
1. Introduction

Spaceborne Synthetic Aperture Radar (SAR) based
ship detection is useful because SAR can collect ocean
observation regardless time and weather (Matsuoka and
Yamazaki, 2004; Ouchi, 2010). SAR ship detection
consists of several image processing techniques where
land masking is a necessary step because land is not a
region of interest (ROI) and can generate false alarms
(Crisp, 2004).

There are many studies about land masking. Crisp

(2004) describes the water database based approach in
his work, and Biamino et al. (2015) used Canny edge
detection (Canny, 1986). However, Hwang et al.
(2017) mentioned that water database is often different
from the real world, omitting new port, bridge,
reclaimed land built after the data published. For
example, Busan New Port, a significant portion of Jeju
Port and Geoga Bridge in South Korea are not covered
by Shuttle Radar Topography Mission Water Body
Data (NASA, 2003). Moreover, adjacent to land there
are noise signals which are mainly caused by side lobe
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effect in Sentinel-1 SAR data. Hwang et al. (2017)
mentioned that these problems cause false alarms.
Although Canny method (1986) can solve these issues,
it requires complex processing procedure, demanding
a long computational time. Therefore, in this paper, we
propose land masking methods of Sentinel-1 SAR
imagery for improving ship detection accuracy. Then
apply suggested methods to Sentinel-1 SAR data, and
verify how many false alarms are eliminated.

2. Dataset

1) Sentinel-1 Synthetic Aperture Radar
The study area is Jeju Island, South Korea. Among

the Jeju Island’s location, we mainly focus on Jeju Port.
As mentioned in the introduction, a significant portion
of Jeju Port is not included in Shuttle Radar Topography
Mission Water Body Data (SWBD). Therefore, we
considered this place for the verification of the proposed
method.

The Sentinel-1 mission is a constellation of two
satellites of Sentinel-1A and Sentinel-1B which were
launched in April 2014 and April 2016, respectively.
Sentinel-1 satellites collect earth observation using
C-band microwave SAR sensor. We used Sentinel-1B
Level-1 Ground Range Detected (GRD) data to make
new water body data for the verification purpose.

Table 1 shows the characteristics of the Sentinel-1B
imagery used in this study.

Since Sentinel-1 uses Terrain Observation with
Progressive Scans SAR (TOPSAR) techniques, side
lobe effect often appears (Piantanida, 2016). Moreover,
the spatial resolution of Sentinel-1 GRD image is
different from pixel spacing. These characteristics
make the land masking imprecise.

2) Shuttle Radar Topography Mission Water
Body Dataset
The Shuttle Radar Topography Mission Water Body

Dataset (SWBD) is a set of high-resolution (1 arc-
second) water database published by NASA, 2003. It
is the level-2 product of SRTM Digital Terrain
Elevation Data. Table 2 shows the characteristics of
the SWBD. Since the publication year is 2003, it does
not describe landfills, bridges and new port built after
2003.

3. Method

1) Preprocessing
Preprocessing is applied in advance to semi-

automatic water body data generation or ship detection.
This stage consists of radiometric calibration and
geometric correction. Geometric correction is necessary
because Sentinel-1 SAR image has geometric distortion.
We use Range-Doppler geocoding method to correct
data (Small and Schubert, 2008). Bayanudin and
Jatmiko (2016) reported Range-Doppler geocoding has
about 25 m (≈ 2.5 pixels) of root mean square error.
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Table 1.  Characteristics of Sentinel-1B SAR image used in this
study

Satellite Sentinel-1B
Location Jeju Island

Date October 9 2016, 21:32:36 (UTC)
Product Type Level-1 Ground Range Detected

Acquisition Mode Interferometric Wide Swath
Polarization VH
Resolution 20 m × 22 m (Range × Azimuth)

Pixel Spacing 10 m × 10 m (Range × Azimuth)
Number of looks 5 × 1
Incidence Angle 30.72 ° ~ 46.14 °

Table 2. Characteristics of SWBD

SRTM Water Body Dataset
Publication year 2003

Coverage 56 º S ~ 60 º N
Resolution 1 arc second (≈ 30 m)
Projection Geographic



Since Range-Doppler geocoding requires a radiometri -
cally calibrated image, radar reflectivity is transformed
into radar cross-section before the Range-Doppler
geocoding.

