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ABSTRACT

Context. The article discusses approaches to anticipation identification being an essential part of the decision-making process done
by the operator by using the example of a sea captain in ergatic systems of critical infrastructures in the sea transport management. The
mentioned above aspect of anticipation of operators can be regarded as being a complex form of human-machine interaction and, cer-
tainly, claims for further elaboration of information and tools to be used.

Objective. The way to approach development is taken as being based on an information analysis of the full range of trajectories
of decision-making by operators at the time of performing complex multi-stage actions. These items are rooting out of their adopted
strategy of human-machine interaction. Besides, it leads to the formation of a metric being able to algorithmically represent the
enormous number of variants. It can be done taking into account conditions of combinatorial representation in terms of the geometric
theory of groups on the Cayley graph.

Method. Being a part of the approach elaboration the having been obtained during the analysis of the database of navigation
simulators mathematical model of experimental data collecting and processing succeeded to be constructed. To confirm the formal-
algorithmic approach a simulation was challenged to be carried out helping to form the trajectory of the operator’s decision making
in critical situations. It was felicitously performed basing on the three-factor ERO-AEA-EAPI model. Thus, the algebraic and soft-
ware representation of the metric decision space is noticed to uncover approximate complex human-machine interactions in uncertain
environments. As a result, the converting process of data of the main subject of critical infrastructure (i.e. the operator) into knowl-
edge is able to be coped with. In addition, factors possible to be gauged in the proposed metric are able to be uncovered.

Results. In order to carry out the feasibility assessment of the developed approach as well as formal-algorithmic ones, an experi-
ment was performed by using the Navi Trainer 5000 navigation simulator (NTPRO 5000). During having one of the most trouble-
some operations i.e. mooring we wanted the server data to be analyzed. As a result, data about anticipation being shaped as triangular
constructs in the quasi-isometric space of Cayley graph is reported to have been obtained. The automated neural networks being used
for result obtaining led to delivering of the possibility to get multiple data regression and to analyze the relationships of many inde-
pendent variables. It is considered to be clear evidence due to having found out results of scattering and reliability diagrams.

Conclusions. The having been presented in the investigations formal-algorithmic approach together with the developed software
tools and the approaches of converting data into knowledge about operator anticipation are said to embrace the possibility to classify
and to identify individual decision-making strategies when managing a vessel and to predict the likelihood of poor consequences.
With regarding to the cogency of the proposed approach and models these issues happen to have been successfully justified by means
of the automated processing of experimental data.

KEYWORDS: decision support systems; knowledge identification systems; operator model; computer navigation simulators;
management of risks; human factor analysis; automated control systems.

ABBREVIATIONS NOMENCLATURE
DSS is a decision support system; Xg, Y, is a metric space;
NTPRO 5000 is a mnavigation simulator “Navi d d i tric:
Trainer 5000”; Xe? 7 Vg 1S @ space metnc,
ARPA is an automatic radar plotting aid; 8 is a geodesic neighborhood;
AIS is an Automatic Identification System; X' is a signs of anticipation;
ECDIS is an Electronic Chart Display and Information N .
System; ( X, )a is an influence of new data;
RADAR is a radar station; W, is a conditions;

ERO is an expected results of operations;

AEA is an anticipated event awareness;

EAPI is an expected attitude towards participants in
interpersonal interaction.

Z is a mooring task;

a, is a detalization;

b, is a generalization;

f 1is a quasimetric attachment;
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Cq> k are constants;

a is a maneuvering with a change in the operating
mode of the main engine;

bis a shift pen rudder;

cis a change of the operating mode of the thruster;

p is a point located on the geodetic segment;

¢, is a bounded quasi-isometric mapping;

Xg,Vg,Zg AI€ vertexs;
v is a geodesic segment (path);
r is a geodesic segment length;

S; is an area of the flat;
(M,d) 1s a metric space;

aq,b, are an any two points on sides;

X 1S a situation;
B, (x) is an action plan (detail);

C,(x) is a summarizing data;
{Ind} is a forms inductors;

D; is an information domains;

P(x,z) is a predicate;
A(x) is a set of probable solutions;
Q, is a set of rules is primarily formed,;

H, is a data generation conditions;

{S*} o is a favorable treatment;

U, is a possibility of having options;

e is an activity of captain;

V' is an objective reality, regularity;

EZ is an energy and motivation of the captain;

T is a basis of the tests;

{E} is a destined for observing the constructing do-

main digraphs experience;
0G is a set of elementary operations;
{Ag} is a micro social environment limited.

INTRODUCTION

It goes without saying that the processes involving
human-machine interaction in ergatic systems are sure to
have always been a crucial field directly affecting the
final result. In the contemporary critical infrastructures
with an operator having in the information circuit, under
the great security influence these processes are to be
drawn attention to as reflecting great interest [1]. Modern
information technologies demonstrating competencies in
finding solutions aimed at ensuring the safety of ergatic
systems are using the example of maritime transport to a
small degree. The human factor manifestations are named
to have always been main contributors to a significant
increase of the likelihood of faulty situations.

Signaling is usually made in the form of a warning di-
rective to the vessel crossing dangerous areas or ap-
proaching target vessels (Fig. 1), obstacles or dangerous

isobaths so, therefore, a safety circuit is mandatory to be
used (Fig. 2.) [2].

Area

[] Traffic separation zone.
[ Traffic crossing.

] Traffic roundabout.

[] Traffic precautionary.
1 Two way traffic.

[] Deeper water route.

[]1 Recommended traffic lane.
1 Trehara feaffle sana

Cancel

Figure 2 — Display of the ship safety frame

The operator himself is able to choose and even create
his own circuits for having being alerted by the security
system experience. The ECDIS system is noticed to be
having enough tools for automated security settings by
using electronic navigation charts. In addition, other trou-
bles to be mentioned happening like signaling due to hav-
ing problems in the engine room, rough weather condi-
tions can be successfully coped with. At the same time, on
the opposite, there is little evidences speaking about tools
that are involved into taking into account the operator’s
response to the data stream and signals of navigation de-
vices. Selecting highly qualified operators might be a key
issue in the attempt to solve this problem but the compli-
cation to be paid special attention to is not being aware of
the having been used shaping experience [3]. Besides,
when constructing automated systems frame aiming to
improve security level in this meaning, it is important to
be focused on the ‘“average” operator experience and
qualification. Nowadays they tend to be more than 70% of
the total. Previously having been implemented reviews
made us face the challenge of highlighting the questions
of having negative influence of individual groups of fac-
tors on the operator’s behavior pattern, concentration of
attention and communication features in the group [4—6].

However, questions related to the planning of the tra-
jectory of actions and the expectation of a future result
due to their individual formation pattern are still remained
to be not enough discussed. Certainly, in order to obtain
results in this field it is considered to be complicated to
determine the approaches for identifying information
signs and signals. Nevertheless, exactly these issues make
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it possible to build automated means for improving safety
in maritime transport.

Thus, the problem is highlighted reflecting having the
negative manifestation of operator anticipation as a com-
ponent of the human factor. Analysis of accidents as well
as work with cadets during training drills at navigation
simulators at the Kherson State Maritime Academy
(Ukraine) proves the established hypothesis of anticipa-
tion being decisive cornerstone in making decisions cor-
rect beyond any doubt. This pattern of human factor be-
havior especially manifests itself in the following condi-
tions: an operator has already had experience, for exam-
ple, captain or his first assistant, or he navigates in the
water area he is quite get acquainted with. It must be em-
phasized that avoiding the negative manifestation of an-
ticipation is highly likely to happen by automated means
for its identification and manifestations in dynamics rela-
tive to each operator.

