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Abstract

This paper is devoted to increasing the automation level of docking operations
through the development of a mobile application for a decision support sys-
tem capable of determining the optimal option for loading ballast into floating
dock compartments when setting up and launching ships. The proposed deci-
sion support system and the mobile application allow implementing effective
ballasting of the floating dock before docking the ship based on mathematical
calculations of the impact of the ship on the floating dock and the ballasting
rules. To test the developed system, the paper presents the functioning of the
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mobile application for a case of calculation of the docking up process of a
4,100-ton ship. In particular, the load forces of this ship are calculated with
a graphical display of the distribution of the influence of 20 sections of the
ship on 6 pontoons of the floating dock. As a result, this decision support
system with the implemented mobile application has the characteristics of a
convenient interface and is easy to operate. It can provide the dockmaster data
and suggestions for decision-making, and during its operation, it is actively
replenished with a database of the docked up ships.

Keywords: Floating dock, ballasting system, automation of docking opera-
tions, decision support system, mobile application, interface, database.

1 Introduction

The number of ships in the world’s merchant fleet is steadily growing [1].
At the end of 2012, there were more than 48,000 ships with a deadweight
of 1.5 billion tons. Maritime transport serves about 80% of the volume of
international trade. With the increase in the number of ships, their sizes,
and speeds, the world community is paying more and more attention to the
effective repair of these vehicles using dry and floating docks [2, 3]. First of
all, this is an increase in the reliability of shipping, and a reduction in the
probability of accidents through the application of a system of international
and national measures of a technical, technological, organizational, and legal
nature [4–6].

The concept of modern ship repair covers a wide range of issues.
The main focus is on the technical condition of the ship and the quality
of drawing up the ballast plan of the floating dock. Additionally, attention
is given to the preparation of the work crew to perform their duties, etc.
[7–9]. However, certain safety issues of docking the ship require constant
modernization of the floating dock’s ballasting information systems.

Effective ship repair requires ensuring the safe docking of the ship. This
depends on the condition of the ship and the floating dock. The parameters
of landing, stability, and overall longitudinal strength should be within the
permissible limits determined by existing requirements. At the stage of
placement of the ship in the floating dock, proper seaworthiness characteris-
tics are ensured, including stability, unsinkability, and strength, which depend
on the distribution of ballast cargo.

The condition of the floating dock largely depends on the quality of its
ballasting [10–14]. The relevant ship documentation and the use of computing
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systems, including those based on mobile devices, allow the calculations
necessary to obtain values of stability parameters and loads on the ship’s
hull. Taking into account the importance of choosing the optimal option for
ballasting a floating dock and determining the most accurate values of the
specified parameters, there is a need for an alternative universal tool. This
tool would be used for drawing up a preliminary ballast plan. The presence
of a double control system will help improve the quality of the cargo plan and
reduce the probability of error during the corresponding calculations.

In the transitional conditions of the reformation of innovative and infor-
mation technologies of shipbuilding and ship repair, the use of a complex
of available information technologies by manufacturers is especially rele-
vant. One of the most promising today is the market of computer soft-
ware and mobile applications as a whole, which is characterized by active
development.

The use of software in the shipbuilding field and certain problematic
aspects of their development were considered by scientists from around the
world. The need to determine the seaworthy condition of a floating object
arises during its operation, and modern methods using software are involved
in solving this task, in addition to standard computational procedures. In the
papers [15–20] general issues of ensuring the seaworthiness of the ship are
outlined, which fully reflect the regulation of stability, landing, buoyancy,
and strength of ships. In the work [15], the account of the flexibility of
the hull in the calculation of landing and bending elements of the ship
was considered. An approximate estimate of the effect of flexibility on the
bending elements of the ship hull was obtained for the calculation of the
loading of the ship on the ship’s computers. In [16] by MAST Systems
Ltd. the MastSystem4 program package designed for stability calculations of
undamaged and distressed ships was developed. Taking into account the need
for periodic control of parameters of stability and simplicity of performed
operations. The paper examines the physical models used for calculating the
overall stress state of the hulls of single- and multi-hull ships under the action
of integral parameters of external loads [17]. In the paper [18], the Polish
Maritime Register developed a software package that increases the efficiency
of accurate calculations of the strength of ship hulls. The developed programs
use the finite element method and provide fast and efficient modeling of the
overall structure of the hull or its parts, solving the equilibrium equation
and analyzing the calculation results. The method of developing a software
product, which allows for generating a ship’s cargo program with an assess-
ment of its seaworthiness criteria based on rear loading, is proposed in [19].
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The work [20] described the software module that implements the formation
of the ship’s cargo program using the existing database.

