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SUMMARY 

The work is dedicated to the solution of the scientific and practical task, which consists in the 
development of methods, technologies and means of creating systems of complex monitoring 
of marine water areas and the state of coastal zones using unmanned aerial vehicles (UAVs). 
The main goal is to increase the quality, efficiency, complexity and effectiveness of the 
processes of data collection of observations, their processing, transmission, preservation and 
analysis of information about the state of the territory and its environmental safety. 

The research focuses on the combination of the complexity of the methodology of building a 
dynamic system of monitoring, forecasting and warning regarding the security and 
sustainable development of the territories and the country as a whole. The main information 
base consists of satellite data and data obtained with the help of UAVs regarding emergency 
situations and the state of marine water areas. 
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Introduction 
 
Information systems for mobile monitoring of marine waters and coastal zones are an integral part of 
modern environmental monitoring, providing operational collection, analysis and transmission of data 
on the state of the marine environment. However, the implementation and operation of such systems 
are accompanied by low risks that may affect their technical condition. The basis of information 
monitoring systems are technological components, such as unmanned aerial vehicles (UAVs), sensors 
and satellite systems. Failure of any of these elements can lead to data loss or information distortion. 
In addition, software failures can cause incorrect data processing or transmission, which will 
negatively affect the decision-making process. Information systems are vulnerable to cyberattacks that 
can lead to unauthorized access, modification or destruction of data. This is especially true for the use 
of ship navigation systems, which can be attacked with the aim of disorientation or interception of 
control. Company reports indicate a growing number of such threats, requiring increased attention to 
cybersecurity in the maritime industry. Marine areas are subject to natural factors such as storms, high 
waves and other extreme weather conditions that can damage equipment or interfere with data 
collection. In addition, biological factors such as the rotation of sensors by marine organisms can 
affect measurement accuracy (Zaitsev, 2015). 
The human factor remains a key risk. Operator errors, insufficient training or failure to follow 
protocols can lead to incorrect data collection or interpretation. Also, logistical difficulties associated 
with accessing remote or hard-to-reach areas can complicate the maintenance and deployment of 
equipment. The lack of clear international standards and regulations on cybersecurity in the maritime 
industry can make it difficult to implement effective protection measures. In addition, a breach of data 
confidentiality can lead to legal consequences and a loss of trust from partners and the public 
 
Method and Theory 
 
The development of information systems for monitoring marine and coastal zones is a relevant topic 
of scientific research. Specialists from different countries analyze technological solutions, improve 
data collection methods and develop algorithms for rapid detection of environmental threats. Today, a 
wide range of methods, mechanisms and approaches have been created for assessing the state of the 
environment within the framework of environmental monitoring using aerospace technologies. The 
effectiveness of these approaches is confirmed by numerous studies and scientific works, among 
which we can note the works of Lyalko V.I. (study of spectral characteristics of vegetation cover)  
Popov M.O. (forecasting grain crop yields based on multispectral remote sensing data),  Trofymchuk 
O.M., Krasovsky G.Ya., Grekov L.D., Trysnyuk V.M. (space monitoring of land pollution 
(Trofymchuk et al., 2021), Panas R.M. (monitoring of soil degradation using satellite data) (Trysnyuk 
et al., 2022) etc. 
 
Results 
 
А comprehensive system of environmental monitoring of marine waters and coastal zones is a tool for 
ensuring sustainable development and preservation of marine ecosystems. In conditions when the 
level of anthropogenic impact on the modern environment is increasing, and climate change causes a 
significant spread of ecosystem processes, critical cases become operational and assess environmental 
threats. Modern information technologies open up new opportunities for mobile monitoring, which 
are based on the use of remotely piloted systems, automated sensors and satellite images. Thanks to 
this solution, it is possible to quickly obtain up-to-date data on the state of the aquatic environment, 
which allows you to quickly respond to current threats. For example, the integration of unmanned 
aerial vehicles with sensor marine buoys provides high-precision monitoring of the chemical 
composition of water, its level of pollution and its dynamic change. In addition, modern information 
systems allow you to predict environmental risks by analyzing large data sets obtained from various 
sources. The use of artificial intelligence and machine learning models helps improve forecasting 



Monitoring’2025   

 

 

XVIII International Scientific Conference “Monitoring of Geological Processes 
and Ecological Condition of the Environment” 
14–17 April 2025, Kyiv, Ukraine 

 

accuracy and optimize solutions to minimize environmental threats. For example, algorithms 
analyzing satellite images can automatically identify oil spills or abnormal temperature changes, 
which are signs of environmental disruption. 

 
Figure 1 Preparatory work for monitoring marine areas and determining the optimal route for the 
unmanned aerial vehicle in accordance with the task (2024). 
 
