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Abstract — Pollution of continental water resources has 

emerged as one of the most significant environmental 

problems in recent decades. This affects both the natural 

ecosystems inhabiting water areas and the quality of life of 

the population. The unregulated disposal of large amounts of 

plastic, construction and household waste into rivers, lakes 

and adjacent territories leads to significant consequences - 

degradation of biodiversity, disruption of natural 

hydrological processes, as well as crises such as floods, 

pollution of groundwater and drinking water. This study 

examines the possibilities of applying autonomous technical 

means - both aerial (drones) and floating (robotic platforms) 

- for monitoring and control of pollution. These technologies 

offer a number of advantages: effective monitoring of large 

areas with minimal resources, the possibility of early 

detection of unregulated landfills, as well as rapid response 

to risky situations 
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I. INTRODUCTION 

The article examines the opportunities and challenges 
of using mobile autonomous systems for monitoring, early 
detection and local remediation of pollution in rivers, lakes, 
water channels and adjacent territories [1, 2]. The main 
types of autonomous platforms, key sensor and 
communication solutions, application examples and 
operational concepts, as well as the legal and institutional 
context and recommendations for implementation within 
the framework of integrated water resources management 
are presented [3, 4, 5]. 

Inland water bodies are vital for ecosystems, drinking 
water supplies, agriculture and industry. Traditional 
methods of pollution control — stationary stations and 
periodic sampling — often do not provide the spatial and 
temporal coverage necessary for early detection of 
incidents and for monitoring dynamic processes such as 
pollutant dispersion and mass algal blooms. Mobile 
autonomous systems offer the possibility of flexible, 

frequent and targeted monitoring that complements and 
extends classical approaches [6, 7]. 

II. MATERIALS AND METHODS 

Modern platforms and technologies are used in the 
monitoring of water bodies and their adjacent territories, 
with some of the most commonly used being autonomous 
surface platforms. 

Autonomous Surface Vessels (ASVs) are designed for 
long-duration sampling and measurement missions along 
defined trajectories, combining GNSS navigation, 
precision propulsion, and modular sensor architecture (DO, 
pH , conductivity, chlorophyll, turbidity, etc.). Commercial 
and research solutions are already demonstrating the great 
potential for autonomous transects, integration of battery 
systems, and connectivity to ground stations for real-time 
data transmission. 

In recent years, autonomous underwater vehicles 
(AUVs) and remotely operated underwater robots (ROVs) 
have been increasingly used. They allow exploration of the 
water column and bottom, leak detection, sample 
collection, and visual inspection using cameras and sonar. 
These systems are particularly useful for sediment mapping 
and locating sunken waste or contaminants [8, 9, 10]. 

For a more complete picture of observations and 
research, various types of aerial and ground unmanned 
systems are also used. 

Drones (UAVs) provide rapid survey of large areas, 
detecting oil slicks, floating debris and coastal pollution 
using multispectral and thermal cameras. Ground-based 
autonomous platforms and robotic shoreline systems 
support waste collection and inspection of adjacent areas. 

Here we will look at airborne (UAV) and surface water 
(ASV/USV) pollution monitoring in continental water 
bodies: what sensors and platforms are used, how data is 
processed (algorithms and machine learning), operational 
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workflows, and main limitations when applied in field 
conditions. 

Various platforms and sensors are used for aerial 
surveillance (UAV), and we will provide a brief overview 
of the most commonly used ones. 

Multispectral cameras (4–8 channels) and RGB 
cameras for rapid mapping of surface anomalies such as oil 
slicks, floating debris, and coastal pollution. 

Hyperspectral sensors for detection and quantification 
of chlorophyll a and differentiation of algae species in 
blooms ( HABs ) through specific spectral signatures. 

Thermal cameras and NIR channels for detecting 
temperature anomalies and differences in reflectivity 
between water and oil films [11]. 

Various algorithms and information processing are 
used when processing information and analyzing the 
received data. 

Deep neural networks (e.g. U-Net, YOLO variants) are 
used for segmentation and detection of oil and waste spills 
on a water surface, and also create models trained on 
multispectral input data, increasing accuracy in complex 
conditions (waves, reflections, vegetation). 

For HABs, spectral indices and machine learning are 
used to estimate chlorophyll-a concentrations and 
distinguish cyanobacteria from other phytoplankton groups 
[12, 13]. 

When conducting observations, it is necessary to carry 
out mission planning and operational practices, such as: 

Altitude and overlap: low flights (10–120 m) with high 
overlap for detailed maps; choice depends on sensor 
resolution and wind conditions. 

Surveillance frequency: regular flights (daily/weekly) 
in critical areas are recommended for early detection of 
incidents; in the event of an event, intensive mapping and 
tracking missions are recommended. 

