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Abstract: With the ongoing growth of the marine leisure industry, the demand for small vessels and technologies to improve their
safety and efficiency has risen. This study focuses on developing an Electronic Chart GPS Plotter system specifically designed for
small vessels, addressing challenges like limited fuel capacity, shorter operating ranges, and narrow sea routes. Unlike traditional GPS
Plotters, which are optimized for large commercial vessels, this system integrates key route planning algorithms, including the Great
Circle Route, Fermat's Spiral, Clothoid, and Cubic Hermite Spline interpolation, ensuring smooth and optimized route connectivity.
The system also supports Autopilot functionality by automatically generating optimal routes and dynamically adjusting paths in real-
time to adapt to changing environmental conditions. Designed with a user-friendly interface, it provides intuitive controls and real-time
feedback, ensuring accessibility for non-experts. Experimental results show that the proposed system significantly improves fuel effi-
ciency, route accuracy, and operational safety, even in challenging maritime conditions. This innovation bridges the gap between
existing GPS Plotter limitations and the specific needs of small vessel navigation. By enhancing safety and efficiency, the system
contributes to the advancement of marine recreational activities. Future studies will integrate different environmental factors, such as
meteorological changes and ocean currents, to further improve the system's effectiveness.
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1. Introduction being the primary cause [2]. This underscores the urgent need for

The marine leisure industry has emerged as a significant aspect the development of safety technologies specifically designed for

of recreational activities in contemporary society Consequently,
the growing demand for small vessels and recreational boats has
been continually driving growth within the industry. Statistics
from the Korea Maritime Transportation Safety Authority
(KOMSA\) show that the number of passengers using fishing ves-
sels grew by around 12% from 2018 to 2020, along with a notable
increase in the registration of leisure boats [1]. However, this
growth has been accompanied by an increasing trend in maritime
accidents. The operations of small vessels inherently carry higher
accident risks, highlighting the pressing need for advancements
in safety management technologies to address these concerns.

A 2023 report from the Korea Coast Guard indicates that ves-
sels weighing less than 10 tons are responsible for approximately

70% of all maritime accidents, with navigational negligence

small vessel operations and effective route planning tools. Fur-
thermore, current GPS Plotter systems are mainly designed for
large commercial vessels, making them often unsuitable for
small vessel users [3][4][5]. The path generation algorithms used
in large vessels, including the Great Circle Route, Fermat's Spi-
ral, Clothoid, and Cubic Hermite Spline, offer significant bene-
fits in improving the efficiency and stability of maritime naviga-
tion due to their unique characteristics [6][7]. However, these al-
gorithms are often applied without considering factors such as
fuel efficiency, maneuvering stability, and user-friendliness for
small vessels. Due to their restricted fuel capacity and shorter
travel range, small vessels require a strong focus on fuel effi-
ciency and precise route planning. However, most GPS Plotters
do not adequately consider these specific needs, leading to lower
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user satisfaction. In addition to the design not accounting for the
unique characteristics of marine leisure activities, the current
GPS Plotters also face the issue of inefficient electronic chart up-
dates, resulting in the use of outdated information. This repre-
sents a significant risk to the safety of small vessel operators, em-
phasizing the need for a more intuitive and reliable system. Par-
ticularly, since many small vessel users are non-professionals,
complex interfaces and difficult operating methods can contrib-
ute to a higher risk of accidents. Therefore, it is crucial to design
GPS lotters that provide a user-friendly and simple operational
interface.

To address these issues, this paper seeks to develop an elec-
tronic chart-based GPS Plotter system that takes into account the
operational characteristics of small vessels. The proposed system
has the following key features: First, the system ensures both
route efficiency and safety by incorporating curve route planning
methods like the Great Circle Route, Fermat Spiral, and Clothoid,
Second, design an intuitive and user-friendly interface to ensure
that non-experts can operate effortlessly to enhance the overall
user experience. Last, consider the possibility of integrating the
generated route data with the Autopilot function.

The Autopilot function is enabled by incorporating data from
the route generation algorithm into an electronic GPS Plotter.
This system is designed for intuitive use by non-expert users, en-
suring both fuel efficiency and safety in the operation of small
vessels. Moreover, the system is designed to track and adapt
routes in real time, enabling flexible reactions to various mari-
time conditions.

