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Abstract

Coastlines have hosted numerous civilizations since the earliest times of mankind due to the advantages
they offer such as natural resources, transportation, arable areas, seafood, trade, and biodiversity. Coastal
regions should be monitored vigilantly by planners and control mechanisms, and any changes in these
regions should be detected with its human or natural origin, and future plans and possible interventions
should be formed in these aspects to maintain ecological balance, sustainable development, and planned
urbanization.

Integrated coastal zone management (ICZM) provides an important tool to reach that goal. One of
the important elements of ICZM is the detection of coastlines. While there are several methods to detect
coastlines, remote sensing methods provide the fastest and the most efficient solutions.

In this study, color infrared, grayscale, RGB, and fake infrared images were processed with the median
filtering and segmentation software developed within the study, and coastal lines were detected by the edge
detection method. The results show that segmentation with fake infrared images derived from RGB images

give the best results.
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Introduction

Coastlines are environmental regions most subject to
natural and artificial changes. Since coastlines lie at the
intersection of land and sea, many natural phenomena
have an impact on them. Moreover, the use of coastlines
throughout history for settling, sheltering, and economic
and transportation purposes has caused artificial changes
to them [1]. Between 1807 and 1927, all coastlines
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were produced by terrestrial measurements. Aerial
photogrammetry has been used to detect coastlines since
1927.

Aerial photogrammetry has been seen the sole means of
detecting coastlines, but its use has always been expensive
and time-consuming. Additionally, it requires extensive
terrestrial work to distinguish coastlines on monochrome
aerial photos when water is turbid and muddy.

The analog form of aerial photos makes it difficult to
extract features and is error-prone. In 1972, LANDSAT
started to transfer digital images in the infrared band in
which land and water can be distinguished clearly. This
led to real-time imaging of larger areas at once, and
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detailed feature extraction from the images of high spectral
resolution [2]. With these developments in remote sensing
imaging systems, different methodologies have been
proposed to detect coastlines [3-7]. One of these methods
is the combination of various bands and the automatic
detection of coastlines by segmentation algorithms.

Problem Definition

Integrated coastal zone management (ICZM) is a
dynamic, continuous, and iterative process and aims to
support and strengthen sustainable management [8]. ICZM,
which involves the complete cycle of data collection,
planning, decision making, management, and monitoring
of the application, and aims to take the necessary actions
by using the participation and the cooperation of the
shareholders. ICZM also tries to balance environmental,
economic, social, cultural, and recreational objectives [9].

Coastal management is usually exercised to solve
problems arising from the use of coastal zones. Several
regulations and bylaws have been developed by several
countries and international organizations (the United
Nations Department of International Economic and
Social Affairs, 1982; UNEP, 1995; IWICM, 1996;
and the Organization for Economic Co-operation and
Development) to define problems and coordinate possible
solutions [10].

The starting point for ICZM is to determine the
coastal lines unambiguously. The most important step
in the process is to determine the coast lines as quickly
and accurately as possible. At this point, automatic
determination of the coast lines will both speed up the
management process and help make better decisions.

Median Filtering in Image Processing

Median filtering is one method used in image and
signal processing applications to remove noise. The
main idea is to remove the large intensity variations by
taking the median of the intensity values within a certain
window. In other words, the filter enables us to detect and
clean pixels that are distinctly different from neighboring
ones [11].

The median filter differs from weighted mean filters in
one particular aspect. The weighted mean filters find the
weighted mean of the neighbors, and take another mean of
the result with the original. On the other hand, the median
filter sorts the values first and uses their median directly
as a result. To obtain the median value, an odd number of
neighboring pixels is usually chosen. If an even number
of neighbors is used, then the average of two pixels in
the middle is taken. Here, represents the neighbors of the
point at [m, n].

y[m,n] = median {x[i, j], (i,j) € w} W

Median filter is highly useful to clean point and
line noises without breaking the spatial continuity and
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Fig. 1. The application of the median filter.

resolution. In this respect, while it is efficient in binary
images, it is not practical in Gaussian noises. If the number
of noisy pixels is equal to or larger than the neighboring
pixels the filter is not efficient [12].

As seen in Fig. 1, the median filter takes the median of
the values of the neighboring pixels after sorting them. For
an image of size 3x3, the median value is the fifth value in
the list of the sorted values.

Image Segmentation

Segmentation is the first and the most important step in
object-based image processing. In the large sense, the seg-
mentation is the process of obtaining objects by grouping
the homogenous neighboring pixels based on the selected
scale and homogeneity. The main objective in the process
is to detect significant objects and obtain their geometries.
The segmentation process minimizes the heterogeneity
and the smallest unit in the image — not the pixels — be-
comes the objects.

One of the advantages that the segmentation process
offers is to allow relatively few and spectrally homoge-
nous objects instead of millions of pixels. Since segmen-
tation is object-based analysis, the errors arising from the
segmentation process affect all subsequent steps, includ-
ing classification accuracy. In this respect, segmentation
quality should be of outmost quality [12].

