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Improving ship manoeuvring accuracy in shallow water:
The role of navigation equipment and hull design

Abstract. The study was conducted to analyse the impact of modern navigation equipment and ship hull design
on improving the accuracy of manoeuvring in shallow water. The study used methods of analysis and comparison of
the effectiveness of modern navigation equipment, evaluation of ship hull design solutions, and integration of these
technologies to improve the accuracy of manoeuvring in shallow water. It was found that the use of modern dynamic
positioning (DP) systems and high-precision navigation equipment, such as satellite systems and electronic mapping
systems, significantly improves the accuracy of ship manoeuvring in shallow water. Ships with a flat hull and minimal draft
were found to have better manoeuvrability compared to traditional designs. Optimisation of the bow shape and the use of
stabilisers can reduce water resistance and improve handling. The use of highly sensitive steering systems improves steering
precision in limited spaces. It was concluded that the integration of these technologies can significantly improve the safety
of navigation in shallow water. It was also found that high-resolution radars and automatic identification systems effectively
reduce the risk of collisions when manoeuvring in narrow channels and ports. In addition, vessels with an improved hull
design were found to have reduced hydrodynamic resistance, which helps to reduce fuel consumption in shallow water.
The study provided practical recommendations for implementing modern navigation systems and improving ship hull
design, which increases the accuracy of manoeuvring in shallow water and improves navigation safety. Overall, the results
confirmed the importance of integrating navigation technologies with hull design solutions to improve the efficiency and
safety of navigation
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Introduction

In modern navigation, the accuracy of ship manoeuvring in
shallow water is critical to ensuring the safety and efficien-
cy of operations in narrow channels and coastal areas. Shal-
low water presents particular challenges for ship drivers, as
the limited depth of the water can lead to increased hy-
drodynamic resistance and difficulty controlling the vessel.

In this context, the role of modern navigation equipment
and optimised hull design becomes particularly relevant.
The use of advanced technologies such as dynamic posi-
tioning systems (DP), Global Navigation Satellite Systems
(GNSS) and Electronic Chart Display and Information
Systems (ECDIS) can significantly improve manoeuvring
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accuracy, reduce the risk of collisions and ensure more effi-
cient use of water space. In addition, improvements in the
design of the ship’s hull, including optimising the shape of
the bow and using stabilisers, help to reduce hydrodynamic
resistance and improve handling.

Managing vessels in shallow water is a complex task
that requires improved navigation and design solutions
to ensure accurate manoeuvring. The problem of ma-
noeuvring accuracy in conditions of limited space and
water depth has been considered in numerous studies.
X. Zhang et al. (2021) emphasised the importance of im-
plementing automated navigation systems to improve ma-
noeuvring in conditions of limited depth. The researchers
emphasised that these systems minimised the impact of
the human factor, which is especially important in difficult
shallow water conditions. Y. An et al. (2021) investigated
the effect of ship design on their ability to manoeuvre in
conditions of limited depth. They showed that optimising
the shape of the hull reduced water resistance and im-
proved ship efficiency, but did not sufficiently consider the
impact of such innovations on fuel consumption and envi-
ronmental aspects. R. Okuda et al. (2022) investigated the
impact of ship design on their ability to manoeuvre in shal-
low water. They proved that hulls with reduced draft and
optimised shape reduced water resistance, which improved
the efficiency of ships.

Design solutions for improving the stability of vessels
during manoeuvring in shallow waters were investigated
by M. Maljkovi¢ et al. (2024). The researchers confirmed
that such solutions are effective and significantly improve
the handling of ships. The role of intelligent control sys-
tems in performing complex manoeuvres with minimal
errors in unstable conditions was confirmed by H. Zhou et
al. (2022). The researchers noted that these systems reduce
the load on the crew and increase the accuracy of manoeu-
vring. International standards in navigation technologies
that provide a single platform for innovation, according to
J.H. Lim et al. (2023), are important for the development
of shipbuilding. This was also confirmed by A. Oruc et
al. (2022), drawing attention to the fact that standardisa-
tion allows for more efficient integration of new control
and navigation systems. O.P. Igbinenikaro et al. (2024)
added that combining engineering solutions with new
technologies is key to ensuring the safety of navigation in
shallow water conditions. S. Zhang et al. (2023), X. Wang &
E.H. Xu (2022) also stressed the importance of innovations
in hull design to improve manoeuvrability and reduce the
risk of running aground.

The purpose of the study was to find out how the latest
navigation devices and the shape of the ship help ships to nav-
igate more accurately in shallow water. Research objectives:

1. To analyse the effectiveness of modern navigation
systems, such as GNSS and ECDIS, in improving the accuracy

of ship manoeuvring in shallow water and their impact
on reducing the risk of collisions and improving safety.

2.To investigate the impact of optimising the design
of the hull of ships, including stabilisers and improving the
shape of the bow, on reducing hydrodynamic resistance
and improving manoeuvrability in limited conditions.

3. To evaluate the economic aspects of introducing new
navigation and design technologies, in particular, their ef-
fectiveness in reducing fuel consumption and improving
the overall efficiency of navigation in shallow water.

Materials and Methods

The study analysed key aspects of both navigation equip-
ment and hull design to determine the most effective
technologies and design solutions that affect the manoeu-
vrability and safety of navigation in limited spaces. The
main components of navigation equipment that have been
evaluated are GNSS, such as the Global Positioning System
(GPS) and the BeiDou Navigation Satellite System (BDS),
which provide accurate positioning of ships in narrow wa-
ter spaces. The analysis included comparison of the accu-
racy of various satellite systems in real-world navigation
conditions. ECDIS was examined in terms of its ability to
integrate depth, obstacle and channel marking data to help
avoid underwater threats and provide detailed electronic
charts. The Automatic Identification System (AIS) was con-
sidered in terms of their effectiveness in tracking the posi-
tion of neighbouring vessels and avoiding collisions, espe-
cially in narrow channels and port areas. High-resolution
radars were evaluated for their ability to detect underwater
objects and coastlines, especially in low visibility and shal-
low water conditions. DP systems have been investigated
in terms of their functionality in maintaining a fixed ship
position in shallow water without using an anchor, which
reduces the risk of damage to the sea floor.

