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ABSTRACT

Context. The article introduces an approach for analyzing the reactions of a marine electronic navigation operator as well as
automated identification of the likelihood of the negative impact of the human factors in ergatic control systems for sea transport. To
meet the target algorithms for providing information referring to the results of human-machine interaction of an operator in marine
emergency response situations while managing increasing complexity of navigation operations’ carrying out are put forward.

Objective. The approach delivers conversion of the operator’s actions feature space into a logical-geometric one of p-adic systems
making the level of the operator’s intellectual activity by using automated means highly likely to be identified. It is sure to contribute to
its dynamic prediction for the sake of further marine emergency situations lessening.

Method. Within the framework of the mentioned above approach attaining objective as automated identification of the seg-
mented results of human-machine interactions a method for transforming deterministic fragments of an operator’s intellectual activity
in terms of p-adic structures is proposed to be used. To cope with such principles as specification, generalization as well as transi-
tions to different perception spaces of the navigation situation by the operator are said to be formally specified. Having been carried
out of simulation modeling has turned out to confirm the feasibility of the proposed above approach causing, on the grounds of tem-
porary identifiers, the individual structure of the operator’s reactions to be determined. As a result, the data obtained has delivered
the possibility of having typical situations forecasted by using automated multicriteria methods and tools. This issue for its part is
said to be spotted as identification of individual indicators of the operator’s reaction dynamics in complex man-machine interaction.

Results. In order to have the proposed formal-algorithmic approach approved an experiment was performed using the navigation
simulator Navi Trainer 5000 (NTPRO 5000). Automated analysis of experimental server and video data have furnished the means of
deterministic operator actions identification in the form of metadata of the trajectory of his reactions within the space of p-adic struc-
tures. Thus, the results of modeling involving automated neural networks are sure to facilitate the time series of the intellectual activ-
ity of the electronic marine navigation operator to be identified and, therefore, to predict further reactions with a high degree of reli-
ability.

Conclusions. The proposed formal research approaches combined with the developed automated means as well as algorithmic
and methodological suggestions brought closer to the objectives for solving the problem of automated identification of the negative
impact of the human factors of the electronic navigation operator on a whole new level. The efficiency of the proposed approach is
noticed to have been approved by the results of automated processing of experimental data and built forecasts.

KEYWORDS: reaction identification systems, automated data processing systems, simulation of operator reactions, computer
navigation simulators, analysis of the human factor, automated control systems.
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ABBREVIATIONS

ECDIS is the Electronic Chart Display and Informa-
tion System;

ARPA is an Automatic Radar Plotting Aid;

AIS is the Automatic Identification System;

GPS is the Global Positioning System;

NTPRO 5000 is the navigation simulator “Navi
Trainer 5000”;

UTC is the Universal Time Coordinated;

ETA is the Estimated Time of Arrival,

MAICS is a module for automated identification of
critical situations.

NOMENCLATURE
V is a navigation signal;
r, is a dimension of an |-dimensional vector;
y is a signal parameters;
k is a correlation functions;
A is the “Subjective” identification system;
B is the “Ideal” identification system;
X, is the difference between “ideal” and “subjective”
navigation signal identification system
Ay is a stochastic uncertainty of the identification
process;
B, is an emotionally reactive activity of the operator;
c;.M; is an alternatives to reactions;
X; is a points of space of perception;
k is a correlation functions;
Q is the effectiveness of decision making by the op-
erator
X(
K

p=2) is a perception space with p = 2;

p=3) is a perception space with p = 3;

Z(p:4) is a perception space with p = 4;

A, Vis an operator skill levels;
R,R'isa strategies of operators U, V ;
f is a payoff function;

Sa 1s a set alternatives;

jis an accompanied emotion;

p+ is a normalization factor;
U, L is a positive and negative decision-making strat-
cgy,

e* is an emotion level;

%° is a random strategy;

y is an uncertainty factor;
Zy, is a set of nodal points X;
Xo 1s an initial situation of the cycle v ;

U(t) is a graph vertices;

{a}.{b} is a threshold values of perception;

Gv is a directions of transition to systems of percep-
tion on the basis of p-adicity;

P is the probability of a transition to systems of per-
ception with respect to p-adicity;

a, b is a detailing and generalization;

pp the distance between the situations-nodes of the p-

adicity system graph;
H, is a subjective operator entropy;
N is a number of reaction alternatives;
7 is a performance index of alternatives;

¢; is a density of situation identification;

At 1S a response time range.

INTRODUCTION

The cause analysis of catastrophic situations in mari-
time transport is definitely to uncover the problems asso-
ciated with the accuracy of identification of navigation
situations by operators with increasing frequency [1-2].
In most cases, deficiency of data and metadata for effec-
tive decision-making associated with the critical situation
occurrence during navigation is to be mentioned as being
first-ranked one [3—4]. It goes without saying that the
decisive factor settling it is highly likely to be the skill
level of the operators. Taking into consideration the fact
of most maneuvers and tasks being typical in navigation
the skipper gets used to identifying the current situation
relatively to several, the most significant, universal crite-
ria. Due to the fact that the navigation situation at each
moment of time is said to be having a set of incoming
information signals (visual observation; sound commands
(walkie-talkie); radar, ECDIS; ARPA; AIS; GPS, etc.),
the operator gets used to reacting to these signals by clas-
sifying them according to their skill level and experience.

Thus, a process with two systems functioning simulta-
neously for the sake of identifying the navigation situa-
tion: “subjective”, depending on the level of the operator,
and “ideal”, accommodating all significant information
signals, is eventuating.

The formal description of the process is believed to be
that the navigation signal § in the form of an I-

dimensional vector of dimension r; with regard to the
parameters y and the correlation function k is about to
have the following form:

(k) =w(k)+Ay (k) = (k) + By (k)X; (k).
Meanwhile, the vector X; is to be characterised as the

difference between the “ideal” and “‘subjective” naviga-
tion signal identification system in the following form:

X, (k)= A X (k=1).k ] +w, (k).
B, =[1xr]. Ay =BX,.

Consequently, the efficiency of decision-making by
operator Q can be reflected as:

Q(k) = F[ ay(k).k | +n(k).
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In this formal description the vector Ay is noticed to

be a random one being able to represent the stochastic
uncertainty of the given process. However, the formula-
tion of the question needs to be taken into account with a
high degree of accuracy attempting to determine the dis-
tortion when identifying the situation by the operator.
This issue is to be coped with to construct predictive
models driving to the accident and disaster risks lessen-
ing. At the same time, the analysis of statistical data fails
in being able to define Ay as well as the questionnaires

of experienced sea captains [5].

All these items are certain to highlight the objective
problem of constructing mathematical, simulation models
as well as automated systems for having "subjective"
navigation situations analysed with a view to preventing
dangerous cognitive biases as a negative human factor
manifestation.

Hence, the object of research is said to be human-
machine interaction in information systems of maritime
navigation.

The subject of the research is supposed to be models
and algorithms for automated analysis and identification
of operator reactions occurring in critical situations.

The purpose of the study is defined as implementing
formal and algorithmic approaches to transform data of
the intellectual activity of an electronic navigation opera-
tor with an aim to identify and predict his reactions in
tight situations.

The purpose of the article is chosen to be the applying
special purpose solution method embracing the following
problems:

1. To analyze the existing approaches with an eye to-
ward determining the principles of formal description of

the operator’s emotional-reactive activity f3, in the space

of alternatives o;.

