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FOREWORD

The Global Maritime Congress (GMC’24), which is organized for the fifth time with the partnership of Istanbul Technical
University Faculty of Maritime, UCTEA The Chamber of Marine Engineers, Batumi State Maritime Academy, Constanta
Maritime University, Strathclyde University, represents a significant milestone in the ongoing dialogue and collaboration across
the global maritime sector. This gathering brings together leading academics, researchers, industry professionals, and key
stakeholders to explore the latest innovations, developments, and emerging trends in maritime technology and transport.

This year’s Congress aims to highlight critical topics that are reshaping the future of maritime transport, including advancements
in Maritime Transportation Management and Technologies, Port Operations, Risk Assessment, Maritime Policy, Law &
Governance, and Maritime Safety & Security. In addition, discussions will delve into sustainability challenges, climate change
impacts, and the role of emerging technologies in enhancing operational efficiency and environmental stewardship across the
maritime sector.

With over 140 presentations covering a wide range of topics such as alternative fuels & renewable energy, best practices &
new concepts in MET, cyber security at sea, energy efficiency & energy management, human factor, marine environment and
technologies, marine risk assessment, maritime policy, law & governance, maritime economy, maritime safety & security,
maritime transportation & management, naval architecture & offshore technologies, and seafarers’ wellbeing, the Congress
provides a unique platform for exchanging knowledge, sharing research, and fostering collaboration among international experts.

We extend our heartfelt thanks to our sponsors, partners, and all participants, whose contributions have been instrumental in
bringing this event to life. Special recognition is also due to the organizing committee, whose tireless efforts have ensured the
success of this congress.

We are confident that the proceedings of this Congress will serve as a valuable resource for shaping the future of maritime
transport, fostering innovation, and driving sustainable solutions for the challenges ahead.

Prof. Dr. Ozcan ARSLAN A. Yasar CANCA
Istanbul Technical University The Chamber of Marine Engineers
The Faculty of Maritime of Turkey
Dean Chairman
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Abstract

Amidst the maritime industry s rapid growth, intensified trade,
and increased vessel numbers, navigational safety and emis-
sions reduction have become paramount concerns. The Inter-
national Maritime Organization (IMO) has responded with
stringent regulations, prompting the industry to seek cost-ef-
fective strategies. This study addresses this challenge by pro-
posing an economical enhancement to ship steering control
through the application of the proportional-integral-deriva-
tive (PID) method.

The research focuses on the development of a rudder sys-
tem based on the ship’s motion equations, with MATLAB/
Simulink software utilized for optimal PID parameter com-
putation. Employing diverse optimization algorithms—ge-
netic algorithms, multi-objective genetic algorithms, par-
ticle swarm optimization algorithms, simulated annealing
algorithms, and gravitational search algorithms—the study
reveals the superior performance of the gravitational search
algorithm.

This innovative approach not only aligns with IMO regula-
tions but also underscores the importance of cost-effective-
ness in implementation.

Keywords: Maritime industry, PID control, Optimization,
Metaheuristic algorithms.

1. Introduction

In recent years, the maritime industry has borne the prima-
ry responsibility for the transportation of commercial cargo
[1]. The proliferation of commercial ships and the conse-
quential strain on the maritime sector have led to a notable
increase in marine accidents and ship emissions. This cir-
cumstance prompted the establishment of the International
Maritime Organization (IMO), tasked with formulating laws
and regulations governing the maritime domain [2]-[4].
To adhere to IMO norms, enhance voyage safety, mitigate
ship-related emissions and energy consumption, and prevent
pollution, maritime enterprises find themselves compelled
to make extensive modifications to their vessels [5]. Some
of these enhancements pose a considerable financial burden
on transportation businesses. In response to the heightened
expenses imposed by regulations, maritime enterprises have
engaged in research and development, seeking cost-effective
approaches [6].
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The acquisition of new ships and the integration of new
technologies into existing vessels have become increasingly
costly, as evidenced by research focusing on predictive main-
tenance for ships as a cost-effective application. While main-
tenance serves to prolong a ship’s service life, associated costs
continue to escalate, particularly towards the end of the ship’s
life cycle due to factors such as corrosion and wear and tear
[7]. Efficient utilization of the electrical system on board ships
is identified as a cost-effective and emission-reducing appli-
cation, with coastal power and electrical propulsion systems
being environmentally benign. The Particle Swarm Optimi-
zation (PSO) technique has been employed for optimizing the
management of a ship’s electrical power system, resulting in
potential reductions in operational expenses [8].

Research underscores that a ship’s energy management strat-
egy can be determined through accurate estimations, even in
the absence of prior knowledge about power demand in ships,
employing reinforcement learning methods. This highlights
the significance of establishing an energy management strat-
egy to contend with energy costs [9]. Machine learning algo-
rithms have been applied to estimate ship fuel consumption,
evaluating cost-effective methods to enhance energy efficien-
cy. Anticipating fuel consumption accurately is proposed as a
means to reduce the quantity of fuel consumed during a voy-
age [10].

In recent years, the scholarly discourse pertaining to the
control of motion systems on ships has experienced a nota-
ble surge in research endeavours. A particularly noteworthy
study in this field implemented a decision-making algorithm
designed to modify the course and speed of a ship, thereby
mitigating the risk of collision [11]. The PID (Proportional-In-
tegral-Derivative) controller has emerged as a particularly
effective technique for addressing structural constraints and
complexities inherent in a ship’s steering system. It is pro-
posed that surmounting these challenges holds the potential
for achieving cost-effective navigation safety and enhancing
energy efficiency [12].

Research has demonstrated that the adept management of a
ship’s rudder system contributes to enhanced cruise safety [13]
and heightened energy efficiency, particularly during scenari-
os requiring precision manoeuvring [14]. The PID controller,
as affirmed by reviewed studies [15]-[17], exhibits successful
regulation of the ship’s steering system, necessitating a metic-
ulous determination of steering system features and the acqui-
sition of transfer functions for successful control [18].

Heuristic optimization algorithms have emerged as successful
tools for controlling complex and nonlinear systems, partic-
ularly in the optimization of PID controller coefficients for
ship steering systems [19]. In light of the challenges associ-
ated with traditional PID calculation approaches, this study
employed heuristic optimization algorithms, including the
genetic algorithm (GA) [20], Multi-Objective Genetic Algo-
rithm (MOGA) [21], Particle Swarm Optimization Algorithm
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(PSO) [22], Simulated Annealing Algorithm (SA) [23], and
Gravitational Search Algorithm (GSA) [24]. These algorithms
were employed to optimize the linear PID controller coeffi-
cients for the ship steering system. This study contributes to
the literature in the following ways:

* A comparative analysis of the performance of five different
metaheuristic algorithms based on the ship steering system
PID controller optimization problem.

» The application and successful results of GSA, SAA, and
PSO algorithms for the first time in the ship steering system
PID controller optimization problem.

* Investigation of the effects of external factors such as wind,
waves, and currents on the ship’s steering system controller
in addition to stagnant water conditions.

The subsequent sections of this paper are organized as fol-
lows: Section 2 provides a description of the ship steering
system and the methodologies employed. In Section 3, a case
study is presented. Simulations are conducted in Section 4,
and the results are discussed. Finally, Section 5 offers conclu-
sions and addresses the implications of the study.

2. Material and Methods
2.1. Ship Steering System Principle

The steering and rudder systems play a pivotal role in ensur-
ing the marine vessel’s precise directional control during both
cruising and manoeuvring. The ship’s movement is orchestrat-
ed within the X — Y coordinate system, and the force compo-
nents of this motion are illustrated in Figure 1 [17].

Yo

N

Oa Xo

Figure 1. Ship motion components.

In Figure 1, the ship’s directional coordinates are presented
in the x-y coordinate system, incorporating the yaw angle (y),
rudder angle (9), total velocity (V), roll motion (), pitch mo-
tion (v), and yawing rate (r). The transfer function governing
the relationship between the rudder angle and yawing rate is
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expressed as Eq. 1, based on Nomoto’s model [26], specifical-
ly for rudder angles less than 5°.

) _
8(s)

K(1+T3s)
(1+T1s)(1+Tys)

Q)

Here, ‘s’ denotes the Laplace operator, and ‘K’ represents the
gain constant. Time constants are denoted by T, (i=1, 2, 3).
The connection between yaw angle () and yawing rate (r) is
defined by Eq. 2.

P'(t)=r(t) )

The calculation of Laplace operator (K) and time constant (7)
parameters is conducted in accordance with Eq. 3 and Eq. 4,
respectively.

K=K"(U/L)

Ty23=T123(L/U)

3)
“

where and are representing dimensionless gain constraint and
time constant [16], respectively. The ship’s forward speed is
shown with U and length is presented as L. In this paper, U =5
m/s, L =350m, K*=0.83, T"=—-2.88, T, = 0.38, T," = 1.07
used and for the calculation of 7= T,"+ T,” — T," used [17].

3
With these calculations, eq. 1 is converted to eq. 5 as follows.

Y(s) _
e (5)

K
(1+Ts)s

The block diagram of the ship steering system and steering
machine are shown together in Figure 2.

Steering Machine

i 1
1 & - 1
deft) 3(t)
e -*»9- il — e — :|c Jo i
1
! - e |
: | (,: r::;:;m Integrator Angle Limiter i
1 L
4 Exvternal Factors
i PID | % Sicering |99 |  ship v
..Q = Controller Machine Dynamics Outpur

Input

Figure 2. Block diagram of the steering system and machine.

Figure 2 depicts the commander rudder angle, actual rud-
der angle, and yaw angle as , , and , respectively. The time
constant of the steering machine is shown as which is 2.5
seconds. Angle limiter is ranged from —35° to +35° which is
determined according to the international standard for the ship
steering system [27]. Variables such as wave, wind, and cur-
rent affecting the motion of the ship are expressed by external
factors.

2.2. Control Principle

Control systems are architectural frameworks designed to reg-
ulate the behaviours of devices or systems. These systems typ-
ically oversee a variety of devices based on signals received
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from sensors and other data sources. Depending on the intend-
ed application, control systems come in various types, includ-
ing fuzzy logic, on-off control, and PID control [28].

The fuzzy logic method exhibits efficacy in poorly defined
nonlinear and complex control systems, providing notable
advantages. However, the design process in the fuzzy logic
method requires expert opinions, and determining membership
functions can be a time-consuming endeavour. Consequently,
if the system is well-defined, resorting to fuzzy logic solu-
tions may be unnecessary. On-off control, a straightforward
method, finds common application in heating systems and the
control of non-vital industrial systems. Despite its simplicity,
this control method is often avoided due to its unsuitability
for multipurpose use, limited effectiveness, and propensity to
induce oscillations.

PID controllers stand out as one of the prevalent control sys-
tems in industrial applications. This method involves the cre-
ation of a control function for the system using proportional,
integral, and derivative components. Application of this func-
tion to the system results in effective control [29]. The ideal
formulation of the PID control function is expressed in Eq. 6.
K(s)=Kp (1+Kiis+de) (6)
In the presented equation, represents the control function,
wherein denotes the proportional coefficient, and and sig-
nify the integral and derivative coefficients of the function,
respectively [30]. In the context of this study, the selection
of the ideal PID controller is motivated by the objective of
mitigating the adverse effects associated with the controller,
notably the introduction of noise signals into the system due
to the presence of the derivative coefficient.

PID Controller

Proportional |

(Kp) '

Integral
(Ki)

Reference + Ouitput

Derivative

(Kd)

Feedback

Figure 3. Basic concept of the PID controller

2.3. Metaheuristic Optimization Algorithms

As a result, metaheuristic optimization methods are exten-
sively applied to address a diverse array of optimization chal-
lenges. Numerous studies have underscored their pronounced
efficacy, particularly in the computation of PID controller co-
efficients for the control of nonlinear systems [14], [18], [31].
In the context of this study, the determination of coefficients
for the ship steering system’s PID controller is carried out
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through the employment of metaheuristic optimization meth-
ods, including Genetic Algorithms, Multi-Objective Genetic
Algorithms, Particle Swarm Optimization Algorithms, Sim-
ulated Annealing Algorithm, and Gravitational Search Algo-
rithm. The ensuing sections provide detailed descriptions of
the algorithms employed in this research.

2.3.1. Genetic Algorithms

Genetic Algorithms (GAs) represent a metaheuristic optimi-
zation methodology rooted in the principles of evolution and
drawing inspiration from human biology [21]. The algorithm
is structured to assess the fitness adequacy of solutions gen-
erated through stochastic rules, seeking and diversifying po-
tential treatments. This process unfolds within the realm of
probabilistic principles, mirroring the mutation of genes in
evolutionary theory. Notably, this alteration transpires in bina-
ry format throughout the optimization process of the Genetic
Algorithm, as illustrated in Figure 4, depicting the flowchart
of the Genetic Algorithm.

Initialize Population
Y
Fitness Measurement

h 4
Selection
h 4
Mutation
i
Y
Crossover
|
) 4

Optimum
Level?

Yes |
v

Best Solution

Figure 4. Flowchart of the Genetic Algorithm

2.3.2. Multi-Objective Genetic Algorithms

Multi-objective optimization methods, commonly referred to
as Pareto optimization, constitute decision-making systems
designed to propose solutions for more than one problem con-
currently. Employing GA optimization enables the exploration
of multiple segments within a problem’s solution space, facil-
itating the effective resolution of discontinuous, multi-mode
challenges. Consequently, the use of GA to address problems
across multiple unmapped Pareto solution spaces proves
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advantageous. Thus, Multi-Objective Genetic Algorithm
(MOGA) stands out as a formidable metaheuristic approach
for tackling multi-objective problems [22].

2.3.3. Particle Swarm Optimization Algorithms

Particle Swarm Optimization (PSO) adopts an optimization
methodology akin to the collective behaviour observed in
populations, such as swarming birds. Introduced initially in
1995 [23], PSO has found application in a diverse array of in-
vestigations [32], [33]. In comparison to other computer-based
approaches, the PSO algorithm is recognized for its computa-
tional efficiency [32]. The optimization process commences
by generating a random number of particles. Through iterative
assessments of each particle’s accuracy using the objective
function, the process continues until the most accurate particle
is identified, achieving the optimization goal upon reaching
the correct answer. Figure 5 depicts the flowchart illustrating
the Particle Swarm Optimization Algorithm.

Initialize Particles in Random
Conditions

v

Particles Fitness Evaluation

Time
Iteration
4 1=t+1

4
Find and Update the Best Fitness
Function for Each Particle

v

Calculate and Update the Velocity
and Position of Particles

|
v

Is the Stopping No
Criteria

Satisfied

Yes
es o

Show the Global
Solution

Figure 5. Flowchart of the Particle Swarm Optimization
Algorithm

2.3.4. Simulated Annealing Algorithm

The simulated annealing technique is an algorithm inspired
by the structural transformations observed in metals as they
achieve optimal atomic order during the cooling process.
Named for its resemblance to the annealing process, this al-
gorithm proves particularly valuable for addressing complex
problems that resist resolution through conventional mathe-
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matical models [24]. The optimization phase of the algorithm
involves perturbing the design and observing the resultant
changes. The algorithm identifies the optimal solution as the
deviations in these changes diminish, yielding superior results
[34]. Figure 6 provides a visual representation of the Simulat-
ed Annealing Algorithm through a flowchart.