When making observations, it is necessary to take into 
account some limitations such as cloud cover, strong wind, 
reflections and shadows, which can reduce the quality, 
when planning them. When making observations and 
collecting information, ground validation (samples) is 
necessary for model calibration [14]. 

In parallel with aerial monitoring, it is necessary to 
carry out surface water monitoring (ASV / USV) to obtain 
more complete and reliable data. It is especially important 
to select the right platforms on which to deploy the 
equipment and to take into account the payload of the 
platform. One of the most widely used are autonomous 
surface vessels (ASV / USV) with a modular architecture 
for the integration of various equipment to measure pH, 
dissolved oxygen (DO), conductivity, turbidity, 
chlorophyll- fluorimeters, spectrometers and automatic 
samplers (against contamination). 

 

III. RESULTS AND DISCUSSION 

have been built that combine mechanical modules for 
collecting floating debris or filtering oil slicks, as well as 
solar charging for extending missions. 

According to the sampling and measurement methods 
used, they can be categorized according to the following 
indicators: 

1. Discrete samples: automatic samplers ( syringe -
type or piston) allow storage of multiple samples along a 
trajectory for laboratory analysis; this is important when 
monitoring toxic substances and microbiological 
parameters. 

2. Continuous sensors: embedded sensors provide 
time series and allow mapping of spatial variability of 
parameters in real time. 

The autonomous air, ground and water vehicles used 
must be reliable and provide reliable information. It is of 
utmost importance that they have a good navigation system 
and are reliable and safe. 

ASVs must integrate GNSS, inertial systems and 
obstacle avoidance systems (LIDAR/camera/radar) for safe 
operation in shipping areas, and in limited communication, 
they execute local plans and buffer data for later 
transmission. 

The use of these means to control pollution of water 
bodies must be in synergy between air and surface [15]. 

Tandem and swarm operations are used to fully map the 
surveyed area. 

UAV → ASV workflow, where the drone performs 

rapid mapping and localizes anomalies, and then the ASV 
heads to the areas for detailed measurements and sampling. 
This approach optimizes resources and speeds up incident 
response. 

ASV swarms can cover large areas in parallel, 
distribute sampling, and maintain continuous monitoring, 
while UAVs provide an operational picture from above. 

Multisensor fusion combines multispectral or 
hyperspectral imagery with in-situ measurements (pH , 
DO, chlorophyll) to provide more reliable estimates and 
calibration of remote sensing; this improves quantitative 
estimates (e.g. chlorophyll-a concentration) and reduces 
false alarms. 

At the same time, automated workflows are also being 
applied, such as cloud platforms for ingest, pre-processing 
(reflection correction, georeferencing), model inference 
(detection/ classification), and visualization in GIS for 
rapid decision-making. 

In recent years, a lot of practical experience has been 
accumulated and the following practical considerations and 
recommendations for more effective activity and more 
accurate results can be formulated [16]. 

1. Calibration and validation, which involves regular 
field calibration of sensors and comparison of remote 
assessments with laboratory samples, are essential for 
reliable and accurate results. 
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2. Communications and processing, creating an 
architecture with local storage and asynchronous 
transmission upon connection recovery. In critical 
incidents, there should be a channel for priority 
transmission of compressed maps and alarms. 

3. Energy and autonomy, which applies the use of 
energy-efficient missions, solar charging, and trajectory 
optimization to extend the operating time of ASVs and 
UAVs. 

4. Regulations and safety in compliance with 
aviation and water regulations, flight zones, permits for 
operation over populated areas and collision avoidance 
procedures. 

The concept of coordinated teams of heterogeneous 
autonomous platforms (ASV, AUV, UAV) allows for task 
separation: rapid mapping from the air, followed by 
detailed measurement and local cleaning by surface and 
underwater robots. Swarm approaches improve the 
coverage and resilience of operations through distributed 
autonomy and adaptive planning [17]. 

The use of these monitoring systems has wide 
application for pollution control. 

1. Enable continuous monitoring and early warning. 
Mobile autonomous systems can perform regular transects 
and provide real-time data on key water parameters, 
allowing early detection of deviations from the norm and 
rapid response to incidents [18]. Integration with cloud 
platforms and machine learning facilitates automatic 
classification of events (e.g. blooms, oil spills) and 
prediction of spread. 

2. Localized cleaning and collection of litter, where 
robotic “cleaning” platforms designed for coastal areas and 
ports are already being used to collect floating plastic litter 
and prevent it from entering larger bodies of water. The 
combination of visual detection and mechanical collectors 
allows for the creation of “clean corridors” near the shore 
[19]. 

3. Coordinated strategies are being developed for oil 
spills, where swarms of autonomous platforms map the 
spill, localize the source, and implement local containment 
and collection measures (floating barriers, filtration 
modules). Research shows that heterogeneous teams can 
speed up the response and reduce environmental damage 
with proper coordination and trajectory modeling. 

