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The object of this study is the processes of auto-
mated management of maritime safety by analyz-
ing the manifestations of the human factor of sea 
navigators.

The task solved is justified by the need for formal 
and logical analysis and intelligent identification of 
mental motivational states (MMS) of marine navi-
gators whose actions can cause dangerous situa-
tions during the control of the ship’s movement. 
High accident rates due to the fault of the naviga-
tors, in the absence of automated means of monitor-
ing their condition, cause a contradiction between 
the existing means of safety control in controlling 
the movement of the vessel and the modern require-
ments of navigation, which needs to be resolved.

A safety management approach was devised that 
takes into account the specificity of navigational 
tasks and the p-adic classification of dangerous MMS 
for navigators. This has made it possible to create 
three security modes that are activated depending on 
the detected state of the navigator’s MMS.

Features of the results are the combination of 
analysis by means of p-adic systems and intelligent 
methods of data processing. As a result, sufficient 
identification accuracy was obtained for more than 
75 % of MMS through neural network training.

Experimental data collected during the navi-
gation watch, as well as on the Navi Trainer 
5000 navigation simulator (W rtsil  Corporation, 
Finland), became the basis for simulation by means 
of neural networks. In turn, the training of neural 
networks made it possible to obtain sufficient iden-
tification accuracy by performing up to 3000 ite-
rations. Overall, the learning rate of the neural 
network was 0.98, which indicates a high level of 
identification.

From a practical point of view, the results could 
be used for the automated management of ship-
ping safety, as well as for evaluating the level of 
adaptation of the navigator to dynamically chang-
ing conditions. The proposed approach provides 
opportunities for the application of modern intelli-
gent technologies in the field of maritime transport 
safety, namely artificial neural network tools that 
determine notification modes or activation of auto-
matic ship traffic control modules.

The specified contradiction requires the design 
of specialized systems for automated safety mana-
gement of ship traffic control based on the identi-
fied states of navigators
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1. Introduction 

Undoubtedly, the human factor is defined as the main 
contributor and inevitable driver that causes catastrophic 

situations in maritime transport [1, 2]. Many researchers 
around the world are engaged in the analysis of the potential 
definition of marine disasters in order to meet safety and 
security requirements. This issue will certainly help prevent  
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possible accidents in the future. However, the development 
of management systems faces real challenges, trying to take 
these processes under control, taking into account the degree 
of risk. In turn, the complexity and multifacetedness of iden-
tifying the reasons for which marine navigators (it would be 
appropriate to provide a brief description of a marine navi-
gator, his functions, because the research is interesting not 
only for specialists in the maritime industry but also for other 
types of transportation, taking into account the presence 
of close problems, for example, in air transport) change the 
usual patterns of actions when driving a ship, makes it prob-
lematic [3]. It should be taken into account that a marine 
navigator is a specialist responsible for the safe management 
of a ship, who ensures the accurate determination of the 
ship’s location, plans the optimal route, and avoids dangers 
on the way. He analyzes meteorological conditions, moni-
tors radio communications, and ensures the maintenance of 
the necessary documentation. The navigator is responsible 
for monitoring the technical condition of the vessel and its 
equipment. In critical situations, he coordinates rescue ope-
rations and can provide first aid.

The situation is worsened by the fact that ship owners 
are faced with a lack of funds, which leads to the absence of 
a full-time psychologist on board the ship. In addition, the 
introduction of psychological surveys gives only a relative 
assessment of the mental state of the sea navigator during the 
process of recruiting a crew in companies.

Meanwhile, some studies pay great attention to the influ-
ence of mental motivational states (MMS) of an individual 
on the result of the completed task, especially in critical, 
dangerous situations [4, 5]. In turn, the mental motivational 
states of marine navigators are a partial example of psycho-
logical states that influence their decisions and actions while 
controlling the movement of the vessel. These conditions 
can be caused by various factors, such as stress, fatigue, over-
confidence, fear, etc., and can lead to dangerous situations 
at sea because they affect the perception, reaction, and deci-
sion-making of navigators in difficult situations.

It has been studied that the navigator’s motivation is 
closely related to his expectations, which, in turn, play an 
important role. On the one hand, this factor can undoubtedly 
be called formative in creating a behavior strategy, predict-
ing the desired result, but at the same time it is difficult to 
detect [6–8].

Given the above, the relevance of research into the influ-
ence of the human factor on the safety of ship management 
is extremely important, and therefore there is an urgent need 
for additional research and development in the field of intel-
ligent identification of the mental motivational states of na-
vigators. This involves the use of automation of the specified 
processes on board the ship in real time, which will make it 
possible to implement effective maritime safety management 
systems that can respond to changes in MMS. The develop-
ment and implementation of such systems will be a decisive 
step in ensuring the safety of maritime transport, preventing 
disasters, and adapting the strategies of navigators’ behavior 
to changing circumstances.

The relevance of this scientific and applied topic is quite 
high since the human factor, in particular the MMS of marine 
navigators, affect the safety of navigation, and stress and other 
psychological states can significantly affect decision-making 
during the control of the ship’s movement. The lack of stable 
psychological support on board ships complicates the situa-
tion, as there is no identification and correction of the con-

dition of the crew. However, there is potential for technical 
innovation, such as the development of systems that can iden-
tify navigators’ MMS in real time and implement corrective 
measures. This becomes especially important in the context of 
the global role of maritime transport and the need to ensure 
its safety at the international level, and the data obtained 
from the research could have a wide scope of applications, 
including other modes of transport, such as air and rail.

2. Literature review and problem statement

In [9], such a comprehensive approach to assessing the 
risk of capital investment of ships is proposed, including pa-
rameters of use such as the closest point of approach (DCPA),  
the time to the closest point of approach (TCPA), and the 
capital increase risk index (CRI). However, despite the thor-
oughness of these methods, the cited article does not take 
into account the human factor, in particular, the states and 
actions of the shipmaster during the navigation watch. This 
indicates insufficient accuracy of the ship collision risk mo-
del and may lead to an underestimation of the real risk since 
the human factor plays a key role in the safety of maritime 
shipping. Thus, despite significant advances in risk quan-
tification, the cited paper leaves room for further research 
and improvement, including a more in-depth analysis of the 
human factor.

Works [10, 11] consider in detail the errors of operations 
on board the ship: operations on board the ship are the main 
factor contributing to 70 % of accidents. However, it is im-
portant to consider that these mistakes can be caused not only 
by technical shortcomings but also by motivational factors of 
the captains. This is also seen in MASS (Marine Autonomous 
Surface Vessel) operations, where an operator must remotely 
intervene in the operation of the autonomous vessel, although 
the human element is not considered in MASS design. In this 
sense, the considered alarm management system seems to be 
insufficiently effective for use in situations where shore ope-
rators need more time to react in critical situations. There is 
also the issue of delineating roles, duties and responsibilities 
between different team members.