Initialize the Solution

'Evaluation of the Objectlve

Function [
No Is the Solution
Accepted?
Yes ¢
Update the Current Solution
- Change the - _.,Gj?f:rzfe
? Ne
ey etature. ®  Solution
Yes ¢ T

Decrease the Temperature

Is the Stopping

Criteria
Satisfied?

No

Yes ¢

Show the Final
Solution

Figure 6. Flowchart of the Simulated Annealing Algorithm
2.3.5. Gravitational Search Algorithm

The Gravitational Search Algorithm (GSA) is a pioneering
metaheuristic algorithm devised in 2009, grounded in the
principles of Newton’s law of gravity [25]. Within the algo-
rithm, individual elements possess a mass corresponding to a
performance metric, and entities with lower mass are attracted
to those with greater mass, adhering to the principles of gravi-
tational attraction. The fundamental attributes of each element
include passive gravity, mass, inertial mass, active gravitation-
al mass, and location. Each element in the algorithm proposes
a solution, and as the movement of elements is orchestrated
towards the one with the highest mass, the algorithm deduces
the optimal solution based on mass values. Figure 7 delineates
the flowchart illustrating the Gravitational Search Algorithm.
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Figure 7. Flowchart of the Gravitational Search Algorithm

3. Case Study

The PID methodology was applied for the control of a
ship’s steering system, which served as the model in this
study. Metaheuristic algorithms were employed to govern
the ship’s steering system. The initial step involved the
construction of the system’s transfer function by mod-
elling the dynamics of the ship, accounting for external
elements such as wind, waves, currents, etc., and incorpo-
rating system limitations. Subsequently, the system was
subjected to metaheuristic algorithms, tasking them with
the optimization of the PID coefficients for the system
controller.

; : . - - External
Reference  *, & m*;"':m » :;::::: " D,:Eia s Eﬁm =

Feedback

Figure 8. The methodology of the ship steering system PID
coefficients’ optimization process.
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The PID controller values were derived through consecutive
execution of the algorithms. Subsequently, a simulation was
conducted using MATLAB/Simulink software, and the sys-
tem was regulated using the PID coefficients generated by
the algorithms. The controllers, featuring the PID coefficients
developed by the algorithms, evaluated whether each system
achieved the specified reference angle in the final step of the
simulation. Subsequent to this, the settling time, rising time,
overshoot, and undershoot values were assessed. The simu-
lation phase of the study utilized a computing environment
equipped with 32 GB DDR4 memory and a 2.6 GHz 17-9750H
mobile CPU.

Figure 8 provides an overview of the study’s methodology.
Figure 9-A presents the control schematic for the ship’s steer-
ing system, wherein PID controllers, rudder machines, and
ship dynamics collectively form the subsystem. Figure 9-B
illustrates the simulation approach for this subsystem, while
Figure 9-C delineates the system operating under the steering
machine system.
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Figure 9. MATLAB/Simulink scheme of ship steering con-
trol system (A), MATLAB/Simulink scheme of ship steering
control subsystem (B), MATLAB/Simulink scheme of ship
steering machine subsystem (C).
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4. Simulation Results

The simulation results of the study are detailed below. Figure
10-A provides an illustration of the system’s responses when
PID controllers, optimized using algorithms, are subjected
to a step function as the system’s reference input. The intro-
duction of external elements, such as wind, waves, and sea
currents, slightly affects the performance of the controllers,
as depicted in Figure 10-B, albeit the controllers still exhib-
it functionality. The parameter bounds for the PID controller
coefficients in this specific case study are presented in Table
1. Detailed PID controller coefficients and the correspond-
ing performance metrics developed by the algorithms for the
control system are systematically presented in Tables 2 and
3, respectively.

w‘

f
W

Figure 10. The simulation results of the study: step response
of controllers (A), under the external factor effects (B).

In the conducted investigation, the simulation time was speci-
fied as 60 seconds, during which system performance metrics
were systematically computed. The reference input employed
for the assessment was exclusively the step function, and the
ensuing system performance metrics were documented. Sub-
sequently, external influences, including wind, waves, and sea
currents, were introduced to gauge the system’s response and
assess potential degradation. Remarkably, the findings indi-
cated that the system-maintained functionality even under dis-
ruptive external influences.

The parameter space of the system was determined utilizing
the optimization tool integrated into MATLAB/Simulink, al-
lowing for a comprehensive exploration of the system’s oper-
ational boundaries.
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Table 1. Space bounds of PID controller parameter values
for algorithms

Controller Parameter | Upper bound | Lower bound
Proportional 1 -300
Integral 1 -50
Derivative 1 -500

Table 1. PID controller parameters proposed by algorithms

Algorithm | Proportional | Integral | Derivative
PID -71.669 -2.631 -124.267
MOGA -84.225 -8.049 -299.981
GA -99.998 -9.999 -299.999
SAA -97.966 -9.882 -299.967
PSO -66.744 -0.438 -295.462
GSA -45.400 -0.510 -290.100

Table 2. Controller performance values

Algo- | Overshoot | Undershoot| Rise Settling

rithm (%) (%) Time (s) | Time (s)
PID 30.921 1.175 3.134 12.404
MOGA | 44.203 1.169 3.074 17.675
GA 55.469 1.527 3.080 15.430
SAA 53.077 1.194 3.102 15.588
PSO 17.059 1.884 3.108 10.192

GSA 4.737 1.807 3.192 5.871

5. Conclusions and Discussions

The computation of PID coefficients using conventional
methods is acknowledged for its time-consuming nature. To
address this challenge, this study employs metaheuristic al-
gorithms for the optimization of PID coefficients within the
ship steering system. The initial phase involved instructing
the metaheuristic algorithms on the system specifications, fol-
lowed by the optimization of PID coefficients using the MAT-
LAB/Simulink software. Simulations were then concluded,
and the resultant PID coefficients were used to assess system
performance metrics.

Several notable observations emerged from the simulations.
Metaheuristic methods proved effective in optimizing PID co-
efficients for the ship steering system. Notably, the GSA meth-
od exhibited superior performance by minimizing overshoot
values. This is particularly advantageous during challenging
manoeuvres, as a minimal overshoot ensures the ship accu-
rately reaches the desired route angle without excessive devi-
ation, thereby reducing fuel consumption. This contributes to
enhanced ship energy efficiency and reduced emissions.

Evaluation of undershoot values indicated that they ranged
between approximately 1% and 2%, affirming the positive
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impact of the PID coefficients on the system. Rise time val-
ues, calculated in response to the algorithms’ PID coefficients,
were approximately 3 seconds. Additionally, a review of set-
tling time data in the performance table highlighted that the
GSA technique achieved the desired reference angle signifi-
cantly faster than other methods.

Based on simulation data, the GSA technique outperformed
other tested metaheuristic algorithms in the optimization of
ship steering system PID coefficients. This underscores the ef-
ficacy of the GSA method in enhancing the performance of the
ship’s steering system and contributes to the broader goal of
improving energy efficiency and reducing emissions in mari-
time operations.
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Abstract

This academic study explores the maritime safety environ-
ment through a rigorous review of ship inspection findings
conducted by Port State Control Officers (PSCOs) under
memorandums of understanding (MoUs). Drawing on a
dataset covering a high number of inspection findings from
2020 to 2023 for different ship types and PSC organizations
under different MoUs, our study focuses on specific deficien-
cies, denoted by PSC action code 17, which indicates issues
that need to be corrected before departure. The reason for
choosing this PSC action code is that action code 17 was
heavily detected before action code 30 when it was decided
to detain the vessel. The subset generated by filtering PSC
action code 17 was rigorously analyzed using a Support
Vector Classifier (SVC) based deep learning algorithm and
natural language processing techniques to interpret and
categorize the port state control officer comments. These
processed comments were then integrated into the fault tree
analysis method and aligned with the cause categories spec-
ified by the American Bureau of Shipping (ABS). The auditor
comments were then labelled according to the appropriate
cause categories, revealing the causations of the identified
deficiencies. The expanded dataset was then used in a sta-
tistical learning model to gain insights into the causations
of PSC action code 17 findings and their frequency across
variables such as PSC organization, vessel type and finding
category. The study not only reveals the underlying causes
of the deficiencies, but also provides a valuable resource for
maritime stakeholders to effectively understand and address
these issues. By eliminating the causations of deficiencies,
the study argues that the number of deficiencies identified
can be reduced and, as a consequence, the inspection per-
formance of both the inspected vessel and the Flag State can
be improved and aligned with the objectives of the MoU.

Keywords: PSC inspections, deep learning approach, ship de-
tention, root cause of deficiencies

1. Introduction

The maritime industry plays a pivotal role in global trade
and commerce, with the safety of vessels being of paramount
importance to ensure the smooth functioning of maritime
operations. Within this context, Port State Control (PSC) in-
spections serve as a critical mechanism for upholding safety
standards and regulatory compliance in the shipping sector
[1], [2]. These inspections, conducted by designated author-
ities under Memorandums of Understanding (MoUs), aim
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to identify and rectify deficiencies that pose risks to vessel
safety and environmental protection [3], [4].

Despite the widespread practice of PSC inspections, there ex-
ists a significant gap in the literature regarding the detailed
analysis of inspection findings and the underlying causes of
identified deficiencies [5]. This research seeks to address this
gap by conducting a rigorous examination of ship inspection
data collected by PSC officers (PSCO) over the period from
2020 to 2023.

The primary focus of the study revolves around deficiencies
identified during inspections, specifically those denoted by
PSC action code 17, which signify issues requiring correction
before vessel departure. The rationale behind selecting PSC
action code 17 lies in its significance as a precursor to more
severe actions such as vessel detention, thus highlighting its
pivotal role in maintaining maritime safety standards [6].

To analyze the dataset effectively, the study employs advanced
analytical techniques, including Support Vector Classifier
(SVC)-based deep learning algorithms and natural language
processing (NLP) techniques [7], [8], [9], [10]. By integrat-
ing these methodologies, the study aims to interpret PSCO
comments, categorize deficiencies, and uncover causations
through fault tree analysis aligned with the American Bureau
of Shipping (ABS) cause categories.

Through a systematic analysis of inspection data and the
identification of causations, this research aims to contribute
to the enhancement of maritime safety practices and the op-
timization of inspection performance. By illuminating the
underlying factors contributing to deficiencies, stakeholders
can devise targeted interventions to address systemic issues,
thereby fostering a safer and more resilient maritime environ-
ment [11], [12].

The ultimate goal of this academic effort is twofold: first, to
unveil the underlying causes of deficiencies identified during
PSC inspections, and second, to provide a valuable resource
for maritime stakeholders to address these issues effectively
[13], [14]. By elucidating the causations of deficiencies, the
study advocates for proactive measures aimed at improving
inspection performance, enhancing regulatory compliance,
and ultimately fostering a safer maritime environment aligned
with the objectives of MoUs and international maritime reg-
ulations.

Furthermore, the study aims to contribute to the body of
knowledge within maritime safety by providing actionable
insights derived from rigorous data analysis and advanced
modeling techniques. By delving into the intricacies of ship
inspection findings and uncovering the systemic issues
and causations underlying deficiencies, the study seeks to
inform evidence-based decision-making processes and fa-
cilitate targeted interventions to address safety concerns
effectively.
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2. Literature Review

Port State Control (PSC) inspections serve as a critical mecha-
nism for ensuring maritime safety, security, and environmental
protection by examining vessels’ compliance with international
maritime regulations [15]. The effectiveness of PSC inspections
hinges not only on the thoroughness of scrutiny but also on the
depth of analysis, particularly concerning root cause analysis
(RCA) methods utilized in assessing deficiencies and deten-
tions post-inspections [16], [17].

Root cause analysis (RCA) methods play a fundamental role
in determining the underlying causes of deficiencies identified
during PSC inspections [18]. Traditional RCA methodologies
such as fishbone diagrams, Fault Tree Analysis (FTA) and the
5 Whys technique have been extensively researched for their
applications and adaptations in maritime as well as in other
industries [19], [20]. These methods facilitate the systematic
examination of various factors that contribute to noncompli-
ance, including human error, equipment failure, and organi-
zational deficiencies [21]. However, these analysis methods
have remained far from innovative since they contain subjec-
tive judgments and are suitable for event-based analysis [18],

[22], [23].

Additionally, there is a notable dearth of academic literature
focusing on the application and effectiveness of RCA methods,
particularly those supplemented with innovative approaches,
in the analysis of inspection findings and detentions after PSC
inspections. Further research is needed to elucidate the chal-
lenges and opportunities associated with applying RCA tech-
niques in a maritime context [15], [24].

On the other hand, in recent years, there has been a grow-
ing interest in exploring innovative approaches to enhance
the analysis of PSC inspection findings and detentions [22].
Despite this, the academic literature documenting such inno-
vative approaches remains sparse. There is a need for research
exploring how emerging technologies such as artificial intelli-
gence (Al), machine learning (ML), and big data analytics can
be leveraged to analyze PSC inspection data more effectively
[16], [24], [25], [26], [27], [28].

Artificial intelligence and machine learning algorithms can
examine large datasets containing inspection findings, identify
patterns of non-compliance, and prioritize ships for inspection
based on risk assessment models. Additionally, the integration
of blockchain technology could be promising for increasing
transparency and accountability in PSC audits by providing
immutable records of audit results and compliance status [22],

[27], [28].

Despite the potential benefits of these innovative approaches,
their adoption and implementation in PSC inspections have
been relatively slow. The literature gap highlights the need for
further research and collaboration between academia, industry
stakeholders, and regulatory agencies to explore and apply in-
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novative methodologies for analyzing PSC audit findings and
detentions [29], [30], [31].

In conclusion, while causation analysis methods are funda-
mental to understanding the underlying factors contributing to
deficiencies in PSC inspections, there is a considerable body
of academic literature on their application and effectiveness
in the maritime domain. However, innovative approaches for
analyzing PSC inspection findings and detentions, such as Al,
ML, and blockchain, remain largely unexplored in academic
research. Bridging this gap through empirical studies and col-
laborative efforts is essential for enhancing the effectiveness
and efficiency of PSC inspections and promoting maritime
safety and compliance.

3. Methodology

This study focuses on streamlining the analysis of inspections
within the maritime sector through a machine learning approach
based on natural language processing (NLP). The emphasis lies
in deciphering comments made by PSCOs during ship inspec-
tions and identifying causal factors. The study relies on NLP
techniques and machine learning algorithms. A crucial variable
for both NLP and machine learning algorithms is the inclusion of
reasons mentioned in the comments within the dataset.