Unlike previous research, this study introduces a system tai-
lored to the unique characteristics of small vessel operations, of-
fering user-friendly and efficient route planning alongside Auto-
pilot functionality. Through this approach, we aim to improve the
efficiency and safety of small vessel operations while contrib-
uting to the secure advancement of marine leisure activities.

The structure of this paper is as follows: Chapter 2 examines
and analyzes existing route planning algorithms and studies ap-
plied to vessels. Chapter 3 demonstrates the application of route
planning algorithms developed in this study, Chapter 4 focuses
on the detailed design and implementation of the navigation sys-
tem, highlighting key features such as the integration of autopilot
functionality and user-friendly interfaces for small vessel navi-
gation. The chapter is divided into two main sections: path plan-
ning and autopilot functionality, final system output. Chapter 5
concludes with a discussion of findings and future research di-

rections.
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2. Related Work

Different algorithms for generating routes have been studied
to plan safe and efficient routes for small vessels in marine rec-
reation. In particular, studies that use curves such as the Great
Circle Route, Fermat’s Spiral, Clothoid, and Cubic Hermite
Spline are gaining attention. This chapter examines the key stud-

ies that have applied these curves.

2.1 Study on the Use of the Great Circle Route

The Great Circle Route is a route planning method that calcu-
lates the shortest distance between two points on the Earth's sur-
face, making it especially effective for saving fuel and reducing
travel time in long-distance navigation. [8] visually compares the
Great Circle Route and Rhumb Line on both a Mercator projec-
tion map and a 3D virtual globe, analyzing the distinct geograph-
ical features of the Great Circle Route. The Great Circle Route
proves to be beneficial in optimizing fuel efficiency for extensive
air travel; nevertheless, it necessitates consistent adjustments in
course direction owing to its circular path. This study compares
the Great Circle Route and the Rhumb Line within a multidimen-
sional visual environment, highlighting the Great Circle Route as
a particularly valuable tool in the route planning process. [9] in-
troduces a novel methodology that combines Genetic Algorithm
(GA) and Fuzzy Logic (FL) to optimize the number and position-
ing of waypoints along the Great Circle Route. GA achieves
comparable path efficiency with a reduced number of waypoints
in contrast to current methods through the global optimization of
waypoint placement, while FL dynamically discerns the neces-
sity for supplementary waypoints, thereby avoiding the superflu-
ous creation of waypoints. As a result, the proposed method en-
hances route efficiency by improving stability and cost-effective-
ness, reducing both navigational distance and the frequency of
route adjustments. However, the methods did not account for
weather conditions or the maneuvering characteristics of vessels,
nor did they validate the approach in real-world scenarios involv-

ing smaller vessels with more flexible movement trajectories.

2.2 Fermet’s Spiral

Fermat's Spiral is a curve distinguished by its property of
maintaining the same area in each revolution, making it a key
element in trajectory planning methods. It is often used in path
planning scenarios where smooth and gradual curvature changes
are critical for effective design. For example, in path planning
that uses a spiral route, Fermat's Spiral is employed to create a

path that efficiently avoids obstacles or reaches a designated
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target point. Furthermore, Fermat's Spiral can be used to optimize
route design during the docking process of vessels. According to
studies, the path based on Fermat's Spiral demonstrates a con-
stant curvature change, which improves vessel stability and helps

minimize fuel consumption and turning radius [10].

2.3 Clothoid

The Clothoid curve is defined by a linearly changing curva-
ture, making it especially suitable for facilitating smooth transi-
tions between straight lines and curves. This curve is widely used
in various engineering applications, including road design, rail-
road track design, and vessel docking pathways. In trajectory
generation algorithms, the use of Clothoid-based path generation
is crucial to ensure the stable navigation of vessels. Studies on
route planning have shown that using Clothoid in path design en-
sures continuous curvature for vessels, minimizing shocks and
effectively reducing path tracking errors. Moreover, the Clothoid
curve enhances the turning stability of vessels on their trajecto-
ries, facilitating safe navigation through narrow sea routes. This
helps lower fuel consumption and reduces the impact on the en-

vironment [11].