The efficiency of the general segmentation algorithm
depends on the homogeneity concept. The scale parameter
is used to determine the average object size. By using
differenthomogeneity criteria, and spectral and geometrical
information, the objects are improved and compared
[13]. The size and the homogeneity of the objects differs
in the segmentation process depending on the chosen
parameters. The scale parameter and the geometry and
integrity parameters included in the homogeneity criterion
are applied in multi-resolution segmentation.

These segmentation parameters are user-defined and
are usually determined using trial and error. Besides those
parameters, giving different weighting coefficients to each
image band causes tiny changes in the formation of the
objects. The more weight given to a specific band, the
more the pixel information in that band will be taken into
account [14].

Morphological Edge Detection

Since detection of the object requires determining
the boundaries, edge detection has been one of the most
important steps of image processing. Since the marked
transitions correspond to the object boundaries, most edge
detection algorithms are based on those transitions. Prewitt
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a) Erosion

b) Dilation

Fig. 2. Sketch of the most fundamental morphological operators.

[15], Sobel [16], Canny [17], and Marr and Hilldreth [18]
algorithms are usually acknowledged as the fundamental
algorithms in the literature. Numerous studies employ
these algorithms on grayscale images [19-21].

Mathematical morphology is an analysis and
processing method based on set theory, topology, and
random functions. This deals with geometric structures.
Mathematical morphology is usually used in digital
images. Besides, it is also used in graphics, surface joining,
and various spatial structures [22-23]. The topological
and geometrical concepts such as continuity and gaps
characterize the mathematical morphology along with
properties like shape, separation, integrity, and distance.
Mathematical morphology is used to distinguish objects
from other objects in the image. Moreover, it processes
the objects in the images without changing their sizes.
Mathematical morphology is first developed for binary
images and further developed for grayscale images [22-
23].

The main idea behind morphology is to spatially
correlate a pre-determined group of pixels on the image
to detect the matching portions. These pixel groups are
called “structuring element.” The structuring element
itselfis a binary or grayscale image. The most fundamental
morphological operators are erosion and dilation.

The object gets larger or thicker with dilation. On the
contrary, when erosion is applied, the object shrinks and
gets thinner. The effect of the operators depends on the
structure and the size of the structuring element. With a

Fig. 3. Study area.
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Fig. 4. Map produced from an aerial image with a resolution of
30 cm.

sequential usage of erosion and dilation, higher-level
operators like opening and closing can be formed.

Aim of the Study

Determining coastlines is a top priority for managing
coastal zones. In this study, an automatic extraction of the
coastal is presented by using the different bands of the
remotely sensed images.

The edge detection in RGB images is more efficient
than monochrome images [24]. The edge between a tow
object with the same intensity but different color can be
distinguished in color images. Thus, additional properties
that go undetected in grayscale images can be identified in
color images. As pointed out in [24], the results in color
images are always better than those obtained in grayscale.

This approach, while it could be valid in various edge-
detection studies, may not be suitable for use in coastal
zone detection. In this study, the automatic detection of the
coastlines is applied from the fake infrared images derived
from easily accessible RGB images.

Material and Methods

The study area takes place on a coastal zone between
the latitudes 39°00'43.8232'N and 39°01'41.2731°N,
and longitudes 26°47 59.9083°E and 26°49'10.6333"E
(Fig. 3).

The research material consists of orthorectified images
obtained from aerial photos with a spatial resolution
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Fig. 5. Flow chart for producing a fake infrared image.
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Fig. 6. The a) RGB, b) color infrared, c) grayscale, and d) fake infrared images of the study area.

of 30 cm. The orthorectified images have both RGB and We used GlobalMapper software to prepare the images to
near-infrared bands (Fig. 4). be used in various band combinations. To produce fake
infrared images from RGB images we used Photoshop

Analysis software. After duplicating the RGB image, a Gaussian

blur effect was applied in the green band and a “chan-

In the first step, RGB, color infrared, grayscale fake nel mixer” layer was added. The edges in infrared im-
infrared images were produced from four band images. ages seem to gloss with an eerie inner light, getting the

RGB

Color
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Fig. 7. Application of segmentation for median filtered images for median filters of a) 3x3, b) 5x5, c¢) 7x7, d) 9x9, and e) 11x11.
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effect with a quick transformation and some blur. In this
layer, the monochrome option was selected with values of
100% red, 200% green, and -200% blue. To make a black
and white infrared image, check the “monochrome” box.
Since infrared film detects healthy, reflective vegetation
(i.e., all the green stuff), it shows up bright. Slide the green

Color Ir
Grayscale Fake Ir

Fig. 8. Application of edge detection to the images after median
filtering and segmentation with a 3x3 window.
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Fig. 9. Application of edge detection to the images after median
filtering and segmentation with a 5x5 window.