2) Semi-automatic Water Body Data
Generation
After the preprocessing stage, the proposed method

begins to generate water body data semi-automatically.
Usually, the land intensity is higher than the ocean.
Thus thresholding briefly classifies land and ocean. In
this work, the threshold value is determined
automatically based on statistical method. First,
intensity histogram of target data is constructed by
counting the pixel intensity where elevation is higher

than 50 m. We use General Bathymetric Chart of the
Oceans (GEBCO) to get pixel elevation. Since the
histogram only counts the pixel which elevation is
higher than 50 m, it only counts land pixels. Then find
bottom x% value of land intensity using the histogram,
and set as the threshold value. Afterwards, thresholding
is applied. It is expected that this stage masks out (100-
x)% of land pixels. Since ocean intensity usually much
lower than the land, most ocean pixels remain in this
step. After that, median filtering is repeated to fill the
hole or remove the noise. Finally, manual correction is
applied. Fig. 1 shows the flowchart of semi-automatic
water body data generation from Sentinel-1 SAR
image.

3) Breadth-First Search Applied Land
Masking
Usually, the noise adjacent to the land, especially

side lobe, is continuous to the land and has high
intensity compared to the ocean. Thus breadth-first
search (BFS) can be used for finding and masking the
noise pixels. It is a kind of algorithm to traversing the
graph or matrix. Since raster image can be interpreted
as pixel matrix (Silvela and Portillo, 2001), BFS can
traverse the noise pixels from land pixels.

For the proposed BFS applied land masking method
first, intensity of 4-direction neighboring of the land
pixels, which determined by water database, are
investigated. Then, select the pixels which intensity is
higher than the threshold. After that, invest and choose
the neighborhood pixels from the selected pixels again.
This neighboring pixels selection is repeated until no
more pixel is selected or BFS reaches the maximum
depth. Finally, mask out all selected pixel. In this
method, configuring maximum BFS depth is critical to
protecting mask out too many pixels. We used 20 pixels
as the maximum depth. Fig. 2 shows the visual
explanation of the proposed method.

The intensity statistics of target Sentinel-1 data is
summarized in Table 3. The land intensity is about 3.5
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Fig. 1.  Flowchart of semi-automatic water body data generation.
The gray portion represents an automated part.



times higher than top 5% of the ocean intensity. Hence,
we used top 5% ocean intensity as a threshold.

4) Ship Detection
We used moving average constant false alarm rate

(CFAR) detector as a prescreening stage in ship
detection because it is simple, fast, and most commonly
adopted algorithm (Crisp, 2004). CFAR detector
commonly uses Gaussian distribution as a statistical
model (Crisp, 2004). Therefore, we applied Gaussian
distribution to our CFAR detector. After the
prescreening stage, the discrimination stage began.
Many ship detection implementations have a
discrimination stage after prescreening to reduce false
alarms (Crisp, 2004). We used contours finding
technique (Shaw, 2015) as discrimination stage. This

technique is composited with Canny edge detection
(Canny, 1986) and structural analysis method (Suzuki,
1985). In the Sentinel-1 image, it is difficult to
distinguish objects less than 20 m in size. Therefore,
the discrimination stage excludes all object which
length is shorter than 20 m.

4. Result

Fig. 3(a) is the Sentinel-1 GRD intensity image used
in this study. Fig. 3(b) shows Jeju Port and Fig. 3(c) is
SWBD of Jeju Port. 