Research on ship hull design has focused on several
aspects that affect manoeuvrability in shallow water. The
efficiency of using wide and flat hulls to reduce the ship’s
draft and increase its stability in shallow water was evalu-
ated, and the influence of various hull shapes on water re-
sistance was studied. The effect of stabilisers on the ship’s
hull on improving handling and reducing drift was stud-
ied, and the effectiveness of different types of stabilisers
was compared. The analysis of the bow shape of the ship
concerned the effect of the optimised shape on reducing
hydrodynamic resistance, and the effectiveness of various
design solutions in improving handling in shallow water
was evaluated. Research on modern high-sensitivity steer-
ing systems has covered their ability to perform precise
manoeuvres in narrow and limited conditions, and the ef-
ficiency of using two steering blades or steering machines.
The following equations were used in the study:

1. Equation for determining GPS accuracy (1):

Accuracy = \/(GPS Errorhorizontal)? + (GPS Errorvertical)z’ 1)

where GPS Errorhorizontal — horizontal error of GPS; GPS
Errorvertical — vertical error of GPS.

2. Equation for determining ship draft (auxiliary equa-
tion for stability) (2):
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-w
Draft = pory 2)

where W - ship weight; p — water density; A — cross-sec-
tional area of the hull at water level.
3. Equation for calculating the stabiliser moment (3):

M=Cdx%xpr2xA, (3)

where M - moment of stabilisation; C, - stabiliser resist-
ance coefficient; V - ship velocity; A - stabiliser area.
4. Equation for calculating water resistance (4):

R=%xpr2xAxCd, 4)

where R — water resistance; A — surface area in contact with
water; C, - resistance coefficient.

5. Equation for calculating the moment of force re-
quired for steering (5):

_ Fxd
" sin (0)’ ®)

where M — moment of force; F — force on the steering
system; d — distance to the point of force application; 6 —
steering angle.

An important aspect of the study was the integration of
navigation equipment with the hull design. The analysis in-
cluded how data from radars and ECDIS can be used to auto-
matically adjust the position of the ship’s hull, which helps
to reduce the impact of hydrodynamic forces. Ways to im-
prove the efficiency of DP systems in vessels with improved
hull design were evaluated. Thus, the study included a com-
prehen sive analysis of modern navigation equipment and
design solutions to improve the accuracy of manoeuvring
vessels in shallow water, which allows ensuring the efficien-
cy and safety of navigation in conditions of limited space.

Results and Discussion

GNSS systems, particularly GPS, BDS, and Galileo, play a
critical role in modern marine navigation, ensuring pre-
cise ship positioning even under challenging conditions
(Wang et al., 2023). GPS and BDS use satellite signals to
determine the exact location of an object on Earth. Both
systems provide data that is critical to the safety and effec-
tiveness of maritime operations. Due to the high accuracy
of GPS and BDS positioning, ship drivers can accurately
track the movement of their vessels and monitor their posi-
tion in real time, which is especially important in confined
spaces where even a small deviation from the course can
cause danger. The positioning accuracy that these systems
provide is based on the use of signals coming from satel-
lites located in Earth orbit. The signals of GPS satellites

and the BDS system have a high resolution, which allows
achieving accuracy within a few meters or even centimetres
when using additional correction technologies.

Galileo, the European GNSS, offers several advantag-
es, including high accuracy and dual-frequency capabil-
ities, which improve performance in environments prone
to signal disruptions. Its open service provides positioning
precision within one meter, while additional correction
through the European Geostationary Navigation Overlay
Service (EGNOS) can enhance accuracy to the centimetre
level. Galileo’s use in maritime operations is essential for
navigation in confined areas like coastal waters, narrow
channels, and rivers, where even minor course deviations
can lead to accidents. By integrating with GPS and BDS,
Galileo enhances redundancy and availability, ensuring
continuous positioning, especially in urban or obstructed
environments where signals from other systems might fal-
ter. The system’s resilience and advanced features, such as
better multipath mitigation, make it a reliable solution for
real-time vessel tracking and manoeuvring in both open
seas and complex waterways. These GNSS technologies
significantly reduce the risks associated with human navi-
gation errors, supporting safe and efficient maritime oper-
ations under various environmental conditions.

The use of GNSS in navigation offers several advantag-
es, such as reducing reliance on traditional tools like maps
and compasses, which may not meet the precision required
by modern navigation systems. Additionally, GNSS inte-
grates seamlessly with other navigation and safety tools,
such as ECDIS and automatic identification systems, en-
hancing the efficiency and safety of maritime operations.

However, despite the high accuracy of GNSS, there are
some limitations and problems that need to be considered.
Satellite signals can be exposed to atmospheric and environ-
mental conditions, which can reduce positioning accuracy.
In conditions of limited space, such as port zones or nar-
row channels, signal problems may occur due to reflection
or blocking of satellite signals. Therefore, it is important to
have additional systems and technologies that can comple-
ment and support GNSS accuracy. The positioning accuracy
determine using equation (1). For example, if the horizontal
error is 2 metres and the vertical error is 3 metres, then:

Accuracy = +/(2)%? + (3)?2 = 3.6.

This result show that the positioning accuracy reached
a fairly significant level, which can be critical in narrow
water spaces, where even minor deviations could lead to
danger. The results of the positioning accuracy calculation
for the above systems are presented in Table 1.

