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Abstract: RADARSAT data have a potential role for coastal pollution monitoring. This study presents a new approach to detect and
forecast oil slick trajectory mavements. The ail slick trajectery movements is based on the tidal current effects and Fay’ s algorithm fer oft
slick spreading mechanisms. The oil spill trajectory model contains the integration between Doppler frequency shift model and Lagrangtan
model. Doppler frequency shift model implemented to simulate tidal current pattern from RADARSAT data while the Lagrangian model used
to predict oil spill spreading pattern, The classical Fay’ s algorithm was implemented with the two models to simulate the oil spitl trajectory
movements .

The study shows that the slick lengths are effected by tidal current V component with maximum velocity of 1.4 m/s. This indicates that
oil slick trajectory path is moved lowards the north direction. The oil slick parcels are accurnulated along the coastline after 48 h, The

analysis indicated that tidal current V components were the dominant forcing for oil slick spreading.
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Introduction

Marine oil pollution and its impact on marine ecosystems is 4 great
matler along the coastal waters. An excellent understanding of the il
slick spreading mechanisms will be more useful io marine environmental
protection. To avoid a great oil pollution ¢risis along the coastal waters,
the radar remote sensing could be good tool for detecting and controlling
oil slick spreading. Syuthetic Aperture Radar(SAR) data have a
significant role in remole sensing based slick detection. SAR data are
depicted excellent results for il apill detection. According 1o Bern et al .
(Bern, 1992) the visibility concept of the oil slick in SAR imuge
function of the reduced radar backscatter fram the surface. The oil spills
appear as dark patches on SAR imaged. The hackscatter is funetion om
the wind speed. There are several assumptions for vil slick detection.
These assumptions include that: (1) the higher probability for the
occurrence of oil spill can be observed close to bright object in SAR
image . The bright objeet could be ship or platform; (2) the il spill can
be vbserved in SAR image by the discrimination with the swrreundings
sea. The heterogeneous surroundings mean that the oil slick spots are
separated from the surroundings based on contrast( Wahl, 1993; Anne,
1999) .

There are several studies have been carried altention to the wind
effects on imagine oil slick by SAR. The different pattern of wind speeds
probably create spatial variation of radar backscaiter along the image. It
was found that there is no backscatter from undisturbed sea sutface with 0
m/s of wind speed, hence there is no signature of oil slicks. The wind
speed of 3 m/s induces the slightly roughened sea surface. N seems that
there is no impact from the wind on the oil slick. This provides an area
of local low wind appears as dark patches. This dark patches may be
interpreted as oi] slick look-alikes. Researchers have agreed that oil spill
will be visible in SAR images with wind speed lager than 3 mfs. As the
matter of fact, the combination of oil spill dispersion will be function of
the oil tvpe, wave hreaking, and velocity bunching. Velocity bunching
15 primarily a wave height and wave period driven mechanisms. In

general, oil slick can be visihle in SAR images with dark spot at wind

speed higher than 7 m/s, while look-alikes are visible at wind speed 3
m/s ( Wesiteen, 1993; Hovland, 1994; Wahl, 1993; Anne, 1999;
Benelli, 1999; Maged, 2000) .

However, the full potential ecapacity of SAR application to coastal
pollution studies has not been implemented yet. There are no many
studies have been used SAR for oil slick trajectory monitoring. This is
because of the fact that an excellemt understanding to the oil sfick
trajectory is important for early warning and contingeney plan. It can not
be ignored the classieal methods for oil slick trajectory model. These
¢lassical methods can be used as basic tool for improvement of SAR il
slick trajectory model. The most widely used spreading lormula is
Mackay’ s algorithm. In Mackay ’ s algorithm{Mackay, 1980}, two
expressions are used for the spreading of the thick and the total arez of
thick and thin slicks. For the thick slick, spreading consists of two
parts, one a loss of area due to oil flowing from thick to thin slicks and
second corresponding to Fay ' s algorithm. Fay’s algorithm detects the
change of area of the thick slick per time. These spreading mechanists
are function on the change of surfare current movements.

