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The article outlines a comprehensive strategy for ship safety management in companies. It emphasizes
the need for targeted intervention in factors affecting the state of safety, covering technical, social and
financial aspects of ship operation. The article proposes a structured approach to the influencing factors,
dividing them into internal and external factors. External factors, including mandatory regulations of
organizations such as the International Maritime Organization and national authorities, are highlighted
as critical determinants of a company’s safety management system. The article emphasizes the key
role of effective management in connecting the various elements of the safety management system,
including personnel, resources, infrastructure and finance. In addition, the article presents a model
for assessing the effectiveness and improvement of the safety management that is consistent with the
International Safety Management Code’s requirements for internal safety audits. The importance of a
unified management system based on coordinated control of influencing factors and compliance with
external regulatory requirements is emphasized. A systematic approach to modification is proposed to
integrate the new standards while minimizing personnel resistance and a model for evaluating safety
management processes is proposed to provide a basis for identifying nonconformities and improving
safety practices.
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1. Introduction.

Numerous studies have addressed aspects of maritime trans-
portation safety. They include the assessment of risks and safety
measures in maritime transportation, in particular in the han-
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dling of explosives and nuclear substances [1-3]. Some stud-
ies focus on specific challenges and opportunities to improve
safety in the Arctic maritime sector [4]. In addition, the de-
velopment of tools and models to enhance safety measures and
indicators in this area has been emphasized [5-7]. Furthermore,
a comparative study of occupational safety and health condi-
tions on passenger and cargo ships in Norway provides valu-
able insights into safety protocols in different environments [8].
These studies emphasize the need for continuous improvement
in maritime transport safety standards and practices.

The work of [9] focuses on violations related to aviation
safety management system components. The paper [10] dis-
cusses in detail the safety management system, in particular its
evolution towards safety excellence in the oil and gas indus-
try and geosciences. In [11], the authors examine the links be-
tween aviation and maritime safety management systems, ex-
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ploring common attributes and ideas related to these critical
safety domains. The publication [12] outlines the creation of
an Integrated Safety Management System application tailored
for workplaces, aiming to enhance safety practices in profes-
sional settings. Research [13] addresses safety complexities in
dynamic systems-of-systems for flood management, aiming to
tackle the intricacies and risks tied to flood-related emergencies
and disasters. In [14], the authors explore an Industrial Safety
Management System leveraging wireless communication tech-
nology. This technology-centric approach to safety manage-
ment centers on enhancing communication and response proto-
cols.

The papers [15,16] introduce a navigational safety assess-
ment method that employs a Markov model approach, offering
a novel way to evaluate safety in maritime navigation, presents
a method for evaluating the quality of risk assessments in ship-
board operations by incorporating expert reviews, aiming to en-
hance the effectiveness of risk assessment procedures. In [17]
explores the importance of maritime situational awareness as
a fundamental factor for ensuring safe ship operations, poten-
tially discussing strategies and technologies to improve situ-
ational awareness. Publication [18] provides an overview of
ship information security risks and safety concerns in maritime
transportation, likely discussing issues related to the security of
information on ships. The article [20] examines the flow of in-
formation within maritime safety management systems, shed-
ding light on how information is managed to enhance safety
in maritime operations. A quantitative analysis to enhance the
implementation of safety management systems on ships, poten-
tially assessing the effectiveness of SMS implementation pro-
cedures conducted in [21]. The research [22] explores research
directions for remotely-controlled merchant ships by revisit-
ing their system-theoretic safety control structures, offering in-
sights into improving safety in remote ship operations. The
paper [23] discusses the coordination of the ISM Code and
OHSAS procedures to enhance occupational health and safety
at sea, likely providing strategies for improving safety practices
in maritime environments. Innovative strategy development ap-
proach aimed at improving the effective implementation of the
ISM Code, potentially offering insights into strategies for ensur-
ing compliance with safety management standards introduced
in [24]. A validation study to assess the ongoing effectiveness
of the ISM Code by comparing maritime accidents in Korean
waters, providing valuable insights into the ISM Code’s role in
ensuring maritime safety performed in [25]. The articles [26-
28] considered the issues of optimizing the energy consump-
tion of an autonomous watercraft by determining the effective
modes of operation of propulsion motors and solving the ur-
gent problem of cyber-resistance of ship information systems
and strategy for modernizing passenger ships.

