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ABSTRACT

Using satellite images for monitoring oceanic surface has become popular recently. One of the striking
feature can be detected from satellite image is the anomalous phenomenon on oceanic surface. In general, it
is easy to observe the diversified anomalies, caused by abrupt change of the reflectance on oceanic surface,
on the optical satellite images. Among them, the anomaly caused by the pollution of oil spill or discharge of
waste water is commonly observed. In this study, a multi-scale detection technique for studying anomaly on
oceanic surface from optical satellite image is proposed. The study uses a RX algorithm at first to measure
the degree of anomaly for each image pixel. Next, a series of Laplace of Gaussian operators at different scale
are applied to extract the possible anomalous patches in different size. Finally, a threshold from the
cumulative distribution of the RX algorithm’s output is used to extract final anomalous patches. Experiment
results show that the proposed method can extract striking anomalous patches at offshore or open water areas

in different optical satellite images.
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1. INTRODUCTION

The radiant intensity at optical sensor is
directly related to the reflectance of target. For
anomalous targets on ocean surface, their
reflectance usually varies a lot with respect the
background. Therefore, the anomalous phenomena
on ocean surface can be easily distinguished in
optical sensors. In general, the causes to form
different kinds of anomalies are diverse. The most
common example is the anomaly causes by the
pollution of oil spill (Brown and Fingas, 2001) or
discharge of waste water (Keeler et al., 2005).
Theoretically, it is not difficult to develop an
algorithm to extract those kinds of anomalies from
images acquired from optical sensors. In fact, the
reflectance responses for ocean surface and its
related phenomena generally tend to be very low.
This effect makes anomalies on ocean surface be
affected by noise very easily. Especially for those
anomalies have reflectance much lower than normal
sea water. Consequently, it is not possible to set a
clear threshold to extract anomalies form
background.

2. METHODOLOGY

In this study, a multi-scale detection technique
for anomaly on ocean surface from optical satellite
image is proposed. The method can be divided into
three sections: (1) A RX algorithm (Reed and Yu,

1990) is used at beginning to measure the degree of
anomaly for each image pixel from multi-spectral
satellite image. (2) For reducing the effect of noise,
a series of Laplace of Gaussian operators (Pratt,
1991) at different scale are applied to extract the
possible anomalous patches in different size. (3) A
threshold from the cumulative distribution of the
RX algorithm’s output is used to extract final
anomalous patches.

2.1 Measuring the degree of anomaly using RX
algorithm

The RX algorithm shown in equation (1)
actually is no more than a method to retrieve the
normalized spectral distance for each pixel from
multi-spectral image with respect to image mean.

Srxo(F) :(r_ﬂ)T Klj,_(l’—,u) (1)

where
K : Covariance matrix of source image.
r: Spectral vector of each pixel.
w : Image mean.

Originally, RX algorithm is also a method
used to extract anomaly from remotely sensed
images (Chang and Heinz, 2000). However, the
most important assumption for using this algorithm
is that the amount of anomalies should much less
than the background. In fact, this assumption may
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not be hold because we actually do not know how
much less is the anomalies. In addition, a clear
threshold has to be set in this algorithm. This is also
not practical for the noisy nature of out data.

2.2 Filtering possible anomalous patches using
Laplace of Gaussian operation

Generally speaking, the anomalies are the
areas that greater than mean value in normalized
distance image. On the other hand, the convex areas
of normalized distance image may be potential
areas of anomalies. For the purpose to detect
convex areas, a second order derivative operator
“Laplace of Gaussian” is introduced.

In fact, Laplace of Gaussian is the Laplace of a
Gaussian smooth operator. Equation (2) is a 2
dimensional Gaussian smooth operator with
standard deviation “s”. Equation (3) is the Laplace
of Gaussian operator. Fig. 1 illustrates the pattern of
Laplace of Gaussian operator.
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Fig. 1: The pattern of Laplace of Gaussian operator

Different scale of Laplace of Gaussian
operator can be acquired by adjusting “s”
parameters. The larger of “s” is used, the more
smooth effect is achieved. Therefore, convex areas
in different scales can be acquired by following
procedure:
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2.2.1.1 Convolving the normalized distance image
with different scale of Laplace of Gaussian
operator.

2.2.1.2 Taking positive part of the convolution
output.

The following step in this section is to
integrate those convex areas in different scales. In
this study, we simply use “OR” operation to
combine the entire convolution outputs at each
scale. The reason that allows us to do this is the
convex area in larger scale can always include the
convex area in smaller scale. Therefore, after we
use “OR” operation to combine all scale’s
convolution outputs, the convex areas comes from
different scales will be merged together.