Papers [12, 13] analyze the causes of the accident using 
the system analysis and classification of the human factor in 
marine accidents using HFACS-MA methods. The analysis 
of causes and their differentiation is divided into categories: 
external factors, organizational influences, unsafe manage-
ment, suggestions, and unsafe actions of operators. However, 
the study is based on a large number of accidents but does 
not take into account their severity or type. This limits the 
ability to conduct a more in-depth analysis and understand 
how different types and severities of accidents may affect 
different risk factors. This fact does not allow a deep investi-
gation of the negative manifestations of the human factor as 
a cause of accidents because some accidents are not reported 
by pilots, and therefore they are not known to SHPA and are 
not included in their database.

In works [14, 15], an analysis of marine accident reports 
registered in MAIB from 2010 to 2019 was carried out, and it 
was found that the causes of the accident are mainly related 
to two categories of the human factor. Using the HFACS-MA 
method and multiple linear regression, the authors confirmed 
that exposure to these categories can reduce accidents and 
improve overall shipping safety. It should be noted that the 
research was conducted taking into account all types of 
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merchant ships but did not investigate the specificity of the 
relationship between the classes of ships and the influence of 
the human factor. It is possible that different classes of vessels 
may have unique parameters and risk factors related to the 
human factor of navigators. This is an objective reason that 
limits the research methodology.

Typically, the main focus is on the technical aspects of 
the safety of marine systems, including automated testing 
and risk analysis [16]. The research data focuses on the 
analysis of navigator data using AIS data and data analysis 
tools. They define the safety profiles of navigators, includ-
ing risky and safe, and confirm the ability to identify these 
profiles from AIS data. The research also includes simula-
tion tests of the navigators’ actions in a ship collision situ-
ation and the creation of models to identify the navigator’s 
profile. Although a direct analysis of navigators’ motivation 
is not mentioned, the cited study can serve as a basis for 
understanding navigators’ behavior and analyzing motiva-
tional factors.

In order to solve the issues of improving maritime se-
curity, administrative management is being strengthened, 
which introduces significant subjectivity [17]. The authors 
analyze the risks and threats to maritime safety using a fuzzy 
and complex analytical process through the study of crew 
training models based on the professionalism of the marine 
surveyor and the marine accident investigation system. The 
study includes tests to identify the navigator’s safety profile 
based on AIS data and simulation tests of navigators’ actions 
in ship collision situations. As a result, a model is built to 
identify the profile of the navigator. However, while the 
study recommends the creation of standard safety assessment 
procedures, it is still unclear how these procedures will be de-
veloped, deployed, and overseen at the global shipping level.  
The research also highlights the need to develop and imple-
ment policies to improve shipping safety. However, concrete 
strategies for the implementation of these policies are still 
being developed.

The problems of the negative impact of the human 
factor are also important for cyber-physical security in the 
maritime sector, including a review of research and legal 
initiatives [18]. In particular, methods of cyber security 
risk assessment for cyber physical systems and processes of 
risk processing are considered, including design and control 
of cyber security. The authors highlight the importance of 
global communications for the maritime industry and the 
complexity of the cyber architecture that supports process 
functions. However, a proper security and operations audit 
of critical components and processes of marine assets is not 
performed, which may reveal unknown vulnerabilities in ship 
management systems and processes. There are also problems 
with the convergence between land-based and maritime 
cyber-physical security systems, which can complicate the 
implementation of security policies and improve the detec-
tion of threats in the face of negative manifestations of the 
human factor.

Nevertheless, this does not mean that the current state of 
the navigator is not important in controlling the movement 
of the ship [19], but on the contrary, it indicates insufficient 
identification of the motivation and behavior of operators, 
which significantly affects the efficiency of navigation. This 
can be especially important when moving to e-navigation, as 
it involves changes in the roles and responsibilities of navi-
gators. However, this is practically not taken into account in 
the form of complexity and uncertainty in the identification, 

formalization, and algorithmization of the parameters of the 
motivational state of navigators.

The review of the above sources indicates insufficient 
attention to the psychological state and motivational mecha-
nisms of decision-making by navigators in the context of 
maritime navigation safety, especially when transitioning to 
e-navigation. At the global level, there is a problem of deve-
loping, deploying, and monitoring objective and formalized 
safety assessment procedures for ship traffic management 
that integrate technical and human factors. There is sig-
nificant complexity and uncertainty in the identification, 
formalization, and algorithmization of the parameters of 
the motivational state of navigators, which complicates the 
timely detection and correction of potentially dangerous 
conditions and can worsen the safety of navigation.

3. The aim and objectives of the study

The purpose of our research is to devise an innovative ap-
proach in the study of the MMS of sea navigators using p-adic 
systems to identify the negative human factor in the tasks of 
safety management in maritime transport. This will make it 
possible to introduce a real-time safety management system 
for controlling the movement of the ship by means of automa-
ted identification of additional factors influencing the effec-
tiveness of decision-making by navigators in critical situations.

To achieve the goal, the following tasks were set:
– to develop a formal and logical approach to the struc-

tural identification of the navigator’s MMS with the aim 
of covering the widest spectrum of his functional activity 
during the navigation watch by means of p-adic systems;

– to build a scheme for managing the safety of navigation 
on ships based on the identification of dangerous MMS;

– to conduct simulations on the training of intelligent 
systems based on artificial neural networks, which will allow 
obtaining sufficient accuracy of automated identification of 
dangerous MMS.

4. The study materials and methods

The object of this study is the process of structural identi-
fication of navigators’ MMS during navigation watch.

Hypothesis: the use of p-adic systems for the analysis of 
MMS of sea navigators will allow identifying dangerous con-
ditions based on non-linear methods, as well as improving the 
safety management system.

An important element of research is obtaining the exact 
structure of interrelated situations of a particular navigator. 
In turn, the research hypothesis assumes the following: the 
construction of a geometrically structured map, with a high 
probability, will allow determining the areas of distribution 
of MMS, as well as mechanisms for determining the possible 
actions of navigators.

In the course of the study, statistical data were calculated 
and identified, which reveal the dependence between the 
MMS of navigators and the sequence of their actions when 
performing sea maneuvers [20, 21]. It should be emphasized 
that one of the available results was the clustering of naval 
teams according to typical patterns of behavior in relation 
to MMS. Thus, the following groups were identified, which 
define four models of behavior and, accordingly, four domi-
nant MMS (Table 1).
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«Ego-Motivation»: The ship’s captain can greatly in-
fluence the actions of the navigators through his willpower 
and internal motivation, sometimes replacing them in some 
situations. This can lead to passivity among team members.

«Confrontational motivation»: Navigators often choose 
tactics based on the priority of tasks rather than their quality, 
which can lead to violations of navigation rules [22].

«Motivation to obtain»: Navigators seek to achieve a po-
tential outcome, even if this may lead to a careless attitude 
to maneuvering safety.