2. To propose the principle of data transformation of
individual operator’s reactions in the process of decision-
makings based on p-adic systems in the form of points-

situations f|

(x)=x° on a geometrically defined space of
perception.
3. To introduce attribute perception spaces of the

navigation situation by operators X( p=2)° Y( p=3) and
Z( p=4) within the framework of p-adicity to sketch the

level of reactions and time fragments of their operation on
the grounds of the analysis of server data.

4. To carry out the experiment using the navigation
simulator Transas navigation simulator NTPRO 5000
targeting to establish terminal data of the operators reac-
tions during typical navigation operations.

5. To analyse the time series of operator reactions us-
ing automated neural networks setting the focus to getting
the proposed approach validated. Over and above, to train
the most effective neural networks, to deal with ahead of
the operator’s reactions for 5 cycles as well as to deter-
mine the stability of the forecast data over time.

The obtained predictive models based on neural net-
works as well as the cyclic correction of the models built
on subsequent experiments are supposed to be on the
point of having a whole class of operators’ reactions in
the main navigation situations identified. The foretold
options are definitely to provide fair contribution into
enhancement of sea transportation safety.

1 PROBLEM STATEMENT
Consider the evolution of the perception of the situa-
tion depending on the levels of operators 4 and V" within
the framework of game theory [6]. To begin with, let us
assume an existing set of navigation situations requiring
the operator to make decisions based on individual strate-

gies in the system being finite: ' = <A, V,X,R,f>. In

this case, the set of decision making X should be taken as
being the same for each of the operators counting on the
ship’s control capabilities, location, weather conditions
and traffic intensity. On the premises of AxV — X we
are able to come to the conclusion that the values of
strategies R and R ' are noticed to be normalized having a
general framework of gain (efficiency) of the type

RN R_l. Nevertheless, this issue does not seem to be
fitted to the criteria for the evolution of the subject’s con-
sciousness [7] and, therefore, has to be mentioned as in-
appropriate in being used in work.

Consecutively, the approaches based on the theory of
subjective entropy [8] and the theory of preferences [9]
are likely to be treated as challenging tasks being consis-
tent to our study. Then, the formal description of these
processes is depicted to be founded on the preference of

N

functions n(ci ), )y 71'(6[) =1. In addition, within the
i=1

framework of this theory interrelated values are certain to

be described: A(G ) — A, is a positive decision-making
ij

i
strategy and L(ci) - Ll.j is considered as a negative

one. This theory is up to succeed in dealing with analyz-
ing the impact of the human factor in aviation. Neverthe-
less, the formal apparatus is noticed to be incapable of
implying levels of discretization welcoming a qualitative
change in the structure of the perception of the situation.
To a greater extent, the theory is doomed to gear forward
determining the situational emotion by the subject as a
whole based on the positive effect of decision-making:

+f +
+ E (njtfl )'U_;H €
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It should be mentioned that a formal description is
said to be involving the use of a parameter of the emotion

B, accompanying the decision taking. However, in this

study there is surely an evitable necessity to be faced in
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expanding this concept into the form of a discrete, class-
forming quantity leveraging the effects of the operator’s
decision-making process qualitatively.

2 LITERATURE REVIEW

In [10] the problem of automating the construction of
models of quantitative dependencies by precedents was
managed to have been solved. To settle it a tree-like clus-
ter-regression approximation method was proposed to be
used entrenching in the construction of a hierarchical
clustering tree of instances. This approach needs to be
drawing attention to as being considered as a worthwhile
one by the hierarchical manner in which the cluster areas
are presented. Subsequently, this item delivers a great
possibility to have them classified as separate elements
(nodes) of the tree. One more proposed method worth
speaking about is neural networks usage heading for con-
structing a cluster-regression model.

Furthermore, in the theory of operations research [11]
in situations with inhomogeneous strategies set splitting
into families of non-empty subsets that form subclasses of
strategies happens to have been effectively described. The

criterion for this partition is named as the evaluation of

S .

the effectiveness of the random strategy X

in]fV F (ch, y) . In this way, the subsets are to be treated as
Ye

parts of the universal set despite their being the formed
subclasses of strategies. However, we are striving to pur-
sue the goal of finding an evolutionary formal principle to
describe a qualitative transition to another level of percep-
tion of the navigation situation.

The theory of p-adic numbers rooting out from the
theory of numbers is grounded on the principle of parti-
tioning of sets superior to Archimedes’ axiom [12] being
highly likely close enough for possible applica-
tion.Besides, the foretold above approaches considered in
the theory are said to be mostly about the construction and
formal description of tree-like class-forming structures
leading to the process of approximating the mental func-
tions of the subject in the form of a fundamentally new
structural composition [13, 14].

Analysis of the literature has definitely revealed the
dominating tendency to have been having a search for
processes similar to our research in related areas of
knowledge for a long time. [15-18]. It is quite vividly
seen the problem presented in the study has necessitated
an enhancement in the approach on the grounds of p-adic
systems with a target to formally describe the qualitative
transient processes of situation identification for its sub-
sequent automation to be reached.

Approximating the approach of p-adic systems [19] to
the objectives of the study the existence of an objective
information space of situations identified and classified
by the operator within the framework of the subject area
regarding decision-making processes might be hypothe-
sised. Let us suppose that the subject area is to be the
navigation problem [20, 21] and the space of situations is
to be treated as a finite set Z, of nodal points x on a graph
with a tree-like hierarchical structure. Consequently, the

evolutionary dynamics of identification on a graph node
will be the following: f:Z, —>Z,, x— f(x), as for

the node points on the graph it would be true to express

the dependency as the following: x,=/"(x,),

y = (xo, Xy veer Xy ) -

Taking into account the nature of the perception of ob-
jective reality, the operator tends to be generalizing the
identified points-situations with concurrent reducing the
range of input information parameters to an image close
to the image from his own experience.

Thus, the identified point-situation is noticed to con-
tain a lot of close associations — parameters:
nlgrio Yy =Xo = { YEZ,iy, > xo}. Therewith, each sub-
sequent point turns out to be generated by the function

fi(x)=x",5=2,3,..,n and, therefore, it is sure to be

acquiring the previous experience of the operator with
regard to the class of the situation according to the princi-
ple of perception evolution.

It must be noted that its p-adicity is changing being
conditioned by the level of the operator .

Thence, for example, it is true to say that for cadets-
trainees p = 2. Therefore, cadets tend to react to the pa-
rameters of the situation by means of coding in the form:
“yes” — “no”; “exists” — “does not exist”; “significant” —
“not significant”, etc. In its turn, for the third and second
mates it is sure enough to have it as p = 3 in the form:
“weak” — “medium” — “strong”; “ignore” — “keep in
mind” — “react”; “do not include into account” — “fall-
back” — “main option”, etc. Considering the p-adicity of
the chief mates and the captains themselves it certainly
expands significantly highly likely to have p =4, 5, 6, etc.

There from, the raised question worth speaking about
is: how can the evolution of decision-making during the
transitions from the lowest p-adicity to the highest for
operators of electronic marine navigation be identified
and demonstrated?

3 MATERIALS AND METHODS

It goes without saying that there is the classification —
coding inheritance to be observed, i.e. the operator, pass-
ing, for example, from p = 2 to p = 3, appears to add a
linguistic variable to the already adopted system for iden-
tifying incoming information signals. This process should
be processed as a completely natural one owing to the fact
that knowledge is being expanded consistently not having
psyche drastically changed during life-being.

