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The coastline is located at the junction of the sea and the land, and it is essential for ecological environment. However, most
existing methods can extract the coastline with obvious boundaries and cannot obtain the general coastline, including an
intertidal zone and salt field. Accordingly, a new general coastline extraction method is proposed on the basis of an improved
active contour model to extract the general coastline from remote sensing images. An improved active contour model was
proposed to extract the water area by introducing aiming energy of water from the Modified Normalized Difference Water
Index information. Then, mathematical morphology was applied to obtain the seawater area based on the extracted water area.
Finally, the coastline was refined and generated by the improved active contour model in a buffer zone of the seawater
boundary. Landsat images over Jiaozhou Bay in Shandong Province, China, from 1990 to 2018 were used to extract the general
coastline. Results demonstrate that the proposed method can effectively extract the general coastline, which is close to the
reference coastline. The length of the coastline decreased from 234.64 km in 1990 to 221.21 km in 2000. This value significantly
increased to 255.05km from 2000 to 2010. The main reason is that Hongdao Island merged with the mainland due to
reclamation. The length of the coastline slightly decreased by approximately 12km from 2010 to 2018 due to environmental

protection measures and the reclamation prohibition.

1. Introduction

The coastline is located at the junction of the sea and the
land. It has become an important area for human develop-
ment due to its unique geographical characteristics. The
coastline is constantly expanding or contracting with com-
plexity and variability due to the influence of coast swell,
erosion, climate warming, artificial dam construction, and
landfills in the coastal zone. Therefore, coastline detection
is one of the key concerns of the environmental department.

At present, two main methods for coastline detection are
available. The first one is manual visual interpretation [1].
This method uses a manual approach of describing the
boundary between the land and the sea based on the com-

parison of colour information, texture information, and
coastline trend information on remote sensing images. How-
ever, this method is time consuming and laborious and
requires extensive experience for visual interpretation. The
other method is automatic computer interpretation [2].
The shortcoming of manual visual interpretation can be
overcome by using the remote sensing technology, which
has the advantages of large-area imaging and real-time
processing [3]. Considering the characteristics of the sea
and land boundaries, the extraction of the waterline is essen-
tially the process of remote sensing image segmentation. The
image is divided into land and sea areas. The intersection of
the two areas is the instantaneous waterline. Segmentation
methods include threshold segmentation [4, 5], region
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growing [6], edge detection [7], and neural network [8, 9].
However, most existing methods may not be able to extract
the existing aquaculture coastline along the coast. Active
contour models (ACMs) [10], which are one of the most
advanced coastline extraction techniques, are flexible
because they can construct energy functions to deal with
complex coastal conditions. These models have the advan-
tages of implicit handling of topological changes and low
sensitivity to noise [11] and can be used to detect objects
without defined boundaries by gradient. Zhu et al. [12] pro-
posed a coastline extraction method by integrating prior
edge information with an active contour model based on
multispectral images. The proposed method indicated the
advantage of aquaculture coastline extraction of an active
contour model. According to the basic information con-
tained in the energy pan function, active contour models
can be divided into edge and regional active contour models.

The edge active contour model mainly uses the gradient
information of the image edge, including the snake model
[10] and geodesic active contour model [13]. The snake
model cannot generally extract the position information of
the concave edge. The construction of a geodesic active con-
tour model is based on the principle that the “ray” in optics
determines the path according to the shortest optical path
[13]. The edge-based active contour model only uses the
edge features of the image. When the edge is obscured in
the image, the method will be restricted, and the ideal seg-
mentation effect cannot be obtained.

The regional active contour model uses the overall grey-
scale information of the image area. The model starts with
the Mumford-Shah model, but it is difficult to solve.
Accordingly, the Chan-Vese (CV) model simplified the
Mumford-Shah model and introduced the level set function
to make it more convenient and natural to deal with the
topological changes of the curve [11]. Zhu et al. proposed a
new method that integrates prior edge information with an
edge-based active contour model [12]. The coarse sea region
is obtained with a novel region growth method, and an edge
refining process is proposed by integrating an edge-based
active contour model for the prior edge information. Finally,
the coastline is obtained via contour evolution. Shi et al. pro-
posed a coastline extraction algorithm by utilising superpix-
els as the basic unit [14]. An improved line finder was used
in the simple linear iterative clustering to enhance results
around the dam. A Gabor feature and hidden Markov ran-
dom field model were utilized to classify superpixels to gen-
erate a coastline. However, most existing methods can
extract the coastline with obvious boundaries and cannot
obtain the general coastline, including an intertidal zone
and salt field.