«Avoidance motivation»: Navigators may choose cau-
tious steering tactics, which may lead to temporary pauses or 
forced return of the vessel to the starting point.

Correlation analysis revealed that there were non-random 
relationships that warrant further investigation. One of the 
main tasks of the scientific analysis considered in the article 
is the construction of a map of the mental motivational states 
of navigators. This aspect will make it possible to structurally 
and accurately determine the initial cause of the emergence of 
critical situations and navigational hazards [23].

During the passage of the channel, navigators are used to 
follow a certain strategy, which is formed, accordingly, owing 
to a certain MMS.

However, it should be noted that the chosen strategy 
cannot be considered equally effective at all stages of the long 
transition. The navigators’ ship management strategy during 
the transition according to the single MMS does not allow 
success during the entire route.

Therefore, navigators have to adjust the strategy that 
causes changes in MMS and, accordingly, significantly affects 
the model of navigator behavior when carrying a watch [24]. 
Faced with the problem that arises in such situations where 
the chosen strategy is not justified, the navigators have to 
change MMS immediately [25]. Since situations are critical, 
time may not be enough for rapid changes in a strategy that 
affects the safety of navigation [26].

As a result of the above, the trajecto-
ries of the ship’s movement are charac-
teristic unstable curves. It is at these mo-
ments when the MMS of the navigator is 
restructured that there is a high proba-
bility of accidents [27]. Fig. 1 shows the 
repetition of changes in the ship mana-
gement strategy. However, you can see 
that some fragments of the curve indicate 
a violation of the navigation rules.

The above trajectories of the vessel 
indicate the intervals of time when the 
transformation of the navigator’s MMS 
takes place. Therefore, close time moni-
toring of the actions of navigators during 
the use of the Navi Trainer 5000 navi-
gation simulator will make it possible to 

determine their dynamic behavior patterns and reveal the 
reasons for deviations from the established recommendations 
when controlling the movement of the vessel. One of the 
important factors was the increase in the ship’s speed, which 
indicates changes in the strategy of the navigators’ behavior. 
So, for example, Fig. 1 clearly shows that the initial and safe 
strategy was able to cope with the dangerous turn. Another 
chosen tactic, which can be observed, significantly exceeds 
the first in terms of speed, despite all warnings about being in 
a difficult navigation area of the terrain (Fig. 2).

It turned out that navigators with an unstable motiva-
tional structure at the age of 40–45 often find themselves in 
similar situations. Usually, senior mates are of this age, and 
therefore more than 70 % of navigators are potentially prone 
to getting into critical situations.

Accordingly, in this case, the main problem is not determin-
ing the causes of such states and identifying the nearest possible 
states relative to the current ones. Taking into account the cir-
cumstances that arose during the study, there is a task to signifi-
cantly expand the area of the navigator’s MMS, along with the 
possibility of their identification through observation, as well as 
through automated systems and auxiliary means of navigation 
information systems. Such an approach will make it possible to 
distinguish all possible problematic situations while at the same 
time reducing navigational risks for the safety of navigation.

A large number of scientific sources provide a detailed 
description of personality MMS, their causes and subsequent 
consequences. However, the mechanisms shaping the space of 
such MMS in relation to the specific individual experience of 
the navigator are poorly described. This issue is considered 
a real problem that has not yet been resolved at the current 
stage of leveling the human factor in shipping. Therefore, 
one should try to approach the solution of this problem with 
the help of formal approaches that make it possible to obtain 
the necessary accuracy in the positioning of the navigator’s 
MMS in the logical-geometric space.

Table	1
Correlation	matrix	of	MMS	structure

Navigator state
Mental motivational state

Ego motivation Confrontation motivation Motivation to receive Avoidance motivation

Ego motivation 1.000 –0.036 –0.033 –0.113

Confrontation motivation –0.036 1.000 –0.010 0.231

Motivation to receive –0.033 –0.010 1.000 –0.049

Avoidance motivation –0.113 0.231 –0.049 1.000

 
Fig.	1.	Fluctuations	of	the	ship’s	course	at	the	time	of	dangerous	mental	

motivational	states	based	on	experimental	data	using	the	Navi	Trainer	5000
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So, first of all, it is necessary to explain the basic princi-
ples of the proposed approach to the formation of the marine 
navigator’s MMS space:

1. Given the peculiarities of the formation of MMS, the 
space should be considered as hierarchical in its structure.

2. MMS and their component identifiers must be unique-
ly expressed, avoiding overlap, and marked as separate from 
each other.

3. The distribution of MMS should be based on the main 
feature that is taken to form their tree-like structure.

4. Conventionally accepted formal motivational space 
should be represented in the form of a geometric system 
where a separate state focuses on a certain nodal point.

Hence, the basic principles mentioned above probably in-
troduce some foundations for finding suitable formal systems. 
Therefore, among the diverse range of mathematical theories, 
systems of p-adic numbers are considered the closest to the 
formal description of the motivational space of navigators.  
It is worth noting that the axioms of this theory do not con-
tradict the above-mentioned basic principles of the proposed 
approach, offering practical use in the management of ship-
ping safety processes [28].

Based on the above, when constructing the motivational 
space within the framework of p-adic systems, it was assumed 
that only one state was formed for each navigator at a certain 
time. These states were generated by external information 
signals, which formed the vector:

x n= ( )α α α1 2, ,..., ,... , α j m= −0 1 1, ,..., ,

at x m mk k
k= ≡ + + + +α α α α α α0 1 0 1, ... ... ... ... .

Which in turn assumed the coding of states, and tran-
sitions between them based on the Hamming metric [29], 
according to:

ρ α βx y j j
j

N

, ,( ) = −
=
∑

0

 x j= ( )α , y j= ( )β .

This also led to the possibility of a formal description of 
the MMS of navigators according to the associative series of 

the hierarchical structure in the following form, simple (1) 
or complex (2):

A x X s Xs M MMC MMC= = ( ) ∈ ={ } ⊂α α α0 0,..., : , (1)

A x X s ss s M MMC l ll0 0 0 0 1 1... ,..., : ,..., .= = ( ) ∈ = ={ }− −α α α α  (2)

Therefore, it became obvious that MMSs by association 
belong to the corresponding actions when working with na-
vigation equipment and means of controlling the movement 
of vessel B. Then the associative series in the form of As0...sl

, 
will take the representation:

B f A y f x x As s s sl l
= ( ) = = ( ) ∈{ }

0 0... ...: .

Also, based on principle No. 2, which states that each 
MSS must not be mixed or incomplete, all numbers must be 
integers. Additionally, taking into account principle No. 3,  
it is assumed that the significant values of external signals αj 
that come to the navigator’s attention should have a degree 
of influence from the largest α0 and, in accordance with the 
order of numbers, to the smallest [29].