The methodology of the study comprises two primary compo-
nents: the natural language processing method and the machine
learning algorithm. The natural language processing method
involves initial data preprocessing. Following standardization
through data preprocessing, PSCO comments are fed into the
machine learning algorithm. Given that verbal data is utilized
for the machine learning process, the SVM (Support Vector
Machine) classification algorithm is chosen for its efficacy.

The steps of this study can be outlined as illustrated in Figure 1.

Data
Preprocessing

Raw PSC Data "~

ow Data |——»

New Data i

Preprocessing

Model

= ™,

Qhﬁ:dal Output

Figure 1. Flowchart of this study.

Deep Leaming
Algarithm
(Prediction Model)

Slahshml. Analysis
Mndel Output

3.1. Data Collection

The data collection process constitutes a foundational aspect
of this study, serving as the cornerstone upon which subse-
quent analyses are built. A meticulous approach was adopted
to gather comprehensive and reliable data pertaining to ship
inspection findings conducted by Port State Control Officers
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(PSCOs) under various Memorandums of Understanding
(MoUs) from 2020 to 2023.

The primary sources of data include official records and re-
ports generated by PSC organizations operating under differ-
ent MoUs. These records encompass a diverse range of vessel
types and inspection outcomes, providing a rich dataset for
in-depth analysis. Additionally, supplementary data sources,
such as inspection databases and regulatory compliance re-
cords, were consulted to augment the dataset and ensure its
comprehensiveness. The data collection process adhered to
established protocols and guidelines to maintain data integ-
rity and consistency. Rigorous quality control measures were
implemented to verify the accuracy and completeness of the
collected data, thereby minimizing the risk of errors and dis-
crepancies.

The selection criteria for inclusion in the dataset were based
on predefined parameters, including the relevance of inspec-
tion findings to the research objectives and the availability of
comprehensive data for analysis. Information such as type,
port, country, deficiency code, deficiency comment and ac-
tion code is meticulously documented to facilitate subsequent
analyses and comparisons.

3.2. Data Preprocessing

Data preprocessing is a critical phase in the research process,
aimed at ensuring the quality, consistency, and compatibility
of the dataset for subsequent analysis. In this study, a system-
atic approach was employed to preprocess the collected ship
inspection data, encompassing various stages of data cleaning,
transformation, and normalization.

The first step in data preprocessing involved the identification
and handling of missing or incomplete values within the data-
set. Missing data points were carefully assessed, and appropri-
ate strategies, such as imputation or deletion, were employed
to address missing values while preserving the integrity of the
dataset. In the analysis of categorical variables, preprocess-
ing is essential to ensure data suitability. Categorical variables
must be encoded into numerical format, typically achieved
through techniques like one-hot encoding or label encoding.

3.3. Support Vector Classifier (SVC)

The Support Vector Classifier (SVC) is a powerful machine
learning algorithm employed in this study to classify and an-
alyze ship inspection findings based on predefined criteria
and patterns. SVC operates by constructing a hyperplane in
a high-dimensional space that separates different classes or
categories of data points with maximum margin, thereby facil-
itating effective classification and prediction tasks.

The implementation of SVC involves several key steps, be-
ginning with the selection of appropriate features and the
preparation of the dataset for model training. Features extract-
ed from the preprocessed dataset are carefully selected based
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on their relevance to the classification task and their ability
to discriminate between different classes of ship inspection
findings.

Following model training, the performance of the SVC clas-
sifier is evaluated using metrics such as accuracy, precision,
recall and F1 score. These metrics provide insights into the
effectiveness and robustness of the classifier in accurately
predicting ship inspection findings and classifying them into
predefined categories.

3.4. Natural Language Processing Techniques

Natural Language Processing (NLP) techniques play a crucial
role in this study’s analytical framework, facilitating the in-
terpretation and analysis of textual data extracted from PSCO
comments associated with ship inspection findings. NLP tech-
niques enable the algorithm to extract meaningful insights
from unstructured text data, thereby augmenting the under-
standing of causations and underlying factors contributing
to identified deficiencies. The application of NLP techniques
involves several key steps, beginning with the preprocessing
of textual data to standardize and enhance its quality for sub-
sequent analysis. Text preprocessing encompasses tasks such
as tokenization, sentence segmentation, stop word removal,
and stemming or lemmatization, aimed at transforming raw
text data into a structured format suitable for analysis.

3.5. Fault Tree Analysis Method

The Fault Tree Analysis (FTA) method is a systematic ap-
proach used to identify, analyze, and visualize potential caus-
es and factors contributing to failures. FTA is commonly em-
ployed in reliability engineering and safety analysis to assess
the probability of system failures and pinpoint critical paths
leading to undesirable events.

Applying FTA to analyze ship inspection findings aims to
provide a structured framework for understanding maritime
safety complexities, identifying critical failure modes and de-
veloping interventions to improve safety performance in the
maritime industry. For this purpose, the MARCAT chart cate-
gories developed by the American Bureau of Shipping (ABS)
will be used in the FTA application.

3.6. Deep Learning Model

In this study, a deep learning model is employed to gain in-
sights into the causations of This study employs a deep learn-
ing model to understand the causes of deficiencies identified
during Port State Control (PSC) inspections, particularly fo-
cusing on those indicated by PSC action code 17. The model
uses advanced neural network architectures and training tech-
niques to analyze the collected dataset.

The application of the deep learning model involves several
key components and methodologies. Firstly, data preparation
ensures the dataset’s quality, consistency, and compatibility
before model training. Techniques include handling missing
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values, outlier detection, normalization, feature selection, and
categorical variable encoding. The dataset is then split into
training and testing subsets.

Selecting an appropriate deep learning model architecture
depends on data complexity and analysis objectives. Con-
siderations include the sequential nature of the data, spatial
patterns, and network depth required to capture complex re-
lationships.

Model training involves using the training subset to extract fea-
tures and make predictions. Optimization includes adjusting
parameters and hyperparameters using techniques like adaptive
learning rate and regularization to prevent overfitting.

After training, the model’s performance is evaluated using
metrics such as accuracy, precision, recall, and F1 score. This
evaluation provides insights into predictive accuracy, robust-
ness, and generalization capabilities on unseen data.

Finally, post-training, learned representations and model
weights are analyzed to interpret relationships between in-
put features and target variables, offering valuable insights
into underlying factors contributing to deficiencies identified
during PSC inspections.

4. Analysis and Results

This section provides a comprehensive overview of the ship
inspection findings derived from Port State Control (PSC) in-
spections conducted under various Memorandums of Under-
standing (MoUs) from 2020 to 2023. It outlines the scope of
the inspection data, the types of deficiencies identified, and
the key trends observed across different vessel types, PSC or-
ganizations, and MoUs. The inspection dataset encompasses a
wide range of vessel types, including cargo ships, passenger
vessels, tankers, and bulk carriers, subjected to PSC inspec-
tions at various ports worldwide.

4.1. Focus on PSC Action Code 17

The section explores the causations and contributing factors
underlying deficiencies identified under PSC Action Code 17.
Through qualitative analysis of PSCO comments, historical
data trends, and case studies, insights are gleaned into the
systemic issues, human errors, equipment failures, and proce-
dural lapses that lead to the identification of Action Code 17
deficiencies.

4.2. MARCAT with Fault Tree Analysis

This section explores the integration of ship inspection find-
ings, particularly those identified under PSC Action Code 17,
with Fault Tree Analysis (FTA) methodologies. FTA provides
a systematic framework for analyzing the causations and con-
tributing factors underlying identified deficiencies, offering
insights into the complex interactions and dependencies with-
in the maritime safety environment.
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MARCAT is a hierarchical map devised within the FTA frame-
work, extensively utilized in the maritime sector for scrutiniz-
ing the origins of observations. It is structured into five hierar-
chical tiers, each delineating varying levels of detail.

4.3. Causation Identification

The MARCAT map was utilized for examining the deficiency
comments. The experts listed in Table 1 evaluated the PSCO’s
deficiency observations during a brainstorming session and
categorized each observation under the relevant MARCAT
cause groups. The expert team, detailed in Table 1, convened
as a brainstorming unit, selecting five hierarchical categories
for each observation through the fault tree analysis method
using the MARCAT map.

Table 1. Expert team details.

Ezl(\g]ert Position Educational Level Experience
1 Master Bachelor’s Degree 17 years
2 DPA Master’s Degree 21 years
3 Chief Engineer Bachelor’s Degree 16 years
4 Superintendent Bachelor’s Degree 14 years
5 Superintendent Bachelor’s Degree 18 years
Table 2. Dataset sample.
Ship_ Def . Act
Type PSC Port Code Observation Code
Bridge and hold swing indicators
BUI.k Colombia| Barranquilla | 10119 hgve .2 deg.. leference Wlt.h Ay
Carrier indicator in different positions
rudder. (ISM)
Unique pilot ladder in service has
Bulk 3 rubbers steps damaged.
. |Colombia| Barranquilla| 10101| xOO0D _ record of periodical | 17
Carrier - =
inspections have not remarks
about this condition. (ISM)
Bulk . . Bamstel and VSCO pumps alarms
Carrier Colombia  Barranquilla 13102 sirens are out of order. (ISM) 17
Bulk . . Port side five sections are broken
Carrier Colombia| Barranquilla | 3103 on missed. *ISM 17
Bulk Master, Bosun lack of
Carrier Colombia| Barranquilla | 1299 | familiarization with UMS — Water| 17
ingress alarm - BNWAS

4.4. Statistical Analysis Method

This section delves into the insights gleaned from the applica-
tion of a statistical analysis model to analyze ship inspection
findings, specifically focusing on deficiencies identified under
PSC Action Code 17. Leveraging advanced neural network
architectures and training techniques, the statistical analysis
model offers valuable insights into the underlying patterns,
trends, and relationships within the inspection data.

The statistical analysis model uncovers underlying factors
and causations contributing to the occurrence of deficiencies
flagged under PSC Action Code 17. Through feature extraction
and analysis, the model identifies critical variables, procedural
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lapses, equipment failures, and systemic vulnerabilities that
increase the likelihood of non-compliance during ship inspec-
tions. Figure 2 shows the distribution of the findings in the
dataset according to cause categories at five levels.

= <«
| —
-

—]
Figure 2. Target variable distributions.

In summary, the insights derived from the statistical analy-
sis model offer valuable perspectives into the complexities of
ship inspection findings and regulatory compliance within the
maritime industry. By harnessing the power of data analytics,
stakeholders can enhance decision-making, optimize resource
allocation, and foster a culture of safety and compliance to
ensure the integrity and sustainability of maritime operations
in a dynamic global environment. Figure 3 contains examples
of causation densities of PSC officers’ findings.

Figure 3. Category based target variable analysis.
4.5. Data Preprocessing

Once consistency is confirmed, the dataset undergoes text
preprocessing using an algorithm. Missing data were elimi-
nated. The textual data undergo several steps including “toke-
nization”, “lowercasing”, “removing stop words”, “removing

punctuations”, “stemming”, and “lemmatization”.
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4.6. Prediction Model with Deep Learning

This study involves the transformation of verbal expressions
within the dataset through the target encoding process. Verbal
data will be digitized, analyzed, and then verbalized again.
Target encoding is a machine learning technique used to en-
code categorical features by replacing them with numeric
representations based on the target variable. It’s commonly
employed in classification tasks. The underlying principle of
target encoding is to compute the average value of the target
variable for each category within the feature, utilizing that
value as the encoded representation. This approach enables
the model to effectively capture the relationship between the
feature and the target variable.

For assessing the performance of machine learning models,
it’s crucial to split the dataset into training and test data. This
division aids in determining the model’s performance on re-
al-world data, independent of the data used for training. In
this study, the dataset is partitioned into 80% training data and
20% test data.

Text document representation plays a pivotal role in various
natural language processing tasks such as text classification,
information retrieval, and text mining. In recent years, the
TF-IDF (Term Frequency-Inverse Document Frequency) vec-
torizer has emerged as a potent technique for converting tex-
tual data into numerical representations suitable for machine
learning algorithms.

The TF-IDF vectorizer is a widely used technique for convert-
ing text documents into numerical representations suitable for
machine learning algorithms. It considers both the frequency
of a term in a document (term frequency) and the rarity of the
term across the entire document collection (inverse document
frequency).

Following the processing of the dataset, the support vec-
tor classifiers was employed to generate prediction results
for each level. The results showed that the NLP-based SVC
classification algorithm achieved an overall F1 score of 0.92
to 0.78, indicating a high level of accuracy in predicting
causations. The precision and recall for each cause category
were also calculated, and the results showed that the algorithm
performed well for all cause categories. Evaluation metrics
values of SVC classification algorithm can be seen in Table 3.

Table 3. Evaluation metrics values of SVC classification
algorithm.

Cause Categories Precision | Recall | Fl1-score | Accuracy
Level 1 Cause Categories |  0.92 0.92 0.92 0.92
Level 2 Cause Categories |  0.93 0.95 0.93 0.95
Level 3 Cause Categories | 091 0.91 0.90 0.91
Level 4 Cause Categories | 0.87 0.88 0.87 0.88
Level 5 Cause Categories |  0.81 0.80 0.78 0.80
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Figures 4 and 5 contain sample confusion matrices for level 1
and level 5. These graphs are visualizations of the values used
to calculate algorithm accuracy.
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Figure 4 and 5. Confusion matrix of level 1 cause and level
5 cause.

5. Discussion

The research contributes to the existing literature on causation
analysis within the maritime sector by introducing and as-
sessing a novel NLP-based SVC classification deep learning
algorithm tailored for post-inspection analysis. Additionally,
it offers insights into the distribution of cause categories for
pre-inspection analysis. These findings can guide future re-
search endeavors in causation analysis within ship inspections
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and aid ongoing endeavors to enhance safety and efficiency in
the maritime domain.

While prior studies have primarily explored statistical analy-
sis methods to discern trends and patterns in data, this research
focuses on the application of NLP-based SVC classification
algorithms for post-inspection analysis. This methodology
offers the advantage of automatically identifying cause cate-
gories for new deficiencies based on reviewer comments and
categorized causes.

However, certain limitations must be acknowledged. Firstly,
the dataset utilized in this study comprised only 5326 rows,
potentially lacking full representation of all ship inspections
in the maritime industry. A more extensive dataset would have
yielded more robust outcomes and enhanced the generaliz-
ability of the findings. Secondly, while the MARCAT frame-
work employed for categorizing deficiencies is widely ac-
cepted within the maritime industry, it may not encompass all
potential causes of deficiencies. Thus, alternative frameworks
or methodologies could be explored in future investigations.
Finally, the efficacy of the NLP-based SVC classification al-
gorithm developed for post-inspection analysis hinges on the
accuracy and comprehensiveness of the provided reviewer
comments and cause categories. Inaccurate or incomplete data
may impede the algorithm’s performance and lead to errone-
ous predictions.