A general coastline extraction method based on an
improved active contour model is proposed in this work.
The proposed method consists of three main steps, namely,
the Modified Normalized Difference Water Index
(MNDWTI) information production, water area extraction
using the improved active contour, and the general coastline
extraction, as shown in Figure 1. Firstly, MNDWI was
applied to images to obtain water information based on the
green and middle-infrared band information. Secondly, the
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improved active contour model was used to extract the
coarse water area. Thirdly, the coarse water areas were proc-
essed by mathematical morphology to generate the seawater
area, and the general coastline was then extracted. Finally,
the coastline was refined to remove the influence of mathe-
matical morphological processing. Three Landsat 5 The-
matic Mapper (TM) images obtained in 1990, 2000, and
2010 and one Landsat 8 Operational Land Imager (OLI)
image acquired in 2018 were examined to evaluate the pro-
posed method.

2. Materials and Methods

2.1. Study Area. Jiaozhou Bay is a semiclosed bay located in
the middle of the Yellow Sea in Shandong Province, China,
as shown in Figure 2. The total area of this region is approx-
imately 500km? (36°00'-36°20'N, 120°00'-120°30'E), and
the administrative regions along the coast of Jiaozhou Bay
are Shinan District, Shibei District, Licang District,
Chengyang District, Jiaozhou City, and Huangdao District
in Qingdao since 2012. The study area is in a medium-
latitude monsoon environment. The average annual precip-
itation is approximately 662.1 mm, and precipitation is more
concentrated in summer. Jiaozhou Bay is located in the
urban area of Qingdao, and it looks like a bell mouth; hence,
its coastline is vast and has a complex form, making it diffi-
cult to extract. Jiaozhou Bay is a regular half-day tide level.
Qingdao’s average sea level is 2.42 m, controlled by the high
tide level of Dagang, with an average high tide level of
3.81m, an average low tide level of 1.02m, and an average
tidal range of 2.78 m.

2.2. Experimental Data. Landsat images have been used to
study how the Earth’s surface has been changing for decades
due to its long history and relatively high spatial resolution.
Many studies used time series Landsat images due to their
long data collection time, large storage capacity, and free
access to Landsat data, and some of them were focused on
coastline extraction.

This study selects Landsat images from 1990 to 2018
(i.e., 1990, 2000, 2010, and 2018) to perform coastline
extraction and time series analysis. The information of used
images in this study is shown in Table 1 and Figure 3. The
imaging time of the Landsat remote sensing satellite in
Qingdao was approximately 10:36am (Beijing time).
According to the tide table of Jiaozhou Bay, the tide was at
a low level when the sensors were imaging on May 24,
1990, May 19, 2000, and October 12, 2018. Meanwhile, the
tide was at a high level when the sensors were imaging on
October 6, 2010. Nonetheless, the tide heights in the four
imaging times were approximately 1 m. Therefore, the tide
has a slight effect on the coastline extraction in this study.

The reference coastline was used to evaluate the effec-
tiveness of the proposed method, which included natural
coastline, artificial coastline, and other coastlines. Natural
shoreline includes bedrock shoreline, sandy shoreline, and
silty muddy shoreline; artificial shoreline is a shoreline com-
posed of permanent artificial structures, and other coastlines
include estuarine coastlines and coastlines with natural



International Journal of Photoenergy

Satellite
image I

|
|
! A term of intertidal zone in contour
i JI(C)|X1'I/‘1|2 dxdy
|
|
|
| Active contour model
|
of water area :
extracted by

MNDWI

|
|

i (A term of other class out contour)
|

: Jo(c)|xi‘l42|2 dxdy

pri @C"“@""f"l'z””“’”‘O@)"“""2'”’“””'6' - !
? Initial

Improved active contour model

Coarse sea inside contoub

m

contour

l

( Final general coastline)

contour

Third scale

i
I
I
I
I
I
I
I
I
|
! | Post processing of coastline ‘
I
I
I
I
I
I
I
I
I
I

Shandong province

“Study area:
Jiaozhou Bay

120°30'0"'E

36°20'0'N

Z
= Z
° o
o =)
o ¥ 2
120°0'0"'E 120°30'0"'E
0 5 10
Kilometers

FIGURE 2: Location of the study area: (a) Landsat 8 remote sensing image of Jiaozhou Bay.