Threfore, the location of the construction of the navigator’s 
MMS space mainly depends on his experience of bonds and 
formed behavior patterns x0, as well as the initial state fs(x).

Therefore, the transition to a new MMS, bearing in mind 
principle No. 1, is possible only from the previous one by 
transforming it, while the new signals αj appear in the form:

f Z Zp p: ,→ ′  x f x→ ( ),

where Zp is specified as the state space at time t, just as Z ′ is 
at time t+1. Therefore, the effect of «attraction» of the new 
MSS is described in relation to the condition x0. It is this 
effect that can be depicted in the form of an attractive force: 
A x x Z xp p0 1( ) = ∈ ={ }: . Given the above formal approaches, 
the construction of a map for the main four MMSs within 
p-adic systems is possible for derivation. Thus, the spatial 
representation of the MSS of navigators is probably achieved 
as a result of obtaining a set of p-adic numbers.

 
Fig.	2.	The	diagram	of	changes	in	speed	parameters	in	two	different	mental	motivational	states	during	passage		

of	the	Bosphorus	using	Navi	Trainer	5000	navigation	simulators	for	containership	class	ships
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For p = 4 and size 4, the numbers from 1 to 64 and beyond 
in the p-adic system will be written in the form of an infinite 
sequence of digits from 0 to p–1:

α α α0 1 2
2+ + + +p p a pk

k... ...,

where α α α α0 1 2 0 1 1, , ,..., , ,..., .k p∈ −{ }
Then we have a classification series such that:

1 = 1, …, 8 = 20, …, 16 = 100, …, 24 = 120, …, 32 = 200, …, 40 =  
= 220, …, 48 = 300, ..., 56 = 320, …, 64 = 1000.

Consider the application of this approach to the forma-
tion of the navigator’s mental motivational map in its prima-
ry form for a variety of states from 1 to 64.

So, the calculations and the resulting map undoubtedly 
illustrate the nodal points, which are the mental motivational 
states of sea navigators. Accordingly, in this case, a related 
parallel question arises regarding the determination of spaces 
close to MSS during the performance of a specific task of 
steering the vessel. In addition, the main goal of this study 
is to obtain an order of the nearest MMS and to identify the 
most unstable ones, which are most likely to lead to cata-
strophic consequences.

So, in order to build a map of MSS, it was proposed to 
introduce a methodology for determining the motivational 
structure of an individual. It includes the use of the Level 
of Person Claims (LCI) questionnaire with four combined 
blocks. Suppose that these blocks are in the following sequence 
of marine navigator preferences, where αi = [α0, α1, α2, α3].

Using this principle, it becomes possible to carry out  
a deep classification of the navigator’s motivational struc-
ture. The obtained data can be represented in the form of 
an information map of the mental motivational state of the 
navigator as a subject of the «man-machine» system in mari-
time transport. It is more convenient to represent this map in 
the form of a graph with a p-adic fractal structure based on 
non-Archimedean principles of number theory [30]. To build 
an information map of the navigator’s motivation, it is neces-
sary to take a p-adicity with dimensionally 4 and a structural 
series of four numbers δ, j, λ, γ. The basic branches of the na-
vigator’s MMS map are labeled: α0 (Fig. 3, d); α1 (Fig. 4, c);  
α2 (Fig. 3, b); α3 (Fig. 3, a).

However, taking into account the complexity and diver-
sity of the research object, it is proposed to expand the space 
of classification features by two orders of magnitude in the 
p-adic system, where p = 4, and the order will be equal to 5.

5. Simulation results in the management of safety 
processes using automated ship traffic control systems

5. 1. Development and formalization of the method of 
structural identification of mental motivational states of 
the navigator by means of padic systems

The information diagram (Fig. 4) shows the input and 
output signals of the intelligent automated MMS identifi-
cation system. To determine the components of information 
signals in the p-adic system, a corresponding hierarchical 
coding was developed.

The proposed coding is performed in the last three di-
mensionalities of the classification numbers in each branch of 
the graph for a separate navigator. For four months, the net-
work was tested based on the analysis of the marine naviga-
tor’s motivational map. Below are the identification results.

Therefore, the structure of the classification of motiva-
tional states of the navigator, of type α δ j λ γi j k n m

, where i = 0...3, 
will be represented by a logical and lexical aggregate of sets:

1. α0 → α δ0 0
 – Time indicators of the navigator’s motiva-

tion → α δ j0 0 0 3...
 (identifier) – quality of motivation: to what 

extent the navigator is sure that his actions are important for 
the successful completion of the task (To, time for perform-
ing gene ral operations with the navigation equipment) →  
→ α δ j λ0 0 0 3 0 3... ...

 – participates in the planning and implemen-
tation of the route (Top, time to create and track a route in  
ECDIS and GPS) → α δ j λ γ0 0 0 3 0 3 0 3... ... ...

 – level of responsibility 
during the preparation and correction of sea charts and na-
vigation equipment settings (Topc, time to create correction 
elements of electronic cartography).

Mental motivational state #1 (Uncertainty): a00002, 
a00102 (where a is the study number, in this example a = 1):

00320, 00332, 00301, 00301, 00002, 00011, 00023, 00030, 
00102, 00113, 00121, 00133, 00203, 00211, 00221, 00233.

2. α0 → α δ0 1
 – Actions of the navigator predicting suc-

cess → α δ j0 1 0 3...
 (identifier) – orientation of motivation: how 

clearly the navigator understands what should be done to 
achieve success (An, clarity and sequence of actions with na-
vigation equipment) → α δ j λ0 1 0 3 0 3... ...

 – clearly understands what 
actions should be performed (Anr, sequence of actions with 
verification, connection: source of information – action) → 
→ α δ j λ γ0 1 0 3 0 3 0 3... ... ...

 – understands how wind, current, and other 
factors can affect the movement of the vessel and takes mea-
sures to maintain the specified speed and course (Anrp, actions 
involving appropriate mathematical calculations).

     
a b c d

Fig.	3.	Map	of	mental	motivational	states	of	the	navigator	in	p-adic	numbers	with	order	3:		
a	–	indicators	of	the	navigator’s	own	strategy;	b	–	positional	features	of	the	navigator	in	the	environment;		

c	–	signs	of	self-development	of	the	navigator;	d	–	functional	indicators	by	activity
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Mental motivational state #2 (Confusion): a01001, a01010, 
a01100:

01001, 01010, 01022, 01032, 01100, 01110, 01121, 01132, 
01203, 01210, 01220, 01233, 01300, 01310, 01323, 01331.

3. α δ0 2
 – Actions of the navigator to improve know-

ledge → α δ j0 2 0 3...
 (identifier) – ability to self-organize: to what 

extent the navigator is ready for self-education (Ol, number 
of requests to specialized literature) → α δ j λ0 2 0 3 0 3... ...

