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ABSTRACT:

The marine oil spill is a sudden event, and the airborne hyperspectral means to detect the oil spill is an important part of the rapid
response. Sun glint, the specular reflection of sun light from water surface to sensor, is inevitable due to the limitation of observation
geometry, which makes so much bright glint in image that it is difficult to extract oil spill feature information from the remote
sensing data. This paper takes AISA+ airborne hyperspectral oil spill image as data source, using multi-scale wavelet transform,
enhanced Lee filter, enhanced Frost filter and mean filter method for sea surface glint suppression of images. And then the classical
SVM method is used for the oil spill information detection, and oil spill information distribution map obtained by human-computer
interactive interpretation is used to verify the accuracy of oil spill detection. The results show that the above methods can effectively
suppress the sea surface glints and improve the accuracy of oil spill detection. The enhanced Lee filter method has the highest
detection accuracy of 88.28%, which is 12.2% higher than that of the original image.

1. INTRODUCTION

With the development of maritime transport industry, the
accidents of oil spill frequently occur at sea. Oil spill is a
serious marine accident that pollute the marine ecological
environment. In June 2011, a serious oil spill accident
happened in Penglai 19-3 oil field located in China Bohai Sea,
which belongs to ConocoPhillips China. The total oil spill
volume reached more than 7 thousand tons, and the polluted
sea area was about 6200 square kilometers. The accident
caused serious harm to the marine ecological environment and
biological resources of Bohai Sea, causing great losses to
fishermen in three provinces and one city such as Hebei,
Liaoning, Shandong and Tianjin. The compensation for oil spill
accident achieved 1.683 billion Yuan.

Hyperspectral image has the characteristics of numerous bands,
high resolution, abundant information. Compared with the
multispectral image, the detail information of hyperspectral
image is especially outstanding, which can better distinguish
the difference between seawater and oil film. It is beneficial to
obtain more realistic and objective oil spill data, and to
improve the ability of detecting and recognizing oil spill
through the subdivision of spectral bands(Li, 1996). Marine oil
spill is usually far away from the mainland. Timely information
is fundamental to reduce the impact of oil spill (Casciello et al.,
2011). Aviation and satellite remote sensing are effective
means for monitoring this area. Airborne hyperspectral can
react quickly to emergencies and has incomparable advantages
in finding oil spills in time. In general, the sea surface can be
regarded as an undulating surface composed of numerous
smooth small surfaces, and a specular reflection will occur
when the sunlight reaches the sea surface (Chen et al., 2009;
Mao et al., 1996). For airborne remote sensing, due to the
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limitation of observation geometry, the sun glint entering the
sensor are very severe and inevitable when the airplane head
for the direction of the sun, which makes so much bright glint
in image that it is difficult to extract oil spill feature
information from the remote sensing data (Mustard et al., 2001).
Therefore, methods of sea surface glint suppression for image
processing should be paid more attention. At present, many
studies have established the corresponding relationship
between the visible and near infrared bands through regression
analysis to eliminate sea surface glint (Goodman et al., 2008;
Hedlry et al., 2005; Hochberg et al., 2003; Kutser et al., 2009;
Lyzenga et al., 2006). However, studies on sea surface glint
suppression for airborne hyperspectral data are rare.

This paper takes AISA+ airborne hyperspectral oil spill image
as data source, using multi-scale wavelet transform, enhanced
Lee filter, enhanced Frost filter and mean filter method for sea
surface glint suppression of images. And then the classical
SVM method is used for the oil spill information detection, and
oil spill information distribution map obtained by human-
computer interactive interpretation is used to verify the
accuracy of oil spill detection.

2. DATA AND METHOD
2.1 Data

The AISA + airborne hyperspectral oil spill image used in this
paper was acquired by China Marine Surveillance North Sea
Auviation detachment on August 23, 2011 in the Penglai 19-3 C
platform (Figure 1). The AISA + image has 258 bands, its
wavelength of spectral bands range from 400 nm to 970 nm,
and spectral resolution is 2.9 nm, therefore, it has the ability to
distinguish differences in characteristics of sea water and oil
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film. In order to validate the accuracy of oil spill detection, the
field aerial photo and the oil spill interpretation map obtained
by human-computer interactive method is used in this paper for
validation (Figure 2).

