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Abstract

The paper is devoted to describing the key aspects of the development and use of a prototype
information system for servicing offshore wind turbine farms. The prototype of the information system
makes it possible to model organizing of maintenance of offshore wind turbines. Thus, it is possible to
place offshore wind turbine farms on a map of the water surface at the required scale, set and change
parameters. Model the organization of maintenance of offshore wind farms for different situations and
a set of turbines that need to be serviced and lay out the optimal route between port points and a set of
turbines. The optimal route building process considers dynamic weather conditions to build the optimal
route, which affects the consumption of fuel and maintenance resources. The system has developed not
only the algorithm and functionality, but also the interface and visualization system for the optimal
route. This allows the prototype to be effectively used for experiments and practical purposes. The
information system is fully integrated, that is, it adequately considers all the main influencing factors in
the subject area for modeling the organization of maintenance of offshore wind power plants. The
prototype is still under active development, it is planned to develop or adopt optimal path planning
algorithms and integrate artificial intelligence into the system, which will potentially significantly
increase the efficiency of the system.
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1. Introduction

In our time of general transition to renewable energy sources, the production of electricity
with wind turbines has gained significant popularity. Offshore wind turbines are a key technology
to increase the incorporating of green energy into the electricity market [1].

Offshore wind farms are usually located in clusters offshore to form wind farms. To service
them, ships with teams of specialists leave the ports to carry out inspection and maintenance of
turbines that became faulty, broken or for scheduled inspection.

Turbine maintenance begins with the process of organizing, drafting ships and crews, and
drawing up a route on map. It is common for this process to still take place “on paper” that leads
to unnecessary spending of extra time. [t is also necessary to consider environmental factors, such
as weather conditions, routes of other ships, and forecasts for applying necessary changes.
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Nowadays, there is no such information systems that would allow effective monitoring of the
situation and planning of maintenance of offshore power plants (including data entry and
situation modeling, optimization of logistics routes, decision support, etc.). This leads to
inefficient use of resources in terms of costs of finance, fuel, and employee time.

Currently, the urgent task is to develop automation systems for production and technological
processes that allow performing labor-intensive routine tasks, including calculations,
optimization, data exchange, and preparing optimal solutions for the operator, according to the
selected criteria and application conditions. Including, for servicing offshore wind turbines,
mainly for optimizing time consuming and other types of resources, as well as helping in making
decisions during professional activities.

The information system must holistically integrate the functionality of managing the
necessary entities, provide their visualization on a real water surface (map), and allow the
organization of turbine maintenance, bringing the process as close as possible to the real work of
the operator. The information system should provide a convenient interface with all the
necessary controls and visualization of ongoing processes to simulate a wide range of situations
and relatively quickly give an understanding of the essence of the process. The system must also
suggest optimal routes between turbines, considering external dynamic factors affecting the
ship’s route and avoiding unfavorable factors.

The object of this paper is a developing of a part of complex information system for entering
wind turbines related data and organization of their maintenance.

For these purposes, the following problem is solved in this work.

e An analysis of the current state of the issue in the subject area is given.

e Developing of the requirements for a modern decision supporting system for organizing

the maintenance of offshore turbines.

e Developing information system model, algorithms, description of implementation

technologies used.

o Description of the proposed implementation, experiments, their results interpretation,

metrics assessment, recommendations, and effectiveness assessments are given.

2. Related works

Analyzing the latest reviews [2-4], in recent years, technologies for building decision support
systems, business automation and processes visualization in robotics, medicine, transport, etc.
have been dynamically developing. The use of modern information technologies and computer
technologies makes it possible to simulate real situations in the subject area as precisely as
possible when creating decision support systems. Some papers regarding methods of positioning
and tracking the position of objects on the map were reviewed [5-8]. In this regard, the
development and transfer of technologies in the development of information systems to assist
decision-making for servicing offshore wind power turbines is relevant [9-11].