A comprehensive approach to identifying risks of environmental monitoring of marine and coastal 
areas using aerospace technologies is a tool for ensuring environmental safety in the face of increasing 
threats of pollution and climate change. Monitoring of such areas is a complex and multi-level process 
that requires the use of modern technologies to obtain operational and accurate data. The use of 
unmanned aerial vehicles and satellite systems opens up new opportunities for increasing the 
effectiveness of monitoring and timely response to environmental risks and threats. The primary task 
in this process is to determine the area to be studied and its characteristics. The monitoring area is 
selected depending on existing environmental problems, which may include oil pollution, reduction of 
industrial and domestic waste, coastal erosion processes, anomalous changes in water temperature and 
salinity, or biological manifestations such as eutrophication. Preliminary analysis based on satellite 
images, remote sensing data, and information from the open environment. Modern technical 
equipment is used to collect data, including multispectral and hyperspectral cameras, thermal imagers, 
radar systems, atmospheric sensors, hydroacoustic sensors and echo sounders. Such technologies 
allow assessing the state of aquatic ecosystems, detecting oil products, monitoring air quality, 
analyzing the temperature regime and changing the level of influence of sea waters. Comprehensive 
monitoring is provided by connecting satellite data, aerial photography from remotely piloted vehicles 
and local sensor systems installed on autonomous sea buoys and specialized areas. The collected 
information is transmitted via satellite communication systems and radio channels for further 
processing and analysis. An important stage is the integration of the obtained data into geographic 
information systems, which allows creating detailed pictures of pollution, identifying patterns and 
predicting the possibility of an environmental threat. Machine learning algorithms are used to 
automate the analysis, which can quickly process large data sets, identify deviations from the norm 
and generate analytical reports for environmental problems. A comprehensive environmental 
monitoring system includes several important subsystems. One of the key ones is the system for 
collecting and operationally analyzing environmental data, which allows obtaining information in real 
time. The important role of the subsystem of primary processing and data accumulation, which 
provides structuring and filtering of information before its further analysis. Also create a subsystem of 
geoinformation mapping, which allows to visualize the results of observations in thematic maps and 
time graphs. A separate tool includes the direction of monitoring the state of the atmosphere in coastal 
areas, which allows to track the level of air pollution, identify sources of pollution and assess their 
impact on the ecosystem. No less important are subsystems that are engaged in assessing the state of 
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coastal areas, analyzing risks to public health and predicting environmental hazards. They can assess 
the impact of anthropogenic factors on the environment, as well as identify some threats, such as 
flooding, coastal erosion or sea level rise (Horoshkova et al., 2022). The intelligent subsystem 
supports the development of artificial intelligence algorithm programs for modeling environmental 
processes, which allow predicting the development of the situation and effectively developing. The 
development of mobile information systems for environmental monitoring of marine areas and coastal 
zones allows for continuous monitoring of the state of the environment, timely identification and 
elimination of environmental threats, increasing the efficiency of management decision-making and 
preventing environmental disasters. The combination of satellite observations, aerospace technologies 
and intelligent data analysis systems creates the possibility of comprehensive management of 
environmental safety and ensuring sustainable development. When using UAVs for environmental 
monitoring of marine waters, it is important to choose the optimal option for their use, which will 
allow achieving maximum efficiency within the given operating conditions. This includes the analysis 
of different solutions that provide the greatest monitoring effect, taking into account the specific 
conditions and limitations in which the device will operate.Let us assume that there are different 
solutions to the problem (for example, different earth surface monitoring systems) B1, B2, ... By and a 
set of conditions for their implementation (according to the given UAV flight route): A1, A2, ..., An. 
Let Wij be the efficiency indicator (the probability of obtaining the necessary information about the 
earth's surface) when using the i-th solution (i-th variant of on-board equipment) in the j-th conditions 
(1, 2). Let us draw up a matrix of strategies (Table 1). 
 
Table 1 Matrix of strategies for implementing the task of environmental monitoring of marine water 
areas and adjacent zones. 

Solution 
options 

Condition options 
A1 A2 A3 

1 … n 1 … m 1 … L 
В1 W11 … W1n W11 … W1m W11 … W1l 
В2 W21 … W2n W21 … W2m W21 … W2l 
…. … … … … … … … … … 
Вk Wk1 … Wkn Wk1 … Wkm Wk1 … Wkl 

 
A feature of the strategy matrix is the construction of different solution options depending on the 
construction of different systems and devices of the UAV onboard equipment. In this case, W is the 
value of the effective option for using the onboard equipment (the probability of obtaining the 
necessary information about the ground surface) when applying solution options depending on the 
conditions.For clarity, a diagram of the relationship between the values of the efficiency indicators 
and the conditions options can be constructed for each of the hypothetical solution options. On the 
ordinate axis, we determine the value of the efficiency indicator W, and on the abscissa axis, the 
conditions options in the form of dots arranged in a certain order. Let's connect the points Wij 
corresponding to this solution with lines (Trysnyuk et al., 2022). We will get a typical case for 
practice when one solution is more effective in some conditions, and another in others. However, for 
economic reasons, we cannot afford to have numerous technical solutions and use each in appropriate 
cases. It is necessary to choose one solution (sometimes several) that would be better, in some sense, 
for the entire range of conditions of use. 
 
Conclusions 
 
During the research, scientific and methodological approaches were developed, on the basis of which 
the procedure for environmental monitoring using unmanned aerial vehicles was improved. This 
procedure is the basis for the operational detection of pollutants during the observation of a certain 
territory. In the work, to solve the scientific tasks, observation methods (field research), a systems 
approach, structural and parametric analysis, optimization theory and methods, as well as control 
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theory and methods of statistical processing of results were used comprehensively.In the process of 
the experiment, along with analytical calculations, simulation modeling was used based on the use of 
a special software package MATLAB 8.1. The task of optimizing the UAV flight was formulated and 
considered taking into account economic indicators. The choice of the UAV flight route, the criteria 
for optimal flight, and automatic flight control were also analyzed. An analytical risk model is 
proposed for assessing the quality of environmental monitoring tasks performed using unmanned 
aerial vehicles, which consists in finding the structure of optimal parameters of the aircraft's on-board 
equipment, taking into account the specifics of determining the nature of anthropogenic impact on the 
state of critical infrastructure. 
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