Table 1. GNSS positioning accuracy

System Overall error (metres) Vertical error (metres) Accuracy (metres)
GPS 2 3 3.6
BDS 2 3 3.6

Galileo 1.2 2.0 2.4

Source: compiled by the authors based on A. Kumar et al. (2021)
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Since the positioning accuracy values for GPS and
BDS are identical in the table (horizontal error: 2 m, ver-
tical error: 3 m, total accuracy: 3.6 m), any differences
observed in real-world conditions would arise from oper-
ational factors. These may include differences in satellite
geometry, atmospheric interference, or variations in signal
correction models. However, under ideal conditions, both
systems perform similarly, as reflected in the provided
data. Galileo demonstrates superior performance, with ac-
curacy of 2.4 meters, emphasizing the value of adopting
advanced satellite navigation technologies. Galileo has
shown the best results, highlighting the importance of us-
ing the latest technologies to ensure maximum accuracy
in confined spaces. This was also investigated by H. Ge et
al. (2022), where results confirmed that GNSS such as GPS
and Galileo significantly improved positioning accuracy by
providing coordinate detection with an accuracy of sever-
al centimetres. This is especially important for accurate
navigation management, reducing navigation errors, and
monitoring geospatial data. Y. Li et al. (2022) also showed
that the latest satellite systems play a critical role in ship
manoeuvring, especially in challenging environments.
They facilitate accurate tracking of the ship’s position and
route adjustment in real time, which reduces the risk of
collisions and improves the safety of sea transportation. It
is worth noting that the constant development of satellite
technologies and the introduction of new generations of
GNSS constantly improves their accuracy and reliability.
Thus, modern vessels can get even more detailed informa-
tion about their location and surrounding objects, which is
especially important for operations in difficult conditions,
such as coasts or narrow channels. In addition, the inte-
gration of GNSS with other navigation and management
systems provides an integrated approach to ship manage-
ment, which significantly increases the overall safety and
efficiency of maritime transportation.

ECDIS is a revolutionary achievement in the field of
maritime navigation, significantly improving the safety
and efficiency of maritime operations (Pan et al., 2021).
They are integrated platforms that provide detailed dis-
play of navigation maps, supplemented with up-to-date
information about water depth, obstacles and channel
markings. Due to this, ECDIS helps ship drivers to avoid
underwater threats and ensures more accurate and safe
manoeuvring of ships. The main advantage of ECDIS is
their ability to integrate different data from different
sources into a single mapping system. This allows ship
drivers to get comprehensive information about the nav-
igation environment in real time. ECDIS provide accurate
water depth data, which is crucial for ships manoeuvring in
shallow water or in waters with uneven terrain. Integrating
this data helps to reduce the risk of colliding with under-
water objects or decreasing depth that can c ause accidents.
In addition to depth data, ECDIS also provides information
about various obstacles such as underwater rocks, reefs,
and even artificial structures that can affect ship safety.
This helps to avoid potentially dangerous areas and plan
the route based on existing obstacles. ECDIS systems also

include channel marking data, allowing for more accurate
navigation in narrow and difficult waters where traditional
navigation maps may be less convenient. Due to the abil-
ity to constantly update data, ECDIS provides ship drivers
with up-to-date information, which is an important aspect
for manoeuvring in rapidly changing conditions. For exam-
ple, when passing through a storm or in low visibility con-
ditions, ECDIS can provide timely data on changes in the
navigation environment, allowing ship drivers to quickly
respond to new challenges.

However, despite its many advantages, ECDIS also
has some limitations. One of them is a dependence on the
quality of input data: inaccuracies in navigation maps or
lack of updating information can lead to errors in position-
ing and route planning. In addition, ECDIS systems require
proper maintenance and regular updating of map data to
ensure their accuracy and efficiency.

A study of ECDIS has shown that these systems play
a critical role in ensuring the safety of shipping in shal-
low waters. Integration of depth, interference, and chan-
nel marking data allows creating detailed electronic maps
that significantly reduce the risk of collisions with under-
water objects. These results confirm the need to use ad-
vanced ECDIS for navigation in challenging environments.
S. Blindheim & T. Johansen (2021) concluded that ECDIS
are essential for navigation safety by providing accurate
information about navigation conditions and helping to
avoid collisions with underwater obstacles. Due to integra-
tion with other systems, such as radars and GPS, ECDIS al-
lows creating a comprehensive picture of ship traffic, which
increases the level of safety. W. Khawaja et al. (2022) found
that integrating ECDIS with monitoring systems helps
to reduce the risk of underwater threats such as rocks or
sunken ships. The system analyses data in real time, issu-
ing a warning that allows the crew to respond to danger in
a timely manner. These results support the above study, as
they demonstrate a link between the use of ECDIS and the
reduction of accidents in shipping. In particular, the inte-
gration of ECDIS with other navigation technologies sig-
nificantly improves the accuracy and safety of ship traffic,
which confirms the effectiveness of these systems in pre-
venting collisions and preventing underwater threats.

Automatic identification systems are an important
achievement in maritime navigation, which significant-
ly improves the safety of navigation, especially in narrow
channels and port areas (Arditiya et al., 2023). The main
purpose of AIS is to automatically track the relative po-
sition of ships and prevent possible collisions, which is
critical in situations where accurate navigation and timely
response are crucial for safety. AIS systems work by trans-
mitting and receiving radio signals that contain impor-
tant information about a ship, such as its location, speed,
course, ship type, and other navigation data. Each vessel
equipped with AIS transmits this data on a regular basis,
which allows all ships within the range of the system to
receive information about other vessels in the area. This
technology helps to avoid possible collisions by provid-
ing ship drivers with up-to-date information about the
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location of neighbouring ships. In narrow channels and
ports where manoeuvring space is limited, automatic iden-
tification systems are an extremely useful tool. The system
allows accurately tracking the movement of ships, which
helps to avoid situations where two vessels may be on cross
courses, which increases the risk of collisions. The infor-
mation provided by AIS also allows for better manoeuvre
planning, reducing the chance of accidents and simplifying
the process of entering and exiting ports.