2.3 Extracting anomalous patches using threshold

The convex areas in different scales acquired
in last section are only potential anomalies. To
finally conclude a convex area is an anomaly, we
need to check the mean of normalized distance for
all pixels in this patch. The selection of threshold
used for assessing a patch is based on the
cumulative distribution function of normalized
distance. In this study, the threshold is set to the
value that corresponding to 90% of cumulative
distribution. A patch will be concluded as an
anomaly if the patch mean is greater than threshold.

3 EXPERIMENTAL RESULTS

In this study, two experiments containing
different characteristic of anomalies are test.

3.1 Case 1

In this case, the source image is SPOT-5
multi-spectral image. The image acquisition date
was on 03/30/2006. The location is in south of
Chinese Taipei. Fig. 2 shows the test image for this
case. Notice that the anomalies in this dataset are
darker than the background. Fig. 3 is the extracted
anomalies using proposed scheme.
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3.2 Case 2

In this case, the source image is also SPOT-5
multi-spectral image. The image acquisition date
was on 07/18/2007. The location is in north of
Chinese Taipei. Fig 4 shows the test image for this
case. Notice that the anomalies in this dataset are
brighter than the background. Fig. 5 is the extracted
anomalies using proposed scheme.
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Fig. 2: The test image for case 1, (a) source image
and study area for this case, (b) enlarged
and enhanced image of study area.

Fig. 4: The test image for case 2, (a) source image
and study area for this case, (b) enlarged
and enhanced image of study area.
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Fig. 3: The extracted anomalies overlay on source Fig. 5: The extracted anomalies overlay on source
image image
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4. CONCLUSIONS

On ocean surface, the proposed scheme can
successfully extract different kinds of anomalies
using optical satellite images. Using RXD to
retrieve normalized spectral distance enables that
various kinds of anomalies can be extracted at the
same time. With multi-scale Laplace of Gaussian
operator, the noise is effectively reduced and the
anomaly in different size can be separated to its
corresponding scales for further processing.

The anomalies in larger scale tend to have a
smoother boundary because of the stronger smooth
effect introduced by large scale Laplace of Gaussian
operator. Such problem may be solved by setting up
a buffer zone along the boundary and using the
anomalies detected in a smaller scale to replace
those in this zone. This procedure can be used
iteratively until the smallest scale is reached. The
only fixed threshold used in proposed scheme is the
normalized distance value at 90% of the cumulative
distribution. A more adaptive way for estimating
this threshold should be carried out to relax this
limitation in future researches.
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Simulation of Spilled Oil in Seribu Islands Waters
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SIMULATION OF SPILLED OIL IN SERIBU GOVERNING EQUATIONS
ISLANDS WATERS

Continuity Equation:
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TRAJECTORY EQU

Trajectory Equation Caused by Wind and Current
XPWim,n)" " = XPW(m.n)' + At(uf™ + 003 1, +(u-0.5)Pu)

YPW(m,n)' ' = YPW(m.n)' + At yi ™+ 003y, +(u-0.5)Py)

1. To Develop Oil Spill Model For Seribu Islands Waters —

North Of Jakarta. A. WIND DATA

B. BATHYMETRY AND GIS DATA

2. To Use The Model to Predict The Movement of Spilled

0il from il Field in the North Of Seribu Islands. G SAIEEIELHAGE
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Current Cireulation Pattarn During Flood Neap
Tida (February 2006)

Current Circulation Pattern During Flsod Spring Tid
(February 2006)

Tanjung Priuk Thiel Stetion Verification of the model with WX TIDE

OIL FIELD IN THE NORTH OF SERIDU ISLANDS

WATHYMETEY O SRIB TELANG ANG ITS SUBRCUNDING WATERS

A. Simulation Based on CNOOC SES Ltd Report in February 2006,
B. Simulation Based on Interpretation of Satellite Image.

€. Trace Back Simulation Based on Spilled Oil Found in The Islands {Seasonal
Variation).

D. Simulation Based on Observed Hourly Wind Data at CBU Station.

Scattered il Spill based on satelite
From 3 b 27 Fabrsari 2006 (BMT.
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1V. CONCLUSION

1. Oil Spill Model Develop in The Study Show Good

Capability of Simulating 0il Spill Trajectory in Seribu
Islands Water.

2. 0il Platform Situated in the North of Seribu Islands are
Potential threat for Oil Pollution in Seribu Islands.

3. Local Government of Seribu Islands Should Develop
Mitigation Plan to Reduce the Risk of 0il Pollution in
Seribu Islands in The Future.
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