2.4 Cubic Hermite Spline

The Cubic Hermite Spline is an interpolation technique that
creates smooth curves by specifying the position and tangent di-
rection at both the start and end points of the curve. This tech-
nique is widely applied across various fields, including robotic
path planning, ship route design, image processing, and data in-
terpolation. Cubic Hermite Splines are especially valuable in de-
signing trajectories for vessels or vehicles, as they ensure smooth
curves while maintaining precise positional data. Furthermore,
this technique is utilized in data interpolation for physical simu-
lations like Computational Fluid Dynamics (CFD), curve model-
ing in structural analysis, and surface design in computer
graphics. The paper has demonstrated that Cubic Hermite Splines
significantly enhance a ship's fuel efficiency, improve turning

stability, and minimize vibration during course adjustments [12].

2.5 An Extensive Overview of Current Research

Current studies utilize the distinct properties of each curve to
improve maritime route planning and navigation stability. The
Great Circle Route provides a more efficient option for long-dis-
tance navigation, while the incorporation of Fermat's Spiral and
Clothoid techniques contributes to improved route planning ac-
curacy and stability when navigating turns. Additionally, the Cu-

bic Hermite Spline uses positional and tangent data between two

points to create a smooth and continuous curve. However, these
studies primarily concentrate on developing route planning sys-
tems tailored to the characteristics of large vessels. This high-
lights the need to develop a route planning system that considers
the unique characteristics of small vessels used in marine leisure

activities.

3. System Methodology

This research centered on the development of an electronic
chart-based GPS Plotter system specifically designed to address
the unique characteristics of small vessels, incorporating Autopi-
lot functionality. Unlike conventional route planning systems in-
tended for large commercial vessels or autonomous ships, this
study prioritizes optimizing the system based on the operational
requirements and limitations of small vessels. Furthermore, it
places a strong emphasis on achieving fuel efficiency, ensuring
stability in narrow sea routes, and providing user-friendly auto-

mation capabilities.

3.1 Autopilot Implementation via Path Planning

To enable autopilot functionality, the system employs the
Great Circle Route for generating straight paths and incorporates
Fermat’s Spiral and Clothoid for creating curved paths. Leverag-
ing these route generation algorithms, the system autonomously
charts a course from departure to destination, continuously mon-
itors the vessel's real-time position, and automatically adjusts for

any deviations from the planned route.

3.2 Path Interpolation Using Cubic Hermite Spline

To resolve discontinuities in data produced by different path
generation techniques and ensure stable Autopilot operation, the
Cubic Hermite Spline is utilized. This approach generates a
smooth and continuous path, reducing abrupt directional changes
when adjusting the vessel's course. Consequently, the Autopilot
maintains stability during navigation and supports seamless op-

eration.

3.3 User-centered Automation

The electronic chart-based GPS Plotter developed in this study
is specifically designed to accommodate non-professional oper-
ators of small vessels, ensuring intuitive usability across varying
skill levels. Users simply input the starting point and destination,
enabling the system to automatically generate the optimal route,
which is then executed by the Autopilot function. The generated

routes are displayed clearly and intuitively on the electronic map,
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providing a user-friendly interface that facilitates easy visual un-
derstanding of the navigation paths.

To further enhance convenience for non-expert users, the GPS
Plotter is designed to function effectively without requiring ex-
tensive maritime knowledge. Once the path is generated, the sys-
tem includes a feature that allows users to verify the route in real-
time and makes simple adjustments as needed. For example, if
obstacles are encountered along the route or weather conditions
change, users can easily create a new route or modify the existing
one, with the system promptly updating and communicating
these changes to the Autopilot.

Additionally, the system includes a warning notification fea-
ture that alerts users to situations requiring course adjustments or
potential risks. These automation features empower users to
manage their routes safely and efficiently, even in complex situ-
ations that may arise during vessel operation. By implementing
an electronic chart-based design, the User Experience is signifi-
cantly enhanced, fostering an environment where small vessel
operators can confidently adopt new technologies.

This system fully abstracts the complexities of path planning
and autopilot functionality, providing an automated solution that
is easy to understand and use, even for non-experts. As a result,
the design enhances both safety and convenience in the operation

of small vessels.

3.3 Design Considering the Characteristics of Small Ves-
sels

Small vessels often have limited fuel capacity, and they typi-
cally operate in narrow sea routes over short distances. Given
these constraints, this study adopts a system design that fully ac-
counts for the unique characteristics of small vessels. The Great
Circle Route optimizes fuel efficiency on straight path route
while Fermat’s Spiral and Clothoid curves provide enhanced
turning stability in curved paths. In particular, the continuity of
curvature is maintained to ensure the stability of vessels, even
when navigating through narrow sea routes.