While the works studied make a valuable contribution to the
field, there is a clear opportunity to further explore the precise
criteria and methods for identifying non-conformances in safety
management systems. This would involve scrutinizing specific
indicators, benchmarks and processes that indicate deviations
from established safety standards. In addition, a comparative
analysis of different approaches to non-conformance detection

can provide valuable insights into best practices.
Thus, although the research conducted has laid a solid foun-

dation, there is an urgent need to further explore the principles
of non-conformance identification in safety management sys-
tems. Such research can make a significant contribution to ef-
forts to improve maritime safety and minimize operational er-
rors.

2. Materials and methods.

The International Safety Management Code (ISM Code)
is a set of international guidelines and regulations developed
by the International Maritime Organization (IMO) for the safe
management and operation of ships and the prevention of pol-
lution. The ISM Code is part of a wider system of international
maritime safety standards and applies to all ships engaged in
international voyages. Its purpose is to ensure the safety of nav-
igation, protect the marine environment and promote the wel-
fare of seafarers. The Code imposes significant obligations on
shipowners and operators. These include establishing a safety
management system (SMS) on each ship, conducting regular
audits and assessments for compliance with the Code, and train-
ing and certification of crewmembers.

The ISM Code, which applies to all ships engaged in inter-
national voyages, is the cornerstone of maritime crisis preven-
tion, environmental protection and maritime safety. It covers
a wide range of aspects, from navigation to ship maintenance,
and includes crew management and other aspects.

Conducting SMS audit is a crucial activity in the field of
maritime safety. It involves assessing the compliance of the
company and the vessel with global safety standards, incorpo-
rating the provisions of the ISM Code, as shown in Fig. 1;

Figure 1: Conditional algorithm of SMS audit.

Source: Authors.

In order to manage the state of ship safety in a company, it
is necessary to target the factors on which this state depends.
For example, in order to manage the condition of a seagoing
transport unit (vessel), it is necessary to influence a variety of
factors, and such factors as those on which technical, social
and financial results of production activities of the company’s
ship safety management system depend. Such factors (factors
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of influence) in relation to the tasks facing the company’s SMS
can be structured, for example, as follows Fig. 2;

Figure 2: Influencing factors in relation to the company’s SMS
objectives.

Source: Authors.

It is obvious that the successful functioning of the SMS is
impossible without scrupulous periodic analysis of its condition
at various stages of its development. To ensure the possibility
of self-assessment by shipping and fishing companies, a rec-
ognized organization (Classification Society) has developed a
model of SMS perfection based on the principles of the Interna-
tional Safety Management Code. Therefore, self-assessment of
SMS in a shipping or fishing company is thus a way to compare
its safety activities with the SMS excellence model, to deter-
mine the level of improvement of its SMS at this stage, to take
appropriate management actions to improve the effectiveness
of the SMS and to increase the safety of operating vessels. A
graphical interpretation of the sequence of actions of personnel
in the SMS when conducting self-assessment of their perfor-
mance can be presented in the figure (Fig. 3).

Figure 3: Graphical interpretation of the sequence of personnel
actions in the SMS.

Source: Authors.

The main ideas inherent in the model of SMS perfection
allow:

• substantiate methodologies for calculating the quantita-
tive assessment of a company’s SMS;

• to be a means (tool) for comparing the effectiveness of the
company’s SMS at fixed time intervals, as well as among
themselves;

• provide an opportunity to compare the effectiveness of
the company’s SMS with the uniformly established levels
of SMS perfection.