Hence, the object of research frames the question of
the process of automated identification of anticipation of
operators while performing complex maneuvers in the
management of sea transport.

The subject of the study is models and algorithms
that implement the process of automatic identification of
operator anticipation in critical and difficult-to be-
predicted situations.

The purpose of the study is taken to be to introduce
and promote a mathematical and algorithmic justification
for the development of a module of a DSS in order to
identify the beginning point of operator’s anticipation and
its dynamics in the presented metric to meet or to improve
safety level in maritime transport.

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

1. To specify a formal approach for the formation of a
functionally defined space Y, with a metric d Ve to dis-

play the manifestations of anticipation of the operator.

2. To approximate the decision-making process made
by the operator basing on the three-factor model ERO-
AEA-EAPI in the form of a geometrically defined trajec-
tory on the surface of Cayley graph X, with a metric a’xg ,

with an intention to synchronize the data of the Transas
navigation simulator NTPRO 5000 and the encoded tra-
jectory.

3. To determine extrema on the Cayley graph able to
convert the surface to quasi-isometric item and allowing
to obtain the distortion value in the form & of a-
neighborhood on the geodesic triangle ERO-AEA-EAPI.
According to carrying out experience the operator’s an-
ticipation centers seem to be activated and seen.

4. To conduct an experiment using the Transas navi-
gation simulator NTPRO 5000. It would be involved into
having the possibility of automatically manner build the
triangular space of the ERO-AEA-EAPI based on the
results of the navigation tasks and identify the centers,
magnitude and dynamics of operators’ anticipation.

5. To formally introduce an information model of the
formation of operator anticipation and identify signs of
anticipation x’, as well as the influence of new data

(X t* )a on its manifestation in the form of a thin section

Xt* +1 under the conditions W, Z and psycho-

physiological parameters of the operator.

6. To develop a model of the dynamics of the centers
of anticipation of operators in the form of a Shukhart-
Deming spiral cycle from detalization a, to generalization
b, and back a,,;.This issue will be able to provide the

possibility of having negative manifestations of anticipa-
tion predicted in a discrete form.

7. To construct a multiple regression using the ex-
perimental data of the trajectories of decision-making by
operators by means of automated neural networks. Further
actions proposing to be taken include their training proc-
ess to be involved with an aim to organize the effective
work of DSS and, as a result, to identify the negative
manifestation of anticipation in maritime transport opera-
tors.

Hence, the best tackle of current spoken above chal-
lenges means dealing with getting the opportunity to suc-
ceed in achieving problem solution of identification and
prediction of anticipation of operators in maritime trans-
port. The allocated experimental data is intended to de-
liver further probable development of DSS with a goal of
creating and enhancing more sustainable safety environ-
ment in maritime transport by diminishing the negative
manifestations of the human factor.

1 PROBLEM STATEMENT

The research dedicated to the operator mental states
map designing in rough environment reflected the idea of
having identified points on its surface mattered. It must
be noted that each operator is about to have this surface
functioning in up-to individual mode due to its basing on
personal preferences and behavior patterns as well as on a
complex system of social expectations. From the first
point of view, the base points of the surface are not no-
ticed to be connected with each other. However, further
reconsideration can propose getting the opportunity of
building connections by selecting construction elements
using terminology of the theory of geometric groups [7].

Thereby, construction elements form segments and the
last ones tend to build a geometric structure i.e. function-
ally defined space. Consequently, the points connected in
space form a metric by the help of the given distances
between them. Taking into consideration the fact of hav-
ing all points of the obtained space Y, with metric d x

included in the primary Cayley graph X, with metric d Xy

the conclusion worth taking is that this metric is induced.
So, these points will certainly limit the primary Cayley
graph, convert it to the induced pseudo-metric where the
points are connected by geodesic segments.

It is vividly seen that for the particular person mental
state of being under the influence of his social expectation
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factors geometric structures will be shaped as a quasimet-
ric attachment f in the form of f:X, > Y, , if

d. d,
g ’g

Jk,c ng, Vg
the validity that the distance between the points of the
spaces X, and Y, can only change linearly must be ob-
served. This condition delivers the opportunit to save the
metric of the primary Cayley graph:

dy, (F(xg)’ F<yg))'“:>dyg (f<xg)’ f(yg))S

Skdxg (xg,yg>+cg 3@—0

sdy, (f(xg)’f(yg))gkdxg (xg’yg)“g'

Moreover, the nature of this dependence is quasi-
isometric one because the distance between the points

€ X, . To meet this issue requirements for

g S

f (xg) and f ( yg) varies linearly depending on the in-
dicated above constants ¢, and k.

Suppose the application of the proposed approach to
the formation of space of social expectations of the indi-
vidual basing on the results of the research made by Pro-
fessor 1. Popovych at al. [8]. His inquiry suggests a three-
factor model to be used consisting of the following areas:

a) ERO; b) AEA; ¢) EAPL

Being guided by the mentioned above options, the
conclusion can be drawn that the personality while being
involved into carrying out activities is basing mostly on
three strategies causing definite deeds. Thereby, his social
expectations might be founded on these three parallel
directions and superimposed on the trajectory of action.

2 LITERATURE REVIEW

The research problems are rooted out from the contra-
dictions existing between the needs for automated identi-
fication of operator behavior motives in ergatic systems
and the capabilities of navigation information systems [9].
In having been studied inquiries related to these issues
scientific researches tend to get risk assessment by
mathematical processing of the parameters of the infor-
mation model of the vessel and its dynamics in the water
area [10—12]. Others are focused mainly on the enhance-
ment of information tools for the analysis of physiological
characteristics of sea transport operators [13, 14]. At the
same time, the decision support systems questions can not
be avoided as being essential in facilitating safety marine
environment reducing the human factor of the operator by
analyzing the decisions made during holding human-
machine interaction [15-18]. Furthermore, the task of
identifying the manifestations of the human factor itself
can be found as being much more problematic one in
comparison with ordinary work performed with signals
and data from navigation devices RADAR, ARPA, AIS,
ECDIS, etc. In the meantime, the deliberate relevance of
such investigation is noticed to be expending greatly
thanks to automated systems being involved. To some
extent, this practice let them respond to manifestation of

the negative human factor by automatical diverging in the
principles of E-navigation [19, 20].

Contemporary approaches to the sustainable develop-
ment of automated and intelligent systems are more and
more involved into facing challenges to respond the need
for undertaking thorough analysis of operator action plan-
ning [21, 22].

Nevertheless, well-known widely-spread literature is
unable to deliver references to efficient automated sys-
tems capable of carrying out identification of operator
anticipation manifestations as an indicator of the strategy
of decisions made in ergatic systems of maritime trans-
port.

3 MATERIALS AND METHODS

There is the hypothesis that due to the psychological
characteristics of the individual at each interval (stage) of
the trajectory of his activity one factor-direction is con-
sidered to act as a dominan one, being dominant. More-
over, each fragmented trajectory of human activity has
three dominants in each direction factor, thereby, forming
a triangular structure having non-trivial individual-
personality properties. They turn out to have scientific
and practical significance for the development of the
methodology of social expectations of the individual.

