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Introduction. By means of empirical evidence the occurrence of the threshold Mental 

motivation state (MMS) was proved to be directly dependable on the depth of the sea navigator's 

anticipation [1]. As identification of this parameter is quite cumbersome while performing 

navigational watch and running the vessel a time range was quite beneficial to be chosen as the 

best notion for handling this issue. Thus, for example, anticipation is calculated as 1/2 if the 

average time from the emergency of the threshold MMS to the accident was 50.0% of the total 

average time to complete the task [2–4]. Put it in another way, the navigator was unable to avoid 

a disaster not having enough time to do it. Suppose, this value is 5/6 uncovering that the strength 

of his anticipation is on the point to be enough on average for 80.0% of the task performing time 

after the transition to the threshold state. As for the rest 20.0%, in this case, it must be noted that 

an accident or task failure may happen with all likelihood. Moreover, while performing the 

analysis of the anticipation of sea navigators the most difficult situations to be identified are: 

1. 15/16 success: maneuvering in confined spaces, such as in a port or on a river with 

narrow channels. 

2. 8/9 success: Operations in storms and other extreme weather conditions, such as 

handling a ship in high waves and strong winds. 

3. 7/11 success: managing a ship in reduced visibility, such as in fog, thick smoke, or 

nighttime conditions. 

4. 4/7 success: navigation in areas with limited hydrometeorological conditions, for 

example, in ice conditions or in the zone of tropical hurricanes. 

5. 3/8 success: managing a ship when moving in cramped and rough waterways, for 

example, in narrow straits or between rocks. 

6. 3/9 success: port entry and exit operations such as docking, leaving and maneuvering 

in confined spaces between other ships. 

It goes without saying that the threshold MMS for each navigator has to be possessing his 

own set i  from each of the four blocks as well as one out of five spoken above complications in 

sea. The data for the MMS map building are said to have been collected depending on the 

cadets’ and experienced navigators’ passing’s the simulator training of definite tasks in the 

disciplines: “Navigation information systems” and “Ship control”. 

Primary Research Material. Using the Electronic Chart Display & Information System 

(ECDIS) [5,6] and intentionally created for coping with these very purposes computer program 

endorsed to succeed in having the identification of MMS in real time implying a high degree of 

confidence. Moreover, to deal with it a database of critical situations for two years for each sea 

navigator is highly appreciated to be obtained. Such a signal is about to empower the captain to 

replace the navigator or assist him in a difficult moment. 

Besides, these types of situations when the MMS are highly likely to be accurately 

identified the entire problem may be eliminated quite quickly by using organizational skills 

making decisive contribution into ensuring safety. However, difficulties are noticed to be 

surfacing when the identified MMS occupies an intermediate value between the threshold 

situations [7–9]. There is obviously a need in getting data how close the current navigator’ MMS 

to one of the threshold states while carrying out complex tasks. At the same time, control over 

the situation must be treated as an issue when there is definite lack of time to track the reactions 

of other navigators [10, 11]. 
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During the experiment the results are evidenced to have been obtained allowing them to 

be approximated according to the proposed above research method. For instance, threshold 

MMS were known to exist when performing a task of medium difficulty level: arrival and 

leaving ports (89.0% = 8/9) as well as the Haydarpasha port in Istanbul was considered to be 

treated in the same way. 

At the same time, the threshold MMS itself was identified to have a code: 

0 1 2 31; 3; 0; 1        (1301). 

After conducting an experiment with the 54 cadets being involved, the most typical 

situations were identified as the following: MMS1=1220, MMS2=2101, MMS3=1311, 

MMS4=1200 in accordance 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 MMS1 ... MMS4 and the 

threshold MMS * (1301). 

1. Consider the following formula for calculations [12]: 
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3. Calculation Results: 

For MMS1 (1220): Intersection with (1301) is empty, hence its attractor component equals 0. 

For MMS2 (2101): There's one common position – the last symbol "1", hence the 

attractor component equals 1/4 or 0.25 (as there are 4 positions in total). 

For MMS3 (1311): There are three common positions (first, third, and fourth symbols). 

Thus, the attractor component equals 3/4 or 0.75. 

For MMS4 (1200): There's one common position - the first symbol. This results in an 

attractor component of 1/4 or 0.25. 

4. Therefore: 

MMS1 shares no common positions with the attractor (1301), so its influence on the 

attractor is 0. 

MMS2 shares 25% of positions with the attractor. 

MMS3 has the most significant influence on the attractor, with 75% of its positions 

coinciding with (1301). 

MMS4 shares 25% of positions with the attractor, similar to MMS2. 

Consequently, MMS3 has the most substantial influence on the attractor (1301), while 

MMS1 has no influence whatsoever. Both MMS2 and MMS4 have a moderate influence on the 

attractor. 
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Let us analyze the experimental data using the results of the survey of sea navigators in 

the form of MMS and the factors of ship management applying 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 MMS1-4 and MMS * be built. 

So, let's build a model in which the parameter surge (longitudinal movement of the 

vessel) is to be named as a dependent variable. Regarding the parameters rpm_port (rotational 

speed of the main rotor), rpm_port_cmd (telegraph movement command), rud_port_cmd, 

rud_port (rudder position variable), bow_th_cmd, bow_th (bow position variable) thruster), 

cspeed, c_dir (current speed and direction), wind, wind_dir (wind speed and direction), wave, 

wave_dir (wave height and direction) they are to be stated as independent variables. 

The optimal model contains the following independent variables: rpm_port, 

rpm_port_cmd, rud_port, bow_th_cmd, cspeed, c_dir, wind. Their coefficients are to be stated as 

being statistically significant, except for the coefficient of the cspeed which is variable one. 

Therefore, it is possible to be assumed that there is a linear dependence between the dependent 

variable surge and the independent variables of the model. In this way, it is high time to be able 

to compare the predicted data based on this model and the obtained experimental one of the 

surge parameters with the determination of the MMS zones (Fig. 1). 

 
Fig. 1 – The space of MMS with regard to the trajectory of the vessel and the simulated forecast 

Simultaneously, it is true to presume that the relationship between the variables completely has 

affirmed the significance level of the Fisher test [17], <2.2e-16: 

surge=-3.8551577+0.015628rpm_port-0.1729787rpm_port_cmd+ 0.0031148rud_port-

0.0028071bow_th_cmd+0.1405757cspeed+ 0.01431c_dir+0.8410946wind 

Thus, the obtained space enables to have the zone locations of MMS manifestation of the 

marine navigator in the location space identified. This very approach unveiled the opportunity to 

successfully highlight the location of the threshold MMS. This issue has bestowed an immense 

input into prevention of negative consequences leading to maritime accidents beforehand. In the 

course of experiments the cadets of the Kherson State Maritime Academy during practical 

training in the disciplines "Navigation Information Systems" and "Ship Management" were 

widely involved. 

Conclusion. The study conducted using the NTPRO 5000 simulator focuses on the 

analysis of maritime navigator data. The research underscores the importance of determining a 

threshold MMS for navigators, especially in critical situations like maneuvering under limited 

visibility. Employing the Electronic Chart Display and Information System (ECDIS) and 

specialized software, key MMSs were identified, notably MMS3, which has the most significant 
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impact on the threshold attractor (1301). The primary dependent parameter is the ship's 

longitudinal movement, and the primary independent parameters include ship control elements 

such as rpm_port and cspeed. Based on this, a linear model to forecast maritime accidents was 

developed. Implementing this research during the training of cadets at the Kherson State 

Maritime Academy emphasizes its practical significance for maritime safety. 
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