Figure 2. The field aerial photo and validation map (black is
oil film, gray is seawater, and white is working ship and
platform)

2.2 Methods for Glint Suppression

The brightness of the sun glint shows a regional change in the
image. In order to eliminate the influence of the sun glint on
the detection of the oil spill information. This paper used sea
surface glint suppression methods (Figure 3), such as the multi-
scale wavelet transform, enhanced Lee filter, enhanced Frost
filter and mean filter, to process sun glint noise in the AISA+
airborne hyperspectral remote sensing image.

Wavelet transform, a new transform analysis method, inherits
and develops the idea of short time Fourier transform
localization, and overcomes the disadvantage of window size
not vary with frequency. Its main feature as follows: (1)
Wavelet decomposition can cover the whole frequency domain.
(2) It can greatly reduce or remove the correlation between
different feature through selecting suitable filter. (3) Wavelet
transform has the "zoom" feature, which can fully highlight the
characteristics of some aspects of the problem through the
transformation, and can analyze locally the time (space)
frequency. The signal (function) is gradually multi-scale
refined by the telescopic translation operation so that any detail
of the signal can be focused. The processed images of 1-level,
2-level, 3-level and 4-level wavelet transform are shown in
Figure 3(a)-(d).

Enhanced Lee filter is a typical method of image speckle
filtering based on local statistical characteristics of images. Its
principle is based on the fully developed speckle noise model,
selecting a certain size window as a local area, calculating its
mean and variance so as to achieve the effect of image
denoising. The mathematical expression of the filter is as
follows:
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Where R = pixel gray value after denoise
W = weighting function
o local standard deviation

ij
9; ,6” = original gray value, average gray value of each
pixel in the calculation window, respectively
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Enhanced Frost filter, a equalization filter, circulates with
damping index based on local statistical characteristics of
images, which can denoise according to the variance coefficient
calculated in the filter window, and it can better maintain
details in the image. The mathematical expression of the filter
is as follows:
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Where R = pixel gray value after denoise
M i = weight index of each corresponding pixel

9; ,5” = original gray value, average gray value of each

pixel in the calculation window, respectively
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L =imaging number of looks

Median filter is a nonlinear processing method to remove noise,
which assumes that the signal has an extreme value, that is, the
noise is a maximum or a minimum in a smooth window.
Median filter takes the median of all pixels in the smooth
region as the center pixel value of the smooth region. It can
preserve the edge information of the image while denoising.
The mathematical expression of the filter is as follows:

R =med(DN;) (3)

Where R = gray value of central pixel after denoise
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DNi'j = gray value of each pixel after rearrangement
in the smooth window

Enetes

(@) original image (b) 1-level wavelet transform

(c) 2-level wavelet transform (d) 3-level wavelet transform

(e) 4-level wavelet transform (f) enhanced Lee filter

(h) Median filter

(g> enhanced Frost filter
Figure 3. Different methods of sun glint suppression

2.3 Classification Method

SVM, an excellent classification method, has two main
characteristics: (1) SVM is well applied for linear separation
situation. For other ’ s situation, SVM transform low-
dimension input space and linear inseparable sample into high
dimensional feature space by using nonlinear algorithm. (2)
Based on Structural Risk Minimization Theory, SVM

constructs optimal segmentation hyperplane in the feature
space.

3. RESULTS AND ANALYSIS
3.1 Detection Results
The above methods are used to suppress the sun glint, and the

oil spill information detection is conducted by the classical
SVM method. The detection results are shown in Figure 4.