For the sake of confirming this hypothesis a simula-
tion of the trajectory of a person’s behavior in critical
situations is supposed to be performed. One peculiarity is
to be made is that independent decision making is re-
quired to be based on the three-factor model of ERO-
AEA-EAPL

Suppose, as a modeling environment critical infra-
structure (for example, maritime transport) would be cho-
sen to be spoken about and as an operator, a watch assis-
tant of the captain or captain. Besides, imagine, the envi-
ronment where the vessel will be operating and maneu-
vering is said to be one of the most complicated ones
(coming up to the pier and mooring operation). To com-
pletely satisfy and meet the requirements such options as
experience and professional skills of senior assistant of a
captain or other higher positions must be taken into con-
sideration.

When constructing the Cayley graph the three axes a,
b, ¢ would be proposed to be used basing on the reasons
that when mooring combinations of control actions rests
on three main types of maneuvers:

a — maneuvering with a change in the operating mode
of the main engine;

b — shift pen rudder;

¢ — change of the operating mode of the thruster.

As arule, taking into account huge number of external
and internal factors influencing on, the captain gets used
to being guided by combinations of basic maneuvers
monitoring the situation in real time mode. Gained ex-
perience and mind-motor skills are able to be highly
likely the most influential factors on choosing the particu-
lar strategy. These items which brings an additional effect
that polar influences the final result of the maneuver.
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Thus, to identify the path of the skipper’s actions a
metric space is proposed to be constructed. It would defi-
nitely take into account the entire spectrum of options for
the those actions in the context of a three-factor model in
the form of a Cayley graph basing on the geometric the-
ory of groups.

It must be underlined that this graph, according to the
axiomatics of the formal approach, is noticed to be start-
ing from the base point e and to be spreading in three
axes. The metric of the graph does not change with its
spreading’s, however, for the image to be observed com-

pactly, each level of construction is scaled a multiple % .

So, the Cayley graph obtained in this way could be de-
picted as following (Fig. 3):

Figure 3 — Cayley’s graph of the actions of the skipper in the
three-factor model

As it can easily be seen from Fig. 3, the Cayley graph
is not observed changing structurally. To some extent at
any point the principle of the geometric distribution of
edges can be functioning in the same way. This tendency
confirms the appropriateness of geometric group theory
sampling techniques for further development of this
study. In order to analyze this approach, an experiment
was carried out using the Transas navigation simulator
NTPRO 5000 at the Kherson State Maritime Academy
(Ukraine) (Fig. 4).

|- o - ras

Figure 4 — A fragment of the opéfation on the NTPRO
5000 simulator

Before starting of the experiment students, navigators-
to be, had been pre-screened for upcoming behavior pat-
tern with the following analysis of the actions letting us

get identified all preferences regarding directional factors
during the mooring operation.

In order to improve the experiment quality and level-
ing random factors a mooring operation is reported to
have been performed in three stages. In each of the stages
an extremum was determined by three directional factors
towards particular captain. Consequently, three trajecto-
ries were obtained mapped onto fragments of the Cayley
graph (Fig. 5).
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Figure 5 — The set of trajectories on the Cayley graph

Fig. 5a shows that all three trajectories begin with a
factor-direction a € 4, indicating the fact of navigator’s
having already been formed by the carrying out moment
stages action plan. To a certain point, this is real truth due
to the fact that the skipper is experienced and has well-
established behavior algorithms in cases typical to this
situation. Having highlighted and connected the extre-
mum points (acbcba, acachb, abac) we get a geometric
figure forming a triangle. Attention must be paid to the
evidence of functioning each extremum point as a deter-
miner of the length of the trajectories of different sizes
(usually from 4 to 6 stages) (Fig. 5 b).

The resulting structure is defined by the central a-ac,
geodesic segment limiting the outgoing trajectories within
a constant ¢, , such that (1):

f(xg)ﬂca:VaeA,EIpeF(Xg):da(a,p)Sca. )
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Thusly, this structure is not said to be anything more
than ¢, — bounded quasi-isometric mapping of the image

describing the metric of social expectations of the skipper
in a set of typical situations. The introduced constants are
not noticed to distort the essence and linear dependence of
the three-factor model of the ERO-AEA-EAPI. This data
deliver us the possibility of getting generalization the ob-
served properties of the formation of behavior trajectories.
The obtained for each trajectory data is fragmented and
displayed in Table 1 and according to it, the main ex-
tremes turn out to be analyzed and, as a result, it is indi-
vidual resurfacing of the navigator’s social expectations is
highly likely to happen (Fig. 6).

Table 1 — The data of the trajectories of the geometric structure

Ne  |Trajectory Trajectory stages
1 acbcba a; ac; ach ache acbch achcba
2 acacba a; ac; aca acac acach acach
3 abacac a; ab aba abac abaca abacac

b4

X

Figure 6 — The curved surface of the social expectations
of the individual

Further observation of the specifics of the manifesta-
tions of factor directions makes us notice our moving
away from the straightness of the Cayley graph due to the
scatter of the values determined by its points.

The image of the graph itself can b regarded as an im-
age on a curved surface formed by a matrix of values
when forming the trajectories of the real actions of the
skipper (Fig. 6). To a certain point, the formed surface is
said to be an individual imprint of his social expectations
in the situation under consideration (2):

(M,d):ng,yg,zgeM, Fy:[0,r] > M. )

The curvature determination of this surface contrib-
utes to providing the representation of the impact degree

of dominant factors on the situation and to displaying of
individual habitual preferences being performed in a typi-
cal situation. As a result, possible future behavior pattern
of the skipper is highly likely to be predicted. However,
taking into account the complexity of this process, an
indirect feature is proposed to be used due to the fact of
getting real reflection of the deviation from the average
indicators of the points. This indirect issue is noticed to be
based on the ratio of the area formed by three points of
the flat and the actual obtained surface.

The comparative analysis of the area of the flat
S, = 4210.04 mm?’ and the surface area S, = 9531.18 mm’
is equal to 2.263. Thus, a surge of factors regarding the
situation turns out to have double time exceeding average
experience which is considered to be treated as true indi-
cator of skipper’s mental state.

Therefore, the goal points of social expectations are
able to be determined for all three factors-directions of the
model of the ERO-AEA-EAPI.

So, the formed space is ¢ hyperbolic [23] because (3):

Vxgygzg €M, V[xg,yg], [yg,zg} [xg,ng%MS. 3)

Being proved by the fact that all the geodesic seg-
ments in our case are located in the same neighborhood
surroundings common trajectory fragments are vividly
seen. This issue is confirmed by transition properties (4):

38 :V geodesic a— d narrow = 33 :V geodesic a—

“

— diam {center points-a,b,c} <3.

It can be observed from formulas (3) — (5) that the this
way formed geometric structures have a central space
being limited by points (cxg,cyg,czg ), so called &

neighborhood. In our case it will have a diameter equal to
the edge a-ac being completely appropriate for the c-
limitation condition mentioned above (Fig. 7).

i T
=~ T~ abac =z, NN
’ NN

~ WX
C 1\
: | |
J/
-~ =/

| acbeba = x,
\ —

Figure 7-1s 6 —neigﬁ;o?ho—od_spurrounding on the geo-
detic triangle ERO-AEA-EAPI.

Depicted in Fig. 7 a geodesic triangle is quasimetri-
cally embedded being a fragment of the Cayley graph into

a hyperbolic space as its & -fineness, [xg, yg]U

U[xg,zg]u[yg,ngin the metric space (M,d). This

situation can easily be determined by the following condi-
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tion: for the vertex z and for any two points a, and b,

g
on its sides [zg,yg] and [zg,ng , the next coming item

is observed:

d(zg,ag)=d(zg,bg)S%(d(z,y)+d(z,x)—d(y,z)):

:>d(ag,bg)$6, §>0.