Additionally, to reduce instability caused by abrupt directional
changes during small vessel operations, the maneuvering charac-
teristics of the vessel were integrated into the route generation
phase. This approach enhances both operational efficiency and
safety, offering practical support to small vessel operators. This
design has been optimized through testing in various naviga-
tional environments, resulting in a system that is both effective
and practical for small vessel users.

The route generation system developed in this study is not only
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intended for integration with GPS plotters but is also designed
with the potential to be expanded for use in autonomous vessel
navigation systems. The generated route data is seamlessly inte-
grated with the electronic chart-based GPS Plotter, enabling real-
time position tracking and Autopilot functionality. This integra-
tion allows small vessel operators to use the system effortlessly,

without requiring complex separate configurations.

4. Navigation System Design and Interface

This chapter demonstrates the functionality and design of the
developed system within a scenario-based path planning frame-
work. The section highlights how the system processes complex
navigation scenarios and translates them into optimized paths
through an intuitive and user-friendly interface. Visual represen-
tations of the system's features are provided, showcasing the in-
tegration of planning algorithms and real-time visualization ca-
pabilities. The system interface is designed to interact seamlessly
with waypoint data, enabling the generation of safe and efficient
paths tailored to various operational contexts. The interface em-
phasizes practicality and usability, supporting decision-making
processes in real-world maritime navigation tasks. By illustrating
its adaptability to dynamic scenarios, the system interface exem-
plifies both technical sophistication and ease of use, making it a

valuable tool for maritime navigation and planning.

4.1 Impact of Spline Method on Path Optimization

Path planning plays a pivotal role in navigation systems, serv-
ing as a foundation for ensuring safe and efficient travel. This is
particularly important in scenarios where precise handling of
waypoints and the optimization of routes are critical to opera-
tional success. Effective path planning not only minimizes travel
time and fuel consumption but also enhances the overall safety
and stability of navigation systems. To investigate the capabili-
ties and benefits of the spline method in addressing these chal-
lenges, analyses were conducted using two distinct datasets: Sce-
nario 1 and Scenario 2.

Each dataset was designed to reflect path planning require-
ments in different operational contexts, allowing for a compre-
hensive evaluation of the spline method’s adaptability and per-
formance. The study compared two types of paths within each
scenario: the original paths, which utilized straight-line connec-
tions between waypoints, and the spline-generated paths, which
employed smooth curves to enhance continuity and flow. These
comparisons aimed to highlight the differences in efficiency,

safety, and navigational quality between the two approaches, providing
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Scenario 1: Original vs. Spline Path
Scenario 1: Original vs. Spline Path
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Figure 1: Scenario 1: The original path (red) uses straight
lines, while the spline path (blue) uses smooth curves.

valuable insights into the practical advantages of the spline
method in diverse conditions.

Figure 1 shows the original path (represented by red lines),
which refers to a navigation route constructed using straight-line
connections between waypoints. Waypoints are represented as
coordinates (X, y), where x indicates longitude and y indicates
latitude. This approach results in abrupt directional changes at
each waypoint, creating navigational inefficiencies that require
frequent and significant maneuvers. Such characteristics can lead
to increased fuel consumption, extended travel times, and de-
creased overall stability during navigation.

The spline path (represented by blue lines), on the other hand,
refers to a navigation route that uses smooth, continuous curves
to connect waypoints. This method effectively eliminates sharp
transitions by prioritizing continuity and natural flow, providing
a safer and more efficient route. It simplifies navigation by re-
ducing the need for abrupt steering adjustments, making the path
easier to follow. Furthermore, the smoother trajectory contributes
to reduced operational strain on navigation systems and vessels,
ensuring a more stable journey.

Figure 2 shows Scenario 2, the original path demonstrates
similar drawbacks but with additional challenges due to densely
distributed waypoints. The straight-line approach results in visu-
ally cluttered paths, particularly in regions where waypoints are
closely spaced. This clutter increases navigational complexity
and creates unnecessary angular deviations, further exacerbating
the challenges of efficient navigation.

