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Introduction. In the practice of managing navigation processes using
navigation systems, the initial stage is to draw up a transition plan for a given route
[1,2]. As a rule, the planned route is divided into a number of stages that require
additional information from the navigator, as a subject of the ergatic maritime
transport system, which allows performing the task with the highest efficiency and
safety [3-5].

In this context, the navigator is the decision-maker in the full range of
navigation situations along the route. In this case, the most important factor for
effective decision-making by the navigator is completeness, quality and intensity of
incoming navigation information from ECDIS systems and sensors. International
maritime and information technology organizations, within their legislative powers,
have determined the conditions and requirements for the operation of navigation
information systems [6-9]. However, for a more effective increase in maritime safety,
it is necessary to take into account more parameters that determine the behavior of
the navigator [10-11].

The relevance of research. This paper proposes an approach to data analysis
of navigation information systems based on ECDIS for the structured and meaningful
formation of the information model of the navigator. The solution of an urgent
technical problem to improve the safety of sea transportation in the context of in-
depth analysis is considered. The processes of converting ECDIS data into method
data represent a big problem for ensuring navigation safety. These methodological
data can indicate the perception of the navigational situation by the watch. The more
accurately the identification process is performed, the more effectively the safety of
navigation is ensured.

In these conditions, it is especially important that in a number of studies
aimed at analyzing marine accidents, there is a clear pattern from the navigation
situation initially identified by the navigator [12]. In real conditions, the identified
situation is usually associated with the previous experience of the navigator and
directly affects the planning of one’s own actions when performing navigation tasks
and ergatic vessel control system [13].

Research results. To achieve the aim, the following objectives were set: to
propose a diagram of the ergatic vessel control system, which will allow determining
means of monitoring and identifying the situation by the navigator in the process of
vessel navigation [14-18]. A diagram of the ergatic vessel control system was
developed. Within the framework of the proposed diagram of the ergatic vessel
control system, approaches to data extraction based on the results of analyzing
navigation processes in critical situations were determined [19-23]. Connections
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between the structural elements of the diagram in the form of logical and algorithmic
dependencies were determined (Fig. 1).
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Figure 1. Diagram of the ergatic vessel control system

Table 1.
Group of factors that identify the situation for the navigator

No. | Factor Factor determination process Parameters

Es1 Danger of vessel | Vessel speed (relative to maximum) near 0. 1 max
movement hazardous objects (ECDIS data)

Fs2 Determination of | Similarity in flow rate, date and time of day, 0.1
similarity completeness vessel type
Risk of indistinguishable Determination -of signifi(?ant differences

Fs3 | .. .. between two similar situations by external | >10 %
situations

weather factors

Esa Analysis of “emotional | Coincidence of emotional outburst near the | 0.2...0.5
outburst” vessel’s waypoint nm

o5 Analysis of navigator’s | Determination of maximum pulse extremes | >135 bpm
heart rate/saturation and minimum blood saturation extremes 96 %<
f(\)nrﬁlgﬁljity o(f)f the t?f Determination of tr_ansitions to the_ECDI_S,

Fs6 . A ARPA, AIS, GPS interfaces, operating with | p=3...n
adicity situation of the . ) .
stage many information factors and signals
Analysis of the impact on | Degree of danger of current operating modes

Fs7 . . ; 0...1
the ergatic system for objects of the ergatic system
Behavior analysis based | Coincidence of the chains of current

Fs8 | on the experience of | navigators’ actions with respect to established | >85 %
actions experienced reactions
Synchronization with the Coincid_encg of the chains of_ current acti_ons of

Fs9 team the n_aV|gat|onaI watch relative to experienced | >70 %

reactions
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The formal description of the links allowed determining the range of the
concepts of complex formalization of navigators’ actions. This approach made it
possible to algorithmize the means of monitoring and identifying the situation in the
process of vessel control.

According to the proposed model, we define a group of factors that identify
the situation for the navigator (Table 1) and factors influencing the occurrence of risk
(Table 2).

Table 2.
Factors influencing the occurrence of risk in the current situation
No. | Factor Factor determination process Parameters
Fr1 Determir]ing the situation | Sharply increasing p-adicity of the Diem, (M>2)
complexity stage
Fr2 | Temporal parameters Similarity of time_ ranges of operations 0.1
performed by navigators
Determinant of the | Determination of high heart rate and
emergence of an | oxygen saturation, exceeding the
Fr3 | “unrecognizable situation”, | average values for the whole team >30 %
continuous emotional
outburst
Comparison of time | Determination of long-term deviations
Frd | . : >1.4 At
indicators of stress of heart rate and saturation
Criteria for the | Using data mining technology to build
Fr5 effectiveness of  task | task performance trees based on |successful/un
performance by the | influencing factors successful
navigator

Thus, it becomes possible to simulate the generalized control life cycle, in
particular, the process of vessel movement in ergatic systems, using the example of
four locations: the Hong Kong Strait, the Singapore Strait, the East River (New
York), and the Bosphorus Strait.

Conclusions. The peculiarity of the developed diagram of the ergatic vessel
control system for critical situations is that the “Navigation situation monitoring
system” module has been introduced, which makes it possible to identify critical
situations by indirect features. The diagram provides for the differentiation of control
actions in critical situations by means of modules: alarm system, automatic control
system and switching to automatic control. Information links between the diagram
modules made it possible to determine the most significant factors affecting the
navigation safety control processes.

Automated analysis of experimental data from the Navi Trainer 5000
navigation simulator made it possible to determine the physical parameters of vessel
movement and correlate them with the probability of critical situations. As a result, a
module for emergency switching of vessel control to the automatic maneuvering
mode was developed to prevent accidents. Using the maneuvering characteristics of
the vessel at a given speed, the position of the rudder blade and vessel’s circulation
capabilities made it possible to determine the boundary point on the trajectory when
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switching to automatic control mode. At the moment of extreme danger, the mode of
the full reverse of vessel movement is provided.
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