Consequently, that presented in the scope of this study
three-factor model of ERO-AEA-EAPI on this Cayley
graph group happens to be mentioned a hyperbolic one
basing on the definitions of Gromov-Rips [24, 25]. From
the spoken above the conclusion can be made about exist-
ing 6 -neighborhood surroundings for a finite system of
generators where the union of any two sides occur
(Fig. 7). As it can be clearly seen, the curvature of the
space ERO-AEA-EAPI seems to be situational one and
depends on its generators. The result of this as follows:
the problem of revealing the pattern of its formation as
well as the complication of making classification of the
navigator’s mental states regarding to extreme points
happen to surface.

4 EXPERIMENTS

In the light of the foregoing above objective an ex-
periment was carried out using the Transas navigation
simulator NTPRO 5000. This experience contributed into
succeeding in having the space of the ERO-AEA-EAPI
built basing on the results of the navigation tasks of three
captains.

During the experiment double having been passing of
the location by each of the captains in two similar situa-
tions in Bosphorus and Hong Kong was performed. In
each case extreme points were identified showing that the
obtained data is close enough in meaning, in average
comprising about 2—5%. To a certain point, this issue in-
dicates the awareness in performed decision-making
process based on many years of experience. Despite the
probable static nature of the identified indicators of the
model of the ERO-AEA-EAPI, dynamics tended to be
found in the form of the displacement of triangular geo-
metric structures towards the geodetic space above the
Cayley graph (Fig. 8). For example, being traced in two
cases dynamics has various transformations. It must be
emphasized that in the first case a significant expansion of
the surface area formed by triangles by 65% is possible to
be observed. This fact indicates that the captain No. 2
tends to be shifting the focus of the ERO-AEA-EAPI in-
tentionally at the second stage.

So, for the sake of getting the extremum points figured
out an automated system was developed allowing you to
visually determine the surface of the triangulation
(Fig. 8). This item is sure to indicate the balance of the
ERO-AEA-EAPI in the mooring task Z.

It must be noted that the long-drawn-out experiment is
reported to have been performed in the period of 3.5 years

with dozens of trajectories analyzed. Subsequently, the
tendency was noticed to follow of having some cases with
the dynamics of the displacement of the points of the ex-
trema in time slices.
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Figure 8 — Triangulation of the hyperbolic decision surface

The implemented research revealed a bias dependence
depending both on the age of the captains and on their
psychological states (Fig. 9).

Figure 9 — Dynamics of the transformation of a hyperbolic
surface

As a result, a hypothesis is highly likely to be done is
that such actions are thought to be habitual characteristics
of individuals being still on their way of development and
improvement . They are sure to be setting new goals and
striving to boost their skills and abilities associated with
running the vessel and navigation. The only problem to be
mentioned is our being uncertain about this. Appropri-
ately to the aforementioned, there is a need in applying
mechanism for the condition determinations for the aim of
stimulating the captain to change the strategic trajectory
of action.

In this regard, let us consider this situation in the for-
mal theory of creativity framework [26]. According to it,
the notion to be used is mooring Z, as a decision-making
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task it is to be based on the captain’s initial information
about the situation x € X , in the form of which the initial
action plan is shaped z € Z. The captain’s early experi-
ence occupies a significant place at this very stage. For
instance, with a sufficiently low functional entropy of the
captain, the action plan can possibly be determined with a
high degree of accuracy z/Z, leading to the enormous

specification of the action plan B, (x) proposing the only

probable- to be carried out-plan X, tA. Otherwise, the cap-
tain tends to be relying indirectly on experience of such
type of tasks Z, summarizing data C,(x) while having

x € X,. This experience seem to form X, — X,,, and
depict C, : X; > 2X,and B, : X, = 2X, .

Thus, the expansion of the spectrum of actions by the
level of generality C,(x) forms inductors {Ind}Z , with

regard to information domains D, , affecting the focus

shift of the ERO-AEA-EAPI and determining model
Dy {Ind} D, — D, {Ind} D, —->..>D; {Ind}Dj,

As a result, the assumption seem to appear that focus-
ing shift is possible to be surfaced when there is either
entropy (unconscious action) or (conscious action) if there
is a need in having one’s social condition improved and,
hence, in anticipation itself.

In addition it should be taken into account that detail-
ing and generalization are being involved into complex
way functioning: Vxe X; C;(x)NB,(x)=x is on the

problem of mooring Z, while new social states —
knowledge base is being formed and equal to:
x'eC,(x) < xeB,(x'). However, these conditions can
be reported as being valid only when non-random activity
of captain e, case is observed such as:
Vx e X, e(x) - e(Ct (x)) .

Basing on the fact that all captains due to their qualifi-

cation base a- priori act consciously rely on their prior
experience and skills the mooring problem is to be deter-

mined by a predicate  P(x,z), such as
Vxe X 3z e Z P(x,z). While having it, the power of the
set of probable solutions will be:

VxelX ze A(x) P(x,z) & VxeXz¢ A(x)ﬁP(x,z) R
where 4:X — 27 . In tough close to-emergency situa-
tions the captain is obliged to operate with data with a
maximum accuracy a criterion which is said to be
Q,H, = {x| xeX, B(x)= x} . This issue enormously
reduces and limits the possibility of having options
U,=NxeH, C,(x), with stimulating the extinction of
the extreme points of the ERO-AEA-EAPI.

The manifestation of such situations are causing the
captain’s mechanical and unemotional actions in the cases

when: 3x, x"e H, that C,(x)NC,(x")=@, U, =< and

Vxe X, Fzx P(x,zx), when such tough situation is
highly likely to happen: Vx' e C, (x)N X, P(x'zx).
Therefore, for mooring operation to succeed a trajec-
tory, {x,}x={x=x,<x <..<x,}cX, is to be pro-
vided escaping from getting the entry to the close-to-
emergency situation described by the set of

Xl* :{x* |x* eX,3zeZ P(x*,z)} or emergency one

like X, ={x|xeX, P(x,u)}=X,\X, .Itis worth add-

ing that such situation may condition the time frame to be
determined forming the pre-emergency state of the moor-
ing operation X, = X, ,A \X t* . However, the complexity of
having it done is the fact in each captains’ having indi-
vidual temporary structures according to their background
nature displayed in the trajectories of behavior. It makes
ground to welcome necessity of determination an indi-
vidually-oriented model of the captain taking into account
the time phases of effectiveness of safe providing model
of navigation.

On account of all spoken above, let us turn to the for-
mal concept defining individual temporary “codes” of
captains within the framework of tackling such indicated
problem  mooring  operation of the  vessel:
Vxe X, zeZ P(x,z).

Premising, all three time phases of its solution are
X, =Uzez (X )z

considered as being

Xt* =UzeZz (X:)z; VzeZ (X;)z%e(X:)z, with
the transition to is undiscrete they staged by means of
adding certain conditions, ¥ =(x— zx) in individual
way for each captain. Then, each piece of information
xe X, [A , affecting the decision-making strategy needs to
be tracked.

It is worth mentioning that before the mooring, at a
certain point in time, the set of rules is primarily formed
Q= {cx = (x(x, z(x>| xo € H,}t and is unable to provoke
spontaneous phase transitions. However, the surfacing the

new ones, being quite unpredictable (X : )a, can cause

leveling the preliminary plan and form an initial set of
decision-making rules opposite to the first one

* * * *
{S }a:{x —zo|x e(X, )a}.