This highlights the importance of integrating AIS
into the overall navigation system to improve situational
awareness on the water. H. Rong et al. (2022) also found
that automatic identification systems improve the safety
of navigation by providing real-time information about the
location, course, and speed of ships. This helps the crew
to predict trajectories and adjust their course in time to
avoid collisions, especially in conditions of poor visibility.
In turn, M. Kang et al. (2022) concluded that AIS is particu-
larly effective in narrow channels where space is limited
and traffic is heavy. The system allows coordinating ship
manoeuvres in real time, reducing the risk of accidents and
facilitating the passage of difficult sections.

However, despite its many advantages, AIS has some
limitations. For example, the system may be less efficient
in conditions of poor visibility or in cases where AIS signals
overlap or degrade. In addition, AIS can be exposed to cy-
bersecurity threats because data is transmitted over open
radio channels, which can make the system vulnerable to
malicious attacks. Simultaneously one of the key features
of automatic identification systems is its ability to inte-
grate with other navigation systems, such as ECDIS and
radar systems. This allows creating comprehensive naviga-
tion platforms that provide a comprehensive overview of
the situation on the water. For example, the combination of
an automatic identification system with ECDIS allows ship
drivers not only to see the location of other ships, but also
to get information about their routes, which makes it easier
to plan their own route and increases overall safety.

In the context of modern navigation technologies,
high-resolution radars are indispensable tools for improv-
ing the safety and accuracy of ship manoeuvring, especial-
ly in difficult navigation conditions, such as limited water
areas and shallow waters. Their use allows ship drivers
to detect objects that cannot be captured visually or us-
ing conventional navigation systems (Yang et al., 2021).
High-resolution radars are capable of detecting details over
long distances and with high accuracy, which is especially
important for safe manoeuvring of ships in difficult con-
ditions. In a confined space environment where every inch
of space matters, the ability to clearly identify obstacles,
such as underwater objects, rocks, or other ships, is crucial
to avoid collisions and ensure safe passage. These radar
systems use powerful radio waves to scan the surrounding
area. High resolution provides a detailed image of the en-
vironment in real time, which helps ship drivers to quickly
respond to hazards. For example, in shallow water, where
the water depth can change rapidly and underwater objects

can be virtually invisible, high-resolution radar can detect
these objects in advance, avoiding potentially dangerous
situations. Another important feature of high-precision ra-
dars is their ability to operate in poor visibility conditions,
such as fog, rain, or at night. In such situations, when vision
is significantly limited, radar can become the only source of
information about the environment, providing ship drivers
with a clear picture of the situation. This is especially im-
portant for ensuring security in ports and narrow channels,
where bad weather conditions can further complicate ma-
noeuvring. High-resolution radars also integrate with other
navigation systems, such as ECDIS and automatic identi-
fication systems, creating a comprehensive picture of the
navigation situation. This allows ship drivers to receive syn-
chronised information, which contributes to accurate route
planning and optimal manoeuvring. Integrating radars with
other systems also increases their efficiency, ensuring more
accurate detection and avoidance of possible obstacles.

However, despite their many advantages, high-reso-
lution radars also have some limitations. The cost of such
systems can be significant, and there is also a need for reg-
ular maintenance to ensure their proper operation. In con-
ditions of heavy traffic, the system can be overloaded with
a large number of signals, which can make it difficult to
interpret the received data.

Evaluation of high-resolution radars has confirmed
their effectiveness in detecting underwater objects and
coastlines, especially in low visibility and shallow water
conditions. Radar systems have been found to be able to
significantly improve manoeuvring accuracy by providing
detailed information about the environment, which is es-
pecially important in cases where visibility is limited by
weather conditions.

X. Bai et al. (2022) also conducted a study that con-
firmed that high-resolution radars play a key role in ma-
noeuvring ships in conditions of limited visibility, such as
fog or night. They allow clearly displaying even small ob-
jects, which helps the crew to quickly respond to changes
in the environment, providing more accurate manoeuvres
and reducing the risk of collisions. S. Chen et al. (2022) also
found that these radars improve visibility by distinguish-
ing details that are not visible on traditional systems. This
gives the crew a clearer view of the environment and allows
them to perform manoeuvres more safely. Comparing the
data obtained in the course of research, it can be conclud-
ed that the use of modern navigation technologies, such as
high-resolution radars and ECDIS, significantly increases
the level of safety of navigation. These technologies pro-
vide a more accurate display of the environment, which al-
lows the crew to respond more quickly to potential threats.
Such systems also help to reduce the impact of the human
factor, minimising errors that can occur due to limited vis-
ibility or difficult weather conditions.

DP systems are among the most innovative and critical
technologies in modern navigation (Li et al., 2022). They
allow vessels to maintain a precise position or perform
precise manoeuvring in shallow water without using an
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anchor, which is an important factor for ensuring safety
and efficiency in confined spaces. Traditionally, anchors
have been used to maintain a fixed ship position, which
can be problematic in shallow water where there is a risk of
damage to the sea floor or aquatic vegetation. Setting and
lifting an anchor in such conditions is a complex and often
dangerous process that can also have a negative impact on
the bottom ecosystem. This is where DP systems come to
the rescue, which allows avoiding these problems.

DP systems use a combination of different technolo-
gies to precisely control the ship’s position. The main com-
ponent of such systems is the integration of data from navi-
gation systems such as GNSS, radars, gyroscopes, and other
sensors. This data is processed using powerful computers
that automatically adjust the operation of the ship’s propel-
lers and rudders to maintain the exact location of the ship
at a given point. One of the key advantages of DP systems
is their ability to provide stability and positioning accuracy
even in conditions of high waves and strong currents. This
is especially important when performing tasks such as in-
stalling offshore platforms, conducting scientific research,
or performing operations in ports and shallow waters. Due
to the use of DP systems, the vessel can remain in a precise
position without the need for heavy anchors, which avoids
possible damage or contamination of the bottom. DP sys-
tems also contribute to increased security in confined
spaces. In particular, in ports and narrow channels where
manoeuvring can be difficult and risky, positioning accu-
racy is ensured by automatic correction of the ship’s move-
ment. This reduces the risk of collisions with other vessels
or structures, and also reduces the likelihood of accidents.