TaBLE 1: Information of used images in this study.

Data Satellites and sensors Spatial resolution (m)
1990.05.24 Landsat 5 TM 30
2000.05.19 Landsat 5 TM 30
2010.10.06 Landsat 5 TM 30
2018.10.12 Landsat 8 OLI 30

beach morphology and ecological functions. The reference
coastline was obtained through visual interpretation, but it
is not public data at present.

2.3. Methods

2.3.1. Initial Contour of the Water Area Extracted by
MNDWI. The MNDWTI index is adopted to enhance water
information based on the comparison between different algo-

rithms, such as NDVI, MNDWI, spectral angle mapper, and
automated water extraction index [15]. The aforementioned
index is calculated from the Landsat images as follows [4]:

Green — MIR

MNDWI= ——— |
Green + MIR

(1)

where Green and MIR are the image reflectance on the green
and middle-infrared bands, respectively.

Water bodies are expected to yield a positive MNDWI,
while land surfaces should be negative. MNDWI was applied
to the remote sensing image acquired in 1990, and the result
and its histogram are shown in Figure 4. The result showed
that water bodies are clearly distinguished from other
ground features. OTSU [16] was applied to the MNDWI
layer to extract the water area and automatically determine
a water classification threshold. Finally, the extracted water
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Ficure 4: MNDWI image and its histogram of the remote sensing image acquired in 1990: (a) MNDWI image and (b) MNDWT histogram.

area was produced to initial values in the following active
contour model.

2.3.2. Improved Active Contour Model. The coastline extrac-
tion can be achieved by finding an optimal contour C by the
energy functional given as follows [11]:

E(C) =J |xi—c1|2dxdy+J |xi—c2|2dxdy+v|C|, (2)
1(€) 0(C)

where v >0 is a constant, C is the evolving contour, I(C)
represents the area inside the evolving contour and can be
seen as changed, O(C) denotes the area outside the evolving
contour and can be regarded as unchanged, |C| denotes the
length of the evolving contour, x; is the ith pixel value of the
difference image, and ¢; and ¢, are the grey average of all
pixels inside and outside the contour C, respectively. The term
L( C>|x,- —¢,*dxdy is a sum of the differences between pixel

grey values inside the contour C and their corresponding
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mean values. Meanwhile, the term fo(c) x; — ¢,|*dxdy is a

sum of the differences between the pixel grey values outside
the contour C and their corresponding mean values. The con-
tour then evolves to fit the edges of objects by making equation
(2) reach a minimum value. Finally, the image is segmented
into changed and unchanged parts, each with homogeneous
pixels.

Two new terms are added into equation (2) to eliminate
the need for initial contours and improve the accuracy of
change detection with the level set. This aspect refers to
the differences between the pixels of the different images
and the means of changed and unchanged pixels estimated
by the expectation-maximisation algorithm [11]. The new
equation can be written as [17, 18]

E(C) =J |xi—c1|2dxdy+J |x; — ¢ |*dxdy +v|C|
I(c) 0(C)

3)
+J \&—#JWmU+J |x; = | dxdy,
1©) 0(c)

where p, and p, are the mean grey values of the intertidal
zone and land in the satellite image, respectively. The term
j1< C)|x,~ —¢,*dxdy means a sum of the differences between

the pixel grey values inside the contour C and the mean
values of the intertidal zone pixels. Meanwhile, the term

jo(c)|xi —¢,|’dxdy is a sum of the differences between the

pixel grey values outside the contour C and the mean value
of the land pixels. The two terms can ensure that the chan-
ged and unchanged pixels are correctly detected without ini-
tial contours and improve the distinguishability between the
changed and unchanged pixels. These two values can be
obtained by the extracted water area by OTSU in the last
step.

The level set method is exploited to minimize energy
equation (3) [19]. In the level set method, O represents the
image domain, and the curve C is represented by the zero-
level set of Lipchitz function ¢, such that

P(xy)>0 (xy)€l(C),
P(xy)=0 (xy)€C, (4)
P(x,y) <0 (xy)€O(C).