The spline path in Scenario 2 addresses these limitations by
generating smooth, predictable curves, even in dense waypoint
regions. This results in a simplified path structure that enhances

Scenario 2: Original vs. Spline Path
Scenario 2: Original vs. Spline Path
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Figure 2: Scenario 2 The original path (red) uses straight lines,

while the spline path (blue) uses smooth curves.

usability and reduces visual clutter. The spline method ensures
that the path remains easy to interpret, even in complex environ-
ments. Moreover, the curved path enhances navigational preci-
sion and stability, particularly in scenarios requiring tight maneu-
verability.

The findings from both Scenario 1 and Scenario 2 emphasize
the effectiveness and rationality of the spline method in overcom-
ing the limitations associated with straight-line path planning. In
both cases, the spline method demonstrates significant ad-
vantages. By eliminating abrupt directional changes, it reduces
navigational risks and ensures smoother transitions between
waypoints, greatly enhancing safety. Furthermore, the spline
path minimizes angular deviations and unnecessary directional
shifts, leading to optimized fuel consumption and reduced travel
time, which improves overall efficiency. The method also shows
strong adaptability to varying waypoint densities and path com-
plexities, highlighting its robustness in diverse navigational con-
texts.

The spline method significantly improves path planning by ad-
dressing critical challenges related to safety, efficiency, and
scalability. Its ability to generate smooth and continuous paths in
different scenarios underscores its importance in modern naviga-
tion systems. Future research should aim to integrate real-time
adaptive spline algorithms to further enhance its practicality and

flexibility in dynamic maritime environments.

4.2 Autopilot Interface

Autopilot systems play a crucial role in modern navigation by
automating essential control functions, such as heading and
speed regulation. These systems enhance navigational precision,
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Figure 3: Heading Autopilot interface with an autotuning.

reduce operator workload, and improve overall efficiency, espe-
cially in dynamic maritime environments. The interface of the
Autopilot system is primarily designed for inputting vessel spec-
ifications, which influence the vessel's initial behavior but are not
directly connected to the Autopilot control system. The Autopilot
operates independently, continuously calculating and adjusting
heading direction and speed based solely on real-time sensor in-
puts. By integrating advanced control algorithms, such as self-
tuning mechanisms, Autopilot systems can dynamically adapt to
vessel dynamics and environmental conditions, ensuring optimal
performance.

Figure 3 shows Heading Autopilot interface. The Heading Au-
topilot system enhances navigational precision by providing au-
tomated and manual control over the vessel’s heading. The sys-
tem integrates intuitive user interfaces and advanced control
mechanisms, including a self-tuning capability and manual ad-
justment options, to ensure flexibility and efficiency in operation.
The Heading Autopilot interface displays key metrics such as the
demanded heading, achieved heading, and the resulting error, al-
lowing users to monitor and adjust performance as needed. The
stability coefficient can be fine-tuned to optimize the system’s
behavior, balancing responsiveness and stability. Low values
may lead to excessive rudder movements, while higher values
enhance stability but could cause sluggish responses.

The interface includes an "Autotune™ button, which opens the
autotuning window to calibrate control parameters automatically.
Users can also adjust the heading by dragging the pointer on the
heading knob or entering a precise value directly into the edit
box, applying changes with the "Apply" button. During opera-
tion, the Heading button on the main console and the heading
knob illuminate green, indicating that the system is active.

The autotune process uses step-response analysis to learn the

vessel’s dynamics and optimize autopilot parameters. If the heading
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Figure 4: Speed Autopilot interface with an autotuning

controller shows instability or excessive rudder adjustments after
tuning, the stability coefficient can be incrementally increased
for better performance. However, excessive increases in the sta-
bility coefficient may lead to slower system responses. Overall,
the Heading Autopilot system combines advanced automation
with user-friendly controls to improve safety, efficiency, and op-
erational stability. It provides a reliable solution for precise nav-
igation, with potential for further enhancements through integra-
tion with adaptive algorithms for real-time adjustments in dy-
namic maritime conditions.

Figure 4 shows Speed Autopilot interface. The Speed Autopi-
lot system provides automated control over the vessel's velocity,
working in conjunction with the Heading Autopilot to deliver
comprehensive navigation management. It utilizes a self-tuning
algorithm that dynamically learns the vessel's behavior to opti-
mize autopilot parameters, ensuring precise and efficient speed
regulation in various operational conditions. The Speed Control
interface offers essential tools for monitoring and controlling the
vessel's speed.