Taking into consideration this very issue, the quite
logical conclusion to be drawn is that in the system p = 2:

“yes” — “no” with a high degree of probability for p = 3
the items tend to appear as: “yes” — “I do not know” —
“no”, etc.

Thus, the task to be spoken about is to determine the
trajectories of the individual development of the percep-
tion of situations by operators of electronic maritime
navigation during the transition top =n + 1.
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In addition, there is certainly a need in paying regard
to the fact that the p-adicity of operators according to the
full range of navigation situations is biased to be evolving
equitably since being dependable not so much on qualifi-
cations as on the frequency of occurrence of typical situa-
tions. Thereupon, in some cases, the situation, due to its
simplicity, is noticed to be less likely to require high p-
adicity despite the experience of the captain. This issue
becomes obvious enough resting on the principle of pre-
serving emotional energy and strength. Consequently, the
map of mental states relative to the spectrum of naviga-
tion situations seems to be heterogeneous getting different
p - adicity.

On this subject it causes the dependence in the con-
struction of a tree-like hierarchical structure to be exist-
ing: an increase in p-adicity gives rise to an increase in
detail and, in its turn, a decrease contributes to generaliza-
tion. Based on the formal theory of creativity and the the-
ory of systems development [22] conclusion is about to be
made that it is sure to occur within the set of internal

nodes of the graph U(t), between the threshold values
{a} and {b} . This item is supposed to generate the pos-

sibility to move to the nearest systems of p-adicity up-
ward and downward being conditioned by the situation

4
U(r) = |:mj:1 ,,,,, . GV (r|a(i )] .

In this case, the transition process appears to be sym-
metric regardless of the direction:

v (r|b) =o' (r|a) = <LP>W

at Gv' ('c|a,~)(\GvT (tlb)=9.
Based on the proposed dependencies we are on the point

of summing up of having a certain kind of balance of p-
adicities for which it is considered to be equally true:

Vx e I:GV(‘E)] =dae {a},
X€ [GvT (t|a)}&5|b € {b},x €

[Gvi (r|b)]

Thus, the observed balance of transition in p-adic
structures can definitely be contingent upon both factors:
the level of complexity of the navigation situation (neces-
sity) and the skill level of the operator (possibility):

Gv(r) = Ysela) e (r|a) = Ype(n) e (r|b).

Being aware of spoken above approaches and formal
descriptions a method containing the following sequence
of actions is assumed to be used:

1. To add, setting on the accepted theory of p-adic sys-
tems a metric is possible to be defined in the following

way: p,(x,y)=|x—y X |x|p [23]. Simultaneously,

the assumption is sure to be proposed that p-adicity is to
be nothing but a perception criterion delivering the oppor-

tunity to evaluate the navigation situation at a qualita-
tively new level as well as to make management deci-
sions. It should be highlighted that the last one happens to
be of great benefit at the time of making decisions being
in conditions of a navigational hazard identified as a criti-
cal situation. So, the complexity of the situation requires
the operator to be having an appropriate and meaningful
level of perception possible to be expressed by spaces
(X.p)&(Y,p"). For example, decision making in binary

logic (p = 2) is seen to be the most consistent with mono-
syllabic tasks driving to switching on or off with respect
to a given indicator of the operator. In its turn, (p = 3) is
noticed to be adding a linguistic variable according to the

principle: p'( Jj (xlpz2 ), j ‘XZF:Z ): P(x1p=3 ,x2F:3) directing

it to a higher level. This is likely to come up to the sense
that problems being able to be solved in space Y cannot be
settled in space X. Thus, metric spaces determined by the
adicity level might be represented in the form of graphs.
So,to confirm the hypothesis of the study, let us consider
the levels of perception of a critical navigation situation
within the framework of p =2, p = 3, p = 4 — adicity on
the example having representation of the problem of
crossing the separation lines in the Singapore Strait
(Fig. 1). In the figure, using the module for predicting the
time trajectories of ships in the TRANSAS Navi Trainer
5000 system, two groups I and II are capable of being
clearly distinguished.It has to be beared in mind that they
are supposed to be different from each other only accord-
ing to the decision-making experience. Alongside with it,
the group I is following a parallel course relative to the
separation lines but group II deviated from group I by
31°— 33° Therefore, the conclusion might be drawn that
the decision-making of the group of vessels I and II is
supposed to have been bounded up by different sets of
information signals. This means that groups I and II were
likely to assess navigation situation in a different system
of p — adicity shaping spaces X and Y as the following:
XcY|X\Y=0.

So, targeting to compare two systems of perception let
us build a graph describing the isometric essence of the
spaces X and Y (Fig. 2).

When considering the graphs X and Y eventual con-
clusion being able to be made is that, for example, identi-
fication of the navigation situation No. 25 in space
X(p:z) can be probably done with the help of going

through 5 steps. Besides, there is a need to define the val-
ues of 5 parameters, respectively, in binary coding. Nev-
ertheless, as for identifying the same situation in space

Y( p=3) three steps are definitely to be required with a ter-

nary coding system. However, it should be taken into ac-
count that the lower the p-adicity is more brutal the deci-
sion-making results are about to be. Wherefore, two ap-
proaches are supposed to be compared when laying the
route of the vessel’s movement (Fig. 3).
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Figure 2 — Spaces of identification of the navigation situation X
and Y

Figure 1 — The beginning of the maneuver of crossing the lines of separation in the Singapore Strait

As can be clearly seen from Figure 3, in case a, the
operator gets used to making a decision in space X (p=2)

with no regard to the parameter (the value of the safe
depth) acting mostly according to the principle: the water
surface can be treated as “yes” or “no”. For its part, the
operator making decisions in space Y( p=3) is noticed to

have a different classification of the water surface: “shal-
low water”, “safe depth”, “open sea / ocean”. Nonethe-
less, Y( p=3) is already characterized by values in meters of

depth and knowledge of the ship’s draft to determine the
boundaries of each linguistic variable. The most danger-
ous option of the given example does not only concern the
fact that there is the operator’s tendency to make deci-
sions within the framework of the space X, (r=2) but the

most challenging aspect which is to be faced is that this
space is sure to be considered unsuitable for this task car-
rying out. Despite this, in the course of empirical analysis
it was noticed that 32% of operators happened to have
made a decision in the framework of X(p:z) even in

situations with modeling being about the space Z( p=d)" It

all boils down to embracing the fact that operators are
mostly about keeping to simplification of identification
forms that causes an increase in the probability of critical
situations in maritime transport. This process is highly
likely to be described formally using the term “subjective

N
entropy” H,: H, =—Zn(ci)-lnn(ci).
i=1
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Thus, it is vividly seen that the operator is sometimes
involved into choosing an ineffective alternative m-(o;)

intentionally because of either lacking of confidence in his
abilities or of embarking to the habitual experience [24]:

N
n-(o;)= ¢ PHE) ZefﬁL(G’)
=1

Therewith, the first case appears to be typical for nov-
ice operators, who, due to their having poor qualifica-
tions, are biased to avoid difficulties. Nevertheless, over
time they are to go-getting to a higher level of perception.
The second case is regarded as typical one for experi-
enced seafarers who are likely to be accustomed to get
their work carried out in an established regime. Therefore,
this very issue is considered to be the most dangerous one
owing to their having less inclination to deviate from ha-
bitual behavior pattern strategies. Based on this, the den-
sity of the situation identification {; directly depends on

0.0 kn

DoPS

F T L

1 Pl pairin

e

<98, 000.0°

l; l; l,,lj . The more accurate
234 n

and multi-parameter solution an operator needs to be
making the higher the p-adicity is to appear. However, it
is worth bearing in mind that the mentioned above bal-
ance of issues is able to be adjustable from situation to
situation. The sequence of decisions made by the operator
at a certain discrete moment in time has to be relied on
very p-adicity at each stage. It could be regarded as prob-
lematic as, on the one hand, is on the point of driving to
the desired result but on the other hand, of the strength
and emotional energy keeping.

