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ABSTRACT

Context. The article focuses on the question of automated decision-making analysis made by the operator in ergatic
systems of critical infrastructures on the example of marine transport control in difficult navigation conditions. It is evi-
dent enough that the main criterion for an adequate perception of input information done by an operator is highly likely
to predict the choice of behavioral decision-making strategies in discrete time conditions. However, the difficulty of
modeling the operator’s actions is found to be lying in non-linear pattern of taking definite decisions in emergency sit-
uations and deviations from the Codes and Rules.

Objective. The research purpose strategy of conducted investigation can be defined as the development of the
mathematical platform for a decision support system (DSS) module with an aim to identify the class-forming set of
atomic elements. In particular this issue determines the fact of distortion of the perception of information about naviga-
tion risks predicting the operator’s behavior pattern while having vessel running process. This is possible to have it
depicted through formal analysis.

Method. To capture the analysis of danger perception by the operator the paper introduces a mathematical model of
data collection which identifies the fact of perception distortion in the form of attribute space of metadata obtained by
the method of converting information from navigation devices. Besides, the factor of disorientation of the operator can
be considered to be a shift on a displaced bridge which significantly affects on the analysis of information for adequate
decision making. In addition, taking into account the failure of navigation equipment such as: RADAR, ARPA, AIS,
ECDIS, especially while doing exit from the automatic control mode, a dangerous precedent can possibly be created for
the operator not ready to perceive the complexity of the situation. To make it work a formal analysis was carried out
using the extending risks possibility level tasks during the transition under these conditions. In addition to this item, a
probabilistic model of perceiving the situation under the conditions of the error set is reported to have been constructed.
So, as the result, the modeling process turned out to show the definite evidence of getting no way possibility to have the
degree of criticality of the navigation situation determined without a clear identification of factors affecting the distor-
tion of perception of the operator. Nevertheless, generalized statistical data are sure to be not enough and there is a spe-
cial need of taking into account an individual information model of each operator for the effective work of DSS as this
process faces real challenges. It must be significantly noticed that in order to analyze the perception of information by
the operator a special test for defining preferences when choosing a strategy of control actions in the form of maneuver-
ing under difficult navigation conditions purpose was created. Regarding the test results, as well as data on the passage
of locations, certain attention is advised to be drawn to the classification analysis of 15 parameters using artificial neural
networks having been carried out by our team and, as a consequence, the boundaries of deviations in the perception of
navigational danger were found out and clarified. Additional superior item to be spoken about is certainly the introduc-
tion of rules and algorithms having been welcomed into the DSS core including the following: interaction field,
RADAR and NIS synchronization tools; actual navigational hazard in a given cartographic area; ships trajectories and,
as a result, simulations of probable deviations in the information perception of the operator.

Results. In order to meet beneficial agreement between the effectiveness of the developed DSS with the proposed
formal-analytical approaches an experiment was assumed to be appropriate to be conducted using the Navi Trainer
5000 navigation simulator (NTPRO 5000). Based on the foregoing, due to comprehensive results in experiment metada-
ta for the 2.5 years of operation of navigation simulators and DSS software tools the identification of the deviation
probabilities in the information perception of dangers was achieved and export the predicted data to new locations for
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the operator and cartographic areas was performed. Undoubtedly, the experimental investigation confirmed the hypoth-
esis of the study and reflected completely the feasibility of using this DSS to make predictions of possible risks when
control the vessel by analyzing the information model of the operator.

Conclusions. Formal-analytical approaches presented in the study combined with the developed DSS software tools
and the information itself made it possible to classify the decision-making strategies of the operator when control the
vessel and to predict the probability of catastrophic consequences. The feasibility of the proposed models and methods
was successfully revealed by carried out experiments.

KEYWORDS: decision support systems; operator information model; computer navigation simulators; probability
of risks; human factor information analysis, automated control systems, automatic control systems.

ABBREVIATIONS

oow is an officer on watch

DSS is a decision support system

NT 5000 is the navigation simulator “Navi
Trainer 5000”

COLREG is the International Rules of Preventing
Collision at Sea

STCW is the Standards of Training, Certifica-
tion and Watchkeeping

ARPA is an automatic radar plotting aid

AIS is the Automatic Identification System

ECDIS is the Electronic Chart Display and
Information System

RADAR is a radar station

CPA is the Closest Point of Approach

TCPA is the Time to Closest Point of Approach

IMO is