 – ready to 
improve his navigation skills (Oln, number of requests to new 
navigation literature) → α δ j λ γ0 2 0 3 0 3 0 3... ... ...

 – study of new methods 
of navigation and navigation equipment under different 
weather conditions and sea routes (Olne, number of requests 
for specialized navigation courses).

Mental motivational state #1 (Uncertainty): a02000, 
a02101, a02010:

02000, 02111, 02302, 02003, 02310, 02311, 02222, 02023, 
02122, 02101, 02010, 02123, 02021, 02301, 02232, 02312.

4. α0 → α δ0 3
 – Actions to improve navigation safety →  

→ α δ j0 3 0 3...
 (identifier) – attachment to safety: to what extent 

the navigator is ready to strive to ensure safety (Sb, there are no 
deviations in the time of filling out checklists) → α δ j λ0 3 0 3 0 3... ...

 –  

ready to make efforts to ensure the 
safety of the vessel (Sbr, checking the 
safety parameters of navigation de-
vices) → α δ j λ γ0 3 0 3 0 3 0 3... ... ...

 – traffic control, 
timely notification of any danger, es-
pecially when approaching the port, 
entering narrow passages, etc. (Sbrc, 
control/checking of safety parame-
ters in the actions of the watch team).

Mental motivational state #3 (Loss 
of concentration): a03001, a03010:

03202, 03131, 03002, 03203, 
03331, 03020, 03011, 03101, 
03223, 03122, 03001, 03312, 
03210, 03303, 03320, 03010.

5. α δ1 0
 – Analysis of the situation 

while steering the ship → α δ1 0
 (iden-

tifier) – the level of concentration 
on achieving the result: the naviga-
tor believes that the result affects 
his confidence (Ry, computer analysis 
and concentration of the navigators’ 
gaze) → α δ j λ1 0 0 3 0 3... ...

 – shows great in-
terest in the results of his work (Ryo, 
checking the ship’s movement indica-
tors after the actions performed) →  
→ α δ j λ γ1 0 0 3 0 3 0 3... ... ...

 – discusses the results 
of his work with the captain (Ryoc, 
analysis of requests for conversations 
with the captain, messages).

Mental motivational state #4 (Feel-
ing hopeless): a10000:

10120, 10011, 10330, 10000, 
10211, 10131, 10232, 10003, 
10013, 10322, 10220, 10321, 
10133, 10222, 10201, 10123.

6. α δ1 1
 – Increasing the efficiency of actions → α δ j1 1 0 3...

 (iden- 
tifier) – the level of confidence in his abilities: how much 
the navigator is ready to increase the efficiency of his work 
and use new methods and approaches (Mn, computer analy-
sis of non-standard algorithms of actions and sequences) →  
→ α δ j λ1 1 0 3 0 3... ...

 – looks for new methods and approaches to im-
prove the efficiency of one’s work (Mnq, search for data on quick 
and effective solutions) → α δ j λ γ1 1 0 3 0 3 0 3... ... ...

 – he studies the latest 
scientific and technological achievements in the field of naviga-
tion (Mnqs, search for data on new navigation technical means, 
analysis of the use of new modes of operation of equipment).

Mental motivational state #5 (Stress): a11200, a11000:

11330, 11320, 11312, 11302, 11233, 11220, 11210, 11200, 
11130, 11123, 11111, 11102, 11033, 11021, 11012, 11000.

7. α1 → α δ1 2
 – Finding tools for the result → α δ j1 2 0 3...

 (iden-
tifier) – flexibility of thinking and ability to learn: to what ex-
tent the navigator is ready to learn new tools (equipment) (Nt,  
requests to the captain/company to install new equip-
ment) → α δ j λ1 2 0 3 0 3... ...

 – ready to learn new technologies (Ntt, 
search and study of technologies for working with a com-
plex of new equipment) → α δ j λ γ1 2 0 3 0 3 0 3... ... ...

 – he studies new 
software and applications for navigation, data processing 

Fig.	4.	Input	and	output	signals	of	the	intelligent	automated	identification	system	of	
the	navigator’s	mental	motivational	state
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methods (Ntts, search and study of software/system modules 
for new equipment).

Mental motivational state #6 (Conservatism): a12010:

12330, 12321, 12312, 12302, 12232, 12221, 12212, 12201, 
12130, 12122, 12111, 12103, 12030, 12021, 12010, 12003.

8. α1 → α δ1 3
 – Relationship between actions and results →  

→ α δ j1 3 0 3...
 (identifier) – the level of awareness of his role: how 

much the navigator is aware of his role and responsibility in 
ensuring the safety and efficiency of the work performed (Et, 
analysis of actions with equipment corresponding to his 
status) → α δ j λ1 3 0 3 0 3... ...

 – aware of his role and responsibility 
in ensuring navigational safety (Ets, analysis of equipment 
ope rations, regarding checking/adjustment of parameters ac-
cording to the status) → α δ j λ γ1 3 0 3 0 3 0 3... ... ...

 – monitors the accuracy 
and relevance of navigation data, provides navigation skills 
to other crew members (Etso, analysis of equipment opera-
tions, optimally and according to the situation).

Mental motivational state #7 (Unconsciousness): a13300, 
a13010:

13031, 13110, 13221, 13300, 13003, 13132, 13222, 13320, 
13010, 13123, 13232, 13303, 13033, 13130, 13212, 13313.

9. α2 → α δ2 0
 – Self-identification as a watch service →  

→ α δ j2 0 0 3...
 (identifier) – motivation for cooperation and team-

work: the navigator values his role in the team and seeks to 
cooperate with other crew members (Ub, interaction density, 
analysis of movements on the bridge) → α δ j λ2 0 0 3 0 3... ...

 – active 
participation in discussing navigation issues and making 
decisions (Ubc, interaction density, analysis of reports to the 
captain/proposals) → α δ j λ γ2 0 0 3 0 3 0 3... ... ...

 – cooperation with other 
professionals on board, such as engineers and electrical offi-
cers (Ubct, analysis of requests to mechanics, electro-mecha-
nics for optimization of the ship’s motion control) .

Mental motivational state #8 (Isolation): a20200, a20001:

20331, 20320, 20312, 20303, 20231, 20222, 20212, 20200, 
20132, 20122, 20113, 20103, 20032, 20020, 20013, 20001.

10. α2 → α δ2 1
 – Social growth of the navigator → α δ j2 1 0 3...

 (iden- 
tifier) – motivation to satisfy social needs: the navigator 
strives for social recognition of his work and success (Gr, 
requests for recommendations from the captain/company) →  
→ α δ j λ2 1 0 3 0 3... ...

 – active participation in presentations and re-
ports on the work of the crew (Grp, quantitative and qualita-
tive indicators of participation) → α δ j λ γ2 1 0 3 0 3 0 3... ... ...

 – participation 
in press conferences and interviews, as well as in the publica-
tion of articles in professional journals about his work (Grps, 
quantitative and qualitative indicators of publications).