Thus, it is obvious enough that the operator is inclined
to initially plan p-adicity transitions to the foreseeable
distance of the chain of consecutive actions. For each
part, as studies are sure to have shown, characteristics
corresponding to mental states and directions of anticipa-
tion are typical ones [25, 26].
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Figure 3 — Navigation system of electronic cartography
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4 EXPERIMENTS
Based on the foregoing, let us conduct simulation
modeling of operator’s decision-making during a critical
navigation situation using a three-dimensional model of

the graphs of the spaces X(p:z) , Y(p:3) and Z(p:4). As

depicted in Figure 4 the spatial model is about to assume
the combination of three space-planes in the form of
graphs to display the intellectual activity of the operator
in the form of trajectories of dimension in accordance
with the selected p-adicity.

Let us build the trajectory of the operator of electronic
navigation intellectual activity at the time of performing
complex maneuvers. Identification of operators’ attention
[27], automated analysis of electronic logbooks as well as
psychological techniques [28] provided fair ground to
determine time series and trajectories of their reactions

(Fig. 5).

Z

(#=4) p=

Figure 4 — Spatial model of the operator’s intellectual activity

The foundation of the time series creation happened to
be the results of an experiment with the help of operators’
attention recorders which contributed to the identification
of the time intervals between the spaces X( p=2)> Y( p=3)

and Z( p=d)" The time measuring for the transition from

one system of perception of the situation to another one
facilitated assessing to what extent the operator is confi-
dent in the logic of his actions. Besides, depending on
specific sources of navigation information the operator
gets used to paying attention to the approximation of
these data in the form of objects of a particular p-adic
space became possible to be done. So, for example, let us
consider a fragment of the sequence of the operator’s ac-
tions at the stage of assessing the situation when ap-
proaching the port. It is likely to include the following:

analysis of ECDIC data (Y ’l( p=3) ); visual observation,

one target (X’z(pzz) ); ECDIC data analysis (Y’3(p:3) );

visual observation, many targets, instrument readings
(Zt4( p:4)). Analysis of the experimental data welcomed
the opportunity to have the moments of time on the route

of the maneuver with the transition from one space of
perception to another one determined. Besides, having

analyzed the typical trajectories of maneuvers in the same
navigational and weather conditions, the chains of events
forming the perception of the situation in the time frame
appeared to have been singled out (Fig. 5 a, b).

Name Exercise Rehest Openr i
1 4_Arival_Singapore_Anchora 4 Arrival Singapore Anchorage ni
Map  Satellile £ o i

Singapore

Sonaie
Google [T e R Bepiet g

b transition points on the chart

Figure 5 — Chains of events on the trajectory of the ship’s
maneuver

Analysis of trajectories, as well as the time spent on
transitions, forwarded to determine the stages of this or
that space of perception of the navigation situation being
used by an operator.

Above and beyond, the involvement of experienced
sea captains as experts bestowed us to deal with thorough
determination of the spots of the ship’s trajectory where
the space X( p=2)> Y( p=3) OF Z( p=4) ar€ regarded to be

appropriate.
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However, this fact can not be treated as enough to
predict likely critical situations for each operator. Ex-
periments have revealed the fact of each operator having
his own plan of expected actions and his own sequence of
transitions to the spaces of perception necessary for the
situation to be identified. This is leaving a lasting imprint
on the situation of both uncertainty and complexity in
building predictive models. Consequently, expert judg-
ment and accepted reference reaction models recom-
mended by experts are unable to bring a solution to the
problem requiring a fundamentally different approach to
be pursued.

Taking into consideration these circumstances, an in-
dividually oriented one is highly likely to be proposed for
both analyzing and predicting the reactions of a single
operator purposes using time intervals or time codes of
reactions. This is a very important issue definitely proving
the hypothesis and research objectives.

It should be noted that the time ranges of transitions be-
tween spaces are said to have been taken as atomic ele-
ments for building a model of operator reactions. Data is
regarded to have been collected within the 8 months period.
It concerned the question of typical maneuvers carrying out
happening in various locations from 76 operators by means
of the certified navigation simulator NTPRO 5000. The
collected data from the ECDIS server made the great op-
portunity to fragment and decompose the transition trajec-
tories for each operator to be delivered. Thus, individual
reaction models for three typical situations-maneuvers are
considered as follows: turn of the ship by 90°, mooring and
anchoring. Being aware of the difficulty of anchoring op-
eration in confined waters and harsh density of traffic in
Singapore the study was chosen to be focusing on this ma-
neuver. Automated analysis of data in the form of log-files
of maneuvers performed by dozens of operators contrib-
uted to getting micro-frame situations of interconnected
navigation parameters identified causing a specific opera-
tor’s action to be exactly determined (Fig. 6).

Found crashes

[Jrimees Lo | 506 Lt gt
C]

Figure 6 — Micro frame-situation identified
as a maneuver — turn of the ship

The graph is being built in accordance with the prefer-
ences for the perception of the situation. These prefer-
ences are different for each operator. So, for instance, for
one operator, the first place is occupied by an information

signal in the form of visual observation of target vessels
and navigational obstacles meaning that his tree begins its
functioning from visual perception in a certain p-adicity
system. For another operator, the graph is able to start its
construction with an auditory one, for example, a request
to coastal services by radio, etc.

Hence, a certain even the same type of action might be
preceded by an unalike perception of the situation at a
particular stage. According to the carried out analysis of
experimental data the operators get used to applying the
most accepted elements of perception at the very begin-
ning of the maneuver. Simultaneously, it was further
noted that the speed of assessing the situation differs be-
ing conditioned by the nature of perception. Conse-
quently, the time ranges of each action aimed at assessing
perception are somewhere near with regard to each indi-
vidual operator enabling it to act as a kind of time code of
the action.

5 RESULTS

Thus, in this way, there is obviously a need both for
the construction of a scheme of individual perception of
the navigation situation corresponding to the time range
and the position on the graph tree. Trying to disguise the
navigation situation perception we will be on the point of
taking a lot of atomic actions while having the operation
performed [29] during the conducting an experiment by
means of the TRANSAS Navigational simulator NTPRO
5000. On the grounds of this, the defragmentation of the
ship’s anchoring operation was managed to be done in the
form of a life cycle taking into account the full range of
information signals and human-machine interaction. While
having the experiment the 18 th team of navigational op-
erators was noticed to be showing the following time
ranges during the assessment of the navigation situation
(Fig. 7).

In addition, the analysis of the video series and the
data of the psychological questionnaire provoked the
dominant alternatives being identified for each operator.
Thereby, the experimental data required for modeling the
trajectory of decision-making by the operator and, accord-
ingly, individual classifications amalgamated with the
time series succeeded in being obtained. Consequently, it
has driven into the possibility of applying approaches
based on automated neural networks in attempt to identify
transitions between spaces of perception [30].