Among the sources of literature where software is used for floating docks
[21–23], the following studies should be highlighted. The papers [24–30]
present different systems for collecting and processing measurement data for
remotely conducting docking operations, regarding the raising or lowering of
a ship. These systems include specialized hardware and software designed
for automated measurement of the level of ballast in the compartments
and control of the landing of the floating dock. Moreover, in the studies
[31, 32], special attention is paid to measuring the deflections and inclination
of the pontoon deck of the floating dock under the influence of the docked
vessel. The developed system uses a specialized wireless sensor network and
transmits all information to a remote server.

In [33], a variant of floating dock arithmetic was studied. Accordingly,
a real-time control and simulation system was developed based on the Lab-
VIEW platform. Matlab was invoked during the calculation process to draw
up the ballast water regulation schedule. Computations for real-time simula-
tion were achieved through the collaboration of LabVIEW and Matlab. The
working process of the system was represented by expressing the procedure
of landing the hull section on the floating dock.

In the research [34], the authors developed a program and instructions
for preparing raw data for calculating dock ballasting on a computer. The
program allows calculating the dock- ship system for the docking operation,
taking into account the variability of the moments of inertia of the hulls of the
dock, gaps in the keel track, construction deflection, the presence or absence
of a variable gasket, etc.

Despite the presence of a significant number of publications with the
existing use of the software, further research into the prospects of their
effective use and adaptation in the control of docking operations of sinking
and surfacing is also necessary. On the other hand, the number of publications
on software and the use of mobile applications for floating dock maintenance
is limited. The growing popularity of smartphones is due to the presence of a
large number of advantages over stationary personal computers. They allow
performing a significant part of the operator’s tasks while remaining portable.
According to Statista [35], 197 billion app downloads were recorded on all
mobile platforms in 2017. For example, highly efficient mobile applications,
as well as wireless data transmission technologies, are widely used to control
various robotic systems and other complex technical plants [36–39]. The
basic functionality of portable devices can be significantly expanded with
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the help of applications. They open new channels of communication and
opportunities for the introduction of dock operations by the personnel of the
floating dock. This potential offers wider access to information databases
and basic services, improving the information flows of the ship repair
enterprise.

The purpose of the work is to increase the level of automation of dock-
ing operations by developing a mobile application for the decision support
system. This application will be capable of determining the optimal option
for loading ballast in the floating dock compartments when setting up and
launching ships.

The rest of the paper is structured as follows. Section 2 provides a brief
overview of the mobile applications in the shipbuilding industry. Section 3
presents the mathematical rationale and functional structure of the mobile
application for the decision support system of the floating dock ballasting.
In turn, the implementation of the mobile application for the decision support
system of the floating dock ballasting is presented in Section 4. Finally,
Section 5 concludes the work and suggests potential avenues for future
research.

2 Features of Mobile Applications in the Shipbuilding
Industry

All-encompassing and mobile Internet, miniature smart devices, smart pro-
duction machines with self-learning, cheapening, and, accordingly, availabil-
ity of personal mobile gadgets – became the basis of another transformation
of society and industry.