In this regard, [5] proposed a model to improve positioning efficiency through collaborative
positioning in a partial GNSS environment in ad-hoc networks. The work [6] presents the results
of research in the field of positioning based on magnetic location - a new tool for modeling the
magnetic field is presented, considering the specification and localization area. The work [7]
presents intelligent short-range navigation technologies based on IoT. In paper [8] a new
algorithm for short-range vehicle localization to compensate for the GPS distance gap is proposed.
Work [9] describes the use of Internet of Things (IoT) technologies to collect data from sensors
about the state of machines and robotic systems. Works [10-11] describe the development of a
turbine control and maintenance information system, in which the parameters of an individual
turbine are controlled and monitored using Internet of Things (IoT) technologies. Such systems
have experimentally proven their effectiveness in controlling and maintaining wind turbines, as
well as in predicting the remaining turbine life based on condition data from sensors.

A review of materials was also carried out in relation to the process of servicing wind turbines.
For example, paper [12] presents a describing of the wind turbine maintenance scheduling



problem and presents a nonlinear integer programming model for large-scale wind turbine
maintenance scheduling. Paper [13] proposes a multi-level opportunistic maintenance model
that allows minimizing turbine maintenance costs. The work [14] proposed a scheme for
intensifying the maintenance and inspection of offshore wind energy facilities. A review of
preventive maintenance planning for offshore wind power plants was also analyzed [15], which
examined the routing of turbine maintenance personnel and proposed a multi-criteria model for
its optimization to reduce time and financial costs. The paper presents numerous decision
variables, including task assignment, maintenance scheduling, and vehicle routing. A reliability
index based on maintenance losses was also introduced and a genetic sorting algorithm was
applied to obtain compromise solutions that balance different decision preferences. Work [16]
describes the maintenance processes of wave farms. The paper proposes an optimal maintenance
strategy for a group of wave farms, leading to adaptive planning of repair time based on the
condition of the entire farm. It applies methods to find the optimal compromise between the level
of farm performance and the number of devices that fail.

An analysis of the current state of the issue shows significant progress in the field of building
a variety of information systems for decision support and the relevance of using the models,
algorithms and technologies developed in them, including in the field of optimizing business
processes and resource costs, including for servicing wind power plants [17].

The key requirements for such a system are a coordinated comprehensive considering of
ongoing processes, entities and influencing factors, a high level of visualization, real-time work
on real maps of the water surface, the ability to quickly correct situations, work with different
scenarios and sets of entities.

In terms of the development of such simulators, relevant aspects are the implementation of
modern image processing systems and computational intelligence [18] to improve the
perception, learning and integrity of processing data streams; latest solutions in the field of
network optimization [19] and hardware technologies for high efficiency of network
communication; modern methods and tools for implementing the interface and visualization of
the simulator to ensure a high level of personnel training in e-learning systems according to
modern assessment criteria [20].

3. Methods and Materials

This section presents the principles of organization and operation of the developed part of the
decision support information system for servicing offshore wind farms, namely the data input
subsystem and situation modeling of a promising decision support system.

Decision supporting systems are computer automated systems, the purpose of which is to help
people making decisions in difficult conditions for a complete and objective analysis of subject
activity. For example, works [21, 22] show an example of the development and implementation
of such decision support systems that perform labor-intensive routine functions. Some processes
are performed without operator intervention, and for some the system prepares all the necessary
data, creates a set of optimal solutions according to the selected criteria, after which the operator
only must confirm one of the proposed options.

The basis of the subsystem is a network of offshore power plant farms independent from each
other, which consist of wind turbines that have a clear, fixed location. As stated in [23], ships with
crews leave ports to service turbines. Crews are formed by the operator in advance for a certain
period and include a lot of specialists. Wind turbines can be located quite large distances offshore,
which contributes to the planning of long sailing routes.

The main purpose of a decision support system for offshore wind farm maintenance is to assist
the operator in organizing the maintenance of these offshore wind farms, which includes entering
data into the system, locations of ports, farms, turbines, ships, as well as creating the maintenance
itself, adding specialist teams and selecting serviced turbines.



3.1.Information system requirements

The purpose of the information system being developed is to allow enter necessary data and
model various situations for organizing the maintenance of offshore wind turbines, input and
visualize on a map of all entities involved in the system. This is the first but most crucial
subsystem that, in the future, will allow us to work with necessary data to proceed with
developing of others part of complex decision support system that gives functionality of building
optimal sailing routes between turbines based on dynamic data.