Experimental data provide clear evidence that the cap-
tain, due to lack of time, as a rule, is not used to change
the initial plan not observing any threat to the vessel

safety. At the same time, if there is time for the strategy to
be changed W,, Z is a cause for the coming out experience

of a thin section X/, anticipation. It is no doubt that it is

able to produce both a positive effect in the captain’s
knowledge base and a negative one reducing the safety of
navigation up to having catastrophic consequences. Con-
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sequently, when the captain has enough time to form a
chain of events of the form it looks like:

Q ={V}, > W ({V}O) W, " ({V}O) S

>W, " ({V}O) = {S*} , Full, {V}t, Full = Uk =
? t
=0,1,2,..n W,, Z°k({V}O), EZ >0, it happens H, —

—>W,; (H)—W,; "(H)=X,, EZ>0.

5 RESULTS
In this way, we are to emphasize that the conditions
are nominally highlighted. They are said to be affecting
the captain’s ability to reach a decision possible to intro-
duce changes into his model of knowledge base and wel-
come new ideas regarding the current task

w,, z°* ({V}O). During the experiments two vectors of

the captain’s transition to a qualitatively new level of per-
ception of the navigation situation were noticed to be
identified: the first is a change of strategy during the im-
plementation of the initial navigation plan (17%); the sec-
ond one concerns the formation of a new preliminary plan
(36%) after n homogeneous ones X,_,,. The remaining

47% percent of cases reflect not having changed of the
strategy approach of the captains while performing the
mooring operation even in spite of getting new informa-
tion signals come out. Thus, the conclusion highly likely

to be done is that captains capable of transition X,* Tl

may successfully manage with differentiation between a
situation with a familiar dataset and a situation with a new

one. Simultaneously, the transition X,, is possible to be

done through a spiral cycle from detailing g, to generaliz-
ing b, and back to detailing a

t+1 -

So, generally this algorithm can beneficially be repre-
sented in the framework of the Shukhart — Deming cycle
[28] completely confirming the research hypothesis

(Fig. 9, 10).The diagram catches that the cycle
a, >b, > a,,, is a key issue in having shift process of
the extreme points ERO-AEA-EAPI. Therefore, the
mechanism for transition formation in the cycle must be
determined by means of selecting individual tests for each
captain.

It is worth noticing that provided data granted us the
opportunity to determine the factors of permitted -to be-
done activity of the captains which is reported to become
the basis of the tests T when performing a wide range of
navigation tasks — /7T .

The formal presentation of the mechanism is consid-
ered to be defined as a digraph G(t)={T —e T"}_. This

case must oblige us to draw special attention to the identi-
fication of attention areas focused on primary details:

VU/T (e, (/) = Et/T.t(Z(t), {G(a)}. E).

The fact of the coherence C(t/T) of the navigation

operations during activation of z and sufficient energy and

time can be treated in such way as: if
e(t/T)=1=¢(C(t/T))=1& e(T\1)=0, while hav-
ing it the shift is

VT > T (e, (T > Ty =ET > T',1(2(¢), {G(a)}, E).
So, basing on the principles of quantitative-qualitative
transition we are to observe Gv(t)l= E GE(t). The
assumption that G, (t)=0G,t (G, (1)), where /=1,2,..,

m, and 0G,t is a set of elementary operations of digraph
development is proposed to be paid attention.
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Figure 9 — NTPRO 5000 Simulator Database A-ﬁalysis
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Figure 10 — A model of the dynamics of operators’ anticipation centers

Then, the test performance is certain to be depicted by
the dependence as follows:

Gv(t)|= {Z Task} G, if e(1/T)=1= e(T Task) =1,
for {Ag} = G(t)& {G(a)} = G(1).
Three-coordinate metric depicts as follows:
— x is the set of previous navigation tasks 1/7;
— y is the ratio of the diameter of the inscribed triangle
with the diameter & ;

— z is the coefficient of deviation of the triangular sur-
face from the flat on the Cayley graph.

Figure 11 — xyz scatter chart

The scatter diagram (Fig. 11) shows the relationships
between the points, with none -speaking of random out-
liers, having the form of a fragmented trajectory. It con-
firms the transition hypothesis in accordance with condi-
tions and external factors. The scatter of states mainly
witnesses for having all evolutional increases of the indi-
cators in xyz up.

Let us construct a regression using automated neural
nets as it seems to be named as the most effective method
for processing the data of the presented dimensions [29].
Suppose, the settings of the samples might be admitted as
follows: training is 70%; control and test are both equal to
15% with getting the number of subsamples equal to 12.
Let us take a multi-layer perceptron being a type of neural
net, 20 nets for training and 5 ones for output as the best
issues to be chosen from.

In addition, for comparison purposes we might be us-
ing a custom neural network. To do this, the hyperbolic
function of network activation is to be chosen singling
out 5 networks for training and the number of hidden neu-
rons. Further, for the perceptron the second-order accu-
racy algorithm BFGS and the number of items is 3000 i
reported to be taken (Fig. 12, Fig. 13).

Active neural networks
Met 1D Met. name Training perf.  Testpeff.  “alidation perf.  Algorithm Error funct *
2 MLP 3-6-1 0866019 03638012 0952913 BFGS 137 505 u
o MLE Z0] [1 94401 [aannas 0864320 BEGC PR CrS |;|
4 MLP 3-3-1 0333128 0373911 0976353 BFGS 283 505 I
TrrE— o — — T
4| 1 b
[BE Select\Deselect active networks ] [BE Delete networks ]

Figure 12 — Best MLP Network 3-9-1
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Active neural networks

Met. 1D Met. name Training perf.  Test perf, “alidation perf.  Algorithm Emor funct *

I w 1=k ] 0F £1ﬂ il w’\ﬂ et m ¥ Nl =

7 MLP 3-41 0,895043 0971929 0974676 BFGS 29.. 505 I
i) Ut e LU= L1 = ) Broo as og

a hdl B 2A N FRERAE NA7INIE_ NE7INT REGE A4 Gne

] 1 b

@E SelectsDeselect active networks
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Delete networks ]

Figure 13 — Best MLP Network 3-4-1

To obtain the most effective models a neural network
basing on the multiple subsampling method is intended to
be constructed (Fig. 14). For meeting these requirements
the radial basis function and the number of hidden neu-
rons equal to 30 are offered to be taken.

Active neural networks

Met D Met name Training perf.  Testperf.  Validation perf.  Algorithm Errar funct «
1l REF 3301 0129662 0100111 -0.026809 REFT 505

12 REF 3301 -0.081876 0049326 -0.0971447 REFT S05

13 REF 3-30-1 -0.083320 0100461 0136163 REFT 505

14 BRE NNNa4aa NARGARE 014458 BRET cne S
] [ 3

@E Select'Deselect active networks

&8

Delete nebvorks ]

Figure 14 — Using the radial basis function

As can clearly be seen the radial basis function deliv-
ers disproportionately low rates not granting its use for
the sample. The total learning outcomes of neural net-
works are presented on Fig. 15.

