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Introduction. The essence of the entire training of a navigator is to reduce practical stressful 
situations to routine ones, which will be perceived everyday regardless of the circumstances, with 
theoretical knowledge and training. Unfortunately, the number of various factors that affect the 
watchkeeper and the variability of their influence create constant stressful situations from which the 
mate must find a way out. These can be both external factors such as the crowding of ships, weather 
conditions, imperfection of equipment, etc., and caused by the state of health, psychophysiological 
and psychological factors [1-7].  

The main material of the study. One of these factors is the so-called circadian rhythm cyclic 
fluctuations in the intensity of various biological processes associated with the change of day and 
night (Fig. 1). Despite the connection with external stimuli, circadian rhythms have an endogenous 
(internal causes) origin, representing, thus, the "internal clock" of the body. It is he who regulates our 
periods of activity and desire to sleep during the day [8,9]. 

 

Fig. 1 Circadian rhythm (Matthew Walker «WHY WE SLEEP») 

In Figure 1, we see a graph of the circadian rhythm of a healthy person and the peaks of his 
activity. It is the circadian rhythm that regulates periods of alertness and sleepiness. Its very essence 
is that it acts regardless of what happens during the day, being adjusted only by external factors, 
constantly adjusting to the day-night rhythm, and therefore, despite the fact that a person has slept 
enough during the day, it will provoke a feeling of drowsiness at the appropriate time at night, and 
therefore suppress the vigilance of the watch keeper and reduce his ability to critically and adequately 
perceive the situation and analyze its variables, which can lead to a disaster. Based on all of the above 
on board of «MV Alexander» of Reedier Jens & Waller GmbH & Co. KG, a number of experiments 
were conducted on the influence and dependence of the states of excitation and decline (states of 
possible errors) on the time of rest and the presence of the deep sleep factor (Fig. 2 a, b). 
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Fig. 2. Phases of prolonged stress the navigator on captain's bridge 
 

From the data obtained from work of assistant captain, during the navigational watch, graphs 
of stress activity were analyzed. As can be seen from the graphs, two forms of navigator stress 
activation are visually identified. In the first case (Fig. 2. a), there is a surge and a rapid decline in 
navigator's stress, which indicates the presence of internal control and focus on the navigation 
situation. In second case, the stress phase lasts up to three hours at peak rates (Fig. 2. b). This mode 
significantly affects the quality of navigator's work, increasing the level of risk and reducing the 
performance of entire navigational watch. It has also been noted that presence of short deep sleep 
affects the structure and timing of prolonged stress at peak levels. 

It should be considered that for each individual navigator, under the conditions of circadian 
rhythm, the phase of deep sleep, the complexity of navigation environment, the exposure time to peak 
stress is different. At the same time, it is important to develop an intelligent automated identifier that 
will allow real-time determination of the dangerous phase and duration of stress. 

In order to select the most significant situations for the analysis of maritime safety, we will 
consider the threshold phases in terms of navigator time. At the same time, it is important to consider 
that before starting an automated analysis of peak stress loads, it is necessary to provide a sufficient 
sample of classifying indicative stress phases for each navigator. The more data that we can operate 
with, the more likely it will be possible for the automated system to identify the phase that directly 
affects the occurrence of a critical situation due to the navigator human factor. 

The formation of the peak stress phase of the navigator can be generally represented as a 
pseudo-random sequence of the form:  [10,11]. Then, the 

point , we define as the end of the critical phase of stress for the navigator on the 
trajectory (Fig. 3). 

 

 
Fig. 3. Graphs of phase stress of navigator 
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Consider two cases,  and  (1): 

;   . 

Let us define a threshold that indicates the boundary of stress duration, after which, with a 
high degree of probability, critical consequences occur, leading to emergency situations, accidents, 
etc. From this point of view, the consideration of a random function  that forms the navigator's 

stress phase trajectory of form [12]   will be of the 

greatest interest. If we add to this process the negative mental activity of navigator in form of a stupor, 
which was considered above, then it is logical to introduce a negative stress scale of level -1: 

. 