However, DP systems are not flawless. They require
regular maintenance and inspection to ensure their relia-
bility and accuracy. In addition, the high cost of such sys-
tems can be a significant limitation for some ship owners or
operators. The cost of installing and operating DP systems
can be high, which requires careful planning and budget.
An important part of the research and implementation of
DP systems is also the development of new technologies
to improve their accuracy and functionality. For example,
integration with new sensors and improved algorithms can
help to reduce the impact of external factors, such as sea
currents or winds, on positioning accuracy.

These systems are effective for maintaining a fixed
position of the ship in shallow water without using an an-
chor. This reduces the risk of damage to the sea floor and
ensures accurate manoeuvring in confined spaces. The
high functionality of DP systems underlines their impor-
tance in modern navigation solutions for vessels operating
in difficult conditions. X. Gao et al. (2021) concluded that DP
systems are critical for keeping ships in place without using
anchors, compensating for the effects of wind and currents.
They provide precise positioning during complex operations
such as drilling or rescue operations, even in adverse weather
conditions. J. Kim & H. Park (2022) found that DP’s ben-
efits for precise manoeuvring include improved ship con-
trol in confined spaces, which reduces the risk of accidents

and optimises fuel costs. This makes DP indispensable for
operations that require high accuracy and security. When
analysing the results of the study, it is evident that the use
of DP systems significantly improves the accuracy and safe-
ty of navigation operations. These systems ensure stable
position retention even in difficult conditions, minimis-
ing the human factor and reducing the risk of accidents.
The design of the ship’s hull also plays a crucial role in
improving manoeuvrability in shallow water. Manoeuvring
in shallow water is one of the most difficult tasks in navi-
gation (Ghazali et al., 2024). In such conditions, the draft of
the vessel and the shape of its hull are key factors for ensur-
ing safety and efficiency. Reducing ship draught is critical
to successfully performing tasks in confined waters where
water depth is insufficient for traditional ship designs. A
vessel’s draft is defined as the vertical distance between
the water line and the lowest part of the hull that touches
the bottom of the vessel. It is an important indicator that
affects the ability of a vessel to manoeuvre in conditions of
limited water depth. In cases where the water depth is min-
imal, a large draft can lead to the fact that the ship’s hull
rests on the bottom, which causes not only the risk of dam-
age, but also complicates manoeuvring. Reducing submer-
sion is achieved by using enclosures with a large width and
a flat design. The wide hull provides a larger area, distrib-
uting the weight of the ship over a larger bottom area. This
reduces the pressure on the bottom and allows the vessel
to maintain stability when moving in conditions of lim-
ited water depth. The flat hull design helps to reduce the
overall water resistance that occurs when the ship moves.
The ship’s draft was calculated using the equation (2).
If, ship weight W=10,000 kg, water density (approximate-
ly 1,000 kg/m? for fresh water), and cross-sectional area
A=50m?:
10,000
1,000%x50

Draft =

= 0.2 (m).

These data indicate that a draft of two-tenths of a me-
ter is normal under certain conditions. At depths less than
one meter, the risk of grounding increases significantly,
and even small deviations in positioning accuracy can lead
to dangerous situations. The draft norms for ships depend
on the type and purpose, and generally, for safe manoeu-
vring, recommended depths should be at least twice the
ship’s draft. This calculation shows that the low vessel’s
draft allows avoiding bottom engorgement in shallow wa-
ter conditions and maintaining vessel stability. In addition,
the shape of the hull affects the hydrodynamic characteris-
tics of the vessel. Modern ships for manoeuvring in shallow
water are designed considering the features of the environ-
ment and specific operating conditions. Flat hulls with a
larger width and lower draft can reduce the turbulence of
the water surrounding the ship and improve its manoeu-
vrability. Reducing precipitation is also important to ensure
the stability of the vessel. In shallow water, any immersion
of a ship in water can lead to instability, especially in strong
currents or waves. Ships with lower draft are less likely to
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roll over or lose stability when water conditions change.

However, achieving optimal precipitation is not di-
rectly related to the width of the hull. The design of the
hull should also consider its structural integrity and load
capacity. An increase in width can have a positive impact
on the total amount of cargo a vessel can carry, which must
be taken into account when designing structures Reducing
precipitation also includes the use of special design solu-
tions, such as weight distribution on the hull and improv-
ing ballasting systems. The weight distribution ensures
an even distribution of the load on the hull, which helps
maintain the stability of the vessel in conditions of lim-
ited water depth. An important part of designing shallow
water vessels is also consideration of possible changes in
water depth. In some cases, the depth may vary depending
on seasonal fluctuations or other factors. Therefore, the
design of the hull must be adaptive to ensure effective ma-
noeuvring in various conditions.

To ensure safe and efficient operation of the vessel
in difficult navigational conditions in shallow water, the
stabiliser system on the vessel is of great importance. The
wing system, or fins, is one of the innovative technologies
that significantly affect the improvement of ship manoeu-
vrability, especially in difficult water conditions (Song et
al., 2022). Fins are special stabilisers that are attached to
the ship’s hull and are used to improve its handling and
reduce drift. These technologies are critical to ensuring the
accuracy of the ship’s movement, especially when manoeu-
vring in cramped conditions or in strong currents.