Heaviside step function H and Dirac delta function & are
then introduced to describe the functional as follows:

1, z=0, d

H(z)={ d(z) = EH(Z). (5)

0, z<0,

The energy function can be described using level set
function ¢ instead of unknown variable C. Equation (3)
can be written as follows:

E(9) =jo|xi —c1|2H<so>dxdy+jQ|x,- — (1 - H(g))dxdy

v vL)aw)w«mdxdy + J0|xi — 4y [PH (g)dxdy

+jg|x,»—ﬂ2|2<1 ~ H(@))dxdy.
(6)

where V¢ means the gradient of ¢. Functions H and ¢ are
replaced by the regularised versions to obtain a global mini-
miser:

H,(z)= % (1 + % arctan (g)),és(z) L (7)

me? +22°

Based on the above, the next steps are iteratively per-
formed until the optimal ¢ is obtained [11]. The energy
functional is minimised with respect to ¢; and ¢, by keeping
¢ fixed, and they can be obtained by the following equations:

_ jQxiH((P)dxdy _ J’l_()xi(l _H((P))d‘x’d)}

O Hpyddy 2T [ Hg)dedy )

The energy functional is minimised with respect to ¢ by
keeping ¢, and ¢, fixed. The associated Euler-Lagrange
equation parameterising the descent direction by an artificial
time ¢(t > 0) is provided as follows:

B (e e e
©)

A finite difference implicit scheme is then used to discre-
tise the equation and achieve the solution of the evolution
equation in ¢. Chan and Vese provided further details about

numerical approximation [11]. The extraction procedure by
ACM is summarised as follows [20]:

Step 1. Initialise ¢* by ¢°, with ¢ defined as the distance
function from an initial curve C at the kth time iteration

(k=0).

Step 2. Compute the average values of ¢t and ¢ for ¢* >0
and ¢ < 0, respectively.

Step 3. Compute ¢**! by solving the following:
OE / |
Pt :(pk—At%((pk l,c'f,c}g), (10)

where At is the time step.

Step 4. Reinitialise ¢ locally to the signed distance function
to the curve.



Step 5. Check if the convergence is reached. Otherwise, k =
k+1, and go to Step 2.

The initial contour of the improved ACM of the image
acquired in 1990 is shown in Figure 5(a), and the extracted
water area is illustrated in Figure 5(b). The water area can
be well extracted, including aquaculture coastline in the
north of Jiaozhou Bay.

2.3.3. Postprocessing of Coastline

(1) Extraction of the General Sea Area Using Mathematical
Morphology. Erosion and dilation [21, 22] are the most basic
forms of computation in binary morphology. In binary mor-
phology, the “probe” (the structural element that determines
the shape) is used to detect the image, and the area where the
probe can be stored is determined by performing a sounding
operation on each set of regions in the image. The structural
element is significant for erosion and dilation. The essence of
structural elements is a 3 x 3 matrix. When a shape has all
the structural elements, the centre of the structural element
produces an eroded shape. Meanwhile, when only the centre
of the pointer is required to reside in the shape, the structure
of the dilation section is formed by the child elements of the
structural element.

Dilation was implemented to the extracted water area by
using the improved CV model with a 9 x 9 structural ele-
ment. Accordingly, the general sea area was connected into
a whole area, as shown in Figure 6(a), which was extracted
by selecting the largest water area. Other water areas were
removed as inland water. The boundary tracing algorithm
was used to detect the boundary of a general sea area,
namely, the general coastline, as shown in Figure 6(b).

(2) Optimisation of the Extracted General Coastline. The
extracted coastline is not completely accurate due to the
mathematical morphology processing; therefore, the
extracted coastline needs to be further optimised. Firstly,
the extracted coastline is used to construct a buffer (as
shown in Figure 7(a)). The distance of the buffer is recom-
mended to be 30 pixels in this study considering the inter-
tidal zone. Then, the part of the seawater except for the
buffer zone was assigned to the average value of the water
body in MNDWTI to eliminate the influence of beaches and
islands, and the improved active contour model is used to
extract the coastline again. The result is shown in
Figure 7(b). Finally, the optimised coastline is manually edi-
ted in a particularly complex area to generate the final
coastline.