Shipbuilding production within the framework of modern industrializa-
tion involves flexibility, high efficiency, productivity, and most importantly,
satisfaction of individual needs. Mandatory for all digital enterprise models
is the presence of a digital counterpart in the virtual world for each physical
component (asset). Communication of such components between themselves
and the outside world takes place through various networks, which are
combined into the so-called Internet of Things (IoT), and in industrial
production – Industrial Internet of Things (IIoT). Taking into account the
intellectualization and interaction of “everything”, the number of calculations
and the amount of data increases significantly, which requires significant
computing resources. Part of the data and complex calculations can be located
remotely from the physical entity of the asset. This is possible due to the use
of cloud technologies (Cloud), which make it possible to remove all complex
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calculations from end devices, store a large amount of data, and carry out
their processing (BigData analytics).

The creation of shipbuilding and ship repair industries following modern
requirements of the industry requires the restructuring of the enterprise’s
infrastructure. Along with this, an important factor is the possibility of its
smooth modernization without long production stops and significant capital
investments. At many enterprises, in one form or another, there are automated
systems for managing technological processes and productions, made, in
particular, in the ideology of Industry 3.0. Integration of these systems in
enterprises is at least possible as “atomic” components. This does not give
the maximum flexibility of production, but it brings it closer to the required
functionality and makes it possible to gradually replace its components.
It should be noted that the existing control systems have access to a large
amount of data, the potential of which is much greater than the used one.
In addition, such systems are usually open for taking control actions, which
makes it possible to implement coordination control.

Based on the modernization of the shipbuilding and ship repair indus-
try, the mobile application acts as autonomous software designed to work
on smartphones, tablets, and other mobile devices to optimize and solve
technical tasks [40]. Moreover, in combination with wireless networks,
mobile applications have a significant potential for expanding time, space,
and production efficiency. At the same time, mobile technologies open up
new communication channels and opportunities for introducing docking
operations, potentially offering wider access to information and basic data.

Mobile devices are compact portable devices running the operating
system (iOS, Android, Windows Phone) and supporting work in mobile
networks and Wi-Fi technology [39]. Their distinctive features are small
size, individuality, maximum ease of use, provision of communication and
work on the Internet, compatibility with stationary computers and laptops,
long battery life, quick startup, and shutdown. The main property of appli-
cations should be considered the degree of elaboration of the functionality,
which ensures the uniqueness and attractiveness of the final mobile product.
Among the most used mobile applications for the shipbuilding industry,
the following types should be singled out [41]: (a) mobile applications for
process automation, such as systems for automating the production, sale
and storage of products, which reduce their cost compared to full-fledged
workstations based on personal computers; (b) applications for increasing
productivity, collaboration and joint work, including systems of shared access
to files and joint work with them, messengers, message trackers, systems of
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Table 1 Comparative characteristics of the main types of mobile applications
Native Hybrid PWA

Possibility of code
reuse

The code is being
developed separately for
each platform

Possible code
reuse

Possible code
reuse

Access to device
features

The most complete Limited
progress

Very low

Model dissemination Download from the app
store

Loading in shop
taxes

Access by PCG

Be productive High Low Low
Device support High High Average
Popularity High Average Average
Support external
libraries

High Average High

Mobile add-on 

Integrated 
WebView 

Access to 
device 

Native UI-
components 

Notive shell 

Operating system and 
device 

Mobile add-on 

Operating 
system and 

device 

Mobile add-on 

Operating 
system and 

device 

Web browser 

Figure 1 The main approaches to the implementation of mobile applications.

electronic surveys, mobile versions of corporate social networks; (c) project
and task management systems that require constant collection, clarification
and synchronization of information.

Today, there are several approaches to the technical implementation of
applications for mobile devices, namely: native, hybrid, and progressive web
applications (PWA). Their main characteristics are presented in Table 1.

The main operating principles of applications developed using different
approaches are shown in Figure 1.