[t is planned that the information system will have the following functionality.

e Input and visualization of system entities, which includes ports, farms, turbines, ships,

and inspection teams.

e  Turbine maintenance organization.

e  Dynamic data collection.

e Building optimal routes.

In this work, it is planned to concentrate on the development of a subsystem for input and
visualization of entities, as well as the primary organization of turbine maintenance, which
includes the creation of maintenance teams and ship selection.

The information system must consistently link entities in a single knowledge base, provide a
convenient and responsive interface, and clearly visualize ongoing processes.

3.2.Monolith and Microservices approach

Program interface (API) is a part of the software, which is several small applications that
cooperate with each other and send data to the client part. The application principles are based
on the microservice architecture of the software.

In papers [26-28] there was given a comparison between two popular approaches of web
software development: monolith applications and microservices. The picture of each is presented
in Figure 1.

Service API Service API Service API
s E

Frontend

Frontend App

Monolith Web App ’ Microservices Web App

Figure 1: Monolith and microservices architecture scheme

Building applications using the principles of microservice architecture has been used in the
construction of large projects for a long time. This approach to application architecture became
widespread with the development of agile development practices and DevOps. Now,
microservices architecture receives a lot of attention: articles, blogs, discussions on social
networks and presentations at conferences. When it comes to ensuring the flexible development
and delivery of complex corporate applications, this method of development has significant
advantages.

Microservices architecture is an approach where a single application is built as a set of small,
self-contained, independent services that are not closely related, which interact with each other
using lightweight communication mechanisms such as HTTP, gRPC, AMQP, etc. Such services are



built around business needs, where each individual service is responsible for a specific process
or business entity and is deployed independently using a fully automated environment. There is
an absolute minimum of centralized management of these services. The services themselves can
be written in different languages and use different data storage technologies.

One of the reasons for using microservices is that companies want to be able to change things
quickly to respond more quickly to changes in business and market requirements. Microservices
help developers deliver changes faster, safer and with higher quality, that is, to maintain the
speed of product development even when it grows large. After all, services that are not closely
related make it possible to make changes with a higher frequency of iterations, minimizing the
impact on the rest of the system.

One of the disadvantages of this approach is that it adds additional complexity to the project.
Infrastructure maintenance requires DevOps engineers to deploy, monitor, and manage project
components, with close relationships and good interaction between them and developers. When
working with microservices, it is necessary to deploy more, the monitoring system becomes more
complicated, and the number of possible failures increases greatly. Using a microservices
approach offers advantages over using a conventional monolithic approach to building projects,
and a comparison of the two approaches gives the following results.

The monolith is built as a single entity. Any changes, even the smallest ones, require rebuilding
and redeployment of the entire project. Over time it becomes more difficult to maintain a good
modular structure, changes to the logic of one module tend to affect the code of other modules.
Monolithic applications can also be difficult to scale when different modules have conflicting
resource requirements. For example, one module can implement image processing logic and
intensive use of the processor. Another module may be demanding on RAM usage. However, since
these modules are deployed together, a compromise must be made with the choice of hardware.
The entire application must be scaled, even if it is required only for one module of this application.

Microservices on the other hand - each microservice is deployed separately. So, if you change
something in one of them, you can deploy those changes without affecting other microservices
that can continue to run.

Therefore, now web projects are increasingly being developed as separate services that can
be deployed and scaled separately.

3.3.Information system model

To carry out the experiments, there was developed software that allows the placing of such
entities as a port, farm, turbines, ships on the map, as well as the organization of turbine
maintenance. In the process of organizing maintenance, the operator selects the turbines that
should be serviced, creates one or several teams and selects a ship on which the team will go to
sea. The optimal route is also determined using dynamic data. To do this, information is
periodically collected from the weather data provider.

The information system was developed using Web technologies according to the principles of
“client-server” architecture. The system architecture scheme is shown in Figure 2.

The information system consists of two subsystems.

e  Wind turbines maintenance organizing and entities placement system.

e  (Collecting and accumulating dynamic weather data system.