1) Semi-Automatic Water Body Data
Generation
Fig. 4 shows the threshold result of the semi-

automatic water body data generation. In Fig. 4(a), the
threshold value is low; thus many ocean pixels are
masked out. On the contrary, in Fig. 4(b) and Fig. 4(c),
fewer ocean pixels are incorrectly masked out whereas
more pixels on the land remains unmasked.

Fig. 5 is the result of the median filter to Fig. 4(b).
The image showed in Fig. 5(a) is produced when the
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Fig. 2.  A visual explanation of breadth-first search traversing. Deep blue represents chosen pixel which will be masked out,
yellow represents neighbor pixels of chosen pixel, and gray represents the neighbor pixels which are classified as
ocean pixels. In this example, -15 dB is a used as a threshold.

Table 3.  Intensity statistics of study area

Unit: Radar cross
section

(Sigma nought)
Land intensity Ocean intensity

Mean 0.0357 0.0019
Median 0.0561 0.0067

Top 5% value 0.75945142 0.00938210
Bottom 5% value 0.03371320 0.00078379
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Fig. 3.  (a) Sentinel-1 GRD intensity image of Jeju Island where the area for Jeju Port is selected as Region of Interest (ROI) and
marked by a small rectangle which is projected as (b). The Shuttle Radar Topography Mission Water Body Data for the ROI
is shown in (c).

Fig. 4.  Threshold result of Fig. 3(b) where (a) 95% of land pixels are masked (b) 92.5% of land pixels are
masked (c) 90% of land pixels are masked. In the images, dark portions indicate masked area.

Fig. 5.  (a) Median filter applied to Fig. 4(b); (b) 15 times median filter repeated; and (c) Manual correction
of (b).



median filter is applied only once. Fig. 5(b) shows the
result when the median filter is applied 15 times, and it
shows better result compared to Fig. 5(a). Repeating
median filter more than 15 times almost has no
additional effect; thus not followed in this study. Due
to the information loss during the thresholding and
median filtering, we have manually corrected the semi-
automatically generated data (the result of Fig 5(b)) as
shown in Fig. 5(c).

2) Land Masking Result and Evaluation
Fig. 6 shows land masking result of each water body

data and proposed method. Jeju Port remains when
SWBD is used. Contrary to the Fig. 6(a), Jeju Port is
masked out in Fig 6(b) and Fig. 6(c) which are the result
of proposed methods.

Fig. 7 shows ship detection result of Fig. 6. In Fig.
7(a) there are lots of false alarms. Contrary to Fig. 7(a),
Fig. 7(b) has less false alarms. Even, Fig. 7(c) does not
show any false alarm.

Table 4 summarizes ship detection result of Fig. 3(a),
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Fig. 6.  Land masking results of the Jeju Port using (a) SWBD (b) semi-automatically generated water body
data (c) semi-automatically generated water body data, and breadth-first search based method applied.

Fig. 7.  Ship detection result of Fig. 6. Yellow circle represents detected object. (a) Ship detection result of
Fig. 6(a). Many false alarms detected. (b) Ship detection result of Fig. 6(b). Most false alarms are
removed. (c) Ship detection result of Fig. 6(c). No false alarm is found.



not Jeju Port but the whole area of Jeju Island. We use
CFAR detector and contours finding technique to land
eliminated data. Semi-automatically generated water
body data generates 46 false alarms, and additional
BFS applied land masking method generates 24 false
alarms while SWBD based land masking generates 154
false alarms. Consequently, proposed methods reduce
maximum 84.42% of false alarms.

5. Conclusion

Since water body data such as SWBD does not
describe the recent geographic change, ship detection
often generates numerous false alarms. Moreover, the
noise such as side lobe also generates false alarms. In
this paper, we propose semi-automatic water body data
generation and BFS applied land masking method. Our
methods uses terrain correction, thresholding, median
filter for semi-automatic water body data generation
and breadth-first search for mask out noises. The
experiment shows that our methods remove maximum
84.42% of false alarms in target Sentinel-1 SAR data.

Further study will include the utilization of
bathymetry data for land masking and measurement of
side lobe effect to improve our work.
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