Conducting an SMS self-assessment using data from compa-
ny-operated SMS vessels has a number of advantages:

• allows for an ”overall snapshot” of the state of the com-
pany’s SMS at a given stage;

• gives the right to use a single set of criteria for assessing
the effectiveness of SMS;

• realizes a systematic approach to SMS improvement;

• allows obtaining objective assessments based on facts rather
than personal perception of managers;

• facilitates an understanding of what the company’s SMS,
its shore-based units and vessels need to do in key areas
of the SMS in a given situation;

• enables changes in the status of the company’s SMS to
be tracked since the previous self-assessment;

• enables more detailed reviews of the company’s SMS ac-
tivities on ships and shore-based units in accordance with
section 12 of the ISM Code.

The model of SMS perfection and the methodology of as-
sessment of SMS improvement based on this model can be used
in several situations. First, at the stage of planning any mea-
sures aimed at improving the company’s SMS. The trained spe-
cialists from the personnel of the SMS can estimate to what ex-
tent these measures will allow to increase the coefficient of the
system (”integral assessment of the SMS perfection”) and can
choose the amount of resources, which is necessary for realiza-
tion of the planned measures. In addition, specialists from the
SMS personnel can make a more or less justified decision on
the expediency of their implementation and the strategy (order)
of their implementation.

Another situation in which it is appropriate to use the SMS
improvement model and the SMS improvement assessment me-
thodology based on it is to conduct an SMS self-assessment as
an activity carried out in fulfillment of the requirement under
Section 12.2 of the ISM Code. In particular, this section ad-
dresses the requirement for companies to conduct internal au-
dits and safety reviews for compliance with the ISM Code.

This section states that shipping companies should establish
and maintain procedures for conducting periodic internal audits
to ensure that SMS effectively implemented and that the objec-
tives of the ISM Code are met. These internal audits (Fig.1)
are necessary to verify compliance with the ISM Code and to
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identify areas where improvements may be required to enhance
safety.

In this case, self-assessment of SMS effectiveness in a ship-
ping company is recommended to be carried out in the follow-
ing sequence: a designated person of the company decides to
carry out self-assessment, a leader of the self-assessment pro-
cess is appointed. As such, a person it is best to appoint a suffi-
ciently trained and authoritative specialist of the company who
has a good understanding of its work and computer skills. It
would be helpful if the first face of the shipping company (pres-
ident, director, general or executive officer) can head this work.
If there are about twenty or more people working in the com-
pany’s onshore SMS departments, the self-assessment process
can in principle be led by an authorized person of the company
and an expert panel appointed.

3. Results and discussion.

If the factors of influence are structured, then for successful
achievement of the goal set before the company’s ship safety
management system (SMS) in terms of social factor manage-
ment it is necessary to draw up the structure of SMS organi-
zation, and then, in accordance with this structure, to decom-
pose labor relations, identifying both ”functional” (vertical) and
”sectoral” (horizontal) subsystems. When singling out vertical
and horizontal components of labor relations in an SMS, one
should be guided by ratio models:

W = U × V = (u, v) | u ∈ U, v ∈ V

(u, v) ∈ A1 ↔ v < u (1)
(u, v) ∈ A2 ↔ v ∼ u

Where v < u, v ∼ u – relations defining the signs of vertical
and horizontal production relations in the system, respectively;

Figure 4: Influencing factors.

Source: Authors.

The social factor is the dominating influence factor, because
knowledge, experience, qualification, conscientiousness, and,
therefore, qualitative, highly effective work of the personnel of

the ship operation safety management system, including man-
agers, organizing this work and evaluating it, determine the suc-
cess of the processes and achievement of all planned improving
results.

Achievement of the planned improving results of SMS is
impossible without technical and financial resources. Resources
can be classified into material, intellectual, own, and those that
are purchased and spent while ensuring safety: energy, mate-
rials, services, consultations, information, and software prod-
ucts. And the higher the quality of resources, the higher the
level of security, but quite often the administration of compa-
nies takes into account that the cost of resources is a significant
part of the costs and limits these costs from above. A com-
pany’s operational infrastructure, including financial and ma-
terial resources, plays an important role in ensuring efficient
operations and meeting SMS requirements. It provides the nec-
essary resources to provide transportation services and manu-
facture products, which in turn contributes to achieving high
standards in safety management.