(a) original image

(b) 1-level wavelet transform

(c) 2-level wavelet transform (d) 3-level wavelet
transform

:z«-

(e) 4-level wavelet transform (f) enhanced Lee filter

(h) Median filter

(g enhanced Frost filter

Figure 4. SVM detection results of different sun glint
suppression method (black is oil film, gray is seawater, and
white is working ship and platform)
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3.2 Accuracy Evaluation

Based on statistical results(Table 1) of the confusion matrix,
using three indicators to evaluate the accuracy: The

classification accuracy for all types was evaluated by the
overall classification accuracy and kappa coefficient ; the
classification accuracy for each type of feature was evaluated
by producer accuracy .

Types Original  1-level 2-level 3-level 4-level Enhanced Enhanced Median
image wavelet  wavelet wavelet  wavelet Frost filter Lee filter filter
Oil film 76.08 77.21 79.11 82.88 81.48 86.64 88.28 84.35
Water 90.07 90.47 90.35 89.06 89.91 92.73 92.39 91.90
Ship and platform  89.23 91.87 92.09 92.16 90.27 92.93 94.35 92.82
Overall accuracy 84.69 85.75 86.80 88.96 87.32 90.62 92.78 89.98
Kappa 0.7371  0.7377  0.7406  0.7775 0.7525 0.8401 0.8514 0.8080

Table 1. SVM detection accuracy of different flare suppression method (%)

Table 1 shows the accuracy of SVM method for oil spill
detection based on the original AISA+ airborne hyperspectral
remote sensing image is 76.08%, Kappa coefficient is 0.7371,
and oil spill detection accuracy are improved after sea surface
glint suppression. Among them, enhanced Lee filter method
has the highest accuracy of 88.28%, which is 12.2% higher
than that of the original image, the reason is that enhanced Lee
filter is constructed according to the principle of different
filters were applied in different regions of the image. For
homogeneous regions, the noise can be smoothed simply with
mean filter. For heterogeneous regions, Lee filters applied to
preserve texture information when noise is removed. At the
same time, enhanced Lee filter method has the highest Kappa
coefficient of 0.8514, which is 0.1143 higher than that of the
original image, it shows that the evaluators have good
consistency and the classification results are better, which
reflects that the Lee filter method can effectively suppress sea
surface glint. It is followed by enhanced Frost filter method and
median filter method, with oil spill detection accuracy of
86.64% and 84.35%, respectively. Because of the shadow of
the platform is identified as an oil film by both of two methods,
the detection accuracy of the two is lower than that of the
enhanced Lee filter. For the different scale wavelet transform,
the 3-level wavelet transform has the highest oil spill detection
accuracy, reaching 82.88%, which is 5.67% higher than that of
the 1- level wavelet transform. With the increase of the wavelet
transform level, the detection accuracy first increases and then
decreases. This is because the edge details of the working ship
and platform are blurred. In the 4 level wavelet transform, the
image quality is drop obviously, and the details information is
lost.

4. CONCLUSIONS

Oil spill is a serious marine accident that pollute the marine
ecological environment. Sun glint is inevitable due to the
limitation of observation geometry, which makes so much
bright glint in image that it is difficult to extract oil spill feature
information from the remote sensing data. This paper takes
AISA+ airborne hyperspectral oil spill image as data source,
using multi-scale wavelet transform, enhanced Lee filter,
enhanced Frost filter and mean filter method for sea surface
glint suppression of images. And then the classical SVM
method is used for the oil spill information detection, and oil
spill information distribution map obtained by human-
computer interactive interpretation is used to verify the
accuracy of oil spill detection. The accuracy of SVM method
for oil spill detection based on the original AISA+ airborne
hyperspectral remote sensing image is 76.08%, Kappa
coefficient is 0.7371. The enhanced Lee filter method has the

highest detection accuracy of 88.28%, which is 12.2% higher
than that of the original image. It is followed by enhanced Frost
filter method and median filter method, with oil spill detection
accuracy of 86.64% and 84.35%, respectively. For the different
scale wavelet transform, the 3-level wavelet transform has the
highest oil spill detection accuracy, reaching 82.88%, which is
5.67% higher than that of the 1- level wavelet transform. The
results indicate that the sea surface glint in the image seriously
affects the oil spill detection. The above method can effectively
suppress the sun glint information and improve the accuracy of
oil spill hyperspectral detection.
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