Summary of active networks (Nuctl in | cTar)
Index | Net. name | Training perf. | Test perf. | “Walidation | Training error | Test error | Validation
perf. Bfror

23 MLP 3-441 0,885450 0978951 0601386 0,000012 0000006 O 004063
24) MLP 3-4-1 05955815 0366749 0551650 0,000033 0000094 0000102
25 MLP 3-4-1 0647822 0F55474) 0,366311 0,000045 0000062 O 000045
26 MLP 3-4-1 0422836 0595017 0,283890 0,000050 0000018 0000164
27' MLP 3-4-1 0935426 0901746 0905625 0,000009 0000019 0000015
28] MLP 3-441 0832792 0897238 0,748960 0,000019 0000050, O,000010
290 MLP 3-4-1 -0,034971) 0174446 0,389461 0,000052 0000071 0000170
300 MLP 3-4-1 0397231 0427485 0019626 0,000075 0000024 0000053
31 MLP 3-4-1 0392804 0fF85555 0017583 0,000071 0000012 0000077
32 MLP 3-4-1 0405557 0555839 0497110 0000077 0000022 0000017
33 MLP 3-4-1 0,388823 0B48075 0351217 0000065 0000017 0,000071
34 MLP 3-4-1 (0862818 0,243989 0442031 0000019 0000012 0000023

Figure 15 — Model Performance Comparison

Suppose, let us conduct a graphical analysis of the
adequacy of simulated neural networks by the help of a
scatter diagram (Fig. 16), and response variables in the

form of a three-dimensional diagram (Fig. 17).
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Figure 16 — Scatter Diagram Analysis of the adequacy
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Figure 17 — Three-dimensional diagram of response
variables

According to the scatter diagram the accumulation of
points is being depicted as a normal one and the number
of outliers is being shown a random one. In addition, a
three-dimensional reliability diagram is sure to display
well enough the dependence of variables and surface
showing rather high sufficiency.

In its turn, analysis of the sensitivity of the variables
showed that the variable z ,“the coefficient of deviation of
the triangular surface from the flat on the Cayley graph”,
is considered to be the most significant. This point testi-
fies in favor of the hypothesis of the study (Fig. 18).

Sensitivity analysis (Nuetl in |
Samples: Train

MNetworks z [ ¥ | X

23.MLP 3-4-1 | 2009552 47 327931 83
24 MLP 3-4-1 153 19,1 218
25.WLP 3-4-1 o605 6 518 5,84
26.MLP 3-4-1 72 548 1,14
ERAICE N 294388 4 332621 3 4,13

28.MLP 3-4-1 | B6736,1 5113598 459255
29.MLP 3-4-1 1.0 10 1,00
30.MLP 3-4-1 77 63 1,02
I1.MLP 3-4-1 g2 7.2 1,04
F2.MLP 3-4-1 18 130 1,18
33.MLP 3-4-1 93 71 1,23
J4.MLP 3-4-1 1467 .7 258 B 5,29
Average 324346 320145 237070

Figure 18 — The sensitivity of variables

The analysis of the model for predicting conditions
turned out to show rather high values. Thus, it becomes
possible to create environment likely to escape from hav-
ing negative manifestations of the human factor of the
operator (Fig. 19).

Active neural networks
Met. D Met. name Training perf.  Testperf.  Validation perf.  Algarithm Error funct. |
a7 MLF 3-4-1 0.935426 0301746 0906625 BFGS 181 505
] [ 3
[@E Select\Deselect active networks ] [@E Delete networks

Figure 19 — Prediction of model No. 27 states
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Suppose, let us find out the quality of model 27. So,
the average value, with the relative error on the test set as
being 3.5% (0.0350806479), indicates the high quality of
the constructed neural network models (Fig. 20).

Case
name

Predictions spreadsheet far M (Muctl in | cTaT)
Metwark: 27 .MLP 3-4-1
Samples: Test
1
Mape
MEAN case 1-60 | 0,0350806479

Figure 20 — Quality analysis of model No. 27

CONCLUSIONS

The conclusion reached is that formal approaches,
models and algorithms have succeeded providing a posi-
tive result in identification of anticipation of operators in
maritime transport.

The results of the experiment using NTPRO 5000, as
well as the developed software, have created the envi-
ronment favorable to identify either the fact of the mani-
festation of operator anticipation on the decision path nor
to track its dynamics over a long period in addition.

Automated identification rests on the hypothesis that
the manifestation of anticipation in operators are highly
likely to have been implementing during the time of per-
forming complex maneuvers when navigating the marine
transport. Reaching the research outcome was possible to
be carried out by means of the use of formal approaches
and automation within the framework of decision support
systems. To meet these results the metric space Y, with a

metric d v, Were constructed to display the manifestations

of anticipation of the operator.

In order to form the trajectory of decision-making by
the maritime transport operator a three-factor model
ERO-AEA-EAPI was proposed to be done on the surface

of Cayley graph X g with a metric d, . The synchroni-
8

zation of the data of the NTPRO 5000 navigation simula-
tor enable the identification of the extrema on the Cayley
graph of the quasi-isometric surface. The mentioned
above identified surface distortion in the form of &
neighborhood surrounding let us find out the operator’s
anticipation centers.

It must be heighted that the experiment using the
Transas navigation simulator NTPRO 5000 have verified
the research hypothesis. These issues were profitably
coped with thanks to the developed automated module for
constructing a triangular space. Besides, identification of
the centers, magnitude and dynamics of anticipation of
operators were succeeded to be achieved.

Singled out indicators of anticipation x’ as well as the
influence of new data on the psycho-physiological pa-
rameters of the operator are reported to be beneficial con-
tributors to the development of a model of the dynamics
of operators’ anticipation centers in the form of a spiral
Shukhart-Deming cycle. The further tendency in studying
was stated as receiving an artificial neural network for the
sake of having predictions about the likely negative mani-

festations of anticipation in discrete form by constructing
multiple regression.

Thus, this study allowed us to step forward in problem
solving of identification and predicting the anticipation of
operators in maritime transport by introducing DSS with
an aim of creating and enhancing safety environment in
maritime transport.
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YK 004.942: 316.454.54
ABTOMATHU30BAHA ITIEHTU®IKAIISA AHTUIIATIAIIL OITEPATOPA HA MOPCBKOMY TPAHCITIOPTI

HocoB II. C. — xaHa. TeXH. HayK, JOLEHT KadeIpu CyIHOBOIIHHS Ta €IEKTPOHHMX HAaBIraliHHUX cHCTeM XepCOHCHKOT
Jiep’KaBHOI MOpCBKOT akaneMii, YkpaiHa.

Monosuu 1. C. — 1-p Hayk, npodecop kadeapu 3aranbHOI Ta COLIaIbHOI NCUXO0JOTii XePCOHCHKOTO JePIKaBHOTO YHIBEPCHUTETY,
Vkpaina.

Yepusasebkuii B. B. — n-p Hayk, npodecop, pektop XepCOHCHKOI Aep:KaBHOT MOPCHKOI akanemii, Ykpaina.

3inuenko C. M. — kaH/I. TeXH. HayK, CTApIIN{ BUKIaAad Kadeapu ynpaBliHHA CyIHOM, 3aBiTyBay J1adOpaTOPi€i0 €IEKTPOHHUX
cuUMyJISITOpiB XepCcOHCHKOT JepaBHOT MOPCHKOT akazneMii, YkpaiHa.

Mpoxkonuyk FO. O. — 1-p TexH. HayK, JOLEHT, NPOBIAHIH HAyKOBHH CHIBPOOITHHK BiJJIUIy CHCTEMHOTO aHANI3y Ta IpobieM
ynpaBiiHHA, [HCTHTYT TexHiYHOI MexaHiku, HaumionanbsHa akaziemii Hayk, YkpaiHa.

Maxkapuyk JI. B. — xaHa. TexH. HayK, CTapIIni BHKJIanad kadeapH ynpaBiliHHS CyTHOM XEpCOHCHKOI Jiep)KaBHOI MOPCHKOL
akazeMii, Ykpaina.

