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ABSTRACT: This paper presents a simple and effective approach for target detection in sea images. In this regard, three
renowned detection methods which are SVM, edge and corner detectors have implemented. They have been applied on an
image independently, and then a combination between detected points have been made by sliding a 20×20 matrix. To
decrease the false positives and to increase the efficiency of final detection results, connected component labelling has been
applied to the output of each detector to eliminate small connected components. Testing the proposed method on two different
databases of sea target images shows its efficiency in target detection.
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1. Introduction

Sea target detection methods through image processing, based on the type of images that have been used, are divided into four
categories:

a) RADAR images

b) IR images

c) Satellite images

d) Visible images

Of which the first and most considered one concerns the sea target detection based on radar imagery. The radar system is
essential for detecting in adverse weather conditions such as fog, raining, snowing, etc [1]. Two significant kinds of radar
images are SAR and ISAR images. Inverse synthetic aperture radar (ISAR) is an imaging technique which is used to produce
medium/high resolution images (metric or sub-metric) of naval, aerial or ground targets. Most of researches in this area deal with
radar imaging techniques rather than image processing techniques. One of the most considered parts of radar imagery are the
SAR images. At present, there are two modes to detect ships in SAR images. One is a direct mode, detecting ships directly. The
other is an indirect mode. That is, it first detects ship wakes, and then seeks ships around the wakes. In the direct mode, there
are a lot of methods to detect ships, such as adaptive threshold way [2] [3], probability neural network (PNN) model method [4],
double parameter constant false-alarm ratio (CFAR) detection method [4], [5], and fractal detection algorithm [6]. Ship wakes
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detection methods mainly include Radon transform, Hough transform, mathematical morphology and wavelet analysis [7].
However, the wake of a slowly moving or nearly stationary ship is unlikely identifiable in a SAR image [8]. All the SAR-based
methods expend largely but they have two serious drawbacks:

a) They can only obtain target points, which cannot be used to recognize the targets.

b) There are targets that are invisible to radar like wooden boats.

The second group consists of detection methods based on IR images. The RADAR images are often undesirable for military
applications because they reveal the location of the imaging system. So, researchers explored visible and infrared images of
ships which are generally more consistent than RADAR images and for which it is easier to compensate for environmental
effects [9]. The infrared system is employed to enhance vision in weak light conditions. To extract semantic objects from a scene,
an a priori knowledge of the image type and object characteristics is necessary. The a priori knowledge for the infrared image
segmentation is based on the fact that the object that has to be extracted has either a larger or smaller temperature than the
environment, being characterized by transient elements such as edges and peaks. The work published in [10] is one of recent
years papers that worked on IR images. The authors used PCA, Bayes classification and wavelet-denoising to classify the sea
targets, but in several papers, the limitations and disadvantages of methods based on statistical analysis are pointed out [11].
IR images have three main problems [9]:

e) Poor SNR-ratio

f) Varied gray levels

g) Naval ships or small boats have a homogenous stern side.

The third group consists of methods that use visible satellite images for sea target detection [12] [13]. One part of the last group
is satellite high resolution images. High-resolution images allow a more accurate and reliable discrimination of ships and the
possibility of their classification. However, the detection technique for this case must deal with a larger level of nonhomogeneity
and must take into account the intrinsic non-Gaussian nature of the back-scattered intensity [13]. Hu et.al [13] present a method
based on cumulative projection curve (CPC) to estimate the number of ships of small size, which is only efficient on special
images of stationary ships along coastline. One of a few research works that uses color feature, from the Lab color coordinate
system, in this area is [12]. They have presented a definition on the degree of overlap between two clusters and developed an
algorithm for calculating the overlap rate. Using this theory, they also have developed a new hierarchical cluster merging
algorithm for image segmentation and apply it to the ship detection in high resolution image.

The last group consists of methods that work on visible images. Most of these methods use grey-level features for target
detection [11] [15]. One of the research works that is more superior to previous works in this group is [11]. Their work is based
on calculating different chaos by obtaining largest Lyapunov exponent of target and sea background which is not appropriate
for images that contain some low chaos object other than the target. Also the same authors have proposed the work in [15] based
on the natural measure feature. Although the method’s results are considerable for some images but it still suffers from
previously mentioned imperfection and needs analyzing several frames for exact results. In this group a few methods have been
proposed for sea target detection in color images [16] [17] [18]. In [16] a new target-based color space based on a new
combination of PSO and FCM is introduced. The authors in [17] and [18] use color features of the HSV color space to train SVM
and a new kernel-based neural network for sea target detection respectively.