3. Results and Analysis

3.1. Accuracy of Coastline Extraction and Analysis of
Coastline Changes. The proposed method was implemented
to the four images and extracted coastlines. In this study, the
parameter v in ACM was set manually and empirically to
0.8, and the number of iterations was set to 100.
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The extracted coastlines are shown in Figure 8. With
regard to the 1990, 2000, and 2010 data, the results extracted
by the proposed method are close to the reference coastline.
The extracted coastline in the east coast with an obvious
boundary with the city is basically consistent with the refer-
ence data. The extraction results for the northern coast with
a large number of salt fields and aquaculture ponds are sim-
ilar to the reference coastline. The extracted results for the
2018 data have good consistency with the reference coastline
on the eastern coast because of the artificially constructed
coastline with obvious boundaries. The extracted coastline
in the western and northern coasts is generally close to the
reference data, but not particularly accurate. The main rea-
son is that the west and the north are the entrances of the
Yang and Dagu Rivers, respectively. The complicated river
conditions affect the accuracy of the extraction results. In
the MNDWTI images, towns and beaches are relatively simi-
lar due to the large noise of the data in 2018, which also has a
certain influence on the extraction results.

The evaluation indices of edge precision (EP) and recall
(ER) were employed to validate the effectiveness of the pro-
posed method, which combines image segmentation, region
growing, and edge detection together. Two indices with test
distance d [12] used for the accuracy assessment of coastline
extraction can be obtained as follows:

TP
EP = T—y
ex
11
p (11)
ER=—,
Tt

where TP means the number of true coastline pixels on the
extracted coastline, T, is the total number of the pixels of
the extracted coastline, and T, is the total number of pixels
of the reference coastline. Extracted coastlines were quanti-
tatively validated using the two indices according to the ref-
erence coastlines, as shown in Table 2.

In the 1990, 2000, and 2010 data, the values of EP and
ER are greater than 0.7 when d is 1; meanwhile, the values
of EP and ER are greater than 0.8 when d is 2, indicating that
the extracted coastline is close to the reference coastline. In
the 2018 data, the precision index values are approximately
0.7 and 0.75 when d is equal to 1 and 2, respectively, which
are slightly lower than the results of the above three images.
This situation is mainly caused by the complex terrain at the
estuary of the Yanghe and Dagu Rivers, and the image data
are considerably noisy.

The coastline results of the four years were superim-
posed, as shown in Figure 9, and the changes in the coastline
distribution were analysed. Obvious differences in the south-
western Huangdao Island area were observed from 1990 to
2000, which covered part of the water area to construct arti-
ficial wetlands, such as breeding ponds or reclaiming land.
The northern region had expanded to a certain extent due
to breeding ponds and salt pan. In the east, the artificial
coastline replaced the natural coastline due to the construc-
tion of the Jiaozhou Bay Expressway. After 2000, most salt
pan and breeding ponds were occupied because of the
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FIGURE 7: Optimisation of the general coastline: (a) buffer c5onstructed based on the coastline and (b) optimised coastline.

complete integration of the Hongdao Island and the main-
land, and many lands were developed for urban use.
Accordingly, the northern coastline of Jiaozhou Bay
expanded along the Hongdao Island area, and the artificial
characteristics of the eastern coastline became increasingly
evident. Barrier dams and breakwaters have increased. The
construction of ports in the Huangdao Island area has accel-
erated, and a port-like artificial coastline has appeared in the
southwest.

The changes in the length of the coastline in the past 30
years are shown in Figure 10. The figure also shows that the

total length of the coastline has been increasing in recent
years (from 234.64km in 1990 to 243.01 km in 2018). The
length of the coastline was reduced by 13.43 km from 1990
to 2000. The coastline length has significantly increased
from 2000 to 2010 (about 33.84km). This phenomenon
mainly occurred because Hongdao Island was integrated
with the mainland. The length of the coastline between
2010 and 2018 decreased by 12.04km. The length of the
coastline decreased because the government began to protect
the environment and prohibit reclamation to prevent further
expansion of the coastline.
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TABLE 2: Accuracy of coastline extraction.
d=1 d=2

Data EP ER EP ER
1990.05.24 0.75 0.80 0.82 0.87
2000.05.19 0.75 0.81 0.83 0.88
2010.10.06 0.72 0.74 0.80 0.81
2018.10.12 0.66 0.73 0.73 0.77

3.2. Factors Caused Coastline Changes

3.2.1. Natural Factors. The main natural factors that affect
the coastline change of Jiaozhou Bay are erosion and silta-
tion change. According to the analysis of historical data,
the natural siltation of Jiaozhou Bay mainly comes from
two aspects: the first one is the sediment and dust caused
by rivers and wind and the other one is the natural sedi-
ments affected by the tidal current.