Despite these limitations, the study offers valuable insights
into the advancement and application of NLP-based SVC
classification algorithms for causation analysis in ship in-
spections, with implications extending beyond the maritime
industry.

6. Conclusion
The principal discoveries of this study are as follows:

* The NLP-based SVC algorithm devised in this study offers a
streamlined and accurate method for forecasting causations
in new inspection reports based on previous PSCO observa-
tions and categorized causes.

* The deep learning model presents a comprehensive and ef-
ficient approach for scrutinizing ship inspection reports and
identifying the causations of observations.

* The implications of this study’s outcomes extend signifi-
cantly beyond the maritime sector, potentially enhancing
safety and operational efficiency across industries reliant on
inspections and causation analysis.

In summary, this study contributes to the ongoing efforts to
bolster safety and efficiency in the maritime industry through
the application of data science methodologies, providing a
flexible framework adaptable to other industries.
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Abstract

Maritime safety is a paramount issue, considering the inher-
ent risks at maritime environment. Hence, there is a need to
continuously improve safety protocols. The maritime industry
is experiencing a significant digital transformation, by adopt-
ing the new technologies. However, the integration of digita-
lization into maritime safety protocols is an underexplored
area, which poses a critical research opportunity. Tradition-
al safety measures largely overlook the potential benefits of
digitalization, such as efficiency and real-time capabilities.
However, the literature lacks comprehensive studies on how
digital tools can reduce risks, improve emergency response
and prevent accidents in maritime operations. This research
aims to address this gap by providing an insight on the in-
tegration of digital technologies to maritime safety. In this
paper, a systematic literature review (SLR) was conducted to
identify studies on digitalization in maritime safety by follow-
ing the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. Furthermore, limited
results were reviewed and a basis for future research was es-
tablished. Overall, it contributed to a better understanding of
how digitalization can enhance safety standards in maritime
operations.

Keywords: Digital transformation, Maritime, Systematic lit-
erature review, Maritime safety

1. Introduction

Maritime safety is an essential concern in the maritime indus-
try, given the risks inherent in the maritime environment [1],
[2]. The evolving dynamics of the maritime industry with the
emergence of new technologies such as big data, virtual reality
(VR)[3], artificial intelligence (AI)[4], [5], augmented reality
(AR)[6], Internet of Things (IoT)[7], [8] and blockchain[9],
[10] offers hopeful paths for enhancing safety protocols [11].
The maritime industry is experiencing a significant digital
transformation in various areas by following these technolo-
gies. As a result of this transformation, crewless ships, auton-
omous ships, smart ships, and intelligent global logistics are
emerging [12], [13]. However, despite the significant progress
witnessed in the field of digital transformation, the integration
of digitalization into maritime safety remains an under-ex-
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plored area. Accordingly, this presents a significant research
opportunity.

Traditionally, maritime safety measures have mostly relied on
established protocols, often overlooking the potential benefits
of digitalization, such as higher efficiency and real-time capa-
bilities. In the newly developing literature in this field, there
is a noticeable absence of comprehensive studies explaining
how digital tools can serve to mitigate risks, strengthen emer-
gency response mechanisms, and prevent accidents in mari-
time operations proactively.

Thus, this research aims to address this gap by providing valu-
able insights into the integration of digital technologies into
maritime safety protocols. The paper conducts a systematic
literature review (SLR) on digitalization in maritime safety
guided by the PRISMA framework.

Furthermore, this paper goes beyond a simple review of
the existing literature by attempting to distill the limited
findings and outline a solid framework for future research
efforts. Moreover, by revealing the various impacts of dig-
italization on maritime safety, this research aims to provide
maritime stakeholders with a refined understanding of how
digital technologies can act as a potential catalyst for im-
proving safety standards. In brief, this paper contributes
to highlight the intersection of digitalization and maritime
safety. It is not only to enrich the academic literature, but
also to serve as a holistic perspective that points to prag-
matic interventions aiming to enhance safety protocols in
maritime operations.

The study consists of five main sections. The first section in-
troduces the motivation of the study. The second section pres-
ents the research methodology. In the third section, a system-
atic literature review is conducted. The fourth section analyzes
the findings. The last section concludes the study and provides
recommendations for future research.

2. Research Methodology

A Systematic Literature Review (SLR) is a method used to
review and analyze research studies on a particular subject.
Its purpose is to combine evidence from sources in a trans-
parent manner. The PRISMA framework (Preferred Reporting
Items for Systematic Reviews and Meta Analyses) is a wide-
ly accepted methodology for conducting systematic literature
reviews.

The PRISMA framework provides a structured approach for
conducting reviews and meta-analyses, promoting transparen-
cy and reproducibility in the review process [14]. It includes
a checklist and explanation that assists researchers throughout
the stages of conducting a systematic review, including iden-
tification, screening, eligibility, and study inclusion [15]. By
following the PRISMA guidelines, researchers can conduct
their literature review in a methodical and transparent manner,
enhancing the quality and dependability of the review process
[16].
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The use of the PRISMA framework in systematic literature
reviews contributes to a robust and grounded understanding of
the relationships being studied [17]. The PRISMA framework
assists in identifying research gaps and new research direc-
tions, guiding future research endeavors [18]. It also enhances
the quality of literature reviews by providing a process flow
diagram that aids in better understanding the overall review
process and its boundaries [19].

Table 1. Review Protocol

Item Description

Database Scopus; Web of Science
(maritime) AND (“digit*” OR “maritime
4.0” OR “Digital Technolog*” OR “Digital*
transformation” OR “Internet of thing*” OR
iot OR “Internet of service*” OR “artificial

Keywords

intelligence” OR “Big Data” OR “Cloud
comput®” OR “blockchain” OR “virtual reality”
OR “Augmented Reality”) NOT (port OR
offshore OR military)

Boolean Operators | AND; OR; NOT

Search Fields Title; Abstract; Keywords

Papers that are not directly related with the

Exclusion Criteria .
maritime safety

Language English

Publication Type Article; Review; Book; Book Chapter
Research Area Engineering

Time Window 2013-2023

In the context of SLRs, the adoption of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) framework ensures that the review is conducted in an
auditable way, producing repeatable results and contributing
to the synthesis of evidence from different studies [20]. Ad-
ditionally, the PRISMA framework is widely recognized and
established as a method for guiding the systematic review of
scholarly literature, ensuring that the review process is rigor-
ous and comprehensive [15].

In this study, the first step was to establish a literature review
protocol (Table 1). Next, searches were conducted on Scopus
and Web of Science, which are recognized as the most reli-
able and comprehensive databases in the literature [21], [22],
[23]. Appropriate keywords were identified to reveal studies
related to the digitalization of the maritime industry. Exclu-
sion criteria were implemented to identify papers related to
digitalization in the onboard maritime safety. Additionally,
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areas such as ports, offshore structures, underwater systems,
military applications, education, and others were also exclud-
ed. The filtering process was refined to include only peer-re-
viewed publications, articles, reviews, books, and book
chapters in the English language. The analysis focused on
engineering publications. In order to assess current research,
recent studies that were conducted within the last 10 years
were examined.

3. Literature Search

A compilation of related publications from the most well-
known academic databases, Web of Science (WoS) and Sco-
pus, served as the basis for our review. In November 2023, a
keyword search in the WoS and Scopus databases was con-
ducted to gather relevant bibliography data. The detailed key-
word search process with the Boolean functions and the filter-
ing process of the results has shown in Table 2.

Table 2. Keyword search in WoS and Scopus databases

Publications

Step Keyword Search

Scopus | WoS

(maritime) AND (“digit*” OR “maritime
4.0” OR “Digital Technolog*” OR “Digital*
transformation” OR “Internet of thing*” OR
1 |iot OR “Internet of service*”” OR “artificial
intelligence” OR “Big Data” OR “Cloud
comput*” OR “blockchain” OR “virtual
reality” OR “Augmented Reality”)

3836 | 1942

(maritime) AND (“digit*” OR “maritime
4.0” OR “Digital Technolog*” OR “Digital*
transformation” OR “Internet of thing*” OR
iot OR “Internet of service*” OR “artificial
intelligence” OR “Big Data” OR “Cloud
comput*” OR “blockchain” OR “virtual
reality” OR “Augmented Reality”’) NOT (port
OR offshore OR military)

2956 | 1492

Filtered by year: 2014-2023 2456 | 1315

Filtered by language: English 2391 | 1264

Filtered by document type: Article; Review;

Book; Book Chapter 1049

865

Filtered by research area: Engineering 595 407

Since the main purpose of the search was to identify stud-
ies on digitalization in the maritime industry, “maritime in-
dustry” and “digitalization” were identified as the two main
keywords. In order to avoid any overlooked publications, the
keywords were expanded and “maritime”, “shipping”, “ves-
sel” were used to cover the “maritime industry”. However, it
was observed that “vessel” is also used in other fields such

as medicine and “shipping” is used in many sectors relat-
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ed to logistics. These keywords were removed as they dis-
tracted from the main purpose of the search. Similarly, the
keywords “digit*”, “maritime 4.0, “digital technolog*”,
“digital* transformation”, “internet of thing*”, “iot”, “inter-
net of service*”, “art1ﬁ01a1 intelligence”, “big data”, “cloud
comput*”, “blockchain”, “virtual reality”, “augmented real-
ity” were used to cover all publications related to “digitali-
zation”. Among the results, there were a lot of digitalization
publications related to ports, offshore structures and military.
As the main focus of the study was on commercial vessels,
publications containing “port”, “offshore”, “military” were
not included in the search. Once all these keywords were
identified, a detailed literature search was completed in both
databases using the Boolean function. In order to see the cur-
rent situation regarding the research topic, studies that were
not conducted between 2014 and 2023 were excluded. Only
“english” language publications in the field of “engineering”
in the document type of “article”, “review”, “book”, “book
chapter” were filtered.

EEENT3 99 cer

G

Records identified from Records identified from
Scopus Database WoS Database
g (n=1595) (n=407)
E [ I
&
|
= Records after duplicate
removed
(n=703)
Records with irrelevant
titles were excluded.
(n = 445)
g
= Abstracts screened for
] eligibility
@ (n=258)
Records outside the search
»  theme were excluded.
(n="78)
Comlete records d
= for eligibility.
E (n=180)
&o .
ﬁ' Records related with
digitalization in maritime
but not maritime safety are
excluded.
(n=149)
3 Studies included for
= analysis.
£ (n=31)

Figure 1: PRISMA Flowchart

Subsequently, the PRISMA flowchart consisting of 4 stages
was used in the literature search (Figure 1). These stages are
Identification, Screening, Eligibility, and Inclusion. In the
Identification stage, the results from two separate databases
were combined and duplicate records were extracted. After-
wards, titles and abstracts of 703 publications were screened.
In the eligibility stage, publications were reviewed and evalu-
ated completely. Eventually, the inclusion stage resulted in 31
publications that were ready to be analyzed.
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4. Analysis and Findings
4.1. Main information
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Figure 2: Main information
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Co-Authors per Doc
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25 45 %
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This study only examines academic publications on digital
transformation in the maritime safety between 2013 and 2023.
After a deep literature search, 31 relevant publications were
identified. When these publications were analyzed as the an-
nual growth in the publication numbers, we came across a rate
0f 35.59%. On the other hand, the average age of publications
in the last 10 years is only 1.58. These metrics show that dig-
ital transformation in the maritime safety is not only a very
timely, trending and popular topic, but also in its infancy. The
main information about the relevant publications is shown in
Figure 2.

4.2. Annual scientific publication and time trend

The general trend of annual publications has shown in Fig-
ure 3. It is evident that the number of publications on digital
transformation in the maritime safety has risen significantly,
especially since 2021 as new technologies like blockchain,
augmented reality (AR), artificial intelligence (Al), and the
internet of things (IoT) have developed with greater velocity.
The rapid increase in the number of publications per year is a
sign of the growing interest in the digital transformation of the
maritime safety day by day.

21

—e—Articles

2013

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 3: Annual scientific publication

4.3. Most relevant keywords

The keywords selected by the authors offer valuable clues re-
garding the thematic areas of research addressed in their pa-
pers and the methodological approaches employed. Analyzing
the relationships between these keywords provides an inside
to the dominant research trends within the field and the popu-
lar topics deemed most relevant by the academic community.
An analysis of the most frequently used keywords reveals a
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prominent focus on rapidly developing technologies such as
the Internet of Things (IoT) and Artificial Intelligence (AI)
in maritime safety. This suggests a strong trend towards in-
corporating these technologies into the maritime safety. Fur-
ther exploration of keyword co-occurrence networks provides
valuable insights into the specific applications of these tech-
nologies (Figure 4).

Five distinct clusters emerge from the network analysis, with
Al and IoT technologies displaying particular prominence.
Examining the keyword connections within the blue cluster
reveals a strong focus on Al and deep learning applications
in “trajectory prediction,” “safety,” and “predictive models.”
In contrast, the red cluster highlights a closer association
between IoT and blockchain technologies with “sensor sys-
tems,” “authentication,” and “monitoring.” Additionally, the
purple cluster supports the use of “big data analytics” and
“machine learning” for “ship safety” systems.
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Figure 4: Author’s keywords occurrence

4.4.Analysis of studies in maritime safety

The existing literature on maritime safety has made signifi-
cant strides in addressing various aspects of the maritime sec-
tor. However, despite the general trend towards digitalization
in the maritime sector, there remains a noticeable gap in the
literature on the incorporation of digitalization into maritime
safety practices in particular. The dominant focus in maritime
safety literature has traditionally been on traditional safety
measures, standardized procedures, and resilient physical in-
frastructure. While these aspects are undeniably important, the
increasing trend of digitalization across the maritime industry
has not been adequately reflected in the field of safety proto-
cols.

In a comprehensive literature review on digitalization in
the maritime industry, 180 publications were included in
the analysis. However, only 31 of these publications were
directly related to maritime safety. All publications related
to digitalization in maritime safety were examined in de-
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tail and the digitalization technology, application area, and
safety category proposed in the publication were identified
(Table 3).

The provided table presents the intersection of various techno-
logical applications within distinct application areas and safe-
ty categories in the maritime domain. A comprehensive analy-
sis reveals a diverse spectrum of safety-related applications. It
is very clear that the most of the publications were focused on
enhancing the navigational safety (Figure 5).

2}

I . . : : .
— — s— |

Safety of Life ~ Safety of the Data

Navigational
Safety

Operational
Safety

Safety
Assessment

Safety Training

Figure 5. Number of publications by safety categories

Furthermore, data-driven prediction emerges as a prominent
application area for digital technologies, encompassing diverse
domains such as maintenance prediction, trajectory optimiza-
tion, traffic condition analysis, and maritime accident preven-
tion.