At the same time, mobile applications allow using any service much more
conveniently than websites, because they work without access to the Internet
and use the built-in APIs of the portable device. Also, their use enables
the company to create a powerful brand and expand the sales market. The
implementation of mobile loyalty programs has become a proven tool that



604 A. Topalov et al.

allows companies to effectively interact with customers while studying the
peculiarities of their behavior and incentives. The integration of applications
with social networks ensures an increase in the number of buyers [42].

Therefore, the mobile application as one of the main information flows of
the enterprise provides: quick access to data for users of any level; wireless
two-way communication with technological equipment and information sys-
tem; receiving relevant information in real time; quick decision-making. The
specified functions are implemented based on minimalistic and functional
user-friendly interfaces. The optimal design allows the operator to fully focus
on the technological process and the performance of job duties.

3 Mathematical Rationale and Functional Structure of the
Mobile Application for the Decision Support System of
the Floating Dock Ballasting

Based on data about the ship and the layout of its location, verification
calculations are carried out. For ships whose mass does not exceed 75%
of the loading capacity of the dock, the dockmaster must calculate the
ballasting for several positions of the dock when raising (lowering) the ship.
Also, this calculation must be performed when icebreakers with a significant
displacement and a relatively short length are placed in a floating dock. For
ships whose mass exceeds 75% of the loading capacity of the dock, as well
as for emergency ships, the overall strength of the system of the dock-ship is
additionally checked. A mini-computer is installed on newly built docks of
medium and large capacity to monitor on the display screen all the specified
values of the state of the dock during sinking and surfacing. This includes
settlement at several points of deflection, graphs of bending moments, and
shearing forces, etc.

A typical scheme for ballasting a floating dock when docking ships
establishes the method of selecting ballast in the dock pontoons and the form
of calculations performed by the dockmaster. The purpose of the calculation
is to obtain such distribution of ballast in which the dock trim is zero, and
the moment that bends the ship’s dock system is less than allowed for this
dock. It should be taken into account that with a large reserve of the loading
capacity of the dock, bending moments acting on the dock–ship system can be
completely eliminated by equalizing the load on each pontoon due to ballast.

When distributing ballast (especially in long multi-pontoon docks), one
should strive to make the difference in loads and support forces within each
pontoon as small as possible.
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During operation, the following forces act on the dock: the weight of the
dock itself, the weight of the docked ship, and support forces. To determine
the weight of a dock (or ship), the mass is multiplied by the acceleration
of free fall. The mass of the dock is given in its passport data, separated
by pontoons. The mass of dock gantry cranes is taken into account in the
places where the cranes are fixed when the dock is submerged. If there is
no data on the distribution of the load on the pontoons, the weight of the
dock is distributed on the pontoons in proportion to their volumes or evenly
distributed along the length of the dock. This should be taken with sufficient
accuracy to calculate the ballasting, considering the load from the gantry
cranes on the regular pontoon.

As a rule, the weight of the ship is indicated on the dock plan. In the
absence of these data, the mass of the ship can be determined as the volumet-
ric tonnage of the ship, multiplied by the density of water, according to the
formulas of the theory of the ship. This process involves taking measurements
of the draft of the ship in the bow and stern beforehand. Before measuring the
draft with the ship, all cargo to be removed during docking must be removed.

The diagram of the distribution of the weight of the ship can be accepted
with sufficient accuracy for the calculation of ballasting in the form of
stepped curves with different intensities of ordinates for ships with different
coefficients of total completeness.

The load from the ship can be distributed in rectangles (Figure 2, a).
The ordinate a is calculated for the general coefficients of completeness
δ = 0.5; 0.65; 0.8, according to the equation a = DS/LSK, where K = 1.4;
1.2; 1.1. Intermediate values are determined by the interpolation.