The basic approach is considered to be as follows:

1. The classification data and time intervals at each
stage of decision-making relating to a specific subtask
(anchoring) is about to concede to correlating the simula-
tion results to the entrenched algorithms of the reactions
of a particular operator.

2. Comparative analysis of the operator’s actions with
respect to the formed deterministic model of his reactions
makes the prediction of the events likely to occur in real
time while a maneuver carrying out.

3. Automated analysis enabled the boundaries of tran-
sitions to other spaces of perception , an increase in time
at stages, during transitions to the upper spaces of percep-
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tion, and, accordingly, its decrease, during transitions to
lower ones to be defined.

4. According to the carried out experiment, in typical
(standard) situations, there is a distinct possibility of the
time being distorted with regard to the complexity of the
locations. Nevertheless, the reaction algorithm itself is
practically deemed to be unchanged.

5. While having unforeseen actions of the operator the
module of automated identification of critical situations
(MAIKS) has let out the formation of an unpredictable
branch of his reactions-actions in 4 situations. Having
been shown by means of experiment, this phenomenon

was preceded by a long time pause exceeding the thresh-
old by 3-5 times.

6. While facing such a phenomenon MAIKS is about
to begin comparing the trajectories from the base contain-
ing the operator’s reactions data with the newly formed
branch of reactions-actions ones. If MAIKS encounters
every chance of trajectories being compatible with this
task the alarm tends not to be functioning. On the con-
trary, in the opposite situation, a signal is bound to be sent
to the captain to have the navigational watch harden.
Hence, this approach is totally described by p-adicity
models.

1.1. Date and time (UTC) X, Dtgyi00 = 0,8
¥
1. Initiation of the beginning of « 1.2. Coordinates of the ship's position X, Dtgyn =54
| the operation, the choice of the 1.3, Speed (relative to wat wround B
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A

1.5. Hydrometeorological conditions Z, Mty = 81,9
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Figure 7 — Analysis of the operation in relation to X(p:Z) , Y(p:3) and Z(p:4) time.
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The obtained experimental data came out with the
possibility of detecting points on the graph in the form of
the beginning of critical situations. For that reason in all
probability an essential and final stage of the study is to
be presented in the form of the construction of sensitive
predictive models to identify the onset of critical situa-
tions going on in real time. It must be highlighted that
setting up on the specifics and nature of the research data
the most promising summing up to be made is that the
most obvious and possible to be measured parameter is
certainly the indicator of time in intervals related to spe-
cific stages and relative to a single operator.

It is worth speaking about being important to distin-
guish the time interval associated with the transition to a
new space of perception from the time interval. This
marker doubtlessly gave the high sign of indicating a
change in the strategy of reactions, the so-called “break in
the decision-making trajectory” where the immediate
change in the action plan occurs. Trying to cope with it
data was proposed to be collected for implementing
analysis by means of automated neural networks in the
form of time series (Table 1).

Notwithstanding, it was not aptitude found to either
increase or decrease in the extrema of the graph being an
indicator of an already formed model of reactions regard-
ing the carrying out of anchoring the vessel operation .
Insignificant fluctuations presumably witnessed the fact
of possible navigation situation in different seaports being
able to differ .Simultaneously, it is not inclined to entirely
affect the operator’s reactions. The cycle of periodicity in
the graph seems to consist of 28 measurements for each

action. Each action contains its own time progress indica-
tor. The obtained information about the experimental data
gives us consent to go on to be dealing with the construc-
tion of a neural network regression model for performing
an automated forecast of a time series for a further period.
Having had training, seven most effective models are re-
garded to have been automatically obtained (Fig. 9). Fur-
ther, we proceed to the analysis of the results choosing the
best network No. 5 which embraces the lowest error rate.
In addition, we are intending to construct a diagram of the
residuals for both training and control samples (Fig. 10).

To analyze the dynamics of this series, let’s build a
line graph of ten tests from A to J (Fig. 8).
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Figure 8 — Graph of the periodicity of the time series based on
experimental data
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Table 1 — Experimental data of the operation

Identifier Sample of experimental data of marine watch teams

A B C D E F G H 1 J
1.1. X, Atoyo0 0.8 1.0 0.9 0.7 0.8 1.2 1.1 0.8 0.7 0.9
1.2. X, Aty 5.4 5.8 5.7 5.4 5.5 6.7 6.2 5.6 5.5 6.1
1.3. X, Ataoyiono 9.6 11.4 10.5 9.6 9.3 12.3 10.3 9.9 9.4 9.8
1.4. Y, Atpapro 17.2 18.3 17.5 17.0 17.3 18.4 18.5 17.5 16.9 17.0
1.5. Z, Ateiy3an 81.9 83.2 84.0 80.6 81.1 85.6 87.5 82.9 81.3 89.3
2.1. Y, Atuepar 171.2 184.3 170.2 163.4 170.4 191.2 182.3 173.2 169.2 174.4
22. Y, At 41.5 452 42.8 39.7 41.1 48.4 473 42.3 40.6 44.3
2.3. X, Atwyio 12.3 13.1 124 12.0 124 15.2 13.9 12.2 11.9 12.0
2.4. Z, Atz 93.2 96.3 94.9 89.2 91.4 101.5 98.2 94.3 91.3 96.8
2.5. Y, Ataannz 20.7 22.6 21.5 19.3 21.0 24.2 23.6 21.1 19.2 20.9
2.6. Y, Atamin 31.3 33.0 324 29.3 30.2 33.2 32.7 313 29.8 32.1
2.7. Z, Asiy303 64.7 67.2 66.9 63.3 64.7 69.7 70.4 65.3 65.4 67.3
3.1. Z, Atgapon 86.7 90.3 89.0 83.3 85.4 93.1 94.7 88.2 81.3 86.9
3.2. Y, Atanio 45.2 44.7 48.2 43.6 44.8 50.1 49.2 46.2 42.1 47.2
3.3. Y, Ataspoo 324 34.2 33.9 31.2 32.7 38.2 38.5 32.1 30.8 32.6
3.4. Z, Atuapso 52.0 55.3 54.7 50.0 51.5 59.3 61.3 52.3 52.1 54.7
3.5. Z, Atsspsiz 27.1 30.1 29.3 26.8 27.4 32.1 314 28.3 26.1 28.9
3.6. Z, Ataayn 19.6 21.2 20.5 18.3 19.5 23.1 21.4 18.3 16.3 19.9
4.1. X, Atosyiioo 4.9 5.3 5.2 4.6 4.5 6.1 5.9 5.1 3.9 4.3
4.2. Y, Ataayino 13.9 15.6 14.5 12.4 13.6 15.2 16.0 13.7 11.0 13.8
4.3. Z, Atoyszo 347.2 367.4 349.2 338.7 327.5 361.9 352.2 344.8 341.2 354.2
4.4. Z, Ats3n 211.3 2194 216.3 209.1 207.6 227.9 218.2 210.7 207.1 213.0
4.5. Y, Atazin 354 37.1 38.4 313 34.5 39.1 37.2 35.7 33.2 36.1
4.6. Z, Atssan 130.9 135.2 130.4 127.2 130.8 141.3 1339 128.5 129.3 134.2
5.1. Y, Atqopor 335 36.2 34.1 30.2 333 27.3 35.7 32.8 29.9 30.6
5.2. Z, Atgspin 747.2 782.1 756.2 724.1 743.1 812.4 801.3 729.4 673.3 748.0
5.3. X, Atasyn 9.4 10.3 9.7 8.9 9.2 11.7 10.5 9.7 9.1 10.1
5.4.Y, Atoypn 125.4 131.8 127.8 120.2 126.3 134.9 132.5 125.0 118.9 127.3

