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This thesis explores the effect of transient motivational states 

on performance and safety in the context of navigation. The 

authors use methods for identifying critical psycho-motiva-

tional states (CMMS) using p-adic systems and neural net-

work modeling to identify transient CMMS that can lead to 

errors in navigator decision making. The main results of the 

article show that emotional stress can greatly affect decision 

making and the overall safety of navigation. The novelty of 

study is the use of p-adic systems in the identification of 

CMMS and the presentation of neural network modeling re-

sults. The findings of thesis present important scientific find-

ings for improving the safety and efficiency of navigation. 

 

 

 
Introduction 

Transient motivational states in a person can 

manifest themselves during the day and are 

changes in motivation caused by various factors, 

such as a change in the emotional state, the level 

of fatigue, the presence of stressful situations, 

changing tasks, etc. [1,2]. Transient motivational 

states can affect a person's behavior and perfor-

mance, as well as their physical and mental health 

[3,4]. 

In the context of navigation, the emotional stress 

of navigators during navigational watch can man-

ifest itself, for example, when approaching danger-

ous places, including ship routes with a large num-

ber of common transport and other vessels, 

bridges, harbors, and also in case of adverse 

weather conditions [5]. There may also be situa-

tions related to technical malfunctions on board, 

unexpected changes in the itinerary or schedule, 

and other factors that can lead to a strong conflict 

between professional duties and personal beliefs, 

causing tension and stress for skippers [6]. Emo-

tional stress can manifest itself in the form of anx-

iety, anxiety, fear, irritation, and can affect deci-

sion making and the overall safety of navigation. 

 

Relevance of research  

During the course of a voyage, boatmasters may 

encounter various factors that can cause emo-

tional stress, including approaching dangerous 

places, bad weather, technical problems, changes 

in the itinerary or schedule, and other situations 

that may lead to conflicts between professional du-

ties and personal beliefs. These tensions can man-

ifest as anxiety, fear and anger, which can affect 

decision making and the overall safety of naviga-

tion and lead to accidents. 

Emotional tension among navigators can lead to 

errors that can affect the safety of navigation. For 

example, when performing navigational tasks, 

such as maneuvering in a port or being in condi-

tions of limited visibility, emotional stress can 

cause uncontrolled movements of the helm, incor-

rect commands by helmsmen, as well as incorrect 

determination of the speed and direction of vessel, 

which can lead to collisions with other vessels, col-

lision with obstacles, and even shipwreck. 

In addition, emotional stress can affect decision 

making in critical situations. For example, in the 

event of unforeseen circumstances, such as a se-

vere storm or a technical problem on board, navi-

gators may become emotionally stressed and make 
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decisions that are inappropriate for the situation. 

This can lead to serious consequences such as loss 

of control of vessel or inability to properly respond 

to critical situations. 

Scientists of maritime powers are deeply study-

ing the influence of human factor on the accident’s 

occurrence. Cases of maritime accidents involving 

crew errors were reviewed, with particular atten-

tion to bridge management. The data was ana-

lyzed and key factors influencing errors were iden-

tified, including lack of training, incorrect use of 

electronic charts, and poor communication quality 

between crew members [1]. Also, in scientific re-

search, the authors of earlier publications used the 

HFACS (Human Factors Analysis and Classifica-

tion System) to analyze cases of accidents related 

to the operation of a vessel. They identified the 

main categories of errors, including lack of atten-

tion, lack of skills, problems with decision making, 

problems with communication, and problems with 

work organization [2]. Other authors have investi-

gated marine incidents resulting from human er-

ror using TOPSIS (Technique for Order of Prefer-

ence by Similarity to Ideal Solution) and Fuzzy 

Analytical Hierarchical Process (FAHP). They de-

veloped a methodology for assessing and classify-

ing errors and identified the key factors influenc-

ing their occurrence [3]. 

In addition, in the article [10], a review of studies 

in the field of maritime safety was carried out, 

with an emphasis on the role of human factors in 

it, with the aim of integrating safety and human 

factors aspects in navigation. And in the article 

[11], an analysis of the factors associated with hu-

man error in maritime accidents was carried out, 

based on a study of incidents that occurred in the 

past, in order to draw lessons and offer recommen-

dations for improving safety in the future. 

All of the above problem areas and scientific re-

search indicate the importance of research in the 

field of unpredictable emotional navigators’ stress. 

At the same time, the problem remains unresolved 

due to the complex formalization of reasons that 

affect the sudden occurrence of a critical situation 

during the navigational watch. 

However, due to objective circumstances, it is dif-

ficult for the captain to consider the possible emo-

tional stress of his navigators in real time and pro-

vide them with training and training that will help 

them learn how to effectively control their emo-

tions and make decisions based on objective navi-

gation data. As a result, there is a need to create 

specialized intelligent systems that work automat-

ically and allow real-time monitoring of dangerous 

trends in the change in the motivational state of 

navigators during navigational watch. 

 

Presentation of the main material  

Considering the fact that the activity and psy-

chophysiological parameters of navigators repre-

sent a large array of data that dynamically 

changes and depends on difficultly predictable rea-

sons, appropriate formal-logical methods of data 

processing should be chosen [12]. One of the mod-

ern methods that allows obtaining objective re-

sults using the categories of information described 

above is artificial neural networks. 