Users can select between units such as knots or meters per sec-
ond, monitor demanded and achieved speeds alongside the error
value and adjust the stability coefficient to balance system re-
sponsiveness and stability. The interface also includes an "Auto-
tune" button that opens a dedicated window for automated cali-
bration, as well as options for precise speed input and manual
adjustments. The autotuning process uses a step-response algo-
rithm to analyze the speed-time profile resulting from changes in
output values. By assessing this data, the system determines the
optimal parameters for stable and accurate speed control. During
operation, the speed control system requires a non-zero output to
maintain a non-zero speed, ensuring continuous propulsion ad-
justments even with minor speed changes. To enable or disable

speed control, the Speed button on the Instrument View must be
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active, and the Speed Control dialog can be accessed via the
menu bar or by right clicking the Speed button. Access to these
features requires Engineer or higher access privileges. Overall,
the Speed Autopilot system integrates self-tuning algorithms and
a user-friendly interface to enhance velocity control, comple-
menting the Heading Autopilot for a complete navigation solu-
tion. Its robust design ensures adaptability to dynamic maritime
conditions, with future potential for integration with real-time en-
vironmental feedback to further optimize performance.

4.3 GPS Plotter Display on an Electronic Chart

Figure 5 shows system output, showcasing the integration of
a Geotiff image overlay within the Plan View window to enable
efficient and user-friendly path planning for small vessels. This
interface overlays GPS plotter data onto an electronic chart,
providing a highly interactive and precise navigation environ-
ment. Key features of the system include the ability to load Geo-
tiff images with geographic data directly into the Plan View or
Chart View windows. This ensures that images are accurately
placed in their corresponding geographic locations. The overlay
functionality allows users to toggle image visibility, configure
calibration, and adjust transparency dynamically using the Alpha
dialog. The transparency feature is particularly valuable as it en-
ables simultaneous visualization of chart information and over-
layed imagery, enhancing situational awareness. Furthermore,
the background and grid color settings provide additional cus-
tomization to suit different user preferences or environmental

conditions.

g B
Wehicle  Planview .z

Figure 5: system output showcasing the integration of a Geotiff

image

This final implementation exemplifies the system’s capacity to
support user-friendly and efficient path planning. By combining
an electronic chart with a GPS plotter overlay, the system offers
small vessel operators a streamlined tool for navigation and route
optimization. The Geotiff integration not only enhances the pre-
cision of the planning process but also ensures compatibility with
diverse geographic contexts, making it a robust solution for mod-

ern maritime navigation.

5. Conclusion

This study developed and implemented an electronic chart-
based GPS Plotter system designed to improve the efficiency and
safety of small vessel operations. To overcome the limitations of
conventional GPS Plotter systems, which are primarily designed
for large vessels and fail to account for the operational character-
istics of small boats, this study has developed a route generation
and autopilot function that incorporates the unique features of
small vessels, such as narrow sea routes, limited fuel capacity,
and short navigation distances.

The path planning in this study employed well-established
path generation algorithms, including the Great Circle Route,
Fermat's Spiral, and Clothoid, while utilizing Cubic Hermite
Spline to provide smooth and continuous transitions between
paths. The integration of these algorithms allows small vessels to
maintain optimal routes and navigate safely across diverse ma-
rine environments. Specifically, the route planning data is seam-
lessly integrated with the electronic chart-based GPS Plotter sys-
tem, ensuring reliable execution of Autopilot functions along
with real-time location tracking.

This system provides intuitive route creation and management
features through a user-friendly interface, designed for easy use
by non-expert users. With minimal input, users can automatically
generate optimal routes, and the ability to verify and modify the
route in real-time allows for flexible responses in situations that
require adjustments. As a result, users can maximize operational
efficiency while ensuring safety.

This study has enhanced the safety and convenience of the ma-
rine leisure industry by developing a GPS Plotter optimized for
small vessel operations, along with autopilot functionality. How-
ever, a limitation of this study is that it does not fully address
dynamic factors, such as weather changes, external obstacles,
and ocean currents all of which can influence navigation in the
marine environment. Future research will aim to enhance path

optimization algorithms by integrating these dynamic factors and
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will involve validating the system's performance through com-
prehensive real-world maritime trials.

In conclusion, this study introduces a new approach to design-
ing electronic chart-based GPS Plotters that provides valuable
support to small vessel users and is expected to improve the

safety and efficiency of marine leisure activities.
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