The main objective of this study is to forecast the oil slick spreading

along the coastal water of Malucea Straits,

1 Methodology

1.1 SAR image

SAR image was used in this study was the RADARSAT. The
RADARSAT data were acquired at 26 October 1997 . According to Mohd
et al . (Mohd, 1999) oil spills occurred on 26 October 1997 due to
collision between Iwo ships, i.e. MT Orapin Global and MV Evoikos in
Singapore . Mohd et al . (Mohd, 1999) reported that this collision caused
25000 tones of ¢rude vil to be spilled into the sea.

This RADARSAT standurd mode with C,;; hand which covered the
Malacca Straits between 102°16" E to 103°48° E and 1°16'N t0 2°13° N.
The processing of the RADARSAT standard mode image is shown in Fig.
1. The processing consists on two parts. The first part involves with the
automatic detection of oil slicks by utilizing of the textural algorithms and

applying modeling the tidal current component velocities by Doppler
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frequency models. The second part involves the effect of tidal currem

velocities on tracking the oil slick trajectory path.

-==| RADARSAT data
Tidal current p_a_ll_em Texture algorithms
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Fig.1 Block diagram of oil slick trajectory model

1.2 Oil slick detection model

The automatic detection of oil slick was done by using entropy
algorithm . Fniropy algorithm is one of texture algorithms which based on
co-occurrence matrix { Haralick, 1979) . The aim of this method is ko
characterize the stochastic properties of the spatial distribution of gray
level in an image. Furthermore, the co-occurrence matrix depends not
only on the spatial relationships of gray level hut also on regional
intensity background variation within the image. Texture analysis can be
hased on criteria derived from these co-occurrence matrices of local
image variation{ Milan, 1993).

Arcording to Haralick( Haralick, 1979), Soren and Curtis( Soren,
1996) the window size of 7 x 7 gives more details on an image. As the
window, size is used for pmduring the co-oceurrence matrix for each
nput pixel. Spatial parameter is specified the relationship for a pixel 10
is neighbor to define the direction and distance for lexture analysis.
Local entropy texture algorithm derived from the first-order histogram of a

100 x 100 window is given as follows.
5

Entropy = — EEP(i)p(j)lnLP(i)p(j”. (1)

i=0 i=0

Entropy is a measure of the amount of disorder. The greater the
noise in the window, the higher the entropy value{ Arai, 1991).
1.3 Modeling of truth current movement from tidal data
Due to the difficulties to obtained any real current measurements
during the RADARSAT passing over the coastal waters of Malacca
Straits, the tidal data were used to simulate the current water
components. Then, the tidal current components were simulated from
M, and its over-tide S, and assuming a rectilinear current, the speed
cdn express as
U(t) = w'eosot + u'ycos(20t — 3); (2)
V(e) = u'sinot + u'ysim(201 - 387, (3}
where &', w, are the amplitude of the M, and S, , respectively, g is the

angular frequency of M, and B is the phase of §, relative to M, ., which

is %(Hadi, 1996) . The tidal current velocity can he divided into its x

and ¥ components as: (/= Ui(e) + V().
1.4 Doppler frequency model for current pattern simulation

The azimuth velocity component of surface current is modeled by
estimating its displacement vector. The Doppler spectrum of the range
compressed RADARSAT raw data is modeled by performing a fast Fourier
transform{ FFT) in azimuth direction. The current velocity for each pixel
is divided into azimuth and range velocity. The azimuth velocity
component of current movement is obtained by using a block-malching
algorithm . The block-matching algorithm was performed to determine the
best match between blocks in two successive windows. The difference of

the positions in two windows is considered as the displacement vector

{ Martian, 1997). Then, the azimuth component can be determined [rom

the displacement vector Ax . It can be given by

2Ax8x0, y *F
oo 1- ,

R (4)
where 8x is the pixel spacing in the azimuth direction, v, is the platform
velocity, v,, and A denote the earrier wavelength and antenna speed in
azimuth direction x, £, are the look center frequency which estimated
from Fourier transform, and R, is the slant range. The current speed in
the range direction has a different form. Using the Lagrangian
interpolation from the four surrounding grid nedes{ Fig. 2) derives the
tidal current in azimuth direction and range direction, which modulated
by sea truth data. The tidal current in azimuth and range direction,

respectively can be given by
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Fig.2 Sketeh of tidal current detection by using Lagrangian model