In terms of river sediment deposition, many river sys-
tems are along the coast of Jiaozhou Bay, with more than a
dozen rivers injected. Some large ones are the Yang,
Nanjiaolai, Dagu, and Baisha Rivers. In addition, many
unknown gullies are observed, especially on the north side
of Jiaozhou Bay, and they radially merge into the bay. Pre-
cipitation greatly varies with the seasons because this region
is in the monsoon region. There are many intermittent and
rain-sourced rivers. The riverbed sediments of these rivers
are exposed during the dry season. Meanwhile, most of the
sediment will be merged into the Jiaozhou Bay by the river

during the wet season. Consequently, the coastal waters on
the northeast and northwest sides of the Jiaozhou Bay will
silt up, causing the coastline to move forward.

Tidal current deposition is characterised into two
aspects. On the one hand, it is related to the tidal current
characteristics of Jiaozhou Bay. The rising tide speed is faster
than the falling tide speed, and the rising tide lasts shorter
than the falling tide. The change in the speed of the ups
and downs of the tidal current causes the larger particles car-
ried by the tidal current to deposit in the Jiaozhou Bay, and
the sediment is difficult to carry out of the bay. On the other
hand, it is also related to the geographical shape of Jiaozhou
Bay. Jiaozhou Bay is an intrusive water area of the Yellow
Sea to the mainland. The bay mouth is narrow, and the
bay is wide. As the tidal water enters the open water from
the narrow bay mouth, the wave energy diverges, and the
offshore sediment deposits.

3.2.2. Human Factors. The human activities along the
Jiaozhou Bay are mainly manifested in reclamation, land
reclamation, and municipal waste dumping. The impact of
human activities has also converted most coasts of Jiaozhou
Bay from the natural coasts to the artificial coasts.
Reclamation mainly occurs in the western, northern, and
northeastern regions. Hongdao Island and Huangdao Island
were not connected to land in the past; however, they have
become part of the mainland due to reclamation. A large
number of dams were built to prevent the impact of waves
on the salt pan and breeding ponds. These projects cause
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the rivers not to disperse after entering the beach ponds.
Accordingly, the sediment mainly accumulates in the sea
area near the estuary, resulting in a shallow water depth.
Sea reclamation is due to the rapid development of coastal
factories before and after the founding of China and the
reform and opening up. Sea reclamation is arbitrarily
expanding, and the coastline is constantly advancing into
the sea. This chain change caused the east coast coastline

and the tidal flat to rise. The accumulation of municipal
waste is also an important reason for the reduction in the
area of Jiaozhou Bay. Besides the above-mentioned reasons,
a substantial amount of garbage is piled up due to its prox-
imity to the urban area on the east coast. This condition
results in a shallow sea water depth and destruction of the
original intertidal ecosystem.

4. Conclusions

This study described the theoretical basis, implementation
process, and performance of a general coastline extraction
method by using an improved active contour model. Firstly,
MNDWI was applied to images to obtain water information
based on the green and middle-infrared band information.
Secondly, the improved active contour model was used to
extract the coarse water area. Thirdly, the coarse water areas
were processed by mathematical morphology to generate the
seawater area, and the general coastline was extracted.
Finally, the coastline was refined to remove the impacts of
mathematical morphology processing. Landsat images over
Jiaozhou Bay in Shandong Province, China, from 1990 to
2018 were used to extract the general coastline. The results
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demonstrate that the proposed method can effectively
extract the general coastline, which is close to the reference
coastline, especially for areas of land cover changes.

The changes in the length of the coastline in Jiaozhou
Bay during 1990 to 2018 were analysed. The total length of
the coastline had been increasing from 234.64km in 1990
to 243.01 km in 2018. However, this change has a significant
increase by 33.84 km from 2000 to 2010. The main reason is
that Hongdao Island was integrated with the mainland
because of the land reclamation. Thereafter, the length of
the coastline slowly decreased by approximately 12 km from
2010 to 2018 due to the protective measures to the environ-
ment and reclamation prohibition.

In conclusion, the proposed method can effectively
extract the general coastline from a remote sensing image,
especially for human coastline. This improvement is benefi-
cial for monitoring coastline change and marine ecological
environment.
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