Effective management of the state of safe operation of the
company’s vessels is one of the influencing factors that is nec-
essary for the successful operation of an SMS. The factor of
effective management is as important as the company’s infras-
tructure or the personnel of the SMS. At the same time, it is a
specific factor. The management connects the process of man-
aging the state of safety on the company’s ships with the per-
sonnel of the SMS, resources, infrastructure of this company,
its finances (Fig. 5). Only by influencing the above-mentioned
factors of influence, it is possible to establish necessary and
coordinated requirements to the results of activity and then to
ensure their fulfillment. Thus, the management of activity in
the SMS is first the management of personnel, resources, in-
frastructure, and finances.

Note that in process management there are managerial pro-
cesses, for example, management of planning or management
of SMS improvement. Therefore, it is possible and necessary
to talk about managerial management (Fig. 5);

Figure 5: Management of activities in SMS.

Source: Authors.
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It follows from Fig. 5, that the leading influence factor is
processes, as personnel, resources and infrastructure influence
the results of the SMS activity only through processes. Financ-
ing determines the actual state of all influencing factors, and the
objects of management are all factors, including the processes
ensuring the state of safety of the company’s vessels within the
framework of conventional and national requirements.

Influencing factors operate not only within the ship’s safety
management structure. In addition to internal factors, there are
external influencing factors that can also significantly change
the performance of the SMS. Such factors are various manda-
tory requirements set by the International Maritime Organiza-
tion (IMO), regional international agreements (regional memo-
randums), national organizations and the company that regulate
and define in a certain way the activities of the SMS. These
external factors have a direct impact on the requirements for
personnel and processes, resources and infrastructure, and the
management of the operational status of ships. Compliance
is monitored by a whole system of international and national
oversight bodies, from the port authority to a recognized orga-
nization. The company, through the SMS, has to manage its
response to ensure, on the one hand, that the relevant require-
ments are met and, on the other hand, to minimize the risks
generated by failure to meet these requirements. Conscientious
fulfillment of mandatory requirements gives certain guarantees
in achieving the proper level of safe operation of ships, con-
tributes to good social results and, what is important, protects
the company from unreasonable claims from the states in whose
ports the company’s ships call.

Establishment and sustainment of a unified system of man-
agement in the company (the culture of the SMS management)
should be a permanent goal of its management. The unified
management system should be based on coordinated and bal-
anced management of its results through the management of in-
fluencing factors on which they depend, taking into account ex-
ternal regulatory requirements. Implementation of the require-
ments of international and regional safety standards is more
appropriate to implement through modification of the unified
management system.

This will allow the company to:

• accommodate the requirements of any newly introduced
documents or new management system requirements, with-
out developing new additional systems;

• link in one and the same document the requirements of
different standards for the same process or object;

• significantly reduce the number of newly developed doc-
uments.

In order to start modification of the unified management
system, it is necessary to have its description. It allows to assess
its compliance with the requirements of these or those standards
and to establish for which requirements such compliance is ab-
sent or incomplete. Usually there is no full description of the
system, although it can be documented to a greater or lesser
extent, but it largely ”exists in the heads” of management and

employees, based on established relationships and stereotypes
of behavior. The question arises, how to identify and describe
a unified management system? It is advisable to do this in rela-
tion to the management of influencing factors, i.e., for example,
safety management and logistics management should be carried
out through the management of processes, personnel, resources,
finances.

In order to reduce costs and not to cause slowdown and
sabotage of work due to too strong psychological rejection of
the personnel of the ”collapse” innovations, it is advisable to
modify not at once, but in stages, depending on the relevance
for the company of the introduction of any standards. Conse-
quently, the object of unified and balanced management should
be technical, financial and social results of the company’s activ-
ity. The correct drawing up of goals, development of programs
and making any decisions concerning even one result, for ex-
ample, safety, can be realized only taking into account the in-
fluence of this safety on other results of the company’s activity.