One of the main functions of fins is to ensure the sta-
bility of the ship. They work as additional elements that
create additional forces that help to compensate for dy-
namic loads that occur during the movement of the ship.
The wing effect provided by fins reduces the rotation and
tilt of the vessel, which is especially important in condi-
tions of wind loads or waves. This allows maintaining the
stability and accuracy of the ship’s course, which is critical
for safe manoeuvring. Fins are used to ensure the safety of
navigation, especially in conditions of limited space. These
devices effectively counteract ship drift caused by external
factors, allowing the ship driver to more accurately control
the course and reduce the risk of collisions. It is impor-
tant to note that the effectiveness of fins depends on their
design characteristics, such as shape, size, and location.
Modern fins have various designs that can be adapted to
specific operating conditions. For example, some fins are
designed to increase efficiency at certain vessel speeds or
when manoeuvring in strong currents. This allows them
to be adapted to the specific needs of the vessel and en-
sure maximum efficiency. The design of the fin system
also involves integration with other ship control systems,
such as steering systems or DP systems. The integration
of these systems allows creating more complete solutions
to improve the ship’s manoeuvrability. For example, data
from the fin system can be used to automatically adjust
the ship’s course, which ensures more accurate and safe

manoeuvring. Analysis of the effectiveness of fins shows
that their implementation can significantly improve the
management characteristics of the vessel.

In this context, it is important to calculate the stabilis-
ing moment of the stabiliser on the vessel. This calculation
helps to minimise the vessel’s lateral tilt (roll) and reduce
its pitching, and improve the vessel’s handling. The stabi-
liser stabilisation moment was calculated using the equa-
tion (3). For example, if resistance coefficient= 1.0, stabilis-
er area A=2 m?, ship speed V=10 m/s:

M = 1x>x 1,000 x (10)% X 2 = 100,000 (Nm)

The number in the stabilising torque means the
amount of force generated by the stabiliser to counter-
act the roll or pitch of the vessel. The obtained value of
the stabilising moment is quite high. This means that this
vessel is very stable with such parameters, even in strong
waves or gusts of wind. Tests and real-world operating
conditions confirm that vessels with installed fins demon-
strate improved stability, reduced drift and higher ma-
noeuvre accuracy. This not only improves shipping safety,
but also increases the efficiency of ship operations by re-
ducing energy and fuel costs.

Another critical aspect of a ship’s design that directly
affects its hydrodynamic characteristics and, consequent-
ly, its overall manoeuvrability, especially in shallow water,
is the shape of the bow (Ntouras et al., 2022). Optimising
the bow of a ship can significantly reduce water resistance,
which is key to improving handling and ensuring efficient
navigation in confined spaces. When designing the bow of
a ship, the main goal is to reduce the hydrodynamic resist-
ance that occurs when moving through water. Water resist-
ance consists of two main components: wave resistance and
friction resistance. To achieve minimal wave resistance, it
is important to optimise the shape of the bow in such a way
as to ensure a smooth passage of water around the ship’s
hull. This reduces the turbulence and wave currents, which
usually contribute to an increase in resistance. One of the
most effective shapes for the bow of a ship is a shape that
resembles an underwater profile or a blunted cone. This
shape allows reducing the resistive resistance and improve
the distribution of water throughout the housing. In par-
ticular, bows that have an elongated and narrowed shape
help to reduce drag at high speeds, but for shallow water,
it may be advisable to use flatter or rounded shapes that
reduce the tendency to sink. Reducing the depth of water
under the hull also plays an important role in determining
the optimal shape of the bow.

Calculations of water resistance were conducted for
both bow shapes using the equation (4). The shape of the
bow directly influences water resistance in the following
ways. Elliptical bow shape — minimises resistance by pro-
moting better water flow around the hull, reducing turbu-
lence and creating a smoother transition from the bow to
the hull, which is crucial for high speeds. Flat or rounded
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bow shape can decrease the tendency to sink in shallow wa-
ter, but they may increase drag at high speeds. Calculation
of water resistance of a ship with different types of bow
under the same conditions. The parameters were selected
based on typical values for ships.

Elliptical bow: drag coefficient = 0.8; cross-sectional
area A=2 m?; speed V=15 m/s.

Fd=%><p><CdxA><V2;
Fq =7 1,000 x 0.8 X 2 x 15% = 9,000 N)

Flat or rounded bow: drag coefficient (): 1.2; cross-sec-
tional area (A): 2 m?; speed (V): 15 m/s.

Fq =% 1,000 x 1.2 x 2 x 15% = 13,500 (N).

The elliptical bow shape results in a drag of 9,000 N,
while the flat or rounded bow yields a drag of 13,500 N. This
indicates that the elliptical shape is more efficient for high-
speed navigation, whereas the flat or rounded shape may
be preferable in shallow water to reduce the risk of sinking.

When the vessel moves in shallow water, the reduced
water depth changes the hydrodynamic conditions, which
can lead to increased drag and poor manoeuvrability.
Changes in the hydrodynamic characteristics of the vessel
with a decrease in the depth of water under the hull are
also associated with priming effects. When the bow of a
vessel rises out of the water or partially rises through shal-
low water, it can lead to significant changes in the distri-
bution of water around the hull. In such cases, optimised
bow shapes can reduce unwanted changes in support that
occur in close contact with the bottom. Studies of the dif-
ferent shapes of the ship’s bow in shallow water show that
specially designed profiles can significantly improve han-
dling. For example, the bow of vessels with progressive ex-
pansion or undulating shapes can reduce drag and increase
the efficiency of movement in conditions of limited space.
Innovative developments include the use of hydrodynamic
models to create bows that optimally combine aerodynam-
ic and hydrodynamic characteristics.

The steering system is one of the main elements
affecting a ship’s manoeuvrability, especially in con-
fined spaces such as narrow channels and port areas
(Zhang, 2021). Modern ships are equipped with highly sen-
sitive steering systems that allow achieving the accuracy
of manoeuvres necessary for safe and efficient handling.
The heart of the steering system is the steering blades or
steering machines that are responsible for changing the
direction of movement of the ship. Depending on the
design and requirements of the vessel, different types of
steering systems can be used. Modern steering systems
include hydraulic, electric, or combined mechanisms that
provide precise and sensitive control. One of the key in-
novations is the use of two steering blades or steering
machines. This configuration significantly increases the

manoeuvrability of the vessel, as it allows for more ac-
curate and faster course corrections. Two steering blades
located on both sides of the stern section of the vessel pro-
vide a symmetrical distribution of forces, which reduces
the negative impact of waves and currents on the accuracy
of manoeuvring. This is especially important when operat-
ing a vessel in narrow channels or when performing com-
plex manoeuvres in limited conditions. Two-blade steering
systems also provide better stability of the vessel during
manoeuvring. In high-speed conditions or when making
sharp turns, using two steering blades helps to reduce the
impact of inertial forces that occur when changing di-
rection. This makes it easier for ship drivers to maintain
their course and avoid unwanted deviations. In addition,
modern steering systems can be equipped with additional
features, such as automatic course adjustment and remote
control. Automatic steering systems integrated with oth-
er navigation technologies, such as DP or ECDIS systems,
allow automating the manoeuvring process and reducing
the load on the crew.