The ordinates a1 and a2 are found by calculating the conditions for
obtaining the center of gravity of the ship along the length in a certain place,
that is, by solving the system of moment levels and the weight of the ship.
For the case of the distribution of the load from the ship by rectangles, we
will get a system

−1

3
LSa1

1

3
LS +

1

3
LSa2

1

3
LS = XPDS ;

1

3
LSa1 +

1

3
LSa+

1

3
LSa2 = DS ,

(1)

where a, a1, a2 are the ordinates; LS is the length of the ship; XP is the
abscissa of the center of gravity; DS is the dock weight of the ship. When
distributing the load from the ship along a trapezoid with different intensities
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a) 

  b)                                          

Figure 2 Diagrams of the distribution of the ship’s weight: (a) by rectangles; (b) along
trapezoids.

of the ordinate, which depends on the purpose of the ship (Figure 2, b)
z = 1.25 DS/LS, z1 = 0.6 DS/LS (for stern); z2 = 0.5 DS/LS.

Each of these schemes will provide sufficient calculation accuracy.
The choice depends on the type of ship and the distribution of the load along
the length of the dock.

The distribution of the load along the length of the dock and the determi-
nation of moments relative to the middle are recorded in tabular form. If there
is a lack of compensating ballast to bring to zero the difference between the
load and support forces within each pontoon, the distribution of ballast must
be checked by calculating the total strength according to the typical scheme.
In this case, when the compensating ballast is distributed in the end pontoons,
the bending moment on the dock midden will be close to zero. However, in
sections close to 1/4 of the length from the bow and stern, the moment values
may exceed the allowable ones.

Further calculation is carried out in the following sequence. The weight
of non-pumping ballast PH.B depends on the buoyancy of the dock and the
level of the non-pumping water,

PH.B = ρnlPBD

(
hH.B − K

2

)
, (2)
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where ρ is the water density; n is the number of pontoons; lP, BD are the
length and width of the pontoon; hH.B is the height of undamped ballast; K is
the keel of the bottom of the dock.

In tabular form, the load from the ship is distributed by pontoons, taking
into account the length of the keel track. In the nose and stern, the load is
distributed on the pontoons while preserving the position of the center of
gravity of the ship, the sum of weight, and moments in any direction from
the middle. To simplify the calculations, a part of the load from the ship that
falls on the pontoon and does not exceed 2% of the total weight of the ship is
allowed (in this case, it is necessary to add this load to the adjacent pontoon).
The load from the ship is distributed on the pontoons so that the center of
gravity of each compartment remains in place.

According to [12], convenient expressions are given for the approximate
distribution of the load from the ship on the pontoons of the dock. This
distribution depends on the number of pontoons receiving the load, the
relative center of gravity of the ship from the middle of its given length,
and the mass of the ship. The formulas for the weight ordinates allow the
dockmaster to distribute the load from the ship with sufficient accuracy when
calculating the ballasting of the dock.

For an even number of pontoons (4 pontoons):

P1 =
DK

4
[2− b− 5.33η]; (3)

P2 = P3 =
DK

4
b; (4)

P4 =
DK

4
[2− b+ 5.33η], (5)

where η is the relative distance of the ship’s center of gravity from the middle
of its length; b is the coefficient depending on the type of ship (Table 2);
φS is the coefficient of completeness of the parabola of mass distribution on
the ship (Table 2).

For an odd number of pontoons (5 pontoons)

P1 =
DK

5
[1.67− 0.67b− 5η]; (6)

P2 =
DK

5
[0.835 + 0.167b− 2.5η]; (7)

P3 =
DK

5
b; (8)
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Table 2 Coefficients φS and b for some types of ships
Ship Type φS b

Surface ships and icebreakers 0.70 1.5
Passenger ships 0.75 1.3
Cargo ships 0.80 1.25
Barges and similar ships 0.85 1.1

P4 =
DK

5
[0.835 + 0.167b+ 2.5η]; (9)

P5 =
DK

5
[1.67− 0.67b+ 5η]. (10)

The load intensity of the middle part of the ship qavr is determined from
the expression (11)

qavr = DS/L
′
S , (11)

where LS ; is the given length of the ship is a multiple of the length of the
pontoon.