Mental motivational state #9 (Frustration): a21110:

21212, 21302, 21321, 21110, 21203, 21132, 21031, 21333, 
21210, 21113, 21320, 21222, 21123, 21230, 21030, 21301.

11. α2 → α δ2 2
 – Financial opportunities and position →  

→ α δ j2 2 0 3...
 (identifier) – motivation for material reward: the 

navigator aims to receive a financial reward for his work and 
strives for financial security (Fs, requests for increased financ-
ing to the company) → α δ j λ2 2 0 3 0 3... ...

 – strives for financial security, 
can actively participate in the competition for salary increases 
and for the improvement of working conditions on board (Fsk, 
requests for increased funding to the captain) → α δ j λ γ2 2 0 3 0 3 0 3... ... ...

 – 

aspiration to work on ships with higher salaries (Fskc, requests 
for obtaining a position in other ships/companies).

Mental motivational state #9 (Frustration): a22300:

22121, 22213, 22331, 22020, 22300, 22222, 22113, 22201, 
22232, 22011, 22133, 22303, 22112, 22320, 22003, 22021.

12. α2 → α δ2 3
 – Development of professional abilities →  

→ α δ j2 3 0 3...
 (identifier) – motivation for professional growth 

and development: the navigator strives to improve his pro-
fessional skills and knowledge (Сs, requests/participation in 
training in training centers) → α δ j λ2 3 0 3 0 3... ...

 – participation in 
the further educational and training process, reading specia-
lized literature (Сsj, inquiries/participation in work at train-
ing centers) → α δ j λ γ2 3 0 3 0 3 0 3... ... ...

 – exchange of experience with 
other professionals in this field (Сsjp, participation in work at 
leading seafarer training centers).

Mental motivational state #9 (Frustration): a23110:

23220, 23131, 23030, 23222, 23022, 23321, 23132, 23203, 
23110, 23012, 23302, 23112, 23211, 23113, 23032, 23210.

13. α3 → α δ3 0
 – The navigator’s main action strategy →  

→ α δ j3 0 0 3...
 (identifier) – what values are generated by  

his/her main actions: the navigator’s priority choice (Pb, signs 
of a certain action strategy, own decisions) → α δ j λ3 0 0 3 0 3... ...

 –  
people’s safety (Pbs, definition of a security strategy, not  
savings fuel) → α δ j λ γ3 0 0 3 0 3 0 3... ... ...

 – the navigator recommends 
changing the route or slowing down the ship, even if this 
will delay the delivery of the cargo and lead to financial 
losses (Pbsd, readiness to make complex decisions according 
to the safety strategy).

Mental motivational state #10 (Aggression): a30100:

30003, 30320, 30301, 30032, 30211, 30131, 30220, 30010, 
30100, 30112, 30133, 30030, 30232, 30302, 30210, 30322.

14. α3 → α δ3 1
 – The navigator’s actions according to his 

own ideas → α δ j3 1 0 3...
 (identifier) – how the navigator’s per-

sonal experience and beliefs affect his decisions and actions 
in difficult situations: priority for personal approaches (Db, 
fixing non-standard, but conscious actions) → α δ j λ3 1 0 3 0 3... ...

 – the 
navigator can offer his own method of determining the po-
sition of the ship or maneuvering (Dbm, fixing non-standard 
maneuvers, refusing to use the autopilot) → α δ j λ γ3 1 0 3 0 3 0 3... ... ...

 – 
demonstrates his method to other crew members and makes 
sure that they understand its principles (Dbmi, implementa-
tion of own methods, publications, speeches).

Mental motivational state #1 (Uncertainty): a31002:

31002, 31113, 31211, 31033, 31221, 31302, 31332, 31131, 
31220, 31031, 31321, 31322, 31301, 31111, 31012, 31203.

15. α3 → α δ3 2
 – Activation of reserves in a difficult situa-

tion → α δ j3 2 0 3...
 (identifier) – how the navigator uses his inter-

nal resources: ability to manage emotions, concentration of 
attention, physical endurance (Lb, stress level, heart rate and 
blood saturation) → α δ j λ3 2 0 3 0 3... ...

 – in severe weather conditions, 
the navigator can use his emotional management skills (Lbw, 
stress level, heart rate and blood saturation in the storm) →  
→ α δ j λ γ3 2 0 3 0 3 0 3... ... ...

 – he concentrates on his navigational duties 
and tasks. He uses emotion management techniques (Lbwm, 
stress level, heart rate and blood saturation during periods of 
high mental activity).
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Mental motivational state #5 (Stress): a32020:

32013, 32332, 32121, 32230, 32020, 32301, 32313, 32032, 
32111, 32320, 32203, 32102, 32031, 32311, 32122, 32220.

16. α3 → α δ3 3
 – Compliance with normative behavior →  

→ α δ j3 3 0 3...
 (identifier) – ability to work in a team: adaptation 

to new people and situations (Nb, stress level, pulse and blood 
saturation during communication with team members) →  
→ α δ j λ3 3 0 3 0 3... ...

 – the navigator can conduct additional train-
ing for newcomers and work in close cooperation with new 
crew members (Nbn, stress level, heart rate and blood satu-
ration during communication with new team members) →  
→ α δ j λ γ3 3 0 3 0 3 0 3... ... ...

 – cooperation with new multilingual crew 
members (Nbnl, stress level, heart rate and blood saturation 
during communication with new members teams).

Mental motivational state #11 (Disruption): a33020, 
a33300:

33133, 33322, 33311, 33030, 33120, 33222, 33301, 33020, 
33211, 33003, 33220, 33203, 33300, 33213, 33132, 33201.

5. 2. Development of a scheme for managing the safety 
of navigation on the ship according to the identification of 
dangerous mental motivational states

Numerical modeling was carried out within the frame-
work of the adopted p-adic structure:

α ∈{ij333...ij000}: ij333, ij332, ij331, ij330, ij323, ij322, 
ij321, ij320, ij313, ij312, ij311, ij310, ij303, ij302, ij301, 
ij300, ij233, ij232, ij231, ij230, ij223, ij222, ij221, ij220, 
ij213, ij212, ij211, ij210, ij203, ij202, ij201, ij200, ij133, 
ij132, ij131, ij130, ij123, ij122, ij121, ij120, ij113, ij112, 
ij111, ij110, ij103, ij102, ij101, ij100, ij033, ij032, ij031, 
ij030, ij023, ij022, ij021, ij020, ij013, ij012, ij011, ij010, 
ij003, ij002, ij001, ij000.

The variability of the proposed classification is αi = 1024, 
in each branch α δi j

= 256 in each sub-branch α δ ji j k
= 64, 

this indicates the possibility of high accuracy in the iden-
tification of navigator’s MMS. It should 
be clarified that the information map will 
be created for each navigator separately.  
This is due to the fact that the coding of 
states for any map point within the limits 
α δ j λ γi j k n m

, will be based on the identification 
of an individual navigator during the watch 
on the bridge.