Virtual Reality
Mobile Edge Computing
Blockchain — se— 3
Big Data Analytics —e— 5
Augmented Reality —s——
Artificial Intelligence

Figure 6. Number of publications by technology

Among the technological solutions suggested in the litera-
ture for enhancing maritime safety, artificial intelligence (AI)
stands out as a particularly prominent technology (Figure
6). Within the Al domain, the focus on navigational safety is
evident, encompassing tasks like Maritime Surveillance, Tra-
jectory Prediction, Grounding Risk Evaluation, Failure Detec-
tion, Unsupervised Route Planning, Ship Speed Prediction,
Traffic Condition Prediction, Maritime Accident Prediction,
Search and Rescue Operations, Visibility of Marine Lanterns,
and Object Detection for Ship Safety Plans. Accordingly, Big
Data Analytics emerges as a prominent technology, address-
ing navigational safety through collision avoidance, trajectory
compression, and trajectory prediction. The repetition of these
applications indicates the significance of data analytics in miti-
gating collision risks and optimizing trajectory planning. Addi-
tionally, augmented reality (AR) applications mainly contrib-
ute to navigational safety. The integration of AR technologies
underlines their potential impact on real-time decision making
and enhancing situational awareness. Moreover, blockchain
technology is featured in the context of safety of the data,
specifically related to securing data in IoT-enabled maritime
transportation systems and facilitating secured ship-to-ship
communication. Lastly, Virtual Reality is showcasing its role
in immersive and practical safety training.
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Pub.| Technology Application Area Safety Category
[24] | Attificial Intelligence | Maritime Surveillance Navigational Safety
[25] | Attificial Intelligence | Trajectory Prediction Navigational Safety
[26] | Artificial Intelligence | Grounding Risk Evaluation | Navigational Safety
[27] | Artificial Intelligence | Failure Detection Operational Safety
s . Unsupervised Route .
[28] | Atrtificial Intelligence Planning Navigational Safety
[29] | Attificial Intelligence | Ship Speed Prediction Navigational Safety
[30] | Artificial Intelligence | Traffic Condition Prediction | Navigational Safety
o . Maritime Accident L
[31] | Attificial Intelligence Prediction Navigational Safety
[4] | Attificial Intelligence Search‘and Rescue Safety of Life
Operations
s . Reliability Centered .
[32] | Attificial Intelligence Maintenance Operational Safety
. . Maritime Accident L
[33] | Artificial Intelligence Prediction Navigational Safety
o . Visibility of Marine L
[5] |Artificial Intelligence Lanterns Navigational Safety
.y . Object Detection for Ship
[34] | Artificial Intelligence Safety Plans Safety Assessment
[35] | Artificial Intelligence | Maritime Risk Assessment | Safety Assessment
o . Maritime Awareness L
[36] | Attificial Intelligence Systems Navigational Safety
[37] | Augmented Reality | Ship Piloting Navigational Safety
. Lights for Restricted L
[38] | Augmented Reality Visibility Navigation Navigational Safety
[6] |Augmented Reality | Bridge Watchkeeping Navigational Safety
. Operators in a Safety- L
[39] | Augmented Reality Critical System Navigational Safety
[40] | Big Data Analytics | Collision Avoidance Navigational Safety
[41] | Big Data Analytics | Trajectory Compression Navigational Safety
[42] | Big Data Analytics | Trajectory Prediction Navigational Safety
[43] | Big Data Analytics | Collision Avoidance Navigational Safety
[44] |Big Data Analytics | Trajectory Prediction Navigational Safety
Data of loT-Enabled
[45] | Blockchain Maritime Transportation Safety of the Data
Systems
Data of [oT-Enabled
[46] | Blockchain Maritime Transportation Safety of the Data
Systems
[47] | Blockchain Secured S.hlp._ t0-Ship Navigational Safety
Communication
Mobile Edge . - L
(48] Computing Trajectory Prediction Navigational Safety
. Data of [oT-Enabled
[7] Mobile I.idge Maritime Transportation Safety of the Data
Computing
Systems
[3] | Virtual Reality FF and Evacuation Training | Safety Education
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4.5. Discussion and future directions

The literature review reveals the absence of comprehensive
studies examining the integration of digital technologies into
maritime safety procedures. Digitalization, characterized by
transformative technologies like IoT, Al, AR, VR, blockchain,
and big data analytics, has permeated various maritime sec-
tors, from navigation to logistics. However, its potential to
enhance safety protocols through innovative applications re-
mains under-investigated. This presents a crucial research op-
portunity to bridge this gap and leverage the power of digital
solutions for safer maritime operations.

The gap becomes more pronounced when considering the po-
tential benefits of digitalization for enhancing maritime safety.
The efficiency, accuracy, and real-time capabilities offered by
digital technologies remain largely untapped in the context
of safety management. The literature gaps in-depth investi-
gations into how digital technologies can mitigate risks, im-
prove emergency response, and proactively prevent incidents
in maritime operations.

In conclusion, the existing literature on maritime safety does
not adequately reflect the transformative wave of digitaliza-
tion sweeping the maritime industry. Addressing this gap is
crucial for a holistic understanding of how digital technolo-
gies can be leveraged to enhance safety standards in maritime
operations. Future research efforts should focus on unlocking
the untapped potential of digitalization to ensure the safety of
maritime operations.

5. Conclusion

In conclusion, this systematic analysis of digitalization in
maritime safety highlights a significant gap in the current liter-
ature. Despite the rising wave of digital transformation in the
maritime industry, there is a notable lack of comprehensive
studies addressing the integration of digital technologies into
maritime safety protocols.

The findings underline the urgent need for further research
to realize the potential benefits of digitalization for enhanc-
ing safety standards in maritime operations. While traditional
safety measures still exist, the transformative power of digital
technologies remains largely untapped in safety management
practices.

In this context, the study not only identifies key technology
applications within various safety categories, but also high-
lights the critical importance of navigational safety enhance-
ments. From Al-driven predictive models to data analytics for
collision avoidance, the potential for digital solutions to revo-
lutionize maritime safety practices is evident.

Looking forward, future research efforts should prioritize
bridging the gap between digital innovation and maritime
safety. In particular, digitalization of daily operations on board
is a topic that needs to be explored. By exploring innovative
applications and encouraging collaboration between industry
stakeholders and academia, we can exploit the full potential
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of digitalization to ensure the safety of maritime operations in
the digital age.
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Abstract

Seafarers working aboard ships not only face risks associated
with maritime accidents but also experience unexplained
disappearances from vessels. Due to limited coverage in the
media, awareness surrounding this issue remains low. The
primary objective of this study is to highlight the plight of crew
members who fall outside existing accident categorisations
and vanish under inexplicable circumstances, aiming to
classify such incidents as a distinct category of accidents.
Furthermore, the study seeks to advocate for the incorporation
of these incidents into international laws and regulations or the
establishment of separate regulations specifically addressing
this issue. This study utilised the PRISMA 2020 method, a
systematic and standardised approach to literature analysis,
to offer a transparent and comprehensive examination of
incidents involving missing crew members from onboard
ships. The study exclusively focused on crew members lost
while onboard ships. Correlation analysis was employed
to investigate the relationship between data extracted from
missing reports and news sources. The analysis revealed
a statistically significant correlation between various data
points, with the exception of age and rank. Notably, upon
scrutinising loss statistics reported on crew embarkation dates,
it was found that 61% of missing crew members disappeared
within a period spanning two days to two weeks after joining
the ship. Furthermore, recommendations were proposed to
mitigate such losses in the future.

Keywords: Maritime accidents, Disappeared crew, Seafarers

1. Introduction

The disappearance of seafarers without a trace from aboard
ships is a serious and concerning issue in the maritime
industry. As these losses receive limited coverage in the
media, awareness of the issue is correspondingly low. This
situation has multiple reasons, including the hope of finding
the disappeared person, the desire of maritime companies to
conceal the incident, and the lack of clear accident categories
associated with such incidents, leading to a deficiency in
reporting.

As a result of the literature review, a dearth of studies
pertaining to the subject has been encountered. In the study
conducted on work-related deaths in British merchant
shipping between 1976 and 2002 [1], out of 835 deaths
investigated, 87 were attributed to individuals who went
missing. While deaths at sea are classified in [2], one of the
causes of death is categorized as individuals disappears at
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sea. Out of the 123 incidents examined, 7.3% consisted of
disappeared individuals. In [3], the causes of 147 incidents
of death on Danish commercial ships from 1986 to 1993 have
been examined, with six of them reported as individuals going
missing from the vessel. The focus on disappearances from
cruise ships is a relatively recent development. Despite the
reporting of 47 disappearances from cruise ships between
1995 and 2004 [4], the matter did not capture public interest
until 2005. In [5], the author, who statistically examines the
reasons behind passenger disappearances on cruise ships,
has arrived at the conclusion that “During the last years more
passengers went missing due to more cruising at the sea”.

Such incidents can have various causes, including accidents,
foul play, piracy, mental health issues, homicide, suicide or
intentional disappearance. In the most comprehensive study
on individuals missing from ships [6], it was mentioned that
there could be 17 distinct reasons for disappearances. It is
noteworthy that many social scientists examining the deaths of
seafarers posit that approximately 50% of those who disappear
at sea are likely victims of suicide [7]. In [8], a study of the
United Kingdom fleet spanning from 1976 to 2005 revealed
57 suicides out of a total of 1,515 deaths (3.8%). Additionally,
90 seafarers were reported as having gone missing at sea.
Between 2005 and 2008, an additional 66 passengers and crew
members disappeared from cruise ships. In some instances,
the individual was successfully rescued, while in others, the
disappearance was explicitly attributed to suicide or resulted
from an accident. However, many cases remained enigmatic.

It has been previously observed that alcohol is implicated in
numerous unexplained disappearances. Furthermore, alcohol
is linked to sexual assaults and other criminal activities [9].
Alcohol played a role in a significant number of suicides
and accidents, with substantial gambling losses identified as
a contributing factor in some instances. Notably, there was
a singular case where one passenger was observed throwing
another overboard. In September 2001, during an 11-day cruise
of Norway’s fjords, a 69-year-old woman was pushed overboard
in the presence of her husband by a fellow passenger, who was
revealed to be a former mental patient [ 10]. Notably, following
the tragic death of Dianne Brimble, who succumbed to a drink
spiked with GHB (also known as fantasy, often associated with
date rape) during a P&O Australia cruise in 2002, the cruise
line faced pressure to enhance the training of crew members
in responsible alcohol service. Additionally, there were calls
to eliminate economic incentives for bartenders and waiters to
serve excessive alcoholic drinks. Similar demands emerged in
North America and Europe after the demise of Lynsey O’Brien,
a 15-year-old girl who disappeared on January 5, 2006, from
Costa Magica. It was reported that she had been served over
ten alcoholic drinks within a brief period, leading to such
intoxication that she fell overboard while vomiting over a
balcony railing [11,12].

In a more recent incident, a crew member on the Nieuw
Amsterdam, a vessel operated by Holland America Line,
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brutally assaulted and raped a 31-year-old woman in her cabin
late at night in February 2014. The woman managed to escape,
severely injured and barely alive, and was subsequently
airlifted to shore for urgent medical attention. The crew
member revealed that his intention had been to dispose of the
woman’s body by throwing her overboard from the balcony of
her cabin [13]. Undoubtedly, had he succeeded, the incident
might have been classified as a fall or an intentional fall
(suicide). Similarly, individuals responsible for the death of
Diane Brimble on a cruise ship off Australia confessed to
contemplating throwing her body overboard but were unable
to find a means to bring her up on deck [11].

In contrast to assertions that incidents involving passengers
overboard are categorized as falls or jumps, data spanning
from 1995 to mid-2013 indicates that 16.7% of individuals
overboard are successfully rescued. Of these incidents, 6.2%
involve alcohol intoxication, 11% are identified as suicides,
3.3% as murders, 9.5% as falls, 2.4% follow a substantial
casino loss, 7.1% occur after a domestic altercation, and
approximately 30% remain unexplained, lacking a clear
rationale. The data further reveals that 73.8% of individuals
overboard are male, with 75% being passengers. On average,
males are younger than females (38.85 vs. 42.11), though
the age range for males is considerably broader than that for
females [14]. The challenges in working conditions on cruise
ships create pressure on the personnel.

Over a three-year span from 2009 to 2012, a minimum of
thirteen crew members reportedly disappeared from Royal
Caribbean and Celebrity ships. These incidents involved
various vessels, including the Majesty of the Seas, Monarch
of the Seas (on two separate occasions), Radiance of the
Seas, Explorer of the Seas, Oasis of the Seas, Grandeur of
the Seas, Celebrity Constellation, Celebrity Eclipse, Celebrity
Summit, and Monarch of the Seas, as well as Serenade of the
Seas (twice). Regrettably, the majority of these cases were
purportedly not subjected to investigation by the respective
flag state, indicating a lack of concern or attention to these
occurrences.

The financial losses resulting from disappearances at sea
are substantial, as are their underlying causes. In 2011, the
disappearance of a master in the waters off Australia may have
incurred a cost between US$50,000-US$100,000 for the ship
owner due to the diversion and delay of the voyage. When a
ship’s journey is halted or rerouted due to a mentally ill seafarer
or a seafarer going missing at sea, the financial impact on the
ship owner or charterer can be substantial. In 2012, the daily
operational cost of a 3,500 TEU container ship, built in 2000,
was anticipated to be US$7,825 (information on container ship
operating costs provided with permission from Drewry Maritime
Research, London). This cost does not encompass fuel oil
expenses and is based on various categories, including manning,
insurance, stores, spares, lubricating oil, repair and maintenance,
and management administration. It also incorporates a daily cost
over five years for dry-docking at US$551,000.
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Similarly, in 2012, the expected daily cost of operating a
10,000 TEU container ship, built in 2000, was projected to
be US$10,944. This figure considers yearly costs across
the same expense categories, with a dry-docking cost of
US$750,000. Notably, the daily cost of fuel oil can surpass all
other operational expenses for container ships. Fuel oil costs
may reach as high as US$30,000 per day, contingent on the
Singapore price of fuel oil. Additionally, the ship owner may
incur mortgage insurance and capital repayment costs [7]. It
is highlighted that in cases involving high-value perishable
cargo, its loss could further contribute to the overall expenses
for the ship owner.

Legal and social measures are taken concerning both passengers
and personnel disappeared from the ship. The disappearances
from ships gained attention with the disappearance of George
Allen Smith during his honeymoon aboard Royal Caribbean’s
Brilliance of the Seas cruise ship on a Mediterranean trip. His
disappearance prompted congressional hearings in December
2005 [15] and led to the establishment of the International
Cruise Victims Association in early 2006 [16]. Barack
Obama introduced the Cruise Vessel Safety and Security
Act in 2010, which became effective in January 2014. This
legislation compels cruise lines to report crimes on board
cruise ships involving U.S. citizens or sailing in U.S. waters.
Crimes involving non-U.S. citizens are not mandated to be
reported. This circumstance has led to the assumption that
the actual number of reported incidents is underestimated,
especially for overboard incidents involving individuals from
different nations, as they carry a high risk of going unreported.
Additionally, media outlets may not publish every incident,
often due to lack of awareness. In a confidential meeting
between CLIA (Cruise Lines International Association) and
the ICV (International Cruise Victims) in 2007, the former
CLIA President stated that “they will not report any person
overboard unless the media already knows about it” [17].

