
1. Introduction

International interest in ship detection and its
monitoring has been rising because it is related to
environmental conservation, maritime safety,
immigration, terrorism, organized crime, and military
and defense issues (Khesali et al., 2015). Ship detection
can be more efficiently carried out using a Synthetic
Aperture Radar (SAR) technique rather than other
remote sensing techniques because the SAR technique

provides broad area information, has all-weather
observation capabilities and high spatial resolution. It
is possible to distinctly separate ships from the
surrounding sea using SAR imagery because of corner
reflection, which is multiple backscatter transmitted
from a radar signal off of an artificial structure.
However, the unique SAR imaging geometry and
process also results in indistinct appearance of ships,
image distortions and speckle noise.

Previous studies of ship detection are divided into
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three major approaches. In one approach, statistical
distribution models are widely used to detect ships in
SAR imagery (Hansen, 1973; Rohling, 1983;
Armstrong and Griffiths, 1991; Alberola-López et al.,
1991; Wang et al., 2008; Wang et al., 2016). Another
approach relies on the information extracted by image
spectral analysis, decomposition or wavelet
transformation (Souyris et al., 2003; Ouchi et al.,
2004) while other studies depend on SAR image-
based feature extraction and selection (Kaplan et al.,
2001; Howard et al., 1999).

In this paper, we propose an efficient, simple
method to detect ships from high-resolution
KOMPSAT-5 imagery using filtering techniques. The
KOMPSAT-5 is a high-resolution X-band SAR
satellite, and SAR imagery can be utilized
successfully for ship detection. The proposed method
has the advantage of being simpler than other previous
studies. Next, we demonstrate that the proposed
method can be successfully applied for ship detection
in SAR imagery.

2. Study Area and Data

The study area is in the South Sea of Korea
adjacent to Busan. This area includes two main ports,
one is Busan Port and the other one is Busan New
Port, which is located in Changwon, South
Gyeongsang Province. There are many large vessels
in this area, making it is a good location to use for ship
detection.

To detect ship targets in SAR imagery, we used
KOMPSAT-5 data, which is Single Look Complex
(SLC) level 1A data. The KOMPSAT-5 satellite was
launched in 2013, with data collected by the X-band
SAR sensor. Table 1 shows the characteristics of the
SAR imagery used in this study. Additionally, to
generate a simulated SAR intensity image and mask
land areas, SRTM DEM (Shuttle Radar Topography

Mission Digital Elevation Model) data with 30 m
resolution was used (Van Zyl, 2001; Werner, 2001;
Farr et al., 2007).

3. Data Processing

A multilook operation was performed by averaging
neighborhood pixels to the acquired KOMPSAT-5
SLC data. Five looks, in range and azimuth
respectively, were applied to reduce the speckle noise
in the SLC image and ground range and azimuth pixel
spacing were converted to approximately 10 m. After
attaining a SAR intensity image and converting the
units of the intensity image to decibel (dB), land
masking was then carried out using a simulated SAR
intensity image from acquired SRTM DEM in the
study area. However, the speckle noise remained in the
land masked image. Thus, a Non-Local means (NL-
means) filter was applied to mitigate the remaining
speckle noise. Because the filter weighs how similar
the center pixel and neighboring pixels are to each
other, it preserves the boundary of the object but also
effectively reduces the noise (Buades et al., 2005). We
took a 5 by 5 size to each search and similarity window.
As mentioned above, in general, ships are observed as
bright features in SAR imagery compared to the
surrounding sea due to the corner reflection. Thus, in
order to detect only the ships in the SAR image, we
strategically excogitated the following ship detection
method (Fig. 1). The tactics were 1) the masking out of
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Table 1.  Characteristics of KOMPSAT-5 SAR image used in
this study

Date July 27 2016, 09:19:4.01(UTC)
Imaging mode Standard(Strip)
Polarization HH

range pixel spacing 1.2491m
incidence angle 39.9027 deg.

grd. Range pixel spacing 1.9317 m
azimuth pixel spacing 1.9995 m

Path descending



the ships in the NL-means filtered SAR image
(reference image) using a median filter that considers
the ship size, 2) the creation of a differential image from
the difference between the median filtered image and
the reference image, 3) the removing of outliers and
statistical thresholding to the differential image and the
reference image, 4) ship detection, accomplished by
multiplying each of the two images. For median filter,
we considered the size of the filter to minimize the false
detection due to the remaining land areas that is not
enough land masking and to maximize the ship
detection. Empirically, the ideal window size of the
median filter is 21×21, which is approximately the
maximum width of ship targets. For removing outliers
and thresholding, when we used only differential
image, we couldn’t find the clear threshold in the
histogram and there are a number of false alarms. To

solve this problem, we used two images, which are not
only the differential image but also the reference image.
Threshold was decided as a 95% value of the extracted
samples from these two images.