To implement the activity of controlling the pollution 
of water bodies, it is necessary to observe a legal 
framework and integration in water management [32]. 

The European Water Framework Directive sets targets 
for achieving “good status” for water bodies and requires 
monitoring programmes and pollution reduction measures. 
Autonomous systems can contribute to meeting these 
requirements through increased spatial and temporal 
coverage, but their implementation requires data 
standardisation, sensor certification and clear regulation of 
operational procedures. Political and institutional barriers 
are often linked to a lack of funding, insufficient 

coordination between agencies and the need to train staff to 
use the new technologies. 

The technical and operational challenges to detecting 
plastic waste pollution in water bodies are: 

1. High quality and calibration of sensors, because 
mobile platforms use a variety of sensors and maintaining 
accuracy and calibration in field conditions is critical for 
reliable data. 

2. Energy autonomy, because battery limitations 
limit the duration of missions, and this can include 
solutions that include solar charging, hybrid systems, and 
trajectory optimization. 

3. Excellent communications and data transmission, 
because in remote areas the connection can be unstable. An 
architecture for local data storage and asynchronous 
transmission upon connection recovery is required. 

4. Good navigation, reliability and safety. 
Autonomous platforms must avoid collisions with vessels 
and operate in complex hydrodynamic conditions. This 
requires reliable localization systems and adaptive 
planning. 

5. Ethics and liability, with clear rules for liability 
for damage, loss of platforms, or wrongdoing, are needed 
before widespread deployment. 

Swarms of small autonomous platforms can perform 
parallel tasks (scanning, sampling, waste collection) and 
reallocate resources in real time based on detected 
anomalies, which increases the efficiency and resilience of 
operations [26], [31]. 

For sustainability, it is important that data and results 
are accessible to local authorities, water operators and civil 
society organizations. Training and joint pilot projects 
facilitate the adoption and proper use of technologies. 

Recommendations for implementing these systems can 
be formulated as follows: 

1. Pilot projects in priority basins with clearly 
defined objectives (monitoring, early warning, cleanup) 
and evaluation of effectiveness. 

2. Data standardization and calibration through 
certified procedures and compatible exchange formats. 

3. Integrated operations centers that coordinate 
UAV/ASV/AUV missions and provide liaison with rapid 
response institutions. 

4. Financial and regulatory incentives for 
deployment, including public-private partnerships and 
innovation programs. 

5. Development of swarm and coordination 
algorithms for optimal use of heterogeneous platforms in 
incidents such as oil spills [17], [27]. 

When flying in adverse weather conditions — fog, 
heavy rain, or snowfall — safety must be the top priority. 
Flights should be postponed whenever possible if 
conditions compromise safe operation. Fog greatly reduces 
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visibility and complicates visual navigation; in such 
situations, drones equipped with thermal and infrared 
cameras can assist with orientation and object detection. 
Heavy rain poses a risk to many drone models because 
most are not waterproof and can be damaged by moisture 
ingress. For operations in rain, it is important to use 
platforms specifically designed to be water-resistant and to 
apply additional protective measures for the electronics. 
Snowfall combines reduced visibility with the risk of 
freezing mechanical and electrical components. Drones 
with cold-resistant materials and components, together 
with thermal sensors, can facilitate operations in these 
conditions, but strict preflight checks and safety procedures 
remain essential [24], [30], [36], [38]. 

Practical Measures and Recommendations for Safety 

1.  Preflight inspections: check seals, battery 
condition, sensor functionality, and protective coverings. 

2.  Platform selection: choose drones with 
appropriate ingress protection and low-temperature ratings 
for the expected conditions. 

3.  Sensor suite: combine visual cameras with 
thermal and infrared sensors for more reliable detection in 
low-visibility situations. 

4.  Mission limits: shorten flight durations and avoid 
risky maneuvers in bad weather; plan contingency options 
for safe landing. 

5.  Postflight maintenance: dry and inspect 
components after exposure to moisture or ice. 

During the study it was found that in Bulgaria, besides 
the Yambol municipality, the Sofia municipality and the 
Burgas municipality are using marine drones and artificial 
intelligence to detect potential pollution risks to habitats in 
the Black Sea. This initiative is part of a project supporting 
the blue transformation of the Black Sea basin. These are 
still early tests of drone use in this area, which is typical for 
the adoption of new technologies — projects usually start 
with pilot trials and expand gradually [20], [25], 33], [39]. 

One of the monitoring systems in Europe is the 
Copernicus Marine Service, which integrates multiple 
observation sources. European countries use a combination 
of techniques to monitor plastic waste: numerical 
modeling, on-site monitoring, and satellite observation. 
These methods help track the movement of debris, estimate 
quantities, and plan targeted cleanups. The outlook is to 
expand monitoring to more water bodies and their 
surrounding areas, with a significant portion of surveillance 
carried out by drones [17], [21], [28], [37]. 