A significant concern revolves around how cruise ships
become aware when a passenger goes overboard. An issue at
hand is whether cruise ships adhere to the Cruise Vessel Safety
and Security Act of 2010, which mandates the presence of
technology for detecting persons overboard. The International
Cruise Victims Association argues that cruise ships are not
in compliance with the law and suggests several systems.
In contrast, the cruise industry contends that there are no
systems approved by the U.S. Coast Guard, rendering the
law ineffective [18]. In spite of international acts, we are not
aware of any cruise ships that are equipped with automatic
man overboard systems, which promptly alert the bridge
when an individual goes over the rails. Furthermore, these
systems should be capable of tracking the person in the water,
even during nighttime, using infrared, heat sensor, motion
detection, or radar technology.

In 2015, the global initial step in this matter was undertaken
with the establishment of a registry by Human Rights at Sea.
The primary objective of this register is to construct a precise
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international database elucidating the status of seafarers and
fishers who are reported missing at sea on a global scale. Its
goal is to enhance international awareness regarding those
individuals who have gone missing by profiling specific
cases for maritime authorities, flag states, governments,
ship owners/managers, civil society organizations, and the
general public. Before the establishment of the register in
2015, there were no recorded statistics concerning the number
of individuals missing among the 1.5 million registered
seafarers worldwide, or among the substantial population of
unregistered, trafficked, or abused individuals entangled in
illegal and unregulated maritime activities, such as fishing.
Presently, the register includes approximately 240 individuals
who are listed as missing.

2. Method

Data sourced from the Human Rights at Sea database,
along with information from media reports and maritime
accident investigation reports from various countries, was
systematically examined and classified using the Prism 2000
method (Figure 1).

Identification of reports via databases

Records removed before screening:
Duplicate records (n=12)
Records marked as ineligible by automation tools (n = 35)

Records identified from: Databases (n= 312):

Identification

Records screened (n = 265)

l

Reports sought for retrieval (n = 254)

Records excluded (n=11)

Reports not retrieved (n = 0)

Screening

Reports excluded:
Fishing vessel crew (n = 98)
Passenger (n = 34)
Missing data (n = 26)

Body found (n=6)

Crew disappeared at shore (n = 3)

Reports assessed for eligibility (n = 254)

Reports included in the review (n = 87)

Included

Figure 1. PRISMA flow diagram of missing crew report
selection.

The study exclusively considers crew who go missing on
merchant vessels. Individuals who are ship crew members
but go missing outside the vessel are excluded. Those
whose bodies cannot be found, cases with a known reason
for disappearance (such as those resulting from accidents),
individuals missing on fishing vessels, and passengers are not
included in the study. Furthermore, incidents involving ships
and their personnel/passengers going missing as a result of
accident have not been considered within the scope of the
study. This is because such events are typically classified as
sinking accidents. With advancing technology, the wrecks of
these missing vessels are being located each day.
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The statistical data of the classified disappearance incidents
are explained and presented in detail below. Although the
examined reports contained data such as the date of the
accident, the embarkation date of the missing crew, the time
period when the personnel went missing, the location of the
accident at sea, whether it occurred at night or during the day,
the rank, age, nationality of the crew, possible causes of the
disappearance incident, the flag, navigation status, type and
tonnage of the ships, the specific location of the incident
onboard, as well as sea and wind condition data, many of these
details were not recorded in most of the accidents. Therefore,
the data groups shown in the following figures and tables
represent the substantial number of known data.

When considering disappearance incidents in terms of time
periods, it is observed that the majority of incidents occur during
the period from midnight to dawn (Table 1). We anticipate two
different reasons for this. Firstly, on ships other than cruise ships,
the majority of the crew is likely to be in a resting or sleeping
state during this time period. Secondly, on cruise vessels, this
time period may coincide with the peak of alcohol consumption
and the minimum presence of sober individuals.

Table 1. Time period of disappearance incidents on merchant

ships.

Time Period of Incident No of Incident Percentage
Between 00:00-06:00 22 253 %
Between 06:00-12:00 13 14.9 %
Between 12:00-18:00 7 8 %
Between 18:00-00:00 11 12.6 %

No Data 34 39 %

Examining accidents based on the rank of the personnel, as
expected, it is observed that ordinary and able-seaman facing
the greatest risks have the highest number of disappearances.
Additionally, crew such as stewards, entertainment staff, and
galley personnel, who are relatively inconspicuous on cruise
vessels, experience a significant number of disappearance
accidents. Remarkably, the rate of chief engineers being victims
of disappearance accidents is found to be high (Figure 2).

Rank
20
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= Master u (/0 2/0 m3/0 mA/B

0/ m Deck Cadet wmC/E m2/E m3/E
m4/E mE/O ™ Fitter ® Oiler Wiper
= Steward Entertainer = Bar Staff wmGalley Staff = Scientist
m No Data

Figure 2. Rank of disappeared crew.
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Analysing accidents based on the nationality of the missing
personnel, it is observed that proportional values emerge as
expected, corresponding to the number of employed seafarers
(Figure 3).

Nationality
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B Sputh Korean B 5ri Lankan Greek

u Samoan ® Papua New Guinean Montenegro
® Cuban ® Panama = No Data

Figure 3. Nationality of disappeared crew.

When examining the types of ships involved in disappearance
accidents, cruise ships and tankers stand out as the most
common (Figure 4). The high number of individuals on cruise
ships naturally has a significant impact on this situation.

Type of Vessel
30
20
) I D I
0 I - e e B
m Cruise Ship m Tanker ® Bulk carrier

= Container ® General Cargo
M Research Vessel

= No Data

u Offshore Supply V.

B Livestock Carrier ®Roro

® Platform

Figure 4. The type of ship where disappearance incidents
occurred.

Considering the situation of whether it was night or day, it is
observed that the majority of disappearance accidents occur
during the night hours. The darkness and the lower number of
individuals awake are the main reasons for this trend (Figure
5). In the examination based on the navigation status of ships,
it is natural that vessels underway stand out as the ones where
disappearance accidents most frequently occur (Figure 6). The
higher likelihood of individuals surviving or being detected
in the event of falling from a moored or anchored ship
significantly contributes to this pattern.
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Figure 5. The situation of
whether it was night or day.

Figure 6. The navigation
status of the ships during the
incidents.

The examination of the age distribution of the missing
personnel reveals that there is no distinct pattern (Figure 7).
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Figure 7. The age distribution graph of the crew who
disappeared from the ships.

The data acquired from the considered accidents underwent
an initial descriptive statistics test within the SPSS program
to ascertain whether they exhibited a normal distribution. It
was noted that the data displayed a normal distribution, and
subsequent correlation analysis was conducted to assess if
there existed a significant relationship between the variables
(Table 2). Following the correlation analysis, it was found that
a positive significant relationship existed between the date
of the accident (Dol) and the date of the crew’s embarkation
(DoE), the flag of the ship (SF) and the age of the missing crew
(Age), as well as the flag and type of the ship (ST). Based on
the same analysis, it was established that there was a negative
significant relationship between the age and rank of the crew
(Rank), the type of ship and the rank of the crew, and the flag
of the ship and the rank of the crew.
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Table 2. The correlation analysis results of the disappeared crew data.
Dol DoE D N Rank Age Nat NS ST SF
Dol Pearson Correlation 1
Sig. (2-tailed)
N 87
DoE | Pearson Correlation .999™ 1
Sig. (2-tailed) .000
N 18 18
D N | Pearson Correlation =233 -.461 1
Sig. (2-tailed) .082 113
N 57 13 57
Rank | Pearson Correlation -.093 -.157 .186 1
Sig. (2-tailed) 443 .562 215
N 71 16 46 71
Age | Pearson Correlation -.125 -.465 -.090 -.390" 1
Sig. (2-tailed) .388 128 .587 011
N 50 12 39 42 50
Nat Pearson Correlation -.103 .163 .045 .044 .074 1
Sig. (2-tailed) .383 .533 764 732 .630
N 74 17 48 63 45 74
NS Pearson Correlation .043 2 -.252 -.035 2 -.143 1
Sig. (2-tailed) 719 .000 .064 791 .000 258
N 74 16 55 60 44 64 74
ST Pearson Correlation .006 .087 -.216 -422™ 233 -.055 .036 1
Sig. (2-tailed) 959 732 .109 .000 .106 .645 761
N 85 18 56 69 49 72 73 85
SF Pearson Correlation -.053 .199 -.138 -2517 398" 157 .001 255" 1
Sig. (2-tailed) .641 429 .320 .040 .005 .187 .992 .021
N 81 18 54 67 48 72 71 81 81
a. Cannot be computed because at least one of the variables is constant.
Dol: date of incident, DoE: date of embarkation, D N: day/night, Nat: nationality, NS: navigation status,
ST: ship type, SF: ship flag

3. Result and Discussion

Upon examining the data in this study, it is evident that
disappearance accidents predominantly occur during the
night, particularly between the hours of 00:00 and 06:00,
marking this period as the most hazardous. Additionally, it is
notable that approximately two-thirds of the missing seafarers
vanish between the 2nd and 20th day after joining the ship.
The research also reveals that passenger ships, even when
excluding passengers, experience the highest number of
accidents, followed by tankers. The prevalence of these two
ship types in such incidents can be attributed to the higher
levels of work-related stress compared to other types of
vessels. Reviewing the literature, it becomes apparent that the
primary causes of disappearance accidents are murder, loss
of cognitive control due to alcohol consumption, and suicide.

While disappearance accidents may not be receiving significant
attention in the media compared to other types of accidents,
numerous studies have highlighted the substantial economic
losses they incur. Particularly concerning is the loss of personnel
such as captains, chief engineers, and chief officers, which not
only leads to the loss of time but also imposes significant financial
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burdens on maritime companies, placing them in challenging
circumstances. The primary measure to prevent disappearance
accidents is to equip ships with technology that can promptly
detect if crew have fallen into the sea. The occurrence of crew
members “disappearing” without a trace from cruise ships
suggests that the majority of cruise companies have yet to
prioritize the installation of an automatic man overboard system
on their vessels. Auto-MOB systems, such as those found here or
here, have the capability to detect a person going over the rails
and promptly transmit a signal to the bridge. This enables the
ship to initiate an immediate search and rescue operation. Such
systems are equipped with advanced motion detection sensors,
thermal imaging, and radar technology. When comparing the
cost of such equipment with the expenses incurred due to the loss
of key personnel from the ship, it becomes evident that the prices
of the equipment are reasonable. In addition to these systems,
smartwatch features can also be integrated, which measure body
functions and temperature, providing instant reports and raising
alarms when abnormal values are detected.

The maritime community and relevant authorities will address
disappearance cases with thorough investigations, cooperation,
and efforts to enhance safety and security measures on vessels.
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It’s important for shipping companies to prioritize the well-being
of their crews, implement safety protocols, and provide adequate
support systems for seafarers. Additionally, international
organizations and maritime authorities may work collaboratively
to establish guidelines and regulations to prevent and respond
to missing seafarer incidents, ensuring the safety and security
of those working at sea. The main challenge faced in this study
was the insufficiency or absence of data in the reports and news
sources. Consequently, doubts arise regarding the accuracy
of the steps to be taken for in-depth examination of accidents,
speculation on their causes, and prevention. To address this issue,
it would be highly beneficial to recognize disappearance accidents
as a distinct category of accidents, establish a standardized report
format, and report them accordingly in this format.

The effort to comprehensively document missing seafarers,
fishermen and passengers has been a gradual process, dependent
on voluntary support from international partners, the availability
of open-source information, and direct communication through
the website with the family members of the missing. The urgent
need for additional funds to further advance the work in this
area, refine the online platform to support multiple languages,
and widely disseminate awareness about the existence of such a
valuable platform.

4. Conclusion

The aim of this study was to draw attention to personnel who go
missing from ships and to share statistical data by focusing on the
reasons for these disappearances. Based on the comprehensive
analysis presented in this study, several key insights emerge
regarding disappearance accidents at sea. The findings from
this study provide various recommendations for preventing
disappearance accidents at sea and coping with such incidents.
Firstly, deck personnel need to be more vigilant during night
shifts, particularly between 00:00 and 06:00. Additionally, special
supervision and attention are required for newly joined personnel
during their first few weeks. Specific training programmes and
stress management measures should be developed for passenger
ships and tankers, which experience the highest number of
disappearance cases among ship types. Furthermore, it is essential
for ship companies to equip their vessels with automatic man
overboard systems and promote the widespread adoption of such
technologies. Increasing awareness of disappearance incidents in
the media and within society is also necessary. Lastly, establishing
a standard reporting format for collecting and reporting accurate
data and allocating more research and resources to ship safety
are crucial. Implementing these recommendations could help
reduce disappearance incidents at sea and enable more effective
intervention in such tragedies.
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Abstract

Since end of October 2023, a new threat to world s merchant
ships appeared as drone and missile airstrikes launched by
Houthi rebels, as well as transferring of terrorists from Yemen
by helicopters followed by hijacking of ships with their crews.
The threat of air attacks on ships is present along the coast of
Yemen in Gulf of Aden, Red Sea and during transit of ,, Bab-el-
Mandeb“ [1]. Red Sea and Gulf of Aden is not only one of the
most commonly used trading routes in the world, but it is also
the quickest and shortest sea route between Asia and Europe
what emphasizes the importance of the affected area. Recent
incidents have raised tensions in this area and increased the
risk for safe passage of world's merchant fleet, added significant
costs and delays to shipments which are mostly coming from
the Far East to Europe, and influencing on the other regions in
that area which rely on Suez Canal. This article reviews recent
maritime incidents involving Houthi missile and drone attacks
on merchant ships and warships and discusses the escalating
maritime security challenges in these regions, which weren't
neglected even before due to Somali pirate s activity, impacting
on global shipping and trade routes.