AHOTALIA

AKTYaJbHiCTb. Y CTaTTi PO3IIIAAAETHCS MIXi] 1IeHTU(IKALI] aHTUIUITAL] K BayKIUBOI CKIIaJOBOI MPOIIECY MPUHHATTS pillleHb
orepaTopa Ha MPHKJIA/l KaliTaHa JAJeKOro IUIaBaHHS B €PraTHYHUAX CHCTEMaX KPUTHYHHUX iHQPACTPYKTyp MpPH YHpaBIiHHI MOPCh-
KHM TPaHCHOPTOM. PO3IISHYTHI aclieKT aHTHILUIALI] ONepaTopiB € CKIAAHOK (HOPMOIO JTIOANHO-MAIIMHHOTO B3a€MOI] i BUMarae
PO3pOOKH IMiAXONIB Ta BIANOBITHUX 1H(pOpManiiiHNX 3ac00iB.

Merta. Ilinxix mono po3poOKu 3aco0iB IPYHTYETHCS Ha iH(pOpMamifHOMy aHami3i MOBHOTO CIIEKTpa TPACKTOPIH MPHUHATTS
pillIeHb OmepaTopiB B MOMEHTH BHKOHAHHS CKJIQJHHMX OaraToeTarnHuX i 3aCHOBaHWX Ha NMPUHHATIH cTpaTerii JIIIUHO-MAIINHHO]
B3aemonii. Takuil migxix nepexdadae GpopMyBaHHS METPUKH 3[aTHOI alTOPHUTMIYHUM CHOCOOOM BiOOpa3HTH HPOCTip BapiaHTIB B
yMOBaxX KOMOMHATOPHOTO HepeaysIBJICHHS B TepMiHaX reoMeTpHYIHOI Teopii rpyn Ha rpadi Kei.

Mertopa. B pamkax po3poOku migxo/y BH3HaUYEHa MaTeMaTH4HA MOJeEIb 300py Ta 00pOOKH €KCIePUMEHTAIBHUX-TATbHUX JTaHUX
B X0[i aHami3y 0a3u JaHUX HaBIrallifHUX CHUMYJATOpPIB. 3 METOIO MiATBEPKEHHSA MPUUHATHX (POPMATBHO-AITOPUTMIYHAX ITiIXOIB
MPOBEICHO IMiTaliiHe MOJETIOBaHHS IO POPMY€E TPAEKTOPIIO MPUHHATTS PIICHb ONepaTopa B KPUTUYHUX CHUTYAIlisIX 3aCHOBAHUX
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Ha Tpex¢axroproi Mozeni ERO-AEA-EAPI. TakuM unHOM anredpaivHe i mporpaMHe IpeCTaBICHH METPUYHOTO [IPOCTOPY MPHii-
HATTS pilIeHb IO3BOJISIE ANPOKCHMMYBATH CKJIAJHI JIIOAMHO-MAIIMHHI B3a€MOAIi B yMOBaX HEBHU3HAYEHOCTI 1 OTpUMATH MiIXixm
TpaHchopMaIlil JaHUX B 3HAHHS MPO Cy0’€KTa KpUTHYHOT iHQPACTPYKTYpH — orieparopa.

Pe3yabTaT. 3 METOIO MiATBEPMXKEHHS JOLIIBHOCTI Po3pobiieHnX (OpMaIbHO-AITOPUTMIYHUX MiIXOAiB OYB MPOBEACHUI eK-
CIIEPUMEHT 3 BHKOPHCTaHHsM HaBirauiitnoro cumynsropa Navi Trainer 5000 (NTPRO 5000). B xoxmi exkcrepumeHTy Oyiau
MpOaHaTi30BaHi JaHi cepBepa MPH BHKOHAHHI OJHIET 3 HaHOLIBII CKIAAHUX OMEpaliil — MBapTyBaHHI, i ¢(OPMOBaHI 3HAHHS MPO
AHTHUIHIALLIO ONIEpaTopiB y BUIIIAAI TPHAHTYJSIPHIX KOHCTPYKTIB HA KBa3ii3oMeTpuaHOMY mpocTopi rpada Kemi. PesynsTatun Mmozme-
JIOBAaHHS i3 3aCTOCYBAaHHSIM aBTOMATH30BAaHOI HEHPOHOI Mepexi NO3BOIMIN OTPHMATH MHOXHHHY pErpecilo TaHWX 1 MPOBECTH
aHaJi3 3B’3KiB HE3AJIC)KHUX 3MIHHUX IIPO IO CBiJUaTh pe3yJIbTaTH AiarpaM po3CilOBaHHS i HATiHHOCTI.

BucnoBku. ®opManibHO-aITOPUTMIYHI MiAXOIM, MPEACTABIICHI B JOCTIIKCHHI, B TIOETHAHHI 3 PO3POOJICHUMH POTPAMHUMHU 3a-
cobamy, MiOXOAM IEPEeTBOPEHHS JAHMX Yy METaJaHHI Npo aHTUIMIALII0 OIepaToOpiB JO3BOJMIM KiIacH(DiKyBaTH 1 BH3HAUMTH
iHAMBIyaJIbHI CTpaTerii NPUUHSITTS PillleHb P YIPaBIiHHI CyJHOM IO JAJI0 3MOTY MPOTHO3YBAaTH HMOBIPHICTH KaTacTpoidHUX
HacHigKiB. Pe3yJbTaTUBHICTH 3alpPONOHOBAHOTO MIAXOAy 1 Moxenei Oyia yCHmilIHO OOTpyHTOBaHA 3a pe3yJbTaTaMu
ABTOMAaTHU30BaHOI 00POOKH EKCIIEPUMEHTATBHUX JaHUX.

KJIIIOYOBI CJIOBA: cucremMd MATPUMKH TPUAHATTSA pillleHb, CHCTEMH IiAeHTH(]IKamii 3HaHB; MOJENb OIEPaTOpPa;
KOMIT'IOTepHI HaBiramiiHi CUMYJIATOPY; YIPABIiHHS PU3UKaMH; aHAJI3 JIFOICHKOr0 (haKTOpa; aBTOMATH30BaHI CHCTEMH yIIPABITiHHS.

VK 004.942: 316.454.54
ABTOMATU3UPOBAHHASA UIEHTUOUKATIUA AHTUITUITAIIUN OTEPATOPA HA MOPCKOM TPAHCIIOPTE
(RU)

Hocos II. C. — xaHa. TeXH. HayK, JOLEHT Kadeapbl CyJOBOXKICHHUS M ICKTPOHHBIX HABHI'ALMOHHBIX CHCTEM XEPCOHCKOIl rocy-
JTapCTBEHHON MOPCKOM akageMuu, Y KpauHa.

Honosuu U. C. — 1-p Hayk, npodeccop kadeapsl oOmeit 1 conranbHON ICUXOIOTHH XEPCOHCKOTO TOCYJapCTBEHHOTO YHUBEP-
cuTera, YKpauHa.

Yepusiekmii B. B. — 1-p Hayx, npogeccop, pekrop XepcoHCKOI rocy1apcTBeHHOI MOPCKOH akajeMuH, YKpanuHa.

3unHuyenko C. M. — kaHJ. TeXH. HayK, CTapIIMi MpenojaBatesib Kadeapbl yIPaBICHUS CyIHOM, 3aBEIyHOUMi abopaTopueii
3JIEKTPOHHBIX CUMYJIATOPOB XEPCOHCKOM rocyJapcTBEHHOM MOpCKOil akageMun, YKpauHa.