© Nosov P. S., Cherniavskyi V. V., Zinchenko S. M., Popovych I. S., Nahrybelnyi Ya. A., Nosova H. V., 2021

DOI 10.15588/1607-3274-2021-1-20

218



e-ISSN 1607-3274 Panioenekrpowika, iHdopmaruka, ynpasiisas. 2021. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2021. Ne 1

Surmary of active networks (Khural 26)

Include cases: 1:252

Index | Net. name | Training perf. | Test perf. ‘ Yalidation | Training error | Test error | Validation | Training ‘ Errar function | Hidden Qutput

perf. errar algorithrm activation | activation

1 MLP 28-3-1 0995016 0297458 3018913 72 57854 BFGS 26 505 Identity Identity
2 MLF 25-71 0995451 0297466 2307175 7401402 BFGS 28 505 Tanh Identity
3 MLF 25-8-1 0995285 0297463 2600724 7360702 BFGS 24 505 Tanh Identity
4 MLF 25-8-1 0995235 02974583 2678629 72E1TN BFGS 35 S0 Tanh Identity
5_|MLF' 28741 0995925 0297553 1630374 6320393 BFGS 49 505 Tanh Identity
6 MLF 25-6-1 0995339 02974580 2524820 VI 97867 BFGS 33 505 Tanh Identity
7 MLP 25-8-1 0995701 0297548 1982749 7112372 BFGS 42 505 Tanh Identity

Figure 9 — Indicators of network performance

120 tions to be revealed in various locations while performing
e typical habitual situations.
100 Besides, a projection of the graph targeting to analyze
20
the accuracy of the neural network appears to have been
o built. Its correctness is deemed to be high enough due to
£ the data presented in the resulting graph.
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Figure 10 — Chart of residuals of the best network

As it clearly seen, the distribution might be considered
almost close enough to standard delivering the evidence of
the adequacy of the selected neural network model. Let us
evaluate the quality of the model by building a scatter dia-
gram of the target and output variables (Fig. 11). |
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Include cases: 1:252 Figure 12 — Fragment of the obtained forecast graph
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Figure 11 — Scatter diagram of target and output variables — [4MLP 28-8-1]
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The diagram depicts that the points of model No. 5 are Fi . F‘”’“’"“‘ for § | [7.MLP 28-8-1]
bound to be the most structured ones with respect to the 1eure orecast for four cycles
diagonal which is regarded to entirely confirm the advis-
ability of its choice due to the high specifications of the
constructed neural network.
Let’s check the way the selected model will be on the
point of performing prognoses of the initial series. It
might be noticed that the constructed forecast graph tends
to be copying a huge amount of similarity of values of
the original data. (Fig. 12). This issue has become a true
indicator letting precise prediction of the operator’s ac-
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As it can perceptibly be seen from Figure 1 having
long-term forecasting, starting from 12 to 15 cycles, the
graph might be distorted. This fact suggests that the safe
use of the model is seen as workable just for two forecast
cycles with having the neural network data periodically
updated.
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CONCLUSIONS

Formal theories and logical-cognitive models are con-
sidered to have been analyzed based on game, decision,
creativity theory, theory of subjective analysis and the
theory of p-adic systems.It resulted in welcoming of the
approaches being the closest ones to the research prob-
lem.

On the ground of the foretold approach, a mechanism
for transforming the data of the ECDIS server, empiri-
cally obtained video series and time indicators were set-
tled upon causing an individual map of the perception of
navigation situations of operators on the graph of p-adic
spaces to be identified.

In addition, it had delivered the opportunity to clearly
define the transition points between the spaces of percep-
tion by means of using the module for the automated
identification of critical situations and a change in the
reaction time of operators in the course of human-
machine interaction.

With an intention to achieve the main objective of the
study an experiment is said to have been carried out as a
consequence of which metadata concerning the reactions
of operators during a vessel anchoring operation in the
port of Singapore was thoroughly collected. The data was
obtained during having had the automated analysis of the
log files of the NTPRO 5000 navigation simulator.

It is to be underlined, in its turn, that automated analy-
sis of the obtained data by means of using regression
analysis of time series with applied automated neural
networks acquiescence in the model training and further
predict operator reaction cycles. As a result of modeling
with a high degree of reliability it is possible to come to a
conclusion that for 2-3 subsequent cycles the prediction
of reactions is noticed to be satisfactory. Further settle-
ment is about having the calibration of the models re-
quired not forgetting to take into account the dynamically
changing data of individual time indicators relative to
everyday reactions.

Thus, this study is regarded to have contributed to
finding the solution of the problems of identifying the
negative impact of the human factor of marine operators
to enhance safety policy in maritime transport.
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INEHTA®IKALIS PEAKIIA OIIEPATOPA MOPCHKOI EJIEKTPOHHOI HABIT ALIIE

Hocos II. C. — xaHJ. TeXH. HayK, JOLCHT KadeIpu CyJHOBOJIIHHS, XEePCOHCHKA Iep)kaBHAa MOPCHKA aKajeMis, YKpaiHa.

Yepusiesknii B. B. — 1-p nex. Hayk, nmpodecop, pekrop, XepcoHChKa AepiaBHa MOPChKa akazjemis, YKpaiHa.

3inyenko C. M. — kaHJ. TeXH. HayK, CTapIINH BUKJIaay Kaeapy ynpaBiIiHHS CyJHOM, 3aBigyBay JJADOPATOPI€I0 €IEKTPOHHUX
CUMYJISITOPiB, XepCOHChKA JepKaBHA MOPChKa akaaeMis, YkpaiHa.

IMomoBuu 1. C. — 1-p ncuxoin. Hayk, npodecop kadeapu 3araabHOT Ta COLaNbHOI MCHXONOTil, XepCOHChKUIl JepyKaBHUM YHIBEp-
cuTer, YKpaiHa.

Harpu6enbuuii SI. A. — 1-p nen. Hayk, IOLEHT, nekaH dakyapTeTy «CyIHOBOMIHHA», XepCOHChKA Aep:KaBHA MOPChKa aKaje-
Misi, YKpaiHa.

Hocosa I'. B. — crapmmii Bukiazad xadeapy KOMIT IOTepHOI Ta porpaMHo]l imkeHepii XepcOHCHKOTo MOJITeXHITHOTO (haxoBOTo
koepKy OZIechKOro HalliOHAIBHOTO MOJIITEXHIYHOTO YHIBEpCUTeTy, YKpaiHa.

AHOTAULIA

AKTyaJIbHIiCTB. Y CTaTTi 3alpONOHOBAHO MMiXiJ aHaTi3y peakiiil omepaTopa MOPCHKOI €IEKTPOHHOI HaBiraiii Ta aBTOMaTH30-
BaHOI ieHTU(iKalii HEraTUBHOTO BILIMBY HOTO JIOJCHKOTO (PaKTOpPy B €praTHYHHUX CHCTEMaX YIPaBIiHHSI MOPCHKUM TPAHCIOPTOM.
3anponoHOBaHO aJTOPHUTMHU 3YHTYBAaHHS iH(GOpMAIii Mpo pe3ysbTaTd JIOAWHO-MAIIMHHOTO B3a€EMOJIi omeparopa y KPHUTHYHHUX
CHUTYyaIisIX IpU BUKOHAHHI HaBIraI[ifHUX orepamniii miABUIIEHOI CKIaJHOCTI.