The indicated length of the ship is determined depending on its position
in relation to the pontoons. To do this, the silhouette of each ship is applied
to the side projection of the dock, and the number of pontoons that accept
their weight is determined. If the edge of the ship overlaps the middle of the
pontoon, it is considered that it accepts the load of the ship, and if it does not
overlap, then this pontoon is not taken into account.

The support forces of the dock without the ship are equal to the weight
of the dock, directed in the opposite direction, and evenly distributed along
the length of the dock. When the ship is docked, additional support forces
appear that balance the additional weight of the ship. When setting up several
ships and balancing the dock system, it is necessary to distribute the ships so
that the trim of the dock is equal to zero or is within the permissible limits.
The easiest way to do this is to combine the common center of gravity of
all ships with the center of gravity of the dock. In this case, the net support
force will pass through the general center of gravity of the dock, and the
intensity of forces along the length of the dock will be the same. Total support
power DD = PD + DS , and intensity q = DD/LD for a solid dock and
q1 = DD/(LD −

∑
lP ) for a pontoon dock (where

∑
lP is the sum of all

intervals between pontoons.
Based on the obtained dependencies, the construction of a decision sup-

port system for the control of dock operations is considered. Moreover, the
system should work as an interconnected complex of certain elements of the
structure in the mobile application. In this case, the system, using certain
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Force calculation 
program 

Data required 
for system 
operation 

Floating 
dock and 
ship data 

Display of the 
calculation of the 
forces acting on 
the ship's dock 

system 

Ship data 
input 

interface 

The interface for the 
distribution of the 
ship's mass on the 

pontoons 

Database 

Interface 

Figure 3 Functional structure of the mobile application for the decision support system.

tools, performs calculations, collects data, transmits and processes them.
It provides the resulting information to the dockmaster of the floating dock to
implement the functions of reliable docking of ships and maintenance of ship
repair cycles at the enterprise. The structure of the mobile application for the
decision support system is presented in Figure 3.

This structure is a set of individual parts of the system that work together
to form the interaction of subsystems at the program level. The database
stores information about the floating dock and ships that are scheduled to
be docked. The necessary information from the database is submitted to
the interface, which can be used to correct the database itself. Based on
information from the database or user interaction with the interface, the
program calculates the distribution of forces of the floating dock-ship system.
The life cycle of the application can be maintained by one person, in the
simplest default configuration. However, over time, the application can be
updated, add functionality, and link to a specific shipbuilding company.

4 Implementation of the Mobile Application for the
Decision Support System of the Floating Dock Ballasting

In our case, Android Studio was used as the official IDE for development
on Android. Android Studio offers a logically structured environment. The
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graphical interface can be written in the form of an XML file. The application
will run in the emulator during development. Android Studio offers many
features and makes app development more convenient. As an IDE, Android
Studio’s function is to provide a decision support system interface for the
developer. At the same time, Android Studio provides access to the Android
SDK or ’Software Development Kit.

Java is used as the programming language for developing Android mobile
applications. Android application code is written using the Java API provided
by Google, which will then be compiled into class files. Android does not use
the Java Virtual Machine (JVM) to execute class files, instead, it uses the
Dalvik Virtual Machine, which is not a true JVM and does not work with
Java bytecode. To run on Dalvik virtual machines, class files are compiled
into DEX format (Dalvik EXecutable – Dalvik executable files. Access rights
are described in the Android application manifest file. Android Studio also
allows you to run code either through an emulator or a device connected to a
computer.

In the process of creating a mobile application, an environment was
chosen that performs the following functions in the current stable ver-
sion: graphical support for Gradle; specialized refactoring and hotfixes for
Android; Lint tools for performance, usability, version compatibility, and
other tasks; the possibility of ProGuard integration; templates for creating
common structures and components; a feature-rich layout editor that allows
users to drag and drop UI components, the ability to preview layouts on
multiple configuration screens; support for creating Android Wear appli-
cations; support for Google Cloud Platform, which allows integration of
Cloud Messaging with “Firebase” (formerly “Google Cloud Messaging”) and
Google App Engine; a virtual Android device (emulator) for running and
debugging applications in Android Studio.