Around the world, different technologies are applied to 
detect and track plastic waste in the oceans. Ocean current 
modeling and satellite observation are key methods for 
following debris distribution and assessing impacts on 
marine ecosystems. Satellite imagery can reveal large 
accumulations of plastic in open waters. In coastal zones, 
especially in tropical regions such as parts of the Pacific 
with dense vegetation, coastal monitoring drones are 
particularly important for rapid mapping and pollution 
assessment [22], [29], [34], [40]. 

Selected Successful Projects and Examples 

• HESOFF (LIFE): uses drones for remote forest 
imaging and health assessment; it demonstrates how 
unmanned platforms support biodiversity conservation and 
forest resource management. 

• WWF projects: employ drones to monitor forests 
and wildlife in various regions; these initiatives show the 
effectiveness of drones as tools for environmental 
protection and climate action [17], [23], [34], [41]. 

 

IV. CONCLUSIONS 

Mobile autonomous systems represent significant 
potential for improving pollution control in inland water 
bodies and adjacent territories. They complement 
traditional methods through greater spatial and temporal 
coverage, rapid response capabilities, and local cleanup. To 
realize this potential, coordination between technologies, 
regulations, and institutions, data standardization, and pilot 
implementation within existing legal mechanisms for water 
management are needed. 

Combining multispectral/hyperspectral UAV missions 
with modular ASV platforms and integrated data 
processing provides a powerful toolkit for early detection, 
mapping and local response to pollution in inland water 
bodies. Effective implementation requires rigorous 
calibration, standardized workflows and coordination 
between operators, laboratories and regulatory authorities. 

The future of drones in environmental protection looks 
promising, as they are expected to play an increasingly 
important role in various aspects of environmental 
monitoring and management. Based on the study 
conducted, the analysis of the results achieved so far in the 
use of drones for detecting plastic waste, and the 
assessment of the future use of these progressive 
technologies, some conclusions and recommendations can 
be drawn for the development of the use of these techniques 
and technologies. Here are some key trends and 
technologies that will shape the future of drones in this area 
based on this study: 

1. With the development of artificial intelligence and 
machine learning, drones will become increasingly 
autonomous, which will allow them to perform complex 
tasks without the need for constant human control. It will 
be necessary for a person to set the parameters of the task 
and control its execution, and the activities themselves will 
be performed by autonomous drones 

2. Drones will be connected and integrated with IoT 
(Internet of Things), with networks of sensors and other 
devices, which will allow for the collection and analysis of 
data in real time for better environmental management. 
This will allow for larger databases to be collected, which 
will make research more accurate and forecasts better. 

3. The development of new and more sensitive sensors 
and cameras will allow for more precise detection and 
monitoring of pollution and other environmental problems. 
Less time and resources will be needed to assess the 
situation and make an adequate decision. 
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4. Drones will increasingly use renewable energy 
sources, such as stand-alone solar panels, to reduce their 
carbon footprint and be more environmentally friendly. 

As prospects for the use of drones in the foreseeable 
future, the following can be mentioned: 

1. Drones will continue to play a key role in the 
detection and monitoring of air, water and soil pollution. 
They will be an indispensable tool for detecting pollution 
of water bodies and their adjacent territory by plastic waste. 

2. They will be used to track wildlife populations and 
detect illegal activities such as poaching. They will help to 
expand biodiversity and preserve the purity of the 
environment. 

3. Drones will help to quickly assess damage after 
natural disasters and plan restoration activities. They will 
help to locate injured people and rescue them. 

These trends and technologies show that drones will 
continue to be an important tool in efforts to protect the 
environment and sustainably manage natural resources. 

In Bulgaria, work is underway to increase the use of 
drones in state, municipal and private structures, and they 
are also used in a number of projects, and emphasis will be 
placed on several of them: 

A project for the blue transformation of the Black Sea 
basin has the Municipality of Burgas as the main 
beneficiary. Municipal administration employees are using 
marine drones and artificial intelligence to detect potential 
risks of pollution of habitats in the Black Sea. This project 
is part of a larger initiative to protect the marine 
environment and is about to be expanded. 

The HESOFF project, which is funded under the LIFE 
program and monitors the environment, including water 
bodies. This project involves remote sensing of forests with 
unmanned aerial vehicles to assess the health of forests, the 
state of water bodies in them and the protection of 
biodiversity. 

These projects show how Bulgaria strives for 
sustainable development and environmental protection 
through innovation and new technologies, including the use 
of unmanned aerial vehicles. Based on the research 
conducted, the analysis of the results obtained and the 
identified prospects for the use of drones in environmental 
monitoring, and in particular of water bodies and adjacent 
terrains, we can summarize that a wider use of drones in 
environmental protection is imminent. 
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