Meta. MeTor0 IOCIIIKEHHS € po3po0Ka IMiIX0/Iy IO JO3BOJISIE IEPETBOPHUTH MPOCTIP 03HAK IO il OrepaTopa y BUIIISII JIO-
IiKO-T€OMETPUYHOTO IIPOCTOPY P-aJUIHUX CUCTEM, B PE3YJIbTaTi SIKOTO 3’ SIBISIETHCS. MOXKIIMBICTD 1IeHTH(DIKaLii PiBHS IHTEIEKTyab-
HOT JiSUTBHOCTI orepaTopa 3a JOIIOMOI0I0 aBTOMAaTH30BaHKX 3aC00IB 1 CIIPOrHO3yBaTH HOT0 AMHAMIKY JUISl HIBEJIIOBAaHHS KPUTHIHHUX
CHUTYyaLIii.

Metoa. B pamkax migxomy i 3 METOIO aBTOMaTH30BaHOI ieHTH(DIKalii CEerMEHTOBaHHUX PE3yJIbTATIB JIOJMHO-MAIIHHHOI B3a€EMO-
Iii OMMCaHO METOA TEPETBOPCHHS ACTCPMIHOBAHMX (PparMeHTIB iHTENEKTyalbHOI MiSIBHOCTI omeparopa B TepMiHAX P-agiqHHX
cTpykTyp. @opmanbHO OnMMcaHi IPUHIWIN JeTaNi3amii, y3araJbHEeHHS, a TAKOXK MEPEXO0/IiB y pi3HI MPOCTOPU CIPUHHATTS HABITaIlii-
HOI cutyarii onepatopom. [IpoBeneHo imiTaniiiHe MOAENIOBaHHS IO MiATBEPPKYE AOLUIBHICTD 3alIPOIIOHOBAHOTO MiIXOY 1 03BO-
JIsi€ Ha OCHOBI YacOBHX ileHTH(IKAaTOpiB BU3HAUMTH IHAUBITyaJbHY CTPYKTYpy peakimiii omeparopa. OTpuMaHi IaHi JO3BOJISIOTH
BHUKOHYBAaTH IIPOTHO3YBAHHS I TUIIOBHX CHTYyalill i3 3aCTOCYBaHHSIM aBTOMAaTH30BaHUX OaraTOKpPHUTEpialbHUX METOMIB i 3ac00iB,
110 y CBOIO Yepry Jae MOXJIMBICTH i1eHTH(DIKYBaTH IHAMBIAyanbHI NOKa3HUKU JUHAMIKM pPeakiii ormepaTopa y CKJIaIHil JIFOIMHO-
MAaIIUHHIN B3aeMOZIl.

Pe3yabTaTi. 3 METOIO MiATBEPIKECHHS 3alPOIIOHOBAHOrO (HOPMATHHO-AITOPUTMIYHOTO MiAX0Ay OyB MPOBEACHHUI EKCIIEPUMEHT
3 BUKOPHCTaHHAM HaBirauiiinoro cumysmstopa Navi Trainer 5000 (NTPRO 5000). ABromMaTn30BaHMil aHai3 eKCHEPUMEHTATBHUX
CEpBEPHUX JaHUX, JAHUX BiZCOPsAy, JO3BOJIUB iAeHTU(IKYBaTH JCTEpPMiHOBaHI Iii omepaTopa y BUTIIAII METaIaHUX TPAEKTOPIi Horo
peaxiiii B paMKax IpOCTOpIB P-aAWYHUX CTPYKTYp. Pe3ysibTaTd MOJCIIOBaHHS i3 3aCTOCYBAaHHSM aBTOMATH30BAHMX HEHPOHHHX
MEpesK TO3BOJIMIIM OTPUMATH YacoBi PSIIH IHTEIEKTYaJIbHOI AISUIBHOCTI OllepaTopa eleKTPOHHOI MOPCHKOI HaBiramii Ta 3 JOCTaTHIM
CTyIEeHEeM HaIHHOCTI BUKOHYBATH MPOTHO3 MOJANIBIINX PEaKIIiH.
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BucHoBku. 3anpornoHoBati GpopManbHi MiIXOAU JOCIIHKEHHS, B TIOEAHAHHI i3 pO3po0JICHUMU aBTOMAaTH30BaHUMH 3ac00aMH, a
TaKOXK aJTOPUTMIYHUMH 1 METOAOJOTIYHUMH MTPOTIO3UIIISIMU JO3BOJIIIN Ha HOBOMY PiBHI HiIIATH 10 BUpIMIEHHS MPOOJIeMHU aBTOMa-
THU30BaHOI iMeHTH(]IKalii HETaTHBHOT'O MPOSBY JIIOACEKOro (pakTopa omeparopa eJIeKTPOHHOIO HaBiramii. Pe3ynbTaTWBHICTE 3ampo-
TIOHOBAHOTO MiAX0oxy Oysa OOIpyHTOBaHA 3a pe3yJIbTaTaMU aBTOMAaTH30BaHOI 0OpPOOKH eKCIICpHMEHTAIbHUX JaHUX 1 HOOYyJOBaHUX
MPOTHO3IB.

KJIFOYOBI CJIOBA: cuctemu ineHTUiIKAIl peakiliii, CACTEMH aBTOMAaTH30BaHOI OOpOOKM JaHWX, MOJCIIOBAHHS pPEaKIii
orepaTopa, KOMIT FOTepHI HaBirariiHi CUMYJISITOPH, aHaJli3 JII0JCEKOro (hakTopa, aBTOMaTH30BaHi CUCTEMH YIPaBIiHHSL.
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HJIEHTU®UKALIMS PEAKIIAIA OMTEPATOPA MOPCKOM SJIEKTPOHHOM HABUT ALIUA

Hocos I1. C. — kaHJ. TeXH. HayK, IOLEHT Kadeaphl CyIOBOKICHNU, XepPCOHCKas TOCYyJapCTBEHHAsI MOPCKast aKkaJeMHus, Y KpanHa.

Yepusiekmii B. B. — 1-p nen. Hayk, npodeccop, pekrop, XepcoHCKast ToCyIapCTBEHHAsI MOPCKast akaeMus, Y KparHa.

3unyenko C. H. — xanz. TexH. HayK, CTapIInii IpenoaaBarTells KadeIpsl yIpaBIeHUs CyJHOM, 3aBeAyIomuil 1aboparopueii aue-
KTPOHHBIX CUMYJISITOPOB, XEePCOHCKasl TOCYAapCTBEHHAs! MOPCKasi akaieMusi, YKpanHa.

Monosuu U. C. — n-p ncuxos. Hayk, npodeccop kadeapsl oOIIeH U COMUATBHON TICUXOJIOTHH, XEPCOHCKUI TOCY1apCTBCHHBIN
YHUBEPCUTET, YKparHa.

Harpu6enbnsiii 5. A. — 1-p nen. Hayk, IOLUEHT, feKkaH (akynpTera «Cya0BOXKICHUNY), XEPCOHCKAs TOCYyIapCTBEHHAsT MOPCKas
akaziemMus, YKpauHa.

