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SUMMARY 

Monitoring the changes in coastline contours along the coast of the western part of the 
Crimean Peninsula based on the use of machine learning methods is a complex and complex 
task. However, the development of such an approach can become a powerful tool for 
updating information about the real state of the coastline. The use of the created CNN model 
made it possible to effectively recognize the coastline and its boundaries on satellite images, 
without the need for manual vectorization. The development of such an approach is useful for 
use in the future to monitor changes in shorelines along rivers, seas, and lakes throughout the 
territory of Ukraine.  
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Introduction 
 
Since the territory of the Crimean Peninsula has been under temporary occupation since 2014, it 
makes it impossible to carry out traditional instrumental studies to monitor changes in its coastline. 
Over the last 10 years, the coastline could undergo significant transformations as a result of 
anthropogenic activity and landslide-abrasive processes. Traditional coastline mapping methods used 
are relatively expensive, time consuming, require manpower and contain a lot of uncertainties due to 
unique geometric and spectral structures of coasts (Ge et al., 2014). It should also be noted that 
traditional instrumental studies have been carried out in the past at a minimal level, due to cost. The 
series of historical data is discontinuous, in addition, observation points were located along the coast 
unevenly, not covering the entire coastline. 
 
However, long-term changes in the coastline of various scales are effectively recorded using a 
complex of remote sensing methods. The use of which with machine learning algorithms makes it 
possible to assess not only the intensity of the development of abrasion and accumulation processes, 
but also to carry out quantitative assessments of the areas of reduction or increase of coastal areas. 
Thus, the purpose of this study is to monitor changes in the contours of the coastline of the western 
part of the Crimean Peninsula over the past 10 years based on the use of machine learning methods. 
 
Topic development 
 
Studies of changes in the coastline are presented in works (Starodubtsev, 2022; Tomchenko et al., 
2017), in these works Landsat 4, 5 and 8 satellite images were taken as a basis. The key methodical 
approach of these works is manual vectorization of the boundaries of the coastline, which is quite 
time-consuming process In the work (Martyniuk and Tomchenko, 2021), a study of natural-
anthropogenic transformations of the lake was conducted based on the use of Sentinel-1 (SAR) and 
Sentinel-2 satellite data, but the mapping of changes, as in previous works, was performed using 
manual vectorization, which it is certainly not effective if the developed method is used as a universal 
tool in large areas.  
 
Reliable predictions can be achieved with ML classifiers which are the group of low predictive 
capacity classifiers (weak classifiers) such as Decision Trees. As a conclusion of successful results 
achieved in different problems, researchers used this method as well for coastline extraction and land 
use classification. This algorithm was applied for extracted coastlines around Terkos Lake and on the 
coasts intersecting with the Black Sea by utilizing the Random Forests classifier over Landsat-8 
medium resolution satellite images (Bayram and Erdem, 2017). This approach solves the problem of 
obtaining coastline contours for long areas, but the output results contain a lot of noise, which is a 
significant disadvantage. 
 
Technology solutions 
 
Monitoring of changes in coastline contours along the coast of the western part of the Crimean 
Peninsula based on the use of machine learning methods is a complex task that requires a sufficient 
level of competence in many areas of research, starting from the geological component and ending 
with machine learning methods. Implementation of such a non-trivial task required open data sources, 
as well as technologies available under a free license. Remote sensing data can be used with different 
resolutions. This study focuses exclusively on satellite images because they have a wider set of 
satellite data. During developing reliable, universal and effective tool for recognizing changes in the 
coastline along the western coast of Crimea, it is necessary to make an analysis to obtain information 
about available algorithms that could perform shoreline contour recognition. The main emphasis was 
made on the analysis of works in which they were used machine or deep learning methods. The 
research was made to aim at assessing the feasibility of creating a synthetic geo-raster, which can 
combine various products or their derivatives and have a specific channel order to better represent 
shoreline contours. Such development could increase the temporal resolution and reduce the impact to 
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a minimum in certain cases of cloudiness while research. Thus, the main task is the selection and 
development of convolutional neural architecture networks (further in text «СNN») for the semantic 
segmentation of coastlines on satellite images.  
 
Segmentation of satellite images is a separate direction for convolutional neural networks. Therefore, 
it is advisable to involve some adaptive mechanism that can extract the most informative features 
from the set of input data and generate on their basis an interpretable (semantically meaningful) result. 
Such a most suitable mechanism is the Semantic Segmentation approach with U-Net (Fig. 1) 
(Okhrimchuk and Tishaiev, 2020). 
 