Such a value will indicate the occurrence of a waking sleep state for the navigator during 
navigational watch. It is this state that we associate with the absence of a deep sleep phase in the 
navigator on the eve of watch. And it is this condition that most strongly affects the increase in the 
risk of navigation. In order to identify such feature sets, we will simulate the corresponding fuzzy 
membership functions [13,14] (Fig. 4). 

 

    
Fig. 4. Modeling fuzzy sets of the navigator critical state 

 
This will make it possible to identify dangerous psychological states of the navigator by means 

fuzzy inference regulator in real time for the captain to make corrections in keeping watch [15-22]. 
Conclusion. The proposed approach will make it possible to adapt the system for identifying 

navigators' stress states by means of analyzing their mental activity, starting from simulator training 
and ending with a real watch on a vessel. The formation of a knowledge base to intelligent system for 
identification and watch adjustment will significantly reduce the risk of accidents in maritime 
transport. 

References: 

1. Nosov P. S., Cherniavskyi V. V., Zinchenko S. M., Popovych I. S., Nahrybelnyi Y. А., & 
Nosova H. V. (2021). Identification of marine emergency response of electronic navigation operator. 
Radio Electronics, Computer Science, Control, (1), 208–223. https://doi.org/10.15588/1607-3274-
2021-1-20. 

1Ph 2Ph
( )1

1

,...,
| ,TS S

Ph T n orT n
Ts

æ ö
>ç ÷

è ø
!

( )1
2

,...,
| ,TS S

Ph T n orT n
Ts

æ ö
= »ç ÷

è ø

( )ˆ
nX ×

( )( ) ( )( ) ( )1
ˆ | , 0d
n extX T n W P T n³× » ¾¾® × = >

( ) ( )1 1nP T n P S
n

= = = -



2. Plokhikh V., Popovych I., Zavatska N., Losiyevska O., Zinchenko S., Nosov P., & 
Aleksieieva M. (2021). Time Synthesis in Organization of Sensorimotor Action. BRAIN. Broad 
Research in Artificial Intelligence and Neuroscience, 12(4), 164-188. 
https://doi.org/10.18662/brain/12.4/243. 

3. Nosov P., Cherniavskyi V., Zinchenko S., Popovych I., Prokopchuk Y., Safonov M. 
Identification of distortion of the navigator's time in model experiment // Bulletin of University of  
Karaganda. Instrument and experimental techniques, 2020. - № 4(100). P. 57-70.  
https://doi.org/10.31489/2020Ph4/57-70. 

4. Nosov P., Cherniavskyi V., Zinchenko S., Popovych I., Prokopchuk Y., Safonov M. 
Identification of distortion of the navigator's time in model experiment // Bulletin of University of 
Karaganda. Instrument and experimental techniques, 2020. - № 4(100). P. 57-70.  
https://doi.org/10.31489/2020Ph4/57-70. 

5. Nosov P.S., Zinchenko S.M.,  Ben A.P., Nahrybelnyi Ya. А., Dudchenko O.M. MODELS 
OF DECISION MAKING BY A NAVIGATOR UNDER IMPLICIT AGREEMENTS WITH 
COLREG RULES // Науковий вісник Херсонської державної морської академії : 
науковий  журнал. – Херсон : Херсонська державна морська академія, 2019. – № 1 (20). – С. 31-
38. 

6. Popovych, I., Borysiuk, A., Larysa Z., Fedoruk, O., Nosov, P., Zinchenko, S. & Mateichuk, 
V. (2020). Constructing a Structural-Functional Model of Social Expectations of the Personality. 
Revista Inclusiones, Vol: 7 num Especial, 154-167. 

7. Shevchenko, R., Popovych, I., Spytska, L., Nosov, P., Zinchenko, S., Mateichuk, V. & 
Blynova, O. (2020). Comparative analysis of emotional personality traits of the students of maritime 
science majors caused by long-term staying at sea. Revista Inclusiones, Vol: 7 num Especial, 538-
554. 