Hocosa I'. B. — crapmmii npenoaBarenb KaQeapsl KOMIBIOTCPHONH W MPOrPaMMHON MH)KCHEPHH XEPCOHCKOTO TOIUTEXHHIECKOTO
TIPO(eCcCHOHABHOTO KoJutepka OecCKOro HalMOHATEHOTO ITOMUTEXHIIECKOTO YHUBEPCUTETa, Y KpanHa.

AHHOTADIUSA

AKTyaJIbHOCTB. B cTaThe mpeiokeH MOoaXo/ aHaIu3a peakiyil ornepaTopa MOPCKOIl JIEKTPOHHOI HaBUTAIlMU U aBTOMATH3U-
POBAaHHON MIECHTHU()HUKALMY HEraTHBHOTO BIIMSHHS €ro 4eJOBEYEeCKOro ()akTopa B 3praTHYECKUX CHCTEMax YIPAaBJICHHS MOPCKHM
TpaHcnopToM. IIpesoxKeHbl alrOpUTMbI CUNTBIBAHUS HH(OPMAIMK O pe3ylbTaTaX UeIOBEKO-MAIIMHHOTO B3aHMOICHCTBHS Omepa-
TOpa B KPUTHYECKHUX CUTYAIUAX IPH BHIIOJHEHHN HABUTAIHOHHBIX ONEPAIH TTOBBIIIEHHOW CII0KHOCTH.

Heas. Llensio uccnenoBanus ABIseTcs pa3paboTka MOAX0Aa MO3BOISIONIET0 Ipeodpa3oBaTh IPH3HAKOBOE IPOCTPAHCTBO ACHCT-
BUIf omepaTopa B BHJE JIOTHKO-TEOMETPHUIECKOI0 IIPOCTPAHCTBA P-aIUMIECKHX CHCTEM, B Pe3yJbTaTeé KOTOPOTO MOSBIISICTCS BO3ZMOX-
HOCTh WJICHTH(UIUPOBATh YPOBEHb WHTEIUICKTYAJIbHOU JESTEILHOCTH OINEpaTopa C IOMOINBI0 aBTOMAaTH3MPOBAHHBIX CPEICTB U
CIIPOrHO3UPOBATH €T0 TMHAMUKY JUIS HUBEIHMPOBAHUS KPUTHYECKUX CUTYaIHi.

Metoa. B pamkax moaxoja u ¢ LENBI0 aBTOMAaTH3MPOBAHHOM HAECHTU(QHKAINN CErMEHTHPOBAHHBIX PE3YJIBTATOB UEIOBEKO-
MallIUHHbIE B3aMOJICHCTBYS ONUCAH METOJ IPeoOpa3oBaHus JeTEPMUHUPOBAHHbBIX ()ParMEHTOB MHTEIUICKTYaIbHOH IeATEeIbHOCTH
orepaTropa B TEpPMHHAX P-aJAUUECKUX CTPYKTyp. PopMaabHO OMUCAHBI MPUHIHIIB! JETATH3aHH, 0000IIEHH s, a TaK)Ke MEPEXOI0B B
pa3nHYHBIE TPOCTPAHCTBA BOCTIPUSATHS HABUTAIMOHHOW CHTYaIMH omepaTopoM. IIpoBeeHO MMHTAIMOHHOE MOJECIHPOBAHUE IMOJ-
TBEpIKAAIOIIEE ETeCO00Pa3HOCTh MPEUIOKEHHOTO OAX0/1a 1 TTO3BOJISIONIEE HA OCHOBE BPEMEHHBIX HACHTU(PHUKATOPOB ONPEICITUTh
HHJIIBHIYaJbHYIO CTPYKTYpY peakuuii omeparopa. IlomydueHHbIe NaHHBIE MO3BOJIAIOT BBIIOJIHATH NMPOTHO3HPOBAHUE JUISI TUIIOBBIX
CUTyallMii ¢ MPUMEHEHHEM aBTOMATH3HPOBAHHBIX MHOTOKPHUTEPHATIBHBIX METOZOB M CPEJICTB, YTO B CBOIO OUYEpelb NAaeT BO3MOXK-
HOCTb MJICHTH()ULINPOBATh NHUBUIyaIbHbIC [T0KA3aTENN JUHAMUKY PEaKLMi OlepaTopa B CIIOKHOM YeJIOBEKO-MAIIMHHOM B3anMO-
JCUCTBUHU.

PesyabTarhl. C Lenblo OATBEPKICHHS PEATI0KEHHOT0 (GOPMaIbHO-aITOPUTMUYECKOTO MOAX04a OblI IPOBEIEH IKCIEPUMEHT
C WCIOJIb30BaHUEM HaBHTaloHHOro cuMyJistopa Navi Trainer 5000 (NTPRO 5000). ABToMaTH3MpOBaHHBIN aHAIHU3 KCHEPUMEH-
TaIbHBIX CEPBEPHBIX JAHHBIX, JAHHBIX BUACOPSA, TIO3BOIMI HACHTH(OHUINPOBATh AETEPMHHUPOBAHHBIC JEUCTBHUS OIepaTopa B BUJIE
METaIaHHBIX TPAEKTOPUH €0 PEeaKnuii B paMKaxX MPOCTPAHCTB P-aANIECKUX CTPYKTYp. Pe3ynbTaTsl MOJETHPOBAHHS C IPUMEHEHHEM
aBTOMATH3UPOBAHHBIX HEHPOHHBIX CETEll MO3BONMIIN IIOMYYHUTh BPEMEHHBIE PsIbl MHTEIUICKTYalTbHON AESTENHOCTH OIepaTopa
JIEKTPOHHON MOPCKOW HAaBUTALH M C JOCTaTOYHOH CTETIEHBIO HAIEKHOCTHU BEIITOIHATH IIPOTHO3 JAIBHEHIINX peaKuuii.

BriBoasl. [IpemnokenHsle ¢opManbHble MOAXOABI UCCIEAOBAHMS, B COYETAHUH C Pa3paOOTaHHBIMHM aBTOMATH3UPOBAHHBIMH
CPE/ICTBaMH, a TaK)Ke AITOPUTMHYECKHMH M METOJIOJIOTHYECKUMH MPEUIOKESHUSIMY TIO3BOJIMIIA Ha HOBOM YPOBHE MOJOWTH K pere-
HHIO TIPOOJIeMBbI aBTOMATH3HPOBAHHON MJICHTH()UKALMK HETaTHBHOTO NPOSIBJICHHS YEJIOBEUECKOro (hakTopa orepaTropa 3IeKTPOHHOI
HaBUTAlMH. Pe3yIbTaTUBHOCTH NMPEATI0KEHHOTO M01X04a ObL1a 000CHOBAHA MO pe3yJbTaTaM aBTOMATH3HPOBAHHOW 00pabOTKH 3KC-
MEePUMEHTATBHBIX JAHHBIX M TOCTPOEHHBIX TPOTHO30B.

KJIFOUYEBBIE CJIOBA: cuctempl naeHTH()UKAIMNA PEaKInii, CHCTEMBl aBTOMATU3UPOBAHHON 0OpaOOTKH JaHHBIX, MOJIEIUPO-
BaHME PEaKIHil OlepaTopa, KOMITBIOTEPHbIC HABUTAIMOHHBIE CHMYJISITOPHI, aHAIIM3 YEJIOBEYECKOro (hakTopa, aBTOMATH3UPOBAHHBIE
CHCTEMBI YIIPaBJICHHS.
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