In this paper there will be concentration on developing of wind turbines maintenance service
that is the main subsystem that provides functionality for maintaining turbines of offshore power
plants and assisting in decision-making when organizing maintenance. The functionality
provided by this subsystem allows operator perform placement of entities such as wind turbines,
offshore wind farms, ports, ships, and teams. Based on the entities data operator can create wind
turbines inspection. Service consists of the following basic elements.

e Backend API - system operation logic.

e Frontend Application - user interface.

e DB - database.



Turbine maintanance Voo Dynamic data
service o service

Backend API Weather data
o ' provider

Frontend
Application

Figure 2: System architecture scheme

The Backend API is built as a single AP], divided into logical parts, resources for processing
port entities, farms, turbines, ships, teams, and turbine maintenance management. The
application uses Node.js runtime environment to run the application. The code is written using
TypeScript, which is a strongly typed superset of JavaScript. The Express library is used, which
provides components for the basic server logic. The PostgreSQL relational database management
system is used as a database.

The Frontend Application is a web single page application that provides user interface for
performing of work to operator. It provides convenient map view, necessary controls and
placement visualization of ports, farms, turbines, and vessels. It is written with TypeScript and
uses React library for building user interface. As a data management approach there was chosen
separated app state and Recoil as a library that provides it. In paper [29] there is said that data is
an essential part of most web applications, and complex applications also have additional state to
manage. State management is a significant part of complex frontend application, and it may
impact the application performance, even on a small amount of data and in these terms even
though Redux is more popular library to use but it is not preferred for applications with high
performance requirements.

There is also the idea to make a service that will be gathering data from open APIs of weather
data following approaches described in papers [30-31]. Thus, there will be used IoT technologies
of sensors that performs data gathering. There are different open APIs that provides variety of
data. The weather data service will be calling weather data by coordinates of farms centers and
paths points and saving it into the storage.

4. Experiment

This section discusses the principles of operation of a decision support information system for
maintaining wind turbines, describes main software features, preparation for conducting
experiments, the experiments themselves in various operating modes and the interpretation of
the results obtained.

4.1.Software functionality overview

The interface of the Frontend Application editor page is shown in Figure 3. Operator can see
the interface that consists of map of the earth's surface, which displays ports, ships, farms, and
turbines, and interface elements, controls using which operator can perform entities
management.
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Figure 3: Editor page user interface

On the entity editor page, the operator can perform placing of entities on the map using the
entities side menu on the left. The entity editor is necessary to enter the system initial information
about ports, farms, turbines, ships, teams so that the system has data with which it can work.
Since this is a decision supporting system, all data must be as close to reality as possible for
further experiments to be successful, and the process of adding it reflects the actual work of the
operator in a production environment.

Initially, the operator enters information about the port to which farms and ships will be
linked in the future. To create a port, the operator selects the appropriate item in the entities
menu and enters information in the form shown in Figure 4 in such fields.

e Name - port name.

e Description - description of the port.

e (Coordinates - port location coordinates.

wu
s

Create a new port

Enter port name

Newcastle upon Tyne

Enter port description

This biggest port of Newcastle

Enter port coordinates

55.016646,-1.41849

9
<
Figure 4: Port creation form

The coordinates of the port location can be specified visually by clicking the button to the right
of the input field and clicking on the required location on the map. The coordinates will be



automatically written into the input field. Once created, the port will appear on the map as an
orange circle with the port name below it, as in Figure 5.
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Figure 5: Displaying of created port on the map

Next, the operator can create a farm that will be assigned to any of the existing ports. To create

a farm, the operator selects the appropriate item in the entities menu, fills out the information in
the form shown in Figure 6 in such fields.

Port - the port to which the farm is assigned.
Name - name of the farm.

Description - text description of the farm.
Color - farm color.

Transparency - opacity of the farm polygon.
Polygon - farm area polygon.

3
>
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40 sjusbed
auaps;auua

Create a new farm

R Select port
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Jjgaul

Newcastle upon Tyne

2
R

Enter farm name

[A193] Farm 1

Enter farm description

\3"“\
o

Farm 1 is the very first farm

W\

Enter farm color

d Park
#5500ff

Enter farm polygon transparency

25

yueg 57

Enter farm polygon coordinates

[[-1.405672,55.022208] [-1.400264,55.021937] [-1.397089,55.020141] [-1.396359,55.01

Create Close

Figure 6: Farm creation form



During farm creation, the operator can designate a farm area by drawing a polygon. After
saving, the new farm is immediately displayed on the map.