2. The Proposed Method

The flowchart of the proposed is shown in Figure 1. The method attempts to propose a new simple combination between the
detection results of three famous methods; Support Vector Machine (SVM), edge detection, and corner detection. While SVM
tries to classify the body of a target, edge and corner detectors mostly aims the points located in the contour of it. Among these
detection methods, the SVM is a supervised method and needs some pre-knowledge before classification. Sea targets in color
images have been used as benchmark to evaluate the final detection results of the proposed method. Color features of the target
and non-target are used to train the SVM. Therefore, the first step is dedicated to extraction of training sample. These samples
are extracted from target and non-target parts of an image in the RGB color space as a 20 × 20 matrix. The actual nature of the
samples is a 20 × 20 × 3 matrix, in which 3 indicates R, G and B color components of the image in the RGB color space.

In the next step, we apply the edge detector which is the Canny edge detector, and the corner detector which has been proposed
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in [19], and the SVM classifier in a parallel manner on our test image. The outputs of every three steps are binary images with
white parts consumed as target. The results of each detector has many false positives as depicted in Figure 2. A very effective
way to reduce the false positives is eliminating small connected components.

Figure 1. The flowchart of the proposed method

Figure 2. Showing false positives after SVM, edge and corner detection. a)
The original image. b) Corner detection. c) Edge detection. d) SVM detection
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We have utilized the proposed method introduced in [20] to find separate connected areas, and remove the small ones. The
question is, is it possible to find proper thresholds for the small connected components of each output which could effectively
work in any images of different size or different shape of the target? We have three different threshold parameters for this goal
in each detector which will be considered with more details in the next section.

Now, we slide a 20 × 20 on the image obtained from SVM detector, and find the common detected points of all three methods. If
in a window we have points detected as the target via all three methods, the window would be preserved without any changes.
Otherwise, all the detected points would be treated as non-target. In other words, if in a window one of the detectors doesn’t
have a detected point, all the detected points would be considered as non-target.

There is a possibility that the sliding window cannot find any common points in the three outputs of the connectedcomponent-
elimination level. That is to say, after eliminating small connected components, one of the primary detection results would not
have any useful points as the target. In this case the detection results would be invalid. Sea Figure 3 in which the corner
detection results, and the output after omitting small connected components is depicted. As the image shows, due to bad
lighting condition of the image, there are a few corners related to the target (Figure 3-b). Therefore, all the detected points related
to the target have been eliminated after performing small connected components elimination level (Figure 3-c).

Figure 3. A case in which the elimination level after the detection level leaves no points related to the target. a)
The original image. b) Corner detection results. c) Corner detection after elimination small connected components

To remove this problem, first, the method recognizes which one of the detection methods has no valid points as target after
elimination, and then uses its detection result before elimination to be used in sliding window procedure.

3. Experimental Results

To evaluate the effectiveness of the method properly, it is tested on two different databases. The first database has been created
by the authors for sea target detection purposes. i.e. the image are standards in framing rules, size of the target, quality of the
image and background considerations, and the second database is composed of different images with different quality, size and
background information from main stream movies and websites. It is logical that the results are more acceptable in the first
database, but even the method works affectively in the second database. After applying the method on different images of the
two databases, we set the thresholding parameters to eliminate small connected components in corner, edge and SVM detection
results, 120, 50 and 220 pixels, respectively. These thresholds are applicable in both databases. Figure 4 shows different images
of the first database along the outputs of each level toward the final detection.

As observable in Figure 4, there are images in which none of the detection methods could hand in the exact results individually.
Images no. 2 and 3 are among the images in which only the introduced combination has leaded to the proper final detection.
Another preference of the method is its ability in finding the target even in images with bad lighting condition, which is very
probable in real sea target images. As a case in points, the image no. 2 has sun as its background which has caused the similarity
between the color components of the target and its background. Although, the final detection is possible with applying only the
corner detection and the post elimination of small connected component, but the aim of this paper is to introduce a general
method for sea target detection which is applicable in all sea images.

The detection results of the second database has shown in Figure 5. Here again, we have images in which only the proposed
combination is effective (image 1). Also, we have images with complicated backgrounds with acceptable detection results
images 2, 3 and 4).
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Figure 4. Detection results on images from the first database. a) The original image. b) Corner detection. c)
Corner detection after elimination of small connected components. d) Edge detection. e) Edge detection after
elimination of small connected components. f) SVM detection. g) SVM detection after elimination of small
connected components. h) Detection results after sliding the 20 × 20 window. i) Final detection
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Figure 5. Detection results on images from the first database. a) The original image. b) Corner detection.
c) Corner detection after elimination of small connected components. d) Edge detection. e) Edge detection
after elimination of small connected components. f) SVM detection. g) SVM detection after elimination
of small connected components. h) Detection results after sliding the 20 ×2 0 window. i) Final detection
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4. Conclusions And Future Works

In this paper a new detection method was proposed which attempts to combine the detection results of three famous methods,
namely SVM, corner and edge detectors. The method is supervised and needs color information of the target and nontarget to
train the SVM classifier. In the scenes that we have prior information about the color components of the target, the method could
be turned to an automatic sea target detection. One of our future works is to extend the method to other methods like car or
people tracking. Also, we will try to use the SVM in a manner which does not have needed training samples from each image, so
the method could be performed for target detection automatically.
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