1.5 Oil slick spreading model from RADARSAT
The il slick was assumed 1o spread as an ellipse with the major
axis in azimuth direction{ Fig. 3), and minor axis in range direction.

According to Lardner et al . (Lardner, 1988}, the area of the ellipse is

4 - (%)EE (6)

where E.E, is the major and minor axis in the azimuth and range
direction respectively. In order to estimate the value of major and minor
axis, we are developed the algorithm as given by Lardner et al., 1988
to appropriate with RADARSAT image:

2v,00, ] FAR: ] e
- 0.75 3 .
AfAR, 22,

AE, = AE, + CV'"7 (7)

Fq.(7) shows that the major axis of oil slick spreading can be
based on the time variation along the azimuth direction. This time
variation is function of Doppler frequency shift f; and the velocity of oil
slick along the azimuth direction (v, }, and current velocity V., in
azimuth direction.

The displacement along the range direction, AE, can given by

v, sin¥R;
) .

(8)

i 2 ¥

AE, = €, [

The spreading displacement of an oil parlicle at the acimuth and

range direction { x, y) during a time dt can he given by

dx = S.dt, (9
(]_}' = S_‘dt, (10)
E'E &+ EXE ¥
‘here § = L 11}
where EE(ESY + Ex) (
£, = dF, /dt. (11.1}
E'. = dE /dr, {11.2)

¥

1.6 Trajectory model from RADARSAT
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Fig.3 Elliptical spreading of oil slick

Once the tidal current velocities and the rate of spreading are
modeled from RADARSAT image, it is easy to establish the trajectory
model of oil slick. The parcel of oil slicks is divided into a large number
of Lagrange parcels of equal size. At each time step, each parcel is
given a diffusive and a convective displacement as follows. We assumed
that the initial position(x,, ¥} of spreading S{t), in position of the ith
parcel and the first guess position of oil slick spreading is S' (¢ +
dt),,, . The velocity vectors are linearly interpolated in both space and
time. The first guess position can be given by

S (e + Adyy = S(e), + [V(S.0)],, 4, (12)
and final position can given hy
SCe+ At)yy,; =8(e), ., +0.5[V(S,1) +
V(S .t + A ., A (13)

Trajectories are terminated if they exit the model down to the water

depth, but the advection continues along the surface. The integration

time step At can vary during the simulation,

2 Results and discussion

The heavy dark spots are extended along the coastal water of
Malacea Straits. These dark spots cover area with approximately 300 km
(Fig.4). The RADARSAT image also shows a speckle noises. This
considers as the main problem in SAR data due to the constructive and
destructive interference of coherent electromagnetic radiation. This is
known as fading. The results of fading are manifested in SAR image as
speckle . This is visually recognized as increased frequency light and dark
pixels in what should be a restively homogenous grey level field( Ulaby,
1986 .

Fig.4 RADARSAT raw data

The dark oil slick spots are isolated from the surrounding sea
waters( Fig. 5) . This result is the output of utilizing of entropy. This

could be attributed to that entropy is a measure of uniformity in the

image. Entropy measures the lack of spatial organization inside the oil
slick region. Entropy inside the oil slick area is low when the texture of
oil slick is smoother and more homogenous. Oil slick regions are

represented by low entropies.
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Fig.5 Output of entropy algorithm

Fig.6a shows that the simulated current velocity from RADARSAT
image and Fig.6b shows that the simulated tidal current from tidal table
during the RADARSAT pass over the coastal waters of Malacca Straits.