After creating a farm, the operator can add turbines by selecting the appropriate option in the
entities menu. The operator will see a turbine creation form in the same was as for farm like in
Figure 7, where the operator fills in the following information.

e  Farm - select the farm to which the turbine is assigned.

Name - turbine name.

Description - text description of the turbine.

Type - turbine type.

Coordinates - coordinates where the turbine is located.

Create a new turbine

Select farm

Westermost Rough

Enter turbine name

Enter turbine description

Turbine 1 is the first turbine

Select turbine type

Electric turbine

Enter turbine coordinates

55.016646,-1.41849

Create

Figure 7: Turbine creation form

After creating the farm and placing the turbines, the operator can see the result as in Figure 8.
The map displays the polygon of the wind farm area. Turbines that belong to the farm are
displayed inside the polygon. If necessary, the operator can make additional changes, since all
information of existing entities can be edited, and the entities themselves can be deleted. The
operator can also add new turbines and change the polygon of the farm area. The operator can
create different sets of ports, farms, turbines to simulate different service scenarios.

Each turbine has a status, a turbine state, that can be one of the following.

e Inservice - operational.

e Need maintenance - requires maintenance.

e  Faulty - broken.

Depending on the status, the turbine is painted with the corresponding color on the map.
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Figure 8: The result of creating a farm and turbines

When operator clicks on a farm, he can get information about the farm in the farm menu that
appears, as shown in Figure 9. In the displayed window, operator can see the name of the farm, a
description, the port to which the farm belongs, and a list of turbines. From this window he can
edit information about the farm. In the list of turbines, operator can change existing turbines or
delete them. Changing the turbine status is also available.
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Figure 9: Farm information

When you click on the focus icon next to the port name, the view is redirected to the port to
which the farm is assigned. This opens a window, as in Figure 10, with information about port,
that displays information about selected port and a list of farms assigned to the port. Port
information can also be edited.
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Figure 10: Port information
The next step is the creation of ships and inspection teams. The interface contains lists of teams

and the people that are involved in these teams. These lists are shown in Figures 11 and 12.
Clicking on the add button at the bottom of the list allows you to add new entries.

Workers Teams

First name Last name Actions

Mike Johnson
Willi Wonka
Jason Stathem

John Smith

Figure 11: Workers list

Workers Teams

Name People Actions

Team 1

Team 2

Team to mai...

Figure 12: Teams list



When adding a new worker, the operator enters information in the form shown in Figure 13
in the following fields.

e  First name - worker’s first name.

e Lastname - worker’s last name.

Create a new worker

Enter first name

John

Enter last name

Figure 13: Worker creation form

The new worker will be displayed in the list of workers.
When creating a command, the operator enters information in the form shown in Figure 14 in
the following fields.
Name - the name of the team.
Vesel - the ship on which the team will go to sea.
Start date - the beginning of the time for drafting a command for inspection.

Finish date - time of completion of drafting a command for service.
(B1242

ley
Create a new team
Enter team name

Team 1

Select vesel

Not selected

on-

Enter start time in format YYYY-MM-DD

2024-12-01

Enter end time in format YYYY-MM-DD

2024-12-07

Assign People

Mike Johnson X WilliWonka X Jason Stathem X

Create

Figure 14: Inspection team drafting form

The Assign People button allows you to select people from the list of workers who will be
drafted for service. It is considered, that if certain employee is already in another team and that



team is also drafted for selected period, then worker cannot be available for selection to this team.
In the list of teams, you can see how many people are assigned to a particular inspection team.

If you need to create an empty draft, then when creating an inspection team, you can leave the
vessel field to be not selected and not select people for the team. You can later change this
information and add a ship and people from the teams list menu. If you need to delete a record
about an employee or team, this can be done from the list of teams and employees.

The final stage of entity creation is the creation of ships. To do this, the operator selects the
corresponding item in the entities menu or clicks on the add button in the list of ships shown in

Figure 15.

Name Actions

Vesel 1 C]

Vesel 34 [:]

Figure 15: List of vesels

The operator enters information into the appeared vessel creation form shown in Figure 16 in
the following fields.
Name - the name of the ship.
Description - text description of the ship.
People quantity - number of people, ship crew.
Port - ship's home port.
[s vessel in port - is the ship in port.
Coordinates - current ship position in coordinates.