Based on neural networks, it becomes possible to 

develop systems that are able to detect violations 

in the operation of navigators based on an analysis 

of its behavior, for example, based on the analysis 

of eye movements and gestures. In addition, it is 

possible to create systems that can determine the 

level of concentration and fatigue of the operator 

based on his biological indicators, such as electro-

encephalogram (EEG) and heart rate [13]. Such 

systems can be useful for assessing the state of op-

erator and preventing possible errors associated 

with insufficient concentration and fatigue [14]. 

So, if we propose an approach for identifying crit-

ical psycho-motivational states in critical situa-

tions (CMMS), using p-adic systems, then the fol-

lowing approach to their encoding is quite possi-

ble, determining the complexity of the situation 

[15]. This will make it possible to form a training 

sample for neural networks and conduct simula-

tions to identify transient CMMS. 

At the same time, the threshold CMMS itself was 

identified to have a code (1301):  

0 1 2 31; 3; 0; 1   = = = = . 

After conducting an experiment with the several 

cadets being involved, the most typical situations 

were identified as the following: CMMS1=1220, 

CMMS2=2101, CMMS3=1311, CMMS4=1200 in ac-

cordance with the further to be speaking blocks: 

the core of the motivational structure; achieving 

difficult goals; predictive performance assessment; 

compliance with the being performed activities. 

Let us determine the distance between typical 

situations CMMS1 ... CMMS4 and the threshold 

CMMS* (1301) = 85: 

 ( )*
1CМMS , CМMS 1301 1220 21 = − = ; (9). 

( )*
2CМMS , CМMS 2101 1301 300 = − = ; (48). 

( )*
3CМMS , CМMS 1302 1301 1 = − = ; (1). 

( )*
4CМMS , CМMS 1301 1200 0101 = − = ; (17). 
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Thus, we accomplish the following order of issues 

where the conditional distance to the threshold 

MMS *are meant to be depicted in brackets: 

CMMS2 > CMMS* > CMMS3 > CMMS1 > 

CMMS4: (CMMS2: CMMS* (85) + (CMMS2 - 

CMMS*) (48) = 133; CMMS*: 85; CMMS3: CMMS* 

(85) + (CMMS3 - CMMS*) (1) = 86; CMMS1: 

CMMS* (85) - (CMMS* - CMMS1) (21) = 64; 

CMMS4: CMMS* (85) - (CMMS* - CMMS4) (17) = 

68). 

At the same time, it is vividly seen that there is 

evidence of referring to CMMS1 and CMMS4 as 

not being critical in the chain of orders. Besides, 

they did highly chance to withstand in the current 

position until the end of the being performed task 

without any incident. In its turn, CMMS2 and 

CMMS3 are really noticed to be delivering a real 

 

 threat of accidents when performing a navigation 

task. 

Let us analyze the experimental data using the 

results of the survey of sea navigators in the form 

of СMMS and the factors of ship management ap-

plying the NTPRO 5000. The obtained data of the 

navigation simulator permitted to make the model 

in the form of a graphic spatial trajectory of the 

ship and a cluster of points defined as СMMS1-4 

and СMMS* be built. 

As a result of modeling using automated 

neural networks, data were obtained indicat-

ing a significant influence of transient moti-

vational processes on the perception of infor-

mation by navigators in critical situations 

(Fig. 1). 

  

Figure 1. Modeling the impact of transitional motivation on safety 

Thus, when the target value was applied to the 

input of the model, an output value was obtained 

that was close to 1.6 times the target value, offset 

by -1.6. Thus, there are some deviations that are 

not random and may lead to a discrepancy in the 

understanding of the navigation situation. 

In turn, "Best Validation Performance is 0.16252 

at epoch 74" means that the model showed the best 

performance on the validation dataset (a dataset 

that was not used for training, but on which the 

model is tested during training) at the 74th train-

ing epoch (Fig. 2). 

Based on the obtained values, it can be assumed 

that this neural network was successfully trained. 

The gradient value of 0.036377 at the 1000th 

training epoch indicates that the network training 

was stable and the gradient (learning rate) was 

not too high or too low. The value of the accuracy 

score on the 917-validation data at the 1000th 

epoch also indicates that the network has success-

fully trained and can correctly classify the data. 

The learning rate value of 0.16997 at the 1000th 

epoch indicates that the learning rate was optimal 

and did not lead to overfitting or underfitting of 

network. 

From the data obtained, it becomes clear that the 

deviation from forecast does not depend on the 

learning ability of network, since She was success-

fully trained in all respects. In turn, there is the 
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fact that transient processes in CMMS have an im-

pact on the perception of navigation situation and 

require deep scientific analysis [16]. This calls for 

taking the necessary measures to improve 

automated systems for identifying transient 

CMMS and developing intelligent decision support 

algorithms in maritime transport [17,18]. 

  

Figure 2. Learning outcomes of a neural network for predicting critical situations 

Conclusions 

Thus, in the thesis considered various aspects re-

lated to safety and efficiency of navigation, as well 

as investigated the factors influencing occurrence 

of errors and accidents associated with the man-

agement of vessel. An important proposal of thesis 

is the approach of identifying critical psycho-moti-

vational states (CMMS) using p-adic systems, 

which allows simulation to identify transient 

CMMS. The results of neural network modeling 

were also presented, which showed a significant 

discrepancy in the forecast of navigator actions 

during transient critical CMMS, which may lead 

to errors in the perception of navigation infor-

mation. At the same time, it was found that model 

showed the best performance on validation da-

taset. Overall, the article presents important sci-

entific findings that can help improve the safety 

and efficiency of navigation. 
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