Keywords: Maritime security threat, Air attacks, Houthi
rebels, Red Sea, Gulf of Aden

1. Introduction

One of the world’s most important shipping routes passes
in the vicinity of Yemen, which is located in the south of the
Arabian Peninsula, all the way to the Suez Canal in Egypt, which
connects the Mediterranean Sea with the Red Sea. That is also
the shortest sea route from Asia to Europe and about 15% of
all world trade takes place through the Red Sea, including oil,
liquid gas and 30% of global container trade [2]. This area, the
sea west of Yemen (southern part of Red Sea) and sea south of
Yemen (Gulf of Aden), in the maritime industry is also known as
High Risk Area (HRA). It includes narrow choke points such as
the strait of Bab el-Mandeb (eng. Gate of Grief/Gate of Tears),
the strait between Yemen on the Arabian Peninsula and Djibouti
and Eritrea in the Horn of Africa. A High Risk Area (HRA) is
an industry-defined area where it is considered that a higher
risk of piracy attack exists, and additional security requirements
may be necessary [3]. Ships should be prepared to deviate from
their planned route at short notice to avoid threats highlighted by
navigation warnings or by military forces. During the past years,
the main threat in this area were the Somali pirates who were
attacking and hijacking the ships from pure economic interests.
The intention of Somali pirates was to hijack the ship and hold
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the crew for ransom. The usual practice was to keep the crew
onboard as negotiations progress, keeping both the crew and the
ship together until they receive the ransom, when they released
the hostages together with the ship. Nowadays, when the Somali
pirate’s activity is decreasing, the main threat becomes the Houthi
rebels and their politically motivated attacks and hijacking
of the ships. The greater part of the western coast of Yemen is
controlled by the Houthis, and the location of Yemen enables
them to control part of the Red Sea, the Babel-Mandeb Strait,
and the Gulf of Aden [4]. Due to recent activities, the situation
in the Red Sea and the Gulf of Aden is more than worrying so
this article reviews recent maritime incidents including Houthi
missile and drone attacks on merchant ships and foreign warships
and discusses the escalating maritime security challenges in these
regions, as well as human rights and commercial issues.

2. Maritime Incidents

Several merchant ships have been attacked by drones or missiles
during the recent months, but luckily without any human casualties.
It could be noticed that the number of ship hijackings increased
again in the months before the Hamas terrorist attack on Israel 7
of October, 2023. Several vessels were seized in the Persian Gulf,
the Strait of Hormuz and the Gulf of Oman which were already, a
few years ago, considered as part of a high risk area. The attacks
are most likely the result of tensions between the US and Iran
and restrictions on the trade of Iranian oil, as well as the situation
between Israel and Palestine. They are part of Iran’s retaliatory
strike against the US and the UK. It is already quite clear that
Iran is supporting the Houthi rebels and that incidents like this
will continue to happen and ships connected to Israel will be the
main target but it should be known that is not always the case [8].
The risk of an attack depends particularly on the development of
the situation in Gaza. An escalation of Israeli operations against
the Palestinians would increase the risk of attacks on Israeli ships
and even if they are not sailing under the Israeli flag, they are
anyhow connected to Israel [5]. After the initial Hamas attack
7% of October, Iranian-backed Houthi rebels in Yemen have
increased the frequency of their attacks on merchant ships and
foreign warships located in the Red Sea and the Gulf of Aden.
On the 19" of October, the USS Carney warship intercepted four
missiles and fifteen unmanned aerial vehicles (UAV), also known
as drones, in international airspace in the Red Sea. The missiles
were most probably launched by Houthi rebels to attack targets
in Israel. 15" of November, the USS Hudner warship shot down
a drone in international airspace over the Red Sea that had been
launched from Yemen and headed towards the U.S. warship. A
week later, US warships destroyed several more “one-way attack
drones” in international airspace over the Red Sea that originated
from Houthi-controlled areas in Yemen. On November 19, 2023,
Houthi rebels carried out an attack by helicopter on the M/V Galaxy
Leader while the Bahamian-flagged merchant ship was transiting
the Red Sea. The vehicle carrier is British-owned and Japanese-
operated (NYK line), but the British owners are associated
with Ray Car Carriers, a company founded by a wealthy Israeli
businessman. The ship and its twenty-five crewmembers are still
being held hostage in Yemen. Japan condemned the act of piracy
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as “a flagrant violation of international law” and demanded the
immediate release of the ship and crew [5]. Numerous attacks on
merchant vessels have been carried out in the affected area, listed
below in “Table 1.”, but the most significant attack happened on
March 06, 2024, with several serious casualties and three fatalities
on M/V True Confidence, caused by missile hit.

Table 1. Merchant ships attacked near Yemen since Nov. 19
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3. Influences and Consequences on Global Trade

Attacks on vessels by Yemen’s Houthi rebels in the Red Sea
have disrupted international trade on the shortest shipping
route between Europe and Asia. The air strikes, which came
in solidarity and close connection with Palestinians who are
facing Israeli bombardments in Gaza, are targeting a route
that takes for about 15 percent of the world’s shipping traffic,
forcing shipping companies to reroute their vessels. The
Houthi attacks have forced a lot of merchant vessels passing
through the Suez Canal and the Bab el-Mandeb Strait to take
an alternative and longer route around South Africa which
causes delays and additional delivery time and unavoidable
extra costs. The recent attacks forced several major European
shipping companies like MSC (Switzerland), Hapag-Lloyd
(Germany), Maersk (Denmark) and another European giant
CMA CGM (France) to suspend their shipments through the
Red Sea. Together these companies represent approximately
54 per cent of the global vessel market. They have rerouted
vessels to navigate around the Cape of Good Hope increasing
the voyage distance by about 40 per cent compared with the
route via the Suez Canal. It is anticipated that this increased
voyage would hike the container charges by $500-1000 per
container. This has the potential to choke the global supply
chains and hike the prices of export-import goods, trigger
further inflation, and increase the Current Account Deficit
(CAD) of nations that are already grappling with post-COVID
recovery and the Russia-Ukraine situation. War risk insurance,
which is crucial for vessels sailing through high-risk areas,
has substantially increased. There are growing concerns in the
maritime industry regarding the increase in war risk insurance
related to shipping in certain areas, particularly in the Red
Sea. Initially, the war risk premium was around 0.07% of the
total shipping value, but it gradually escalated to almost 0.1%
from the second week of December 2023 [6]. While this may
not seem like a substantial amount in the context of overall
shipping value, the rising frequency of attacks and their
indiscriminate nature suggests that these costs could continue
to rise.

Market Share of Major Shippping Companies

MSC, 19.70%

q q Type of Attacked ship
Ship Date Location attack e
Galaxy Leader | 19-Nov-23 | Red Sea Hijacked Car carrier
Hijacked, Chemical
Central Park 27-Nov-23 | Gulf of Aden | Rescued,
~-. .| tanker
Missile miss
Unity Explorer | 03-Dec-23 | Red Sea Missile hit | Bulk carrier
Number 9 03-Dec-23 | Red Sea Missile hit | Container ship
Sophie II 03-Dec-23 | Red Sea Missile hit | Bulk carrier
Centaurus Leader | 10-Dec-23 | Red Sea Drone miss | Car carrier
Strinda 11-Dec-23 | Red Sea Missile hit | Oil/Chemical
Ardmore Lo . .
13-Dec-23 | Gulf of Aden | Missile miss | Oil/Chemical
Encounter
Maersk Gibraltar | 14-Dec-23 | Bab el-Mandeb | Missile miss | Container ship
Al Jasrah 15-Dec-23 | Red Sea Missile IS8, | Container ship
Drone hit
Palatium I1I 15-Dec-23 | Red Sea Dr_on_e IS5, | Container ship
Missile hit
Magic Vela 18-Dec-23 | Bab el-Mandeb AFFempted Bulk carrier
Hijack
Swan Atlantic 18-Dec-23 | Red Sea Missile }.m’ Oil/Chemical
Drone hit
MSC Clara 18-Dec-23 | Bab el-Mandeb | Drone miss | Container ship
Blaamanen 23-Dec-23 | Red Sea Drone miss | Oil/Chemical
Sai Baba 23-Dec-23 | Red Sea Drone hit Oil tanker
Navig8 Montiel | 25-Dec-23 | Red Sea Drone miss | Oil tanker
MSC United VIII | 25-Dec-23 | Gulf of Aden | Drone miss | Container ship
Maersk 31-Dec-23 | Red Sea Missile hit | Container ship
Hangzhou
%Z[&CGM 02-Jan-24 | Red Sea Missile miss | Container ship
Federal 09-Jan-24 | Red Sea Missile miss | Bulk carrier
Masamune
Khalissa 12-Jan-24 | Gulfof Aden | Missile miss | Oil tanker
Gibraltar Eagle | 15-Jan-24 | Gulf of Aden | Missile hit | Bulk carrier
Zografia 16-Jan-24 | Red Sea Missile hit | Bulk carrier
Genco Picardy 17-Jan-24 | Gulf of Aden | Drone hit Bulk carrier
. Chemical
Chem Ranger 18-Jan-24 | Red Sea Drone miss
tanker
Tomahawk 24-Jan-24 | Red Sea Drone miss | Bulk carrier
Maersk Detroit | 24-Jan-24 | Gulf of Aden | Missile miss | Container ship
Maersk 24-Jan-24 | Gulf of Aden | Missile miss | Container ship
Chesapeak
Marlin Luanda | 26-Jan-24 | Gulf of Aden | Missile hit | Oil tanker
Daffodil 02-Feb-24 | Red Sea Drone miss | Oil tanker
Morning Tide 06-Feb-24 | Red Sea Missile miss | General cargo
Star Nasia 06-Feb-24 | Gulf of Aden | Missile miss | Bulk carrier
Star Iris 12-Feb-24 | Bab el-Mandeb | Missile hit | Bulk carrier
Lycavitos 15-Feb-24 | Gulf of Aden | Missile miss | Bulk carrier
Pollux 16-Feb-24 | Red Sea Missile hit | Oil tanker
Rubymar 18-Feb-24 | Gulf of Aden | Missile hit | Bulk carrier
Sea Champion 19-Feb-24 | Bab el-Mandeb | Missile hit | Bulk carrier
Navis Fortuna 19-Feb-24 | Red Sea Missile hit | Bulk carrier
Islander 22-Feb-24 | Gulfof Aden | Missile hit | General cargo
Torm Thor 24-Feb-24 | Gulf of Aden | Missile hit | Oil/Chemical
Jolly Vanadio 27-Feb-24 | Red Sea Missile miss | Container ship
MSC Sky II 04-Mar-24 | Gulf of Aden | Missile hit | Container ship
True Confidence | 06-Mar-24 | Gulf of Aden | Missile hit | Bulk carrier
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Figure 1: Market share of major Shipping companies [6]

Houthi attacks on merchant ships have significantly increased
fuel costs and that affected about 10% of global oil and 8%
of liquefied natural gas (LNG) transits through key routes
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like Suez. European Union have increased their oil and gas
imports following Ukraine-related sanctions on Russia’s oil
industry and it will be difficult to satisfy the needs of the EU
with practically blockade of routes through the Suez Canal.
Additionally, about 30% of global container shipping passes
through Suez, affecting various shipments and causing delays
of previously agreed deliveries by adding more than 3,000
nautical miles in route deviation via Cape Town, leading
to extended shipment time and additional expenses [6].
Major global companies in the auto industry, energy sector,
logistics, retailers and others were impacted by this anomaly
in commercial shipping. Michelin, Suzuki, Tesla, Volvo, BP,
Equinor, Qatar Energy, Shell, DHL, FedEx, Adidas, Danone,
Ikea, Pepco, Primark, BHP Group, Evonik, GechemGmbH &
Co KG, Levi Strauss & Co, Logitech [7], they are just some of
the companies which are affected by disruption of waterways
which results in delays of deliveries and seeking alternative
delivery methods and routes.

4. Shipping Company’s Role and Responsibility

The escalated security situation in the southern Red Sea and
Gulf of Aden is alarming in the global and maritime industry
and recent attacks on merchant ships pose a significant
threat to the safety and lives of seafarers, ships as property
of the owners, the environment, reputation of shipping
companies, as well as the functionality of global trade.
Shipping companies must monitor the situation constantly
and dispose with all available intelligence information on
the security situation in the area. Ensuring the safety of
seafarers is of the utmost importance and must remain the
number one priority in the global and maritime industry,
especially during struggling in this challenging situation. A
shipping company’s understanding of the potential impact
on global customer’s supply chain and taking the necessary
steps to minimize the impact on customers is also very
important but all decisions must be carefully considered
and only implemented to ensure the safety of vessels, crew,
cargo and environment. Ship owners, operators, managers,
charterers and crew should regularly evaluate the risks to
their ships and plan routes accordingly, taking all relevant
facts, risks, previous incidents as experience exchange and
all available information into consideration. The majority
of leading shipping companies, as mentioned previously in
the article, have already suspended their shipments through
the Red Sea due to risk determination as high and not
acceptable from safety and security aspects. Qatar Energy,
the world’s second-largest exporter of liquefied natural gas,
stopped sending tankers via the Red Sea due to security
concerns [7]. Ship operators who have called, or plan to call,
at Israeli ports should limit information access which could
be used by Houthi rebels. Ship owners and operators who
have recently acquired a vessel from an Israeli-associated
company should ensure vessel systems, like AIS (Automatic
Identification System), properly reflect updated information.
Outdated information has caused vessels to be attacked.
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Ships planning a passage through the Southern Red Sea and
Gulf of Aden should conduct a thorough ship and voyage-
specific threat and risk assessment considering any additional
advice or guidelines from their Flag State. These assessments
should include input from official sources, such as UKMTO
(United Kingdom Maritime Trade Operations), and relevant
information such as operation specifics, shipping associations
guidance, ownership details, and trading history of the ship in
the last 3 years that could impact decision making. Ships with
AIS powered on, as well as powered off, have been attacked.
Turning off AIS makes it marginally more difficult to track a
ship but may also prevent the ability of the military to provide
support or direct contact. The consequences of turning off
equipment and aids such as AIS (Automatic Identification
System), LRIT (Long Range Tracking and Identification),
and especially radars should be carefully assessed [1].
There has been a significant decline, approximately 50%, in
maritime traffic in the southern Red Sea and Bab el-Mandeb
area between November and late January. Notably, there
has been a slight increase in the number of ships passing
through Bab el-Mandeb without broadcasting an AIS signal.
Only around 10% of merchant ships passing through Bab
el- Mandeb have turned off their AIS. Due to the current
situation in affected areas caused by Houthi rebels, maritime
industry associations have revised and released the security
guidance applicable to navigating in the Southern Red Sea
and Gulf of Aden, and all vessels transiting this area should
comply with it [10]. Guidance (Updated security guidelines
for Southern Red Sea and Gulf of Aden) is revised and issued
by shipping associations BIMCO (Baltic and International
Maritime Council), CLIA (Cruise Lines International
Association), ICS (International Chamber of Shipping),
IMCA (International Marine Contractors Association),
INTERCARGO (International Association of Dry Cargo
Shipowners), INTERTANKO (International Association of
Independent Tanker Owners) and OCIMF (Oil Companies
International Marine Forum) [6]. Company Security Officers,
Masters and Ship Security Officers of vessels transiting or
preparing to transit this area should take into consideration
the following in their voyage-specific risk assessment:

1. Analyze the commercial affiliation of the vessel to assess
the threat level for the planned type of operation.

Constant monitoring of the security situation, enabling
vessels to avoid locations with recent or ongoing
incidents.