Create a new vesel

Enter vesel name

Enter vesel description

Enter people quantity

Select port

Not selected

Is vesel in port now?
HNo

Enter vesel coordinates

55.016646,-1.41849

“ . Create

LI

oria g¢

Figure 16: Vessel creation form

The operator may not specify the current home port of the ship but add it later when editing
the ship. Also, the mark “is vessel in port” can change. In the future, it is planned to automatically
change the current coordinates of the ship using GPS tracking and automatically change the status
of the ship in the port.



It is also planned to provide functionality for full export and import of entities to be able to
simulate different arrangements of ports, farms, turbines, and ships. Also, the export and import
functionality will be useful if several people test or learn how to use the software on their
personal computers.

4.2.Experiment planning

The main way to conduct experiments in an information decision supporting system is to
simulate the real work of an operator. The actual work of the operator includes creating and
managing entities with which system interacts, that is, ports, farms, turbines, ships, and teams.
Experiment also consists of simulating the organization of maintenance of a set of turbines as
close as possible to reality.

Several experiments are planned to demonstrate the operation of this information system.
Such experiments are planned.

e (lose to reality work of operator in managing of basic entities.

e  Exportand import of entities.

e  Organization of turbine maintenance close to reality.

Before carrying out the experiment, it is necessary to carry out several preparation steps.

e  Preparing data on known farms for input into the system.

e Deleting previous test entities.

e  Preparing a .json file for importing entities into the system.

Data preparing consists of preparing in advance all the data related to the system entities and
gradually introducing them into the system. Data should be taken from real farms, for example
from open-source data sets where these farms exist.

For the purity of experiments, it is necessary to remove all existing test data to obtain an empty
system without outdated or irrelevant data. This is done by clearing the database or manually
deleting all existing entities.

Preparing a .json file for importing entities is like preparing data for manual entry, only you
need to combine everything into one file. The format must match the format of the entity fields in
the database. The list of fields is shown in Table 1.

Table 1
Entities Fields

Entity Key Data type Value example Description

Port
name String Grimsby Port name
description String Grimsby port Port description
coords_lat String 53.578137 Latitude coordinate
coords_Ing String -0.064571 Longitude coordinate

Farm
name String Grimsby farm Farm name
description String Grimsby farm Farm description
coords_lat String 53.578137 Latitude coordinate
coords_Ing String -0.064571 Longitude coordinate

Turbine
farm_id Number 1 Assigned farm id
status String In service Turbine status
type String Wind turbine Turbine type
name String Turbine 1 Turbine name
description String Turbine 1 Turbine description
coords_lat String 53.578137 Latitude coordinate

coords_Ing String -0.064571 Longitude coordinate
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Arrangement of entities can be carried out in any of the above methods. The result of the
arrangement of entities is shown on the next page in Figure 17.
For already created entities, you can change information through editing forms. If necessary,
the operator can add new entities or delete existing ones.
After entering the necessary data into the system, you can carry out experiments to create
inspections for turbine maintenance. Turbine inspection implies that the operator will select a
list of turbines that are subject to inspection or repair, draft a team for a certain period (usually
several days), and select a ship on which the team will go into sea. The diagram of entities that
are included in inspection is shown on the next page in Figure 18.
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5. Results

Experiments were carried out simulating the actual work of a system operator. Several sets of
ports, farms, turbines entities were created, and several inspections were created to inspect a
different set of turbines. To select turbines for inspection, you need to change their status to
“Need maintenance”. In this case, such turbines are colored orange on the interface and their
status is displayed below their name. A wind turbine farm prepared for inspection is shown in

Figure 19.
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Figure 19: Turbines prepared for inspection
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Further preparation for the inspection includes creating of maintenance teams. Maintenance
teams consist of specialists, people who will be involved in servicing of turbines. In practice, a
team is drafted for a certain period, during which they are offshore in sea servicing turbines, so
setting clear dates for drafting of a team is very important. There were created several teams with
draft dates ranging from 2024-03-01 to 2024-03-08. The list of created inspection teams can be

seen in Figure 20.