With the aim of obtaining reliable data 
for modeling for two years (2019–2022), ex-
periments were conducted in the navigation 
training center with 54 marine navigators 
using the navigation simulator Navi Trai-
ner 5000 (NTPRO 5000).

Our data made it possible to clarify the 
principles and approaches to the formation 
of the space of classification features with 
the dimensionality of the fractal structure of 
64 states (Fig. 4, a–d) and the methods for 
identifying the nodes of the graph for each 
individual cadet-navigator.

Taking into account the objective com-
plexity associated with the need to identify 
the critical states of each individual navigator 

in real time, it was proposed to use the information techno-
logy of artificial neural networks.

In addition, the need to build an individual motivational 
map for each navigator is caused by the fact that a separate 
mental-motivational state (MMS) is formed in each indivi-
dual node of the graph. 

According to experimental data, a certain state in re-
lation to a group of nodal points on the map can lead to 
significant stress and loss of orientation, concentration of 
the navigator and, as a result, to a significantly higher prob-
ability of an accident. At the same time, the same map code 
for another navigator will not have such an effect on his 
mental state and will not create any risk. All this indicates 
that there are individual trigger codes on the map area, 
which cause certain psychophysiological states and affect 
the efficiency of watch duty and the safety of navigation in 
general. In turn, there are general states of navigators, which 
are most often formed in each separate branch/subbranch  
of the graph.

According to the identified MMS, appropriate automa-
ted modes of operation are triggered to increase the safety of 
navigation (Fig. 4).

For example, safety mode No. 1 (green) provides for the 
activation of additional information signals-tips for the cor-
responding navigator, which will make it possible to exit this 
MMS state and normalize your own actions. If the navigator 
does not exit the state for a long time, determined by the 
situation, safety mode No. 2 is activated.

Safety mode No. 2 involves notifying the captain’s watch 
assistant about the danger, who makes a decision to replace 
the navigator or help in real time in the tasks of controlling 
the movement of the vessel, etc.

Safety mode No. 3 provides for the connection of the 
navigator’s access to control the movement of the vessel, and 
the performance of actions affecting the safety of navigation. 
There is a switchover to automatic ship motion control 
modules according to the class of current maneuvers and 
operations. At the same time, the sound alarm on the bridge 
is activated and the captain is called to the bridge regardless 
of the time of day (Fig. 5).

Fig.	5.	Schematic	diagram	of	navigation	safety	control	in	difficult		
navigation	situations
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Therefore, when appropriate MMSs are detected, auto-
mated operating modes are activated to increase safety in 
difficult sailing conditions. These modes may include the 
activation of additional information signals, the notification 
of the assistant captain, or emergency switching to the auto-
matic modules of the control of the movement of the vessel 
according to the class of maneuvers. Overall, the proposed 
maritime safety management scheme aims to develop flexible 
and adaptive approaches to maritime safety.

5. 3. Modeling and processing of data of mental moti
vational states of navigators by means of neural networks

It should be taken into account that it will be difficult to 
perform identification across the spectrum of the map for all 

1024 nodes for each navigator, especially in real time. In this 
case, the automated system will check the most dangerous 
node states of the map, those that are most likely to lead to 
accidents and critical situations. For this purpose, on the basis 
of experimental data obtained from the cadets of the Kherson 
State Maritime Academy (Ukraine) and from real conditions, 
general samples with a dispersion core of up to 90 % were taken.

To build a training sample of neural networks, 16 experi-
mental measurements of the states of navigators were carried 
out, that is, 16 maps of motivational states in different situa-
tions according to the level of navigation complexity.

The above matrix with a dimensionality of 16 was formed 
for each navigator and was used for training the neural net-
work (Fig. 6, a, b).

  
 
 

  

  
 
 

  

a

c

b

d
Fig.	6.	Simulation	indicators	–	neural	network	training:	a	–	processes	of	automated	neural	network	learning;		

b	–	training	performance	after	1000	iterations;	c	–	dynamics	of	changes	during	training	and	testing	of	neural	networks;		
d	–	load	cycles	in	the	processes	of	validation	and	training	of	neural	networks)



Control processes

29

The simulation analysis showed that a good MMS iden-
tification was initially obtained for states: #11, #6, #9,  
#4, #5, #7.

Sufficient identification – for states: #1, #10.
And identification, which requires clarification of sources 

of information: #2, #3, #8, #12.
An additional analysis of navigators’ gaze direction, heart 

rate, and blood oxygen saturation during watch duty was 
conducted. The analysis, taking into account additional indi-
cators, made it possible to identify states #1 and #10 as being 
in the system identification zone.

In total, 18 neural networks were developed and im-
proved through tuning, where the last one proved to be the 
best in terms of efficiency.

6. Discussion of results of investigating the application  
of the developed vessel traffic control safety  

management system

Empirical data obtained during observations indirectly 
indicate the influence of the human factor of the marine 
navigator on the change of the route and speed of the vessel, 
when it is not mandatory (Fig. 1). Despite the fact that, in 
some navigational circumstances, a speed and course control 
strategy is used when steering a ship, it is possible to observe 
trajectory fluctuations as evidence of an unusual or critical 
situation at that moment (Fig. 2). The complexity of such 
a situation, which is determined by trajectory data, is ini-
tially subjective and incomplete in terms of the amount of 
clarifying data. Such a problem was described several times 
in the considered set of publications; this gave rise to the 
need to develop and apply intelligent automated ship control 
systems, decision support systems. As a result, although the 
navigators have a sufficient level of qualification, at the same 
time, the negative influence of the human factor is quite 
common. This means that the use of documentary proof of 
training level alone is not sufficient, nor can experience gua-
rantee safe navigation.

For its part, the navigator’s motivation indicator during 
the watch can significantly influence the course and safety of 
his actions, which is the basis of this study. First, the data of 
the following MMSs were analyzed: «Ego-motivation», «Mo-
tivation to confront», «Motivation to receive», «Motivation 
to avoid». This has made it possible to determine their cor-
relation and level of influence in specific situations (Table 1).  
However, this was not enough for implementation in real 
navigation practice.

The task was set to move away from such a process as  
a traditional questionnaire and move to the level of iden-
tification of actions directly during the navigation watch, 
mainly by automated means [27]. There was a need for a new 
approach to creating a classification of the navigator’s acti-
vity; a classification capable of identifying dangerous MMS.

The clarified scientific facts of identification of mental 
states of the navigator by formal content parameters find 
their confirmation in studies of dominant mental states in 
other types of human activity, which is tangential in terms 
of cognitive component [28] and extreme psycho-emotional 
loads [29, 30].