Introduction/update of contingency plans on the company
level to address the possibility of seafarers being injured,
killed or kidnapped during a security incident. Drills
should also be carried out involving shore management.

Crew briefings and scenario drills based on a valid and
relevant anti-attack plan to ensure that incidents are
reported and alarm is raised without delay when required.
Drills should include scenarios with major damage and
casualties.
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Enhancement of firefighting, evacuation and damage
control procedures, taking into account the possibility
of significant damage as a result of direct targeting or
collateral damage.

Enhancement of medical equipment to deal with multiple
casualties.

Emergency contacts placed readily available on the
bridge.

Briefing of the bridge team on hailing/harassment via
VHF, prepared responses and immediate contact with
naval forces in the respective area. (Local authorities
calls on VHF may be an act of spoofing or even targeting,
underlined by several incidents in recent days which
involved self-proclaimed ‘Yemeni authorities’ or the
“Yemeni navy’ ordering merchant ships to alter course).
Combined Maritime Forces also recommend ignoring
VHF calls by the “Yemeni navy” with instructions to
alter the course to Hudaydah or other locations in Yemen.
When merchant ships are contacted, masters are advised
to continue the voyage and call for a coalition warship on
VHF Channel 16, stating the current location, situation
and intentions.

Preparation of citadel with emergency provisions and
functioning satellite phone.

10. Depending on individual circumstances, the embarkation
of armed guards may be useful to mitigate specific risks,
specifically concerning the threat of boardings from
small boats (e.g. Houthi forces, Somali piracy). However,
the threat of direct targeting by missiles, aerial or naval
drones used by Houthi forces in Yemen (southern Red Sea
/ Gulf of Aden) cannot be mitigated by the embarkation

of armed guards.

11. Existing BMP5 recommendations have been developed
to deter piracy. While the guidance included in BMP5
is relevant to deter illegal boardings, it offers virtually
no mitigation against current threats such as attacks
by missiles, drones or — potentially — waterborne IEDs

(drone boats).

12. Ship operators should also consider issuing specific
voyage guidance for transits through the Red Sea and
the Gulf of Aden. This guidance should consider specific
scenarios (e.g. aerial or waterborne threats, hailing on
VHF) and include actions for the crew to minimise the

impact of any security incident [9].
5. How to Solve the Current Situation in the Affected Area

The data present in this article suggest that the current situation
in the Red Sea and the Gulf of Aden, as well as the Bab el-
Mandeb Strait must be solved. The main concern is how to,
for the sake of peace, legally survey Yemeni territorial waters,
the air space above the sea and the coast from where the
majority of air attacks originated. Preventive actions which
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can be taken, as a product of international cooperation and
maritime security measures, to ensure safe navigation in the
affected area are:

1. Established maritime security sectors and dedicated
international, regional or local warships in each sector as

security patrol or escort for merchant ships convoys

Warships in each sector to maintain continuous maritime
and air traffic surveillance using drones, radars and
satellite monitoring systems.

Implement usage of recommended transit corridors and
reporting procedures for all ships transiting the area

Experience exchange information from other ships to
be taken into consideration for all regularly updated
contingency plans and risk assessments for potential
security incidents.

All parties involved to comply with the United Nations
Convention on the Law of the Sea (UNCLOS) to ensure
safe transit of the affected area

The Yemeni government to take over control of complete
Yemeni territory and to bring security, stability and peace
to Yemen by settling the situation in the affected area in
close cooperation with the international community.

If the root cause is war in Palestine, then Israeli forces
must stop their aggression and offensive in Gaza.

Notably, there is a wide space for further progress in analyzing
the above-mentioned suggestions and the proper way of
implementing them to achieve safe waters for navigation and
transit of commercial shipping.

6. Conclusion

The current situation in the Red Sea and the Gulf of Aden
is very challenging and the main concern and priority are
the people, i.e., seafarers who are risking their lives while
transiting affected areas where security risk is at a significantly
elevated level. Despite seafarer’s psychological issues, on
board the ships, during the COVID-19 outbreak Somali
pirate’s activity decreased during the past years, but the current
situation is very worrying for seafarers well-being and state
of mind. Especially now, when physical victims are present,
the psychological influence on the seafarer’s state of mind is
already significant and their productivity and effectiveness
are dropping and becoming unenviable. Therefore, closely
monitoring of ship crew condition, thorough risk assessments
and proper contingency planning are crucial for all operators
in the area. Shipping companies are facing also increased
insurance and fuel costs, which makes freight transportation
more expensive, which is ultimately paid by consumers
(people). The Gulf of Aden is an important sea passage that
connects the West with the East via the Red Sea and the Suez
Canal, so there is an undoubted need to solve the current
situation as soon as possible. With low water levels affecting
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the Panama Canal and reducing its capacity, together with this
situation in the Red Sea and the Gulf of Aden, this could lead
to the biggest crisis in maritime and commercial industry.
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Abstract

The advent of autonomous ship technologies has ushered in
a new era in maritime transportation, promising increased
efficiency, safety, and sustainability. However, the integration
of autonomy into maritime operations brings forth a unique
set of challenges, particularly in the realm of risk assessment.
This work explores a holistic approach to risk assessment
tailored specifically for autonomous ship operations. The
assessment framework integrates technical, operational,
and environmental factors, emphasizing a systems-thinking
perspective. Moreover, this paper is to provide a comprehensive
exploration of the intricate risk landscape associated with
the integration of autonomous ships in maritime operations.
Embracing a holistic approach, the paper seeks to amalgamate
insights from technological, operational, human, and
regulatory dimensions, fostering a nuanced understanding of
the multifaceted challenges inherent in autonomous shipping.
With a primary focus on safety enhancement and informed
decision-making, the research aims to contribute valuable
frameworks and recommendations that resonate across
disciplines, facilitating the smooth and secure integration of
autonomous vessels into maritime activities.

In conclusion, this study advocates for a holistic risk assessment
approach that goes beyond traditional frameworks to address
the intricacies of autonomous ship operations. By embracing
a comprehensive perspective and leveraging cutting-edge
technologies, our proposed methodology aims to enhance the
safety and reliability of autonomous maritime transportation
systems, paving the way for their widespread adoption in the
global shipping industry.
Keywords:  Autonomous  ship Maritime
transportation, Holistic approach

technologies,

1. Introduction

This conference paper gets to the heart of this paradigm shift
by exploring the necessity of a comprehensive approach to
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risk assessment specifically designed for autonomous ship
operations. In the emerging literature, it is noteworthy that there
is a lack of comprehensive studies explaining how autonomous
ships can serve to reduce risks, strengthen emergency response
mechanisms, and prevent unintentional events in maritime
operations[1]. In the emerging literature in this field, there is a
notable lack of comprehensive studies explaining how digital
tools can serve to reduce risks, strengthen emergency response
mechanisms, and proactively prevent accidents in maritime
operations. The article conducts a systematic literature review
(SLR) on digitalization in maritime security guided by the
PRISMA framework. Additionally, this article goes beyond
a simple review of the existing literature by attempting to
distill limited findings and outline a solid framework for future
research efforts.

At its core, our approach advocates a holistic examination of
risk factors, covering not only traditional maritime risks but
also new challenges inherent in autonomous navigation, sensor
reliability, cyber threats, and human-machine interactions[2],
[3]. Emphasizing a systems thinking perspective, our
methodology combines studies on technical, operational and
environmental aspects to provide a detailed understanding of
the risks involved[4], [5].

In conclusion, this research, which reveals the various impacts
of autonomous ships on maritime safety, aims to provide
maritime stakeholders with a better understanding of how the
technologies that can be developed on autonomous ships can
serve as a potential catalyst in improving safety standards.
In short, this article contributes to highlighting the level of
dynamic adaptability at the intersection of autonomous ships
and maritime security. It is intended not only to enrich the
academic literature but also to serve as a holistic perspective
that points to pragmatic interventions aimed at improving safety
protocols in maritime operations. By combining comprehensive
analysis and dynamic adaptability, our approach aims to lead
to widespread adoption of autonomous ship technologies and
enable progress towards a safer and more sustainable future in

shipping.

The study consists of five main sections. The first section
explains the motivation of the study. The second section
presents the research methodology. In the third section, a
systematic literature review was conducted. In the fourth
section, the findings are analyzed. In the last section, the study
is concluded and suggestions for future research are presented.

2. Research Methodology

A research method called a Systematic Literature Review
(SLR) is utilized to analyze and evaluate research projects
related to a certain subject[6], [7]. The principal objective of
this approach is to combine data from several sources in a clear
and methodologically sound way[8]. The PRISMA framework,
which stands for Preferred Reporting Items for Systematic
Reviews and Meta-Analyses, is a widely accepted approach
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in the academic world that is employed in the execution of
systematic literature reviews[9].

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline is widely acknowledged
as a standard reference for conducting systematic literature
reviews (SLRs)[10], [11]. Its utility extends beyond enhancing
the reporting quality for authors, as it aids reviewers and editors
in critically assessing SLRs[12]. These tools play a pivotal role
in promoting research reproducibility, addressing a prominent
concern in modern academic inquiry.

The PRISMA framework comprises a checklist and a flowchart
designed to aid researchers in the preparation, execution, and
documentation of systematic reviews and meta-analyses. The
checklist encompasses multiple facets of the review endeavor,
encompassing tasks such as identifying and selecting studies,
extracting data, evaluating study quality, synthesizing findings,
and interpreting results[13], [14].

Through adherence to the PRISMA guidelines, scholars can
ascertain that their systematic reviews and meta-analyses are
executed and documented in a systematic and transparent
fashion, thereby enhancing the trustworthiness and applicability
of the outcomes for informing decisions in research, policy
formulation, and practical implementation[15], [16].

Table 1. Review protocol

Item Description
Database Scopus; Web of Science
(maritime OR ship) AND (autonom* OR “unmanned
Kevwords surface vessel” OR USV OR “autonomous surface
W vessel” OR ASV) AND (safety OR risk OR safe*)
AND NOT (medicine OR health)
Boolean Operators | AND; OR; NOT
Search Fields Title; Abstract; Keywords

Papers that are not directly related with the maritime
safety

English
Atrticle; Review; Book; Book Chapter

Exclusion Criteria

Language

Publication Type
Research Area

Engineering

2014-2024

Time Window

The initial phase of this investigation involved formulating
a literature review protocol, as detailed in Table 1.
Subsequently, exploration was undertaken utilizing Scopus
and Web of Science databases[17], recognized for their
reliability and comprehensiveness in scholarly literature[18],
[19]. Appropriate keywords were selected to uncover studies
addressing the transition to autonomous systems within the
maritime domain. Exclusion criteria were applied to pinpoint
documents specifically concerning autonomous systems in
shipboard maritime safety. Refinement of the filtering process
was enacted to encompass solely peer-reviewed publications,
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articles, reviews, books, and book chapters published in
English. The scrutiny primarily centered on engineering
literature. To gauge contemporary research, scrutiny was
confined to studies conducted within the past decade.

3. Literature Search

Our review was founded upon a collection of pertinent
publications sourced from prominent academic databases,
namely Web of Science (WoS) and Scopus. In March 2024,
an extensive keyword search was performed within the WoS
and Scopus databases to procure relevant bibliographic
information. The comprehensive keyword search methodology,
incorporating Boolean functions, and the subsequent filtration
of results are delineated in Table 2.

Table 2. Keyword search in wos and scopus databases

Publications
Step Keyword Search
Scopus | WoS
(maritime OR ship) AND (autonom* OR
“unmanned surface vessel” OR USV OR
! “autonomous surface vessel” OR ASV) AND 1947 | 1278
(safety OR risk OR safe*)
(maritime OR ship) AND (autonom* OR
“unmanned surface vessel” OR USV OR
2 | “autonomous surface vessel” OR ASV) AND 1878 | 1229
(safety OR risk OR safe*) AND NOT (medicine
OR health)
3 | Filtered by year: 2014-2023 1644 | 1137
4 | Filtered by language: English 1586 | 1110
5 Filtered by document type: Article; Review; Book; 229 779
Book Chapter
6 | Filtered by research area: Engineering 668 302

The objective of this investigation is to scrutinize endeavors in
achieving safer autonomous shipping through a comprehensive
lens. Given the focus on maritime autonomy, the primary
keyword “maritime, autonom*, and safety” has been
selected. Additional keywords, including “ship, unmanned
surface vessel, autonomous surface vessel, safe*, risk,” were
chosen to ensure a thorough exploration of the topic. It was
observed that certain studies retrieved through these keywords
pertained to the medical and health domains due to lexical
similarities, prompting their exclusion from the review scope.
Following the determination of these keywords, an exhaustive
literature search was conducted across both Scopus and Web
of Science (WoS) databases utilizing Boolean functions. To
capture the current landscape of research, studies conducted
between 2014 and 2024 were considered, while limiting the
scope to publications in English within the engineering field,
encompassing document types such as articles, reviews, and
book chapters.
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Figure 1. PRISMA flowchart

Following this, the literature search employed the PRISMA
flowchart delineated into four sequential stages (depicted
in Figure 1): Identification, Screening, Eligibility, and
Inclusion. During the Identification phase, outcomes from
distinct databases were amalgamated, with duplicate records
eliminated. Subsequently, the titles and abstracts of 711
publications underwent screening. In the eligibility phase,
publications underwent thorough review and assessment.
Ultimately, the inclusion stage yielded 57 publications deemed
suitable for further analysis.

4. Analysis and Findings
4.1. Main Information

This study exclusively examines academic literature pertaining
to the safety of autonomous ships published between 2014 and
2024. Following an extensive literature review, 57 relevant
publications were identified. Analysis of the annual growth rate
in publication numbers reveals a rate of 17.46%. Furthermore,
the average publication age over the past decade stands at 2.84
years. Examination of the identified publications indicates an
average citation count of 29.23, suggesting the significance
and impact of studies on autonomous ships as a contemporary
and influential topic. Basic information regarding the pertinent
publications is presented in Figure 2.
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Figure 2. Main information

4.2. Annual Scientific Publication and Time Trend

Table 3 illustrates the overall trend in annual publications.
The ongoing evolution of the maritime industry has fueled a
growing interest in maritime autonomy. The surge in academic
research, particularly evident from 2019 onwards, along with
the global pandemic, underscores the growing recognition
of the significance of maritime transportation. Based on the
observed rise in the table, it is anticipated that the adoption of
autonomous systems in the maritime sector will gather further
momentum in the forthcoming years.

Table 3. Annual scientific publication

Year Annual scientific publication
2014 1
2015 1
2016 2
2017 1
2018 1
2019 4
2020 8
2021 9
2022 10
2023 15

4.3. Most Relevant Sources and Words

The most relevant journals are shown in Figure 3 according
to the results of the search according to WOS and Scopus
database. The journal “Ocean Engineering” has the highest
number of publications. Following “Ocean Engineering”,
“Reliability Eng