In this context, it is important to calculate the steering
torque of a ship. Understanding the torque helps determine
how efficiently a vessel can manoeuvre in confined condi-
tions. The moment of force plays a crucial role in precise
steering. A higher moment of force enables better control
over the rudder, facilitating sharper turns and enhanced
responsiveness, which are essential for navigating in nar-
row or congested waterways. The moment of force required
for steering calculate using the equation (5). For example,
force F=5,000 N, distance d=2 m, angle §=30°:

5,000%2
M= 220 = 20,000 (Nm).

Overall, the calculation illustrates the relationship be-
tween force, distance, and angle in generating a steering
moment. This understanding is essential for optimising
steering systems and enhancing the manoeuvrability of ves-
sels, particularly in challenging navigational environments.

The efficiency of steering systems is closely linked to
the ship’s hull design and stability. For high-speed vessels
with a V-shaped hull, a modern steering machine is most
effective due to its high force capability and quick response,
allowing for precise manoeuvring. In shallow water, flat
bottom hull designs benefit from either a single steering
blade or two steering blades. The two-blade system en-
hances stability and control compared to a single blade. For
larger ships with a round bottom hull, a two-blade system
provides better lateral control and reduced drag.

In summary, the modern steering machine is optimal
for high-speed V-shaped hulls, while two steering blades
are best for flat bottom hulls in shallow water. A single
blade is adequate for simpler designs but less effective for
maintaining course. The parameters in Table 2 should be
correlated with specific hull designs for a comprehensive
understanding of steering efficiency, considering factors
like water depth and vessel speed.
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Table 2. Steering system parameters

Steering system type  Force (N) Distance (m) Rotation angle (degrees) Moment of force (Nm) Remarks
One steering blade 5,000 2 30 20,000 Bfl’zlscs ‘;‘t’;‘;fgl
Two steering blades 5,000 2 30 20,000 Imgﬁ’&’i‘g rﬁfé’l‘hty
Modern steering machine 6,000 1.5 45 60,000 Super1or_ performance
for high-speed

Source: compiled by the authors based on K. Otsubo & K. Ishida (2021)

In shallow water, where changes in water depth can sig-
nificantly impact hydrodynamic performance, the design of
the steering system must compensate for these variations
to ensure stable control. Table 2 shows that the parameters
for the one steering blade and two steering blades systems
are identical; both provide a force of 5,000 N, with a dis-
tance of 2 m, a rotation angle of 30 degrees, and a moment
of force of 20,000 Nm. This similarity indicates that, at least
in this context, both systems offer the same performance.

However, the two-blade system can be advantageous
due to its increased surface area, which provides better
lateral control and stability, especially when maneuvering
in tight spaces or during sudden directional changes. The
presence of two blades helps distribute forces more evenly,
reducing the likelihood of cavitation and improving overall
responsiveness.

In contrast, the modern steering machine shows supe-
rior performance with a force of 6,000 N, a shorter distance
of 1.5 m, a larger rotation angle of 45 degrees, and a mo-
ment of force of 60,000 Nm. This indicates that the modern
steering machine is capable of generating more power and
achieving more significant rotation in less distance, which
is particularly beneficial for high-speed maneuvers or nav-
igating complex waterways. The modern steering machine
surpasses both systems in force output and efficiency, mak-
ing it the preferred choice for high-performance vessels,
especially in challenging navigation conditions.

One of the most pressing challenges in the develop-
ment of steering systems is to achieve a balance between
control sensitivity and mechanical strength. Shallow
water conditions and high loads can cause additional
stress on the steering elements, which requires the use
of innovative materials and structures that can withstand
such loads. To improve the accuracy of manoeuvring in
shallow water, it is also important to integrate naviga-
tion equipment with the hull design. For example, data
from radar or ECDIS can be used to automatically adjust
the hull position, which helps to reduce the impact of
hydrodynamic forces that occur in shallow water (Orlan-
di et al., 2021). In addition, ships with an improved hull
design can use DP systems more efficiently. Evaluation
of hull design solutions showed that the use of wide and
flat hulls reduces the ship’s draft, increasing its stability
in shallow water. The integration of stabilisers and the
optimised shape of the ship’s bow also contribute to im-
proved handling. It is revealed that modern steering sys-
tems with high sensitivity allow for precise manoeuvres

in cramped conditions, which confirms the importance
of combining modern navigation technologies with a
thoughtful hull design to achieve maximum efficiency in
ship manoeuvring in shallow water.

Conclusions

Research on improving the accuracy of ship manoeuvring
in shallow water has confirmed the significant impact of
both navigation equipment and hull design on the effi-
ciency and safety of navigation in confined spaces. GNSS,
such as GPS and BDS, have demonstrated their critical
role in ensuring accurate positioning of ships, especially
in narrow areas of water where even minor deviations can
lead to danger.

ECDIS has proven to be indispensable for integrating
depth, interference, and channel marking data, which sig-
nificantly helps to avoid underwater threats and provides a
detailed display of the navigation situation. This, in turn,
improves the accuracy of navigation solutions and increas-
es the safety of navigation. Automatic identification sys-
tems have shown their effectiveness in tracking the posi-
tion of neighbouring ships and avoiding collisions, which
is especially important in narrow channels and port areas
where the concentration of ships can be high. High-resolu-
tion radars provided critical visibility of underwater objects
and coastlines, which is necessary for accurate manoeu-
vring in low visibility and shallow water conditions.