 
Figure 1 Segmentation U-Net architecture. Here, I - the spatial size of the input image patch 
(Ronneberger, O. and al., 2015) 
 
Study Area 
 
Along with obtaining information about the history of the geological development of the Crimean 
Peninsula, the geological structure of the coasts and underwater slopes of the Black Sea along the 
western part of the peninsula was also investigated (Fig. 2). 
 

 
Figure 2 Schematic geological map of Crimea: 1-Taurian series (Triassic-Lower Jurassic); 2-
deposition of the Middle and Upper Jurassic; 3-deposition of the Cretaceous period; 4- Paleogene 
deposits; 5-neogene deposits; 6-boundaries of age complexes of rocks; 7-faults (Baranov et al., 2012) 
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Also, based on historical images, the dynamics were preliminarily analyzed and a qualitative 
assessment of changes in the coastline was made. Figure 3 shows the effects of abrasion, which is 
limited to the western part of the Crimean Peninsula, using the example of the Bakal Spit (Fig. 3). 
 

 
Figure 3 Coastline changes on the example of the Bakal spit:1 – for 2008; 2 – for 2018 (Google 
Earth service, 2022) 
 
Project implementation practice 
 
As source remote sensing data for this work was used PlanetScope satellite images with a spatial 
resolution of 1 m. At the first stage, algorithms were developed that made it possible to prepare a data 
set for network training, including binarization and generation of image samples with a size of 
512x512. Data augmentation techniques have been used to increase the number of training images 
from the already existing dataset. The next stage was the development of scripts for the 
implementation of selected neural network architectures, with the possibility of making changes in 
their structure in the future. U-Net neural network is based on the fully convolutional network and its 
architecture was modified and extended to work with fewer training images and to yield more precise 
segmentations. The network consists of a contracting path and an expansive path, which gives it the u-
shaped architecture. The contracting path is a typical convolutional network that consists of repeated 
application of convolutions, each followed by a rectified linear unit (ReLU) and a max pooling 
operation. During the contraction, the spatial information is reduced while feature information is 
increased. The expansive pathway combines the feature and spatial information through a sequence of 
up-convolutions and concatenations with high-resolution features from the contracting path 
(Okhrimchuk and Tishaiev, 2020). 
 
Solving the problem of semantic segmentation involves developing the code in Python and 
maintaining the computing infrastructure using the TensorFlow open-source library for high-
performance computing. The semantic segmentation approach with U-Net can be successfully 
implemented using the TensorFlow library. TensorFlow provides an opportunity to use already 
trained models (on large open datasets) and their architectures through the special modules. Designed 
architectures can be used in full or only the convolutional part. 
 
In order to create a segmentation model, U-Net architecture with ResNet34 backbone was used. 
Model training was stopped at validation loss 0.19 and validation accuracy 0.95. Network training 
also involves developing Python code to automatically generate reports that include information about 
network accuracy and loss functions. Such development would make it possible to evaluate various 
approaches and methods and choose the best one among them. Finally, scripts were created for using 
the trained network in the task of semantic segmentation of the target class in order to recognize the 
contours of the coastline of the Crimean Peninsula on satellite images, which is represented as a 
probability raster (Fig. 4). The result of the segmentation model is translated into a vectorized result 
of the coastline contours of the Crimean Peninsula. 
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Figure 4. The result of coastline detection using semantic segmentation, which is represented as a 
probability raster dated as of 01.07.2022 
 
Conclusions 
 
Monitoring the changes in coastline contours along the coast of the western part of the Crimean 
Peninsula based on the use of machine learning methods is a complex and complex task. However, 
the development of such an approach can become a powerful tool for updating information about the 
real state of the coastline. The use of the created CNN model made it possible to effectively recognize 
the coastline and its boundaries on satellite images, without the need for manual vectorization. Future 
research purpose is to investigate the sufficient accuracy of the original U-Net on RGB channels with 
or without using other backbone architectures and application of this technique for land use problems 
(Menshov, 2018). The development of such an approach is useful for use in the future to monitor 
changes in shorelines along rivers, seas, and lakes throughout the territory of Ukraine. In the future, it 
is planned to build a map with the dynamics of changes based on the received data. Finally, it is 
planned to create an up-to-date isopaches map for the western coast of the Crimean Peninsula. 
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