Figure 20: Maintenance teams drafted for inspection
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The rest of the inspection preparation for the turbines is finding a suitable vessel and adding
inspection teams to it. For example, there is a ship in the port that has been added inspection
teams to available team slots.

Thus, several experiments were carried out on organizing turbine inspections. The
performance metric used was the time it took an operator to organize a turbine inspection under
different scenarios and data sets.

6. Discussions

The main purpose of the software is to optimize resource costs for servicing wind farms,
helping the operator in organizing turbine maintenance, to reduce costs and time spendings. It
also eliminates the need to conduct full-scale experiments with real expensive equipment, which
is not always available. Also, using the information system, it is possible to train future or existing
system operators.

The development work and experiments have shown that the decision support system allows
operator to organize the maintenance of wind turbines quickly and efficiently, based on the data
stored in the system about the location of ships, ports, farms and turbines, as well as data on the
teams drafted for services, while being able to control individual parameters of entities at any
time. A convenient and simple interface, as well as extensive software capabilities, allow you to
quickly simulate different service scenarios and arrange entities on the map.

The system is as close to reality as possible and provides fine-tuning of parameters, allowing
you to simulate different situations for organizing certain turbine maintenance scenarios.

The results of the experiments showed that the software produces results close to reality in
terms of accuracy in visualizing the location and parameters of entities that the operator creates,
and significantly reduces the time for organizing turbine maintenance compared to paperwork.
The software has received high praise among subject matter experts.

Further development of the system consists of a subsystem for collecting weather data, which
will act as dynamic data and subsystem for building optimal inspection paths among sets of
inspected turbines. This dynamic data will influence the construction of ship routes. For example,
if there is currently a storm warning in some region, then this area should be bypassed along a
safer, but still optimal route. It all depends on the demand for the technology in the subject area
of which the information system works and includes the deployment of the system in a
production environment as an MVP to begin real testing by users who will use the software in
their professional activities. By collecting feedback on the operation of the system and requests
for additional functionality, a further list of functional elements can be generated that can be
added to the decision support information system.

For now, we can offer the following functionality for development:

e Development of subsystem for weather data gathering.

e Introducing optimal path planning algorithms.

¢ Including Al models for predicting optimal inspection teams and path finding.

Separately, it can be noted as an idea for development, in close cooperation with experts in the
aviation field, to implement support for streaming signals from the sensors of real ships, which
determine its position on the map, speed and course, their further processing, for example,
displaying these parameters on dispatch equipment or creating turbine maintenance records.
The same can be addressed for getting real time data from turbines by demand and visualizing
on user interface the state of turbines during their work and during maintenance.

7. Conclusions

An analysis of the current state of information systems for automation of technological
processes was carried out, including algorithms and operating technologies, network capabilities,
interface implementation and visualization. On this basis, requirements were formed, and an



information system was developed to assist in intelligent solutions for the maintenance of
offshore wind farms.

The principles of organization and most of the maintenance processes of offshore wind power
plants are considered. In the future, greater focus was shifted specifically to the organization’s
service process and transferred to electronic form.

In the “Methods and Materials” section, there were described principles of wind turbines
maintenance. Processes that are constantly used in the preservation of offshore turbines were
reviewed, the principle of organizing such maintenance was considered. Based on this there were
arranged requirements for the decision support information system. The popular approaches for
building of web applications were reviewed and the model of software architecture was
developed. The architecture and component descriptions provide a brief explanation of the safe
operation of the software and the use of technology.

In the “Experiment” section, there were developed a part of software for data input and
turbines maintenance organizing was developed with which it is possible to simulate the real
work of an operator in his professional activity in organizing the maintenance of turbines on the
farms of offshore power plants. The envisaged stage of experiments was described, where the
main capabilities of working with operator system software in the process of creating sets of
entities and their arrangement were shown. The experiments were accompanied by a description
of the capabilities of the system, which display all the necessary information, and the
measurements themselves were carried out with sufficient confidence, which is the main
effectiveness of the software, which makes it possible to transform the organization of wind
turbine maintenance into a more efficient form.

The next milestone is to continue developing other parts of complex system that includes
weather data gathering system and optimal routes building based on this dynamic data.
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