Given the fact that a large volume of data, in some ca-
ses linguistic, is a complex form that is difficult to process 
automatically. In addition, another difficulty is the need to 
structurally separate groups and subgroups of data, to build 

such a classification of the navigator’s motivational parame-
ters. Moreover, the hierarchical structure of action motives 
is a space of sets, each of which must not overlap, that is, be 
separated, separately identified.

Thus, the theory of p-adic systems entered the perspec-
tive of research; this theory m has non-Archimedean princi-
ples and meets the described requirements for constructing  
a classification [31]. To describe the main identifiers of 
MMS, the metric p = 4, dimensionality 3, and the number of 
hierarchical classification elements equal to 64 were used, as 
shown in Fig. 3. Moreover, taking into account the introduc-
tion of the level of motivational parameters in combination 
with the actions of the navigator on the bridge, the number 
of hierarchical levels increased to 1024, which became suffi-
cient for the identification of MMS of the navigator within 
the set research tasks. At the same time, the coding principle 
allowed an even distribution of the elements of the classifi-
cation structure.

It must be recognized that this approach limits the deve-
lopment of the structure due to the presence of dimensionality 
and, as a result, introduces the requirement to fill newly cre-
ated elements at each step of the fractal dimension. However, 
if we take into account the logic of unification for a separate 
dimensionally, then such a circumstance will not lead to the 
appearance of empty elements in the classification; this is also 
confirmed by the analysis of experimental data. It also makes 
no sense to interpret the classification from a formal form to 
a geometric one. This is due to the fact that the following lin-
guistic coding was proposed with real data – α δ j λ γi j k n m

, based 
on 16 main branches that create a classification structure.

Therefore, a large number of component motivational 
parameters obtained from the actions of each navigator 
and a real experiment on board the ship was obtained. This 
information is quite complex to process, and it requires the 
use of appropriate automated and intelligent calculation 
systems [32]. Taking into account the fact that for the iden-
tification of MMS it is necessary to process a rather large 
amount of information, taking into account its heterogeneity 
and the specificity of linguistic coding, it was proposed to 
implement intelligent systems, namely the apparatus of arti-
ficial neural networks.

This approach has made it possible to develop a for-
mal and logical method of identification of the navigator’s 
MMS, aimed at ensuring a comprehensive understanding 
of his functional activity during the navigation watch. This 
stage is important for the further development of effective 
management and control methods. On the basis of the pro-
posed method, a navigation safety management scheme was 
developed on the ship, which is based on the identification 
data of dangerous MMS [33]. Identified MMSs provide for 
the use of means to manage maritime safety and increase the 
effectiveness of decision-making in critical situations [34]. 
By combining these two steps, the basis for a real-time nav-
igation safety management system is created, which is able 
to automatically identify additional factors influencing the 
effectiveness of navigators’ decision-making.

In order to automate the specified control processes, 
numerous training cycles of neural networks (NN No. 18) 
were conducted, in some cases up to 3000 iterations, and 
sufficient identification accuracy was obtained for more than 
75 % of MMS. This approach has made it possible not only 
to obtain a tool for recognizing such complex formalized 
concepts as the motivation of the navigator but also to orga-
nize feedback, which allowed us to reveal inaccuracies in the 
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linguistic coding of the branches of the classification. This is 
indeed a critical point in the proposed approach, but there is 
an opportunity to improve the situation and introduce ap-
propriate precise adjustments. Thus, the generalized result is 
the final indicator of the learning rate of the neural regression 
network is 0.989, which is a high indicator.

These results open prospects for further scientific re-
search in the field of maritime transport safety management, 
especially taking into account the high efficiency of the de-
veloped control scheme based on p-adic numbers and neural 
networks.

The limitations of the approach are that the complete 
cycle of tasks is performed on the basis of the data of one 
navigator, that is, the task becomes more complicated when  
a group of navigators of one ship or a separate shipping 
company is selected. Despite this, the effectiveness of this 
approach is obvious, and its effectiveness depends on the 
available controls and process automation. And therefore, 
the development of this research will be the construction of 
management models for the cooperative actions of navigators 
on the captain’s bridge in difficult and off-duty situations, 
taking into account the already identified MMS maps.

The disadvantage of the study is a small sample, taking 
into account data on 54 navigators. To address this issue, 
future research should consider expanding the sample to 
include more navigators from different shipping companies 
and sailing areas.

Also, the influence of variable factors, such as weather 
conditions, technical condition of the vessel, etc., which can 
affect the navigator’s MMS, was not sufficiently taken into 
account. This can be addressed by incorporating these factors 
into future neural network training models.

7. Conclusions 

1. A procedure for in-depth classification of the navi-
gator’s motivational structure based on the use of formal-
logi cal approaches has been devised. As a result, it became 
possible to analyze in detail and understand the mental and 
motivational state of the navigator as a key subject of the 
«man-machine» system in maritime transport. Our data were 
represented in the form of an information map of the navi-
gator’s mental motivational state, which allows for a visual 
presentation of complex motivational processes. To represent 
this map, it is proposed to use a graph with a p-adic fractal 
structure, based on non-Archimedean principles of number 
theory. The construction of the information map required the 
use of p-adicity with dimensionality 4 and the consideration 
of a structural series of four numbers δ, j, λ, γ. The study 
included the analysis of the basic branches of the navigator’s 
MMS map marked α0, α1, α2, α3. Our work can become  
a foundation for further scientific research in the field of mar-
itime transport safety management.

2. A scheme for managing the safety of navigation on 
the ship was built, which was based on the identification 
of dangerous navigator’s MMS. Artificial neural networks 

were used to analyze data about the navigator’s condition 
in real time, and an information map was constructed that 
took into account his unique reactions to various navigation 
situations. During continuous monitoring of the navigator’s 
condition, this map was compared with current data to deter-
mine whether the navigator’s current MMS was unsafe and 
could lead to reduced performance or an accident. In the case 
of detection of a dangerous MMS, appropriate safety modes 
were activated: from additional informational signals-tips for 
the navigator to limiting his access to control the movement 
of the vessel and activation of automatic control modules. 
After stabilization of the situation, a detailed analysis of the 
event was carried out in order to identify the causes of the 
occurrence of dangerous MMS and measures were developed 
to eliminate them in the future. This scheme was aimed at 
minimizing the risks associated with navigator’s MMS and 
ensuring a high level of maritime safety.

3. In the course of our study, modeling and data pro-
cessing of navigators’ MMS was performed using 18 neural 
networks. Experimental data for training networks were 
obtained from cadets and from real conditions. Simulation 
analysis and additional analysis of navigator health indica-
tors helped clarify the identification of MMS. The last of 
the designed networks showed high efficiency, achieving 
identification accuracy for more than 75 % of MMS and  
a learning rate of 0.989. Thus, the current study contributed 
to designing an effective tool for identifying and managing 
the mental and motivational states of navigators, which aims 
to improve navigation safety.
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