Fig.6  Tidal current velocity modeled from RADARSATT image (b) tidal
current velocity simulated form ground and RADSRSAT data
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The dominated cinrent direction were towards the north direction with
maximum current velocity of 1.2 m/s. This indicates that the sirong
current flow was in azimuath direction ( Fig. 6 ). Fig. 7 shows a good
correlation between simulated tidal current from RADARSAT image and
ground data. The maximum velocity of M, is observed in the center away
from the Singapore Straits. Tt is obvious that the M, is moved on an
elliptical pattern{ Fig.6a} . This is due to the high effects of semi-diurnal
tide on the water movements. The maximum M, speed was 1.4 m/s
(Fig. 7).
RADARSAT data.

which approximately agreed with one simulated from
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The tidal current direction tends to move along the azimuth
direction. 'this may be because of that the M, tidal wave behaves like a
standing wave. According to Azmy et al . { Azmy, 1992) the standing
wave in the Malacca Straits is generated by two progressive waves
traveling in opposite directions.

The effects of tidal current components on il spills pattern can be
observed from Figs. 8 and 9. 1t is obvious that the V components have
gO()d effectls on oil spillﬁ ]englh than &/ components . H()wever. {
components have good effects on oil spills width compared to V
components. It can explain that due to the effects of V components. the
oil spills tend to move towards the north direction. This means that the
spreading of oil spills towards the west coast of Malaysia will be
accelerated by I/ components effects.

it can be said that the oil spills movement on Malacca Straits s
effected by the two tidal current components, & and V. This means that
the spreading of oil spills towards the north could be faster due 1o the
highest value of ¥V components. It will be slower towards the west coast
of Malaysia due to the lowest value of U components. This may be
explained the larger length of oil spills as shown in Fig.5.

Fig.10a shows the simulated oil slick parcels at the same time of
RADARSAT pass Fig. 10b shows that 15% of oil spill parcels were
depnsikﬂd a](mg the coastal waters of Johor Baru and 85% of oil parnﬂ]s
are still moving towards the azimuth direction. This occurs with 24 h.
With 48 h 85% of oil parcels are deposited along the north coastline of
western Peninsular Malaysia. This is because of the fact that the strongest
¥ tidal current components in azimuth direction induced a high
deposition of il slick parcels in the same direction. The U tidal current

components will assist 1o move the oil slick parcels towards the coastline .
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These results are agreed with the results of Figs. 8 and 9.

The results are not similar to Mohd et el . (Mohd, 1999) . This is
because that Mohd et al . ( Mohd, 1999) assumed that the movement of
oil spills based on convective-dispersive transport. The convective -
dispersive transport required the depth aversged oil concentration, the
dispersion coefficients, and vertical and horizontal velocity depth. Mohd
et al., { Mohd, 1999}
RADARSAT image. The study of Mohd et al ., { Mohd, 1999) hus not

could not be identified these items form
been shown any current velocities eollected or modeled along the column
water. Meanwhile, the oil spills pattern simulated by Mohd et af.,
{Mohd, 1999} have just heen shown that the oil slick movement
direction was towards the northwest direction, which is in agreement with

the results of present study.
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Fig. 10 Results of oil slick trajectory movements

3 Conclusions

In conclusion, RADARSAT HH polarization image could be used as
good tool for oil spill trajectory movements forecasting. This could be
attributed to RADARSAT data which can model the current movement
and easy detection of oil slick area by using entropy texture algorithms.
The development of Fay’s algorithm by using Doppler frequency shift
model will assist for oil slick forecasting. The oil slick length ranged from
2 km to 300 km and oil slick width ranged from 50 m to 225 m. The
spreading of oil parcels are noticed along the azimuth direction. This due
to the effect of the tidal current V components which propagated along
the azimuth direction with maximum speed of 1.4 m/s. The oil slick

parcels approached the coastal water along the range direction within

48 h.
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