The basis for the property of systematicity in SMS are the
processes Fig. 5, which can be conditionally called the main
processes, for example, operation of the company’s vessels,
procurement of resources to maintain the state of safety on these
vessels, etc. Auxiliary or servicing processes: installation, ad-
justment and repair of equipment, communication, supply, work
with crew. The processes ensuring maintenance of the state of
safe operation also include management processes, for exam-
ple, planning, realization, control and selection of corrective
management. In this case, the more perfect the technology of
processes, the more productive they are, the less labor-intensive
they are, the better they are organized, the higher the results, in-
cluding safety, and the lower the costs.

In order to study the peculiarities that may arise in the pro-
cess of maintaining the state of safe operation of the ship, let
us schematize the modern SMS of the company, represent this
system in the figure (Fig. 6) and define the structure of the SMS
of the company.

On the one hand, the structure of the SMS should meet the
requirements of the ninth chapter of the International Conven-
tion SOLAS-74 and its Code (ISM code), and on the other
hand - the requirements of the FSC concept and national re-
quirements. Formally, such an SMS structure can be defined as
follows:

η = (Y, I, X,R,U,G) (2)

where: Y - set of the organizational-technical system, in-
cluding both onshore divisions of the company and vessels united
by information and control links; I - system of actions and re-
lations (SMS management culture), providing a standard state
of safety for vessels in the structure; X - set of processes go-
ing on in the structure; R - set of management objectives; U -
set of purposeful management plans; G - set of management re-
sources, for example, optimal in terms of cost, but selected with
agreed constraints;
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Figure 6: Schematic structure of a modern company’s SMS.

Source: Authors.

Then, within the requirements of a compliance culture, the
state assessment of the safety condition management process
going on a ship X j ∈ X, can be defined using an indicator func-
tion written as follows:

F(X j) =


1, i f X j ⊆ X0 in safe condition of ship η0
from SMS structure as whole η;
0, i f X j ⊆ X0 in substandard ship condition η0
from SMS structure as whole η;

(3)
Where X j – current status of the process running on the ship,

X0 – standard (reference) safe state of the ship process main-
tained by system management.

The proposed function allows to transform the process model
X j into a random sequence of zeros and ones that reflects the
changing safety state of the ship from standard state to sub-
standard state and vice versa. It should be noted here that the
use of the indicator function under fairly general assumptions
allows us to identify nonconformities while minimizing the em-
pirical risk.

A set of processes strictly defined within the framework of
the structure presented in the form of a schematized description
(Fig. 5) is called a metaprocess. From a formal point of view,
the most general description of all interactions can be chosen as
a model of a metaprocess as the expression written as follows:

Y →
Z
X0 (4)

Conclusions.

The paper emphasizes the importance of a systematic ap-
proach to ship safety management in a company. Effective im-
pact on technical, social and financial aspects of safety requires
a comprehensive consideration of influencing factors. Particu-
lar attention is paid to the social factor as the qualifications; ex-
perience and responsibility of the company’s personnel and ship
crew, as well as the management culture of the company have
a direct impact on ship safety. External factors such as the re-
quirements of the International Maritime Organization and na-
tional agencies have a significant impact on ship safety man-
agement and compliance with these requirements is critical.

Management plays a crucial role in linking all aspects affect-
ing the safety status of a ship and includes the management
of personnel, resources, infrastructure and finances. The paper
also proposes the use of process modeling and analysis to as-
sess the state of the ship’s safe operation management system.
This will help to identify discrepancies and ensure continuous
improvement. The use of metaprocesses and indicator func-
tions to evaluate ship processes appears to be an effective way
to improve the management of safety status. To summarize, the
article presents important aspects of ship safety management in
a company and offers specific recommendations to improve the
effectiveness of the management system.
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