Android Studio simplifies the process of software development com-
pared to non-professional environments, which are aimed not only at the
development of applications and programs specifically for this operating
system. To store, process, and add data during execution, the application
must use a certain data store. In the development of this application, it was
decided to use the lightweight SQLite relational database management sys-
tem. The database management system is implemented as a library that can be
connected to the project. SQLite does not require a separate process (server)
and is compiled together with the main application code. This is a fairly fast
and convenient way of saving and processing data in the application, which
does not require a separate database server and does not load the mobile
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device. It allows processing and recording information in the database in a
short time. The physical model of the database defines the way data is placed
in the storage environment and the methods of access to this data, which
are supported at the physical level. It differs from conceptual and logical
models by a detailed description of the database structure using specific,
clearly defined properties. It includes specifications for the selected database
management system. The physical model is built exclusively based on logic
and clearly follows its structure: an entity corresponds to a table, and an
attribute corresponds to a column.

Modeling of the main interfaces is presented in Figures 4, and 5 with
the help of which the decision support system of the floating dock ballasting
is implemented. In the process of creating interfaces, a collection of typical
interface elements and a visual editor for their layout were involved. This
gave a convenient preview of different states of the application interface,
such as the ability to see how the interface will look for different versions of
Android and different screen sizes. To create non-standard interface elements,

 
a) b) 

Figure 4 Data input interface: (a) window for entering the characteristics of the ship;
(b) window for placing the ship by the number of pontoons.
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Figure 5 A window for displaying calculation information about the forces of the dock-ship
system.

a wizard for creating custom design elements was used, which supports the
use of templates.

The interface includes a window for entering the characteristics of the
ship that will be placed in a floating dock, and a window for placing the ship
by the number of pontoons. Additionally, there is a window for outputting
calculated information about the forces that will act in the process of docking
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the ship. Since the method for synthesizing a mobile program for ballasting
a floating dock requires the presence of an initial database of a floating dock
and ships of a certain structure, such a database was previously created for
modeling.

The work of the application begins with the authorization of the dock-
master and the entry of the main parameters of the ship, such as: the type of
ship, the weight of the ship, the length of the support surface of the ship, the
center of gravity along the length of the ship. After entering the parameters of
the ship and moving to the next interface, the program calculates the desired
number of pontoons for the task of docking the ship. In this window, there
are 5 options for sets of pontoons, and you can also enter data on the weight
of the ship for its equal parts.

If the dock operator wants to change the number of pontoons, it can
be done manually. Next, the program calculates the forces acting on the
dock-ship system based on the coordinates of the centers of gravity of
the ballast tanks, which depend on the volume of received ballast and the
distributed mass of the ship on the pontoons. Depending on the calculation,
the dockmaster estimates how much ballast is needed for a particular pontoon.

Only authorized users of the floating dock personnel have access to the
software application. Also, only the dockmaster has the ability to make
changes to the database and analytical calculation block manually. The rights
of other users are limited only by means of monitoring the progress of
the vessel’s dry-docking process. To ensure greater security, the web server
maintains a secure encrypted VPN connection with external computers and
smartphones connected to the Internet.

As an example, the calculation of the floating dock ballasting decision
support system for setting up a ship with a mass of 4100 tons, the length of
the supporting surface lS = 80 m, the center of gravity along the length of
the ship XS = 1.5 m (aft from the middle) is considered. Moreover, the mass
of the dock with full supplies (without ballast) DD = 3600 tons, the length
along the slipway deck LD = 106 m; width without anchor bars BD = 25 m;
number of pontoons n = 6; height of pontoons h = 4.4 m; length of pontoons
lP = 17 m; the height of the freeboard during operation hN.BAL = 0.3 m; the
weight of the dock, spread over pontoons No 1 and 6, is 575 tons; No 2, 3, 4,
5 – 600 tons.