DP systems have demonstrated their ability to main-
tain a fixed ship position without using an anchor, which
reduces the risk of damage to the sea floor and allows for
more precise manoeuvring in shallow water. Analysis of
hull design solutions confirmed that wide and flat hulls,
optimised bow shapes and state-of-the-art steering sys-
tems significantly improve the manoeuvrability and stabil-
ity of vessels, which contributes to more efficient handling
in shallow water. The results of the study highlight the im-
portance of integrating navigation technologies with de-
sign innovations to ensure the safety and accuracy of ship
manoeuvring in difficult conditions.

To further improve ship manoeuvring in shallow wa-
ter, it is necessary to investigate the impact of integrating
the latest navigation technologies with innovative hull
designs on long-term reliability and efficiency under var-
ious operating conditions. A limitation of the study was
the lack of consideration of the impact of extreme weath-
er conditions on the efficiency of navigation equipment
and the design of ship hulls.
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MiaBULIEHHSA TOYHOCTI MaHeBpPYBaHHS cyAeH Ha MinkoBoaai:
ponb HaBirauinHoro o6nagHaHHA Ta AU3aMH Kopnycy

AHoTauiqa. [lowtimKkeHHS TPOBeIeHO [IJIs aHa/Ii3y BIUIMBY Cy4acHOTO HaBirailiitHoro o6yiafiHaHHs Ta AM3aitHy KOPITYCY
CyJleH Ha NiJBUILEHHS TOYHOCTI MaHeBPYBaHHS B yMOBax MikoBoAs. Y JOCTiAKeHHI BUKOPUCTOBYBAINCS METOAU
aHasli3y Ta MOPiBHSIHHS e(eKTUBHOCTI CYJacHOTO HaBirauiiiHOro o6aJHaHHSI, OI[iHIOBAHHSI KOHCTPYKTUBHUX PillleHb
IM3aiiHy KOPIYCY CYAeH, a TAKOXK iHTerpallii X TexXHOJIOTii AJ1s1 TTIOKpaleHHs TOYHOCTi MaHeBpyBaHHS Ha MiJIKOBOAI.
By/0 BCTaHOBJIEHO, 1110 BUKOPUCTAHHS Cy4yaCHUX CUCTEM IMHAMiYHOTO MTO3UIiOHYBaHHS Ta BMCOKOTOYHOTO HaBiraliiHoro
obmagHaHHS, TaKMUX SIK CYITYTHMUKOBI CUCTEMU Ta eJIeKTPOHHI KapTorpadivyHi cucTreMu, 3HaUHO MigBUIIY€E TOUHICTh
MaHeBpYBaHHSI Cy[leH Ha MiTKOBOA . BusiB/IeHO, 1110 KOpabiii 3 MIacK1M KOPITYCOM Ta MiHiMaJbHOIO 0CaZKOI0 MaloTh Kpally
MaHeBPEeHiCTh Y MOPiBHIHHI 3 TpagUIifHMMM KOHCTPYKITisiMu. ONTHUMi3allis hopMu HOCa Ta 3aCTOCYBaHHS CTabimizaTopis
J03BOJISIIOTh 3MEHILUUTH OITip BOJi 11 MOKpAIMTH KEPOBaHiCTh. BUKOPMUCTaHHS BUCOKOUYTIMBUX PYIbOBUX CUCTEM IiIBUILYE
TOUHICTh PyXYy B 0OMeskeHX yMOBax. 3p06ieHO BUCHOBOK, 1110 iHTerpallist I1X TeXHOJOTii J03BoJIsSI€ 3HAUHO MOKPAIIUTI
6e3I1eKy CyHOIUIaBCTBa Ha MIJTKOBOAII. JIOCTiIpKeHHS TaKOXK II0KA3aJIo0, 0 PaJapy 3 BUCOKOI PO3IiITbHOIO 30ATHICTIO Ta
aBTOMaTUUHI ifeHTHdiKaliiiHi cucTeMy eeKTUBHO 3HVSKYIOTb PM3MK 3iTKHEHb Iifl Yac MaHeBPYBaHHS Y By3bKMX KaHa/IaX
i moprax. Kpim TOr0, 6y710 BUSIB/IEHO, 110 CyAHA 3 TIOKPALIEHUM AM3aiHOM KOPITyCY MAalOTh 3HVKEHMI TipogMHaMiuHMit
OIIip, 110 CIIPHMSIE 3MEHIIIEHHIO BUTPAT MaMBa Ha MiJIKOBOAAI. 3a pe3ybTaTaMy JOCTiIKeHHST Oy/Iv HagaHi mpakKTUYHi
peKkoMeHalii 3 BIPOBaJKeHHS Cy4yaCHMX HaBiraliiiHMX CUCTeM i BAOCKOHA/IeHHS AM3aiiHy KOPITYCY CyZeH, 110 MiABUIIYE
TOYHICTh MaHEBPYBaHHS Ha MiIKOBOAJi Ta MoOKpallye 6e3MeKy CyJHOIUIAaBCTBA. 3aTajioM, pe3yabTaTy SOCTiIKeHHS
MiATBePIMUIN BasKIMBICTh iHTerpallii HaBirauiliHUX TEXHOJOTI i3 KOHCTPYKTMBHMUMMU PillleHHSIMM KOPITYCY /151 MiIBUILI@HHS
edeKkTUBHOCTI Ta 6e3MeKu CyJHOIIaBCTBA

Knio4oBi cfioBa: cucteMy JUHAMIYHOTO MO3UI[IOHYBaHHS; ONITUMI3allist GOpMU HOCA; KOHCTPYKTUBHI PillIeHHST; PUSUK
3iTKHEeHb; riApOAVMHAMIYHMII OTIip
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