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ABSTRACT

In this work, a comprehensive review of the use of the satellite images for the detection of oil spill is provided. Qil
spills are not only affect the marine system but also cause social, economical, political and scientific concern since
they serioudly affect the coastal ecosystem. It is very difficult to continuous monitoring and inspecting the entire
ocean for oil spill detection. The images gathered from satellites provide solution to this hectic problem. A satellite
image covers large areas and offers an easier way of monitoring the marine areas. This paper presents automatic
detection of ail spillsin a satellite image using clustering. Our approach for the detection and extraction of oil spill
is based on modified k-means clustering. Finally we conclude with discussion of suggestions for further research.
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INTRODUCTION

According to the American Heritage dictionary o&tBnglish language, oil slick is a layer of oildtmmg on the
surface of water. Collins English Dictionary dengil slick as a thin film of floating oil coveringn area of water,
especially oil that has spilled or leaked from gsthe requirement of oil is gradually increasittgs very difficult
to imagine the world without oil products. Afterparation, oil has to be transported in water sesr(cean or
sea).

The oil spill is a form of pollution due to humaatiaity in which huge amount of crude oil is leakaigor released
into the ocean. The recovery and cleaning procesery difficult and take more times. Some oil Ispihay take

even years to clean up. This process depends wg@mus factors such as the type of oil spilled tredtemperature
of the water.

This oil spill is mainly due to illegal dischargagdrocarbons released by ships and rarely by cmlisf ships,
damage in pipelines. When oil is spilled in the ageit rapidly stretch to form a thin layer on tbeean water
surface, known as an oil slick. According to sussand reports, nearly 45 % of the marine oil pahuis due to the
operative discharges from ships. The accident bisiom contributes only less than 5% for oil paian. It is very
difficult to differentiate oil slicks from the showaves and dark patches on the surface.

The immediate effect of an oil spill is fire hazdhét causes respiratory related problems. The Ra&p Horizon

explosion killed eleven oil rig workers. Spilled gan also contaminate drinking water supplies. &ample, in
2013 two different oil spills contaminated wateipglies for 300,000 in Miri, Malaysia; 80,000 peojteCoca,
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Ecuador. These environmental hazards also havecanomic impact on fishing, marine resource extoacti
industries and tourism.

The effects of oil slick are listed as follows:

The immediate effect is fire hazard- deepwaterzwoorikilled eleven workers.
Air pollution that caused respiratory problems

Contaminate drinking water supply.

Severely affect tourism and marine resource extnagfishing) resources.
Severely affects marine environment — birds anchals.

agrwNE

The Deepwater Horizon oil spill in the Gulf of Megiis considered as the one of the worst in wodtbhy and the
biggest in U.S. history for the following reasons:

1. 25,750 kilometers of coastline affected.

2. 757 million liters of oil drained into the ocean

3. 11 workers were killed and 17 other people vigteed.
4. Long term damage to inhabitants and environment.

Aerial surveillance is used for monitoring oceatiygmn. But it can’t provide a regular, continuoomnitoring and

early detection of oil spill at ocean. The segmimitais the process of partitioning or dividing agtmage) into

number of meaningful classes or clusters [12-14lelte image processing can play vital role fentnuous

monitoring and early detection of oil spill discges at sea. In our work, the use of the sateltitages for the
detection of oil spill is presented. This papersprég automatic detection of oil spills in a sateliimage using
clustering. Our approach for the detection andaexiwn of oil spill is based on modified k-meansstering. It is

very difficult to continuous monitoring and inspiect the entire ocean for oil spill detection. Tiheages gathered
from satellites provide solution to this hectic lplem. A satellite image covers large areas and®oHe easier way
of monitoring the marine areas.

The advantages of satellite image based deteatidrs@gmentation of oil slick is listed as follows.
Economical

Easy way of continuous coastal patrolling

Satellite remote sensing gives early warning ofpills

More coverage area. For example a single Landsatisaimage can cover 185 X 185 km

In most cases, continuous communication irrespedfweather conditions

Greater range and resolution

ok wnE

Fig 1. shows the hazardous environmental effecilafick in ocean.

Fig 1. Effects of Oil Slick in Ocean

The subsequent sections of this work are strudtaefollows. The detailed survey of oil slick deien using
satellite image is explained in section 2.The secthree depicts the concept behind the modifiethéans
clustering. The section four describes the expertaieesults and finally the section six concluttespaper.
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2. Literature Survey

Satellite-based oil slick monitoring by using imageeceived from the ERS-1 satellite is presented in
[11[2][3][4].Nowadays, Landsat, RADARSAT-1 and ENSAT are the providers of satellite SAR images fibr o
spill monitoring. Landsat-5 and RADARSAT-1 wereedgo collect imagery of the Guanabara Bay, Brafigr an

oil spill emergency where a pipeline damaged [3haBuele Angiuli et al. explained a method baseantificial
neural networks for the discrimination, startingnfr SAR imagery, between oil spills and objects WHaok-alikes

on SAR satellite imagery. This method consistshoéé basic steps: (i) detection of dark spots tiverocean, (ii)
computing features or parameters for each dark(silatlick) and (i) using neural network, clasation of the oil
spill [6].

Kolokoussis Polychronis et al. demonstrated thedietn of oil spills and underwater natural oil fmws using
very high resolution multispectral remote sensintages such as Quick Bird, Rapid Eye, WorldView2 and
IKONOS, as well as Landsat TM (high resolution Bi¢éeimages [7]. Alaa Sheta et al., proposed tliespill
detection in SAR satellite imagery based on thriesskegmentation algorithm. In this work, the taskot spill
detection consists of four processes as (i) imadErecement (i) image segmentation (iii) featurgrastion and
(iv) identification of the segmented objects asspills or look-likes [8].