Color Ir
Grayscale Fake Ir

Fig. 10. Application of edge detection to the images after median
filtering and segmentation with a 7x7 window.

channel all the way to the right to pump that channel to
200%. Kill the blue by moving its slider left to -200%. The
opacity value of this image was set as 35% (Fig. 5). A
noise value of 20% was applied to the newly added layer.
After these operations we obtained the fake infrared image
shown in Fig. 6-d. The RGB, color infrared, and grayscale
images of the study area are shown in Fig. 6.

For all the images we applied several median filters of
size 3x3, 5x5, 7x7,9x9, and 11x11. The necessary software
tools were developed within the study for the Median
filtering by using the .NET Framework System.Drawing.
dll library. In these software tools (which were developed
in C# programming language), the median pixel value is
computed from the matrix of neighboring pixels in the
source image and the new filtered image where the median
values are assigned is saved as a new image. The median
filtering is highly efficient if the resolution of the image
needs to be preserved. This study aimed at minimizing the
noise in the pixels representing the coastal zones where the
land and sea meet. It was planned to improve automatic
detection of the coastlines.

In the next step of the study, segments were produced
from the median filtered images. For segmentation,
a separate software tool was prepared in C++. With

Color Ir
Grayscale Fake Ir

Fig. 11. Application of edge detection to the images after median
filtering and segmentation with a 9x9 window.
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Fig. 12. Application of edge detection to the images after median
filtering and segmentation with an 11x11 window.
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Fig. 13. Flow chart of the analysis.

this application, the pixels having similar values were
determined and the corresponding image segments were
formed. Therefore, the pixels representing the sea are
identified and grouped. This segmentation was further
used to determine the coastlines (Fig. 7).

In the last step of the study, a software tool in C# was
developed to apply morphological edge detection to the
coastline images that were segmented in the previous
step. Similar to the median filtering application, the .NET
Framework System.Drawing.dll library was used in
developing the morphological edge detection algorithm.
The results of the study are shown in Figs 8-12. The
complete flow chart of the analysis steps is shown in
Fig. 13.

Results and Discussion

Since the results obtained for the median filtered and
segmented fake infrared images with different window
sizes were found to be more efficient to group sea pixels,
these images were preferred to detect coastlines. The
obtained results are given in Table 1. Using the results
obtained with these images, we propose the optimal
approach to automatic detection of coastlines.

As seen in Table 1, detection of coastlines with a 9x9
median filtering produces the closest results to manual
digitization. No significant difference was observed in the
process time for different window lengths. Considering
the processing time, the time required for larger windows
sizes increases but it is considered insignificant in
automatic feature extraction.

The use of fake infrared images for automatic
feature extraction, in particular, is one of the authentic
contributions of this study. The developed processing
algorithm was found to be highly efficient in the study
region of 2 x 2 km, and we feel that similar results can be
obtained in larger areas.

Conclusion

Important features like buildings and roads are
manually detected by operators from infrared aerial
photos. The developments in computer technology and
digital image processing enable automatization of those
processes and speed up the whole procedure. However,
obtaining infrared images is not possible all the time. While
many data providers offer RGB data free of charge, they
have a different policy for infrared images. In this respect,
the manipulation of RGB images as infrared images is
possible thanks to image-processing technologies.

The infrared images obtained through manipulation
of RGB images have proven to be efficient and the
advantages of infrared images can be accessed easily.
It is also considered that the proposed algorithm can be

Table 1. The results of automatic detection of the coastlines with fake infrared images.

Method of Coastline Detection Coastline Length . .
(km) Difference Ratio (%) Total Processing
. (km) ° Time
Manual Digitizing 5.444918

Edge detection after 3x3 median filtering and segmentation 5.233843 0.251075 4.83 5726”
Edge detection after 5x5 median filtering and segmentation 5.221063 0.223855 4.29 714
Edge detection after 7x7 median filtering and segmentation 5.310605 0.134313 2.53 8217
Edge detection after 9x9 median filtering and segmentation 5.398489 0.046429 0.86 8427
Edge detection after 11x11 median filtering and segmentation 5.370722 0.074196 1.38 9°29”
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used in photogrammetric mapping. With improvements in
software, features such as coasts, lakes, and rivers can be
automatically detected with the proposed algorithm.

The software tools given in this study are authentic,
independent, open source, practical, and open for further
improvement. The quality of the images and their contrast
and noise ratios have an impact on the proposed algorithm.

The surface properties and the contrast of the line
features also affect the efficiency of the algorithm. To
improve the efficiency of the given algorithms, several
image enhancement methods such as increasing contrast
and decreasing noise were also employed. Such further
enhancements have proven to be useful in increasing the
efficiency of the developed algorithm.

In summary, the RGB images were manipulated to
produce fake infrared images and the coastline were
automatically detected by using the developed algorithm,
which proves to be the most efficient, and all the image
processing was carried out by the developed software
tools given in the appendices.
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