4. Results

Fig. 2(a) is the SAR intensity image used as the input
data for this study. Although speckle noise was reduced
through applying multilook, it still remained and caused
quality degradation. Fig. 2(b) shows the resultant image
after a NL-means filter was applied to the original
intensity image. In the NL-means filtered image, it was
confirmed that the speckle noise was reduced while
maintaining the resolution of the image. Fig. 2(c) shows
the image with the median filter. The resolution is
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Fig. 1.  Workflow of this study.



reduced, but the candidate pixels of ships on the sea
surface were removed. The white region labeled A in

each of the images in Fig. 2 was selected to visually
confirm changes before and after the filter application.    
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Fig. 3.  Each of images present the region A from the Fig. 2 (a) Intensity image (b) image with NL-means filter (c) image with median
filter.

                                (a)                                                                   (b)                                                                   (c)

Fig. 4.  Differential image between NL-means and median filtered image.

Fig. 2.  (a) SAR intensity image (b) Image with NL-means filter (c) Image with median filter.
                                (a)                                                                   (b)                                                                   (c)



Fig. 3 is the extracted region A from each of the
images including the original image, the NL-means
filtered image and the median filtered image. In the
original image, it can be seen that side lobe, speckle
noise and ghosts phenomenon, that is the result from
non-ideal antenna pattern and the finite pulse repetition
frequency, all appear in the image (Fig. 3(a)). This
noise was greatly reduced after applying the NL-means
filter, and the contrast between the ships and the sea
was further strengthened (Fig. 3(b)). In the image with
the median filter, the ships were eliminated (Fig. 3(c)).
To acquire the differential image, the median filtered
image was subtracted from the NL-means filtered
image.

As can be seen from the differential image, there are
many pixels with high reflectance values besides the
ships’ pixels (Fig. 4). The reason that land pixels were
detected is based on the same principle that is used to
detect the ships. It is caused by the effect of corner
reflection off of high-rise buildings or by the mixing of
different land types. In the case of the pixels detected
in the ocean, these are mainly caused by the side lobe-
effect and ghosts phenomenon.

To remove these outliers, a threshold were set by
extracting samples from the NL-means filtered and
differential images. As shown in Fig. 5, ships were
detected using the threshold and land masking image.

Sites A, B, and C, marked with white rectangle in the
figure, were selected to analyze the results.

Fig. 6(a) represents the false alarms from the side
lobe effect and the DEM. Since the land masking was
performed using SRTM DEM, landfills and bridges
built since 2002 were not included. In addition, DEM
was not generated for a number of sand bars. Therefore,
some of the sand bars and a bridge were detected for
this reason. Other false alarms were generated due to
the ghost effect in the image as shown Fig. 6(b). Fig.
6(c) shows the false alarms that originated from the
reclaimed land and a newly built bridge.

To validate this algorithm, the overall accuracy
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Fig. 6.  Typical examples of false alarms in the regions A, B, and C in Fig. 5: (a) reclaimed land without DEM and side lobe effects (b)
ghost phenomena (c) reclaimed land and a new bridge.

(a)                                                              (b)                                                                      (c)

Fig. 5.  Result of ship detection with three selected regions for
false alarm analysis.



and the user accuracy were calculated based on the
Error Matrix presented in Table 2. The overall
accuracy is the sum of the number of correctly
identified pixels, divided by the total number of
pixels. Moreover, the user accuracy is an index
characterizing the amount of errors of omission. It is
the number of the correctly identified pixels of a class,
divided by the total number of pixels of the class in
the classified image. Initially, the overall accuracy of
the entire area was 72.75%, and user accuracy was
18.47%. The reason for poor user accuracy is due to
the factors mentioned above. For validation of our
proposed algorithm, the accuracy are calculated
within region A in Fig. 7, which includes only ships
without land. As a result, the overall accuracy of
region A is 76.79%, and the user accuracy is 71.31%.

5. Conclusions

Ship detection in SAR imagery is a highly important

issue by national demand, and many prior studies
have treated with it. However, the previous studies
used complicated approaches, such as statistical
distribution models and complex image processing.
In this paper, we proposed an efficient method to
detect ships in KOMPSAT-5 SAR imagery. Our
method was implemented using a median filtering
approach. Because ships have much higher intensity
values than the surrounding sea, the targets can be
easily removed by means of a median filter. The
measurement performance of the proposed ship
detection method was carried out via visual
inspection. There were also false alarms due to
reasons such as the side lobe effect, a ghost effect in
the SAR image, and land masking errors due to
insufficient DEM information. According to the
accuracy assessment, the overall accuracy of a region
that does not include land is 76.79% and user
accuracy is 71.31%. This result demonstrates that the
proposed method is suitable to detect ships in SAR
imagery.

Further study objectives include using the latest
DEM for masking land, high quality satellite imagery,
and a coherence map which has polarization
information. Furthermore, we will analyze using
machine learning or deep learning instead of a
statistical threshold. This will lead to better ship
detection results.
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Fig. 7.  Region A including ships without land selected for
accuracy analysis.

Table 2.  Result of the overall accuracy and user accuracy with
regard to the entire area and region A

Entire area Region A
Overall Acc. 72.75 76.79
User. Acc. 18.47 71.31
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