8. W. Chris Winter M.D. The Sleep Solution: Why Your Sleep is Broken and How to Fix It. 
Berkley; 1st edition (April 4, 2017). 272 pages. ISBN-10:  0399583602. 

9. Matthew Walker PhD. Why We Sleep: Unlocking the Power of Sleep and Dreams. 
Scribner; Illustrated edition (October 3, 2017). 368 pages. ISBN-10:  1501144316. 

10. Asmussen, S. and Hering, H. (1983). Branching processes. Boston: Birkh¨auser. 
11. OpenLektorium. Сходимость случайных деревьев и процессы Гальтона-Ватсона. 

2013 [URL: https://www.youtube.com/watch?v=2BURmdY9FMc&t=3s]. 
12. Афанасьев В. И.  Принцип инвариантности для критического процесса Гальтона–

Ватсона, достигающего высокого уровня. Теория вероятности и ее применение, 55:4 
(2010), 625–643; Theory Probab. Appl., 55:4 (2011), 559–574. 

13. Fuzzy Logic Toolbox™ User's Guid / Revised for Version 2.3 (Release 2017b). 
14. Ismail H. Altaş. Fuzzy Logic Control in Energy Systems. 2017. The Institution of 

Engineering and Technology, London, United Kingdom. 
15. Nosov P., Krapyvko G., Ben A., Safonov M., Zinchenko S. Disabling the dynamic 

positioning of the vessel as a cause of the negative influence of human factor in maritime transport. 
МНПК пам’яті професорів Фоміна Ю. Я. і Семенова В. С.  (FS - 2019), 24 – 28 квітня 2019, Oдеса 
– Стамбул – Oдеса. Pages 309-315. 

16. Nosov P., Palamarchuk I., Zinchenko S., Popovych I., Nahrybelnyi Y., Nosova H. 
Development of means for experimental identification of navigator attention in ergatic systems of 
maritime transport // Bulletin of University of  Karaganda. Technical Physics, 2020. - № 1(97). P. 
58-69.  https://doi.org/10.31489/2020Ph1/58-69. 

17.  Зинченко С.Н., Носов П.С., Грошева О.А., Маменко П.П., Матейчук В.Н. Управление 
судном в условиях внешних воздействий. Materials of the XІ “Modern information technologies in 
transport, MINTT-2019” May 28-30, 2019 Kherson, Ukraine. С 177-178. 

18. Зинченко С.Н., Носов П.С., Грошева О.А., Маменко П.П., Матейчук В.Н. 
Избыточность по управлению как количественная мера маневренности судна. Materials of the 
XІ “Modern information technologies in transport, MINTT-2019” May 28-30, 2019 Kherson, 
Ukraine. С 97-99. 



19. Zinchenko S.M., Mateichuk V.M., Nosov P.S., Popovych I.S., Appazov E.S. Improving 
the accuracy of automatic control with mathematical meter model in on-board controller // Radio 
Electronics, Computer Science, Control, 2020. - № 4. – P. 197-207. https://doi.org/10.15588/1607-
3274-2020-4-19. 

20. Zinchenko, S. M., Ben, A. P., Nosov, P. S., Popovych, I. S., Mamenko, P. P., & 
Mateichuk, V. M. (2020). Improving the accuracy and reliability of automatic vessel moution control 
system. Radio Electronics, Computer Science, Control, (2), 183–195. https://doi.org/10.15588/1607-
3274-2020-2-19. 

21. Nosov, P. S., Popovych, I. S., Cherniavskyi, V. V., Zinchenko, S. M., Prokopchuk, Y. A., 
& Makarchuk, D. V. (2020). Automated identification of an operator anticipation on marine transport. 
Radio Electronics, Computer Science, Control, (3), 158–172. https://doi.org/10.15588/1607-3274-
2020-3-15. 

22. Zinchenko S., Nosov P., Mateichuk V., Mamenko P., Popovych I., Grosheva O. 
Automatic collision avoidance system with many targets, including maneuvering ones // Bulletin of 
University of  Karaganda. Technical Physics, 2019. - № 4(96). P. 69-79. 
https://doi.org/10.31489/2019Ph4/69-79. 