Alli et al., illustrated a system for the detectiohoil spill in ocean based on based on a fuzaytrob filtering
approach. In this approach, membership functiond fuzzy associative memory (FAM) with conventional
multilevel median filter (MLMF) is applied to detethe oil spills in Synthetic Aperture Radar (SARjages [9].
Guo Yue and Wang Xiao Feng presented a oil spibat®mn method based on feature space shape Rigoag
The image is initially segmented to extract twoetypgions of oil spill and looks-like. Then thes@tregions were
analyzed by using different shape characters aodpgng the characters into a new feature space #sal point,
the oil spill area is recognized by Atrtificial NeliNetworks [10]. Olga Nickolaevha Gershenzon etedplained a
method to improve the existing oil spill monitorimgnd surveillance, to make certain SAR data adiprisind
processing and to build up geographic informatiggteams in support of spill response decision makirig

3. Modified K-means clustering for Oil Slick

Unsupervised K-means clustering is an iterativerdtigm used for the clustering of data into num@@rof cluster
based on some characteristics such as color auréexin this simple approach, the clustering isiedrout by
decreasing the distance between the data andritssponding centroid (cluster center). This clustgalgorithm
works at minimizing ambjective function which is shown in (1)

: 2
J =3k Ix - o (1)

The distance calculated between a data pdifiand the cluster centrgs||x? — c]~||2 andc;is the indicator of the
distance of tha data points from their respective cluster centers.

Step 1: Determine the number of clusters and assheneenter of these clusters.

Step 2: choose any random data or the first K olgie¢he initial centroid.

Step 3: Estimate the distance of each object tee¢h&oid by using Euclidean squared distance nmeasu

Step 4: Allocate every object to the cluster grthgi has the least distance i.e., closest centroid

Step 5: Again compute the locations of the K cadgrafter all objects were assigned.

Step 6: Repeat the steps 2-4 till centroids nodomgpove i.e., convergence.

It is essential to bring in a number of changeshim classical k-means clustering algorithm to piteceer the
weaknesses i.e., sensitive to the initial randoselgcted cluster centers and improve the segmentagrformance.
Now consider an image which hiiglata that have to be clustered intoenters. Lek;be thei™ data and;be the™
center with predetermined initial value whére1,2,...N andj = 1,2,...,n. In the modified clustering, the basic idea
of fuzzy logic is incorporated. This modificatioarcbe accomplished using the membership functigives in (2)

1
My = ———— )

ZJS:=1(dik/d.jk)F
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whered;, distance from poink to current cluster is centgrd;,is distance from poirk to other cluster centejsand
g is the fuzziness exponent where the typical vasduk. iAfter specifying the membership for each dtte,fithess
calculation process is performed using (3)

2

F(g) = Ziee;(xi — ¢;) ®3)
The new location for every center is computed ug#)g

=1 X 4
C] /Il]- ZlSc]— Xi ( )

RESULTSAND DISCUSSION

The Deepwater Horizon oil spill or the Gulf of Mea oil spill (explosion and sinking of the DeeperatHorizon
oil rig), began on 20 April 2010 in the Gulf of Mer, which claimed eleven lives is considered as ltrgest
accidental marine oil spill in the history of thetmleum industry. The Deepwater Horizon oil riggdve and after

explosion is illustrated in fig 2. Underwater odrtainment domes originally planned for the Deepwhtorizon oil
spill is depicted in fig 3.
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Fig 3. Underwater oil containment domesoriginally planned for the Deepwater Horizon oil spill

In our approach, the detection and extraction df spill is based on modified k-means clustering.m8o
preprocessing operations i.e., image enhancemenegses are performed on the original satellitesill image

prior to segmentation. These operations includepgmng and smoothening of image details and theovel or

filtering of noise information. Then, the modifigdmeans clustering is performed on the preprocessade to

identify the segmented objects as oil spills okltikes. So, in our work, the task of oil spill éetion consists of
four processes as (i) image enhancement such agesitey, smoothening and filtering (ii) image segta&on

using modified K-Means clustering algorithm (iig&ture or region of interest extraction and (iv® thassification
of the segmented objects as oil spills or lookdike

Fig 4 and 5 shows the segmentation result of thedifferent images of Deepwater Horizon oil spithis modified

k-means clustering based classification is basecbtors. The result (output segmented image) shweva for 2, 3,
4 and 5 clusters (colors). The corresponding restidtbulated in table 1 and 2 respectively.
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Fig 4. The original satelliteimage of deepwater horizon oil spill and the segmentation result for various numbers of clusters. Number of
binsare 10

Table 1.The simulation result of figure4

51 MNo. of | Window | MNo. of | Execution
No Bins Size Cluaster time

1 10 5 2 47361

2 10 5 3 30031

3 10 3 4 2659001

4 10 5 5 388901

Fig5. The original satelliteimage of deepwater horizon oil spill and the segmentation result for various numbersof clusters. Number of
binsare5

Table 2.The simulation result of figure5

gl MNo. of | Window | MNo. of | Execution
Mo EBinz Size Cluster time

1 3 3 2 26337

2 5 5 3 57822

3 5 5 4 106738

4 3 3 3 179733
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CONCLUSION

The automatic detection of oil spills in a satellimage using clustering is proposed. This new agudr for the
detection and extraction of oil spill is based &t tmodified k-means clustering algorithm. This cobased
algorithm produced very good results for classtfta of the segmented objects as oil spills or Kik&s. The
computational cost (execution time) also very lascompared to other methods. The result of thpgsexd work
can be improved by the combination of hill climbialgorithm and modified k-means clustering algamthn this
combined approach, the hill climbing algorithm itlfes the initial number of clusters or seeds. S§&hseeds are
given to the modified K-Means clustering algoritfon the segmentation.
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