In the process of modeling, the ship’s load was set for 20 sections, which
made it possible to obtain the distribution of individual ship masses on 6
pontoons of the floating dock. As a result of data processing, a detailed
histogram of the impact of the ship on the pontoons of the floating dock
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was obtained. Data on the distribution of values for the ship and for the
floating dock were also obtained, namely: mass, t; shoulder from the middle,
m; moment, t·m.

Based on the data obtained, the dockmaster can calculate all the forces
acting on the dock and distribute them across the pontoon, knowing the dock
mass of the ship DS, the dock mass DD, and the mass of unpumped ballast
PH.B. The calculated weight of the ballast is positioned so that it absorbs as
much as possible of the excess supporting forces at the ends of the dock. The
remaining ballast can be used as compensation ballast Pbal = V − DS −
DD − PH.B where V is the displacement of the dock with the ship raised
(determined from the dock flooding diagram for draft hn−hz , where hn is the
pontoon height; hz is the freeboard height of the pontoon during operation).

This software is capable of calculating the load on pontoons using its
database of vessels of various classes. Calculation for staging multiple vessels
is not possible in the context of this work. Placing several vessels on the
slipway deck of a floating dock requires additional calculations and is a
complex technical task. On the other hand, the possibility of placing several
vessels in a floating dock is possible with subsequent recording of data in
the database of the software application. In this case, the dockmaster will be
able in the future to use this data in exceptional cases for docking ships with
minimal additional calculations.

To further improve the developed decision support system and the
presented mobile application for calculating the ballasting plan for a float-
ing dock, fuzzy logic algorithms can be quite effectively applied [43–45].
Moreover, the optimization procedures of the developed support system to
determine the required ballasting are highly promising and hold significant
potential for enhancing its quality indicators. Through systematic refinement
and fine-tuning, the fuzzy system can achieve higher levels of accuracy
and precision in designing the ballasting plan. This optimization process
entails a thorough examination of membership functions, rule sets, and input
parameters, ensuring they are finely calibrated to capture subtle variations
in the operating environment [46–48]. Additionally, the incorporation of
advanced algorithms and artificial intelligence techniques could further ele-
vate the system’s performance [49–52]. This heightened accuracy would not
only bolster the safety and stability of docking operations but also lead to
substantial improvements in overall operational efficiency and productivity.
Thus, the ongoing efforts towards optimizing the decision support system
represent a crucial avenue for advancing the state-of-the-art in ballasting plan
determination, with far-reaching implications for diverse applications.
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5 Conclusions

As a result of this study, it is possible to increase the level of automation
of docking operations. This can be achieved through the development of
a mobile application for a decision support system capable of determining
the optimal option for loading ballast into floating dock compartments when
setting up and launching ships.

Based on mathematical calculations of the impact of the ship on the
floating dock and the rules for the development of mobile applications, a
functional structure of the decision support system for ballasting the floating
dock before docking the ship was formed. This functional structure was
implemented in the dockmaster’s mobile application, which makes it possible
to calculate the load parameters acting on the floating dock-vessel system,
namely: mass, shoulder from the middle, and moment. The dockmaster, in
turn, having this information, sets the required amount of ballast for one or
another floating dock pontoon. As an example, the paper presents a calcula-
tion for docking up a 4,100-ton ship. Accordingly, the load forces of this ship
are calculated with a graphical display of the distribution of the influence
of 20 sections of the ship on 6 pontoons of the floating dock. In general,
this decision support system with the implemented mobile application has
the characteristics of a convenient interface and is easy to operate. It can
provide data and suggestions for decision-making, and during its operation,
it is actively replenished with a database of the docked ships.

Future research should be conducted in the direction of improving this
system by taking into account the overall strength of the floating dock.
Also, with the long-term use of this mobile application and obtaining a
significant database, the possibility of intelligent data processing based on
fuzzy logic and other machine learning techniques should be added. This will
significantly affect the quality of the proposed decision support system.
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