISAT, and RADARSAT. The entire
SAR data were used in background active the fuzzy logic
system. All SAR image data owns a pixel of 12.5m X 12.5m.
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Each SAR data contains a certain number of dark areas
corresponding to the oil spills or look-alikes on the sea
surface. But the SAR images with verified oil spills come
from three data sources:

1. Some of the publications provide the SAR images with
well-known oil spill fortunes,

2. Shows the projection of the tropical and subtropical ocean
surface regions, which provides some SAR images with
known oil spills, and

3. The other images with oil spills are classified by the
experience of researchers.

The SAR satellite data is passing in two ways of images. The
first is Terra local time (i.e., in the time limits between 9 A.M.
to 11 AM.) and Aqua local time (i.e., in the time limits
between 12 P.M. to 5.30 P.M.). The oil slicks are clearly
visible in both Terra and Aqua images.

3.2 Methodology

In SAR images automatic oil spill detection is implemented by
the series of computational procedures to including correction,
geo-reference and segmentation. Mostly the image processing
includes the application of lee filter to the original image is
followed by the mean and median filter. The image processing
is over then applies the threshold method for segmentation.
The histogram of SAR images encompasses the oil spills
continuously give the impression to be bimodal. Texture
feature is providing the details of pixels structure arrangement
and their spatial correlation among adjacent pixels. These are
contributed the statistics approximately relative position of a
number of stages within the image. And this is based on the
grey level co-occurrence matrix with early warning radar
system for oil-spill credentials. The assessed grey-scale image
pixel is number of pair of adjacent pixels with a translation of
radar direction angle. For example, the number of adjacent
pixels P,(x, y, Ry, 0) are at pixel (x, x) with a displacement of
radar direction angle 6. To calculate the image entropy in
different directions corresponds to angle 0 of 0°, 45° 90°, and
135° respectively. The entropy value for each pixel in an
image was calculated in a N X N window size based on
average grey-level matrix with displacement of Ry = 1.

The final entropy was an average of all the four direction
angles. The fuzzy logic system is based on the grey level
matrix of four variables of the text features.

The fuzzy classification probability computing of the dark
object to be an oil spill, which shows a framework of fuzzy
logic system including the cluster validity analysis,
fuzzification, inference and defuzzification. Basically, the
fuzzy enhancement is grey level mapping of fuzzy system
plane. It is using a membership transformation function.

Original Image

A

Image Fuzzyfiction

A

Image Object Membership
modification function

A 4

Image Defuzzification

A

Image Filtering

Fig. 2: Structure of fuzzy enhancement classification modules

The Main aim of this function is producing an image of
sophisticated feature than the original image by providing a
more weight to the grey levels with appropriate image mean.
For this type of representation, I can use the fuzzy
classification control characteristics about the human
knowledge or fuzzy rules. The fuzzy system enhancement
modules scheme is illustrated in the following Fig. 2. The Fig.
2 structure is used for computing the enhancement of fuzzy

classification about the original image of possibility
distribution algorithm with help of the grey level
characteristics.

4. RESULT AND DISCUSSION

In this paper, I was discussing the two methods for detecting
dark region and feature extraction of the each dark region.
Fuzzy classification method is applied for classify dark
regions into oil spills and look-alikes.

4.1 Detection of Dark Region

A specific method called histogram analysis is applied for
identifying the dark region. This is basically used a statistical
method as explained. For example, Fig. 3 representing one of
the satellites is given by the six SAR images (i.e., a small
dataset) with including dark regions of the image subsets.
Clusters of the dark regions are obtained from the single larger
area. This entire SAR dataset is applied a statistical method
and classify the dark region from the background.

4.2 Feature extraction

It is made very sensible using the centreline extracted for each
dark area. In the previous cases, the width has been computed
based on the minor axis of the slicks. These are perpendicular
to the centreline given an accurate estimation of the width.
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4.3 Classification

Fuzzy rationality was set up to be useful in classification for
areas where there is a lack of training data sets available. This
classification method is an unsupervised method and it can be
used to organize the data into groups based on similarities
among the individual data items. The sum of geometric
features such as width, projection, textual features like mean
and standard deviation of gradient along the sea shore, local
area contrast. The feature dark region areas are representing to
determine the fuzzy set Gaussian membership values. Usually
many oil spills are do not cover extremely large areas. But
many small areas are having been to possibility of look-alike
and dark spots. It is considering due to local disturbances and
backscatter errors. The final fuzzy system probability of an
object to be an oil spill and it should be a crisp number.

(d)
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Fig. 3 — (a) and (b) are the SAR scene of original images; (c)
and (d) are the outputs of the respective images (a) and (b)
with dark objects coloured according to their possibility to be
oil spills (green is low, red is high, blue or yellow is
medium)The fuzzy classification analysis is using the possible
of the membership functions for enhancement of fuzzy
structure without loss of information is implemented for the
results of SAR images. To reducing the noise and image
structure is illustrious by using the fuzzy membership
functions. In addition, the fuzzy membership function
structure is adapted according to the image noise level to
preserve the image information. The proposed fuzzy
classification approach is validated by using oil spill images
degraded by speckle noise of various levels. But the results are
assessed by both of the subjective and numerical analysis. The
numerical analysis shows the better performance of fuzzy
control approach. The performance of results is using the
fuzzy membership function over the speckle noise reduction in
first iteration.

The fuzzy classification algorithm is to be detecting the oil
spills in SAR images. The various classification features were
expected and used as the input constraints in the fuzzy logic
system. In future, fuzzy logic verifies the large number of
SAR images. In some cases, a simple approach can be
classified incorrectly as oil for the reason that certain typical
types have a comparable effect to oil spills in the radar
backscatter signal. And also consider to be including oil spill
information in terms of a dataset with previously reported oil
slick and their appropriate locations.
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