IIpoxomuyk FO. A. — 1-p TeXH. HayK, AOLIEHT, BEAYIUI HAYYHBIH COTPYIHHUK OTEJIa CHCTEMHOIO aHalInu3a U MpobiieM ynpasie-
Husl, IHCTUTYT TeXHUUYECKOM MexaHukH, HallmoHanpHas akaieMuu HayK, YKpanHa.

Maxkapuyk /I. B. — kaHz. TexH. HayK, JaJbHETO IUTaBaHKA, CTApLINI IperoaaBaTeb KadeaApsl YIpaBIeHHS CyJHOM XepCOHCKON
rocy/1apCTBEHHOM MOPCKOH akaseMuu, Y KpauHa.

AHHOTADNUSA

AKTyalIbHOCTh. B cTaTthe paccMaTpHBaIOTCS MOIXOIB! MACHTH(OHUKAMA AHTHUIUIAIMY KaK Ba)KHOW COCTaBIIIONIEH Iporecca
MIPUHATHS PELICHUH ONepaTopoM Ha IpUMepe KalHuTaHa JalbHEro IUIaBaHUs B DPraTHYeCKUX CUCTEMaX KPUTHYECKUX MH(PaCTPyK-
Typ IPH YHpaBJICHHMH MOPCKUM TPAaHCIOPTOM. PaccMaTpuBaeMBblil aclieKT aHTHIMIALMH OIEPATOPOB SBISAETCS CIOXKHOW (opmoit
YEeJIOBEKO-MAIIMHHOTO B3aUMOJICHCTBHS U TpeOyeT pa3paboTKu MH(POPMAILMOHHBIX IIOJX0/I0B U CPE/ICTB.

Heas. Ioaxox x pa3paboTke MOAXOI0B OCHOBBIBAETCS Ha MH()OPMAIIMOHHOM aHAJIM3€ MOJTHOTO CIEKTPa TPAeKTOPHHA MPUHATHS
pelIeHni OIepaTopoB B MOMEHTHI BBIIIOTHEHUS CIIOKHBIX MHOTOATAITHBIX ACHCTBHII OCHOBAaHHBIX HA IIPHHATON CTPATErnH 4EI0BEKO-
MAIIMHHOTO B3amMOJeHCTBHUs. Takod Mmoaxon mpexamoiaraeT (popMHpOBaHHE METPUKH CIOCOOHOW alTrOPUTMHYECKHM CIOCOOOM
0TOOpa3HUTh MPOCTPAHCTBA BAPHAHTOB, B YCIOBUSIX KOMOHMHATOPHOTO TIPECTAaBICHHS, B TEPMUHAX T'€OMETPUICCKOH TEOPHU T'PYIIIT
Ha rpade Komn.

MeTton. B pamkax pa3paboTKH 1M0aX0/1a ONpeieiicHa MaTeMaTHIeCKast MOJIelib cOopa U 00pabOTKK IKCIIEPUMEHTAIBLHBIX JJAHHBIX
B XOZi¢ aHajM3a 0a3bl JaHHBIX HABUTALMOHHBIX CUMYJIATOPOB. C IEbI0 MOATBEPKACHUS IPUHATHIX (OPMaIbHO-AITOPUTMHUIECKHX
O/IXO/IOB NPOBE/ICHO UMUTALIMOHHOE MOJEIUPOBaHNHEe (HOPMHUPYIOLIEe TPACKTOPUIO MPUHATUS PELICHUH onepaTopa B KPUTHYECKUX
CHUTyalMsIX OCHOBaHHBIX Ha Tpex¢akropuoil Mmogenu ERO-AEA-EAPI. Takum o6pa3om anredpandeckoe U MporpaMMHOE MPEACTaB-
JICHHEe METPHUYECKOTO MPOCTPAHCTBA MPUHATHS PEHICHHWI MO3BOJIAET alMpOKCHMHPOBATh CIOXKHBIE YEIIOBEKO-MAIIHHHBIE B3aUMO-
JEUCTBUS B YCIOBHAX HEONPEEIEHHOCTH U MOIYIHUTh MOAX0A TpaHC(HOPMANH JaHHBIX B 3HAHUSA O CyOBEKTe KPUTHIECKOH HHppa-
CTPYKTYPHI — OIIepaTope.

Pe3yabTatsl. C 1e1610 TOATBEP)KACHHS LeNeco00pa3sHOCTH pa3paboTaHHOTO 1M0IX0a B (hopMaIbHO-AITOPUTMHIECKHIX TOAXO0-
JIOB OBLIT MPOBE/ICH KCIICPUMEHT C UCIOJIb30BaHUEM HaBUrarmoHHoro cumysisatopa Navi Trainer 5000 (NTPRO 5000). B xone 3xke-
NepruMeHTa ObUITM IPOaHAM3UPOBAHBI JaHHBIE CEPBEpa B XOJIE BHINOJIHEHUS OJHOW U3 HauboJiee CIOKHBIX Ollepalyii — MBAPTOBKH,
u c(h)OpMHUPOBAHHbIE 3HAHUSA 00 AHTULMNALUK B BUIE TPUAHTYIIAPHBIX KOHCTPYKTOB HA KBa3MM30METPHYECKOM IPOCTpPaHCTBE rpada
Kann. Pe3ynpraTsl MoJennpoBaHus ¢ MPUMEHEHHEM aBTOMATH3UPOBAHHBIX HEMPOHHBIX CETEH MO3BOJIMIHN MONYyYHTh MHOKECTBEH-
HYIO PETPECcCHIO JaHHBIX U IIPOBECTH aHAIH3 CBSI3€H MHOXKECTBA HE3aBUCHMBIX NEPEMEHHBIX O YeM CBHAETEIBCTBYIOT PE3YJIbTATHI
JMarpaMM PaccerBaHMs U HAJEKHOCTH.

BriBoasl. PopmanbHO-aITOPUTMUYECKUE TTOXOMIBI, IPECTaBICHHbIE B MCCIICIOBAaHNY, B COUCTAaHUH C Pa3pabOTaHHBIMHU IIPO-
IrpaMMHBIMH CPEACTBAMH, ITOJIXO/BI IPe0oOpa30BaHys JAHHEIX B 3HAHUS 00 aHTHIMIIAINK OIEPaTOPOB ITO3BOJIMIIN KIIACCH(MHIUPO-
BaThb M OIPEICINTh MHAWBUIYAJIbHBIC CTPATETHMH NPUHSITHS PEIICHUH NPH YNPaBIEHHU CYIHOM U IIPOTHO3MPOBATH BEPOSTHOCTH
KaTacTPO(pHUYECKUX MOCIECTBUHA. Pe3yIbTaTHBHOCTD NMPEATI0KEHHOT0 MOIX0/1a U MoJieiel Obula yCIeHO 000CHOBaHa 110 Pe3yJlb-
TaTaM aBTOMAaTU3HPOBAHHOH 00pabOTKH SKCIIEPHMEHTAIBHBIX JaHHBIX.

KJUIIOUEBBIE CJIOBA: cucreMbl MOJICP)KKH NPHHATHS PEILICHUI; CHCTEMbl HICHTH(UKALMK 3HAHMI; MOJENb OlepaTopa;
KOMITBIOTEPHbBIC HAaBUTAIOHHBIC CHMYJIATOPBI; YIIPABICHHE PUCKAMH; aHAIN3 YEI0BEYECKOTo (haKTOpa; aBTOMATH3UPOBAHHBIE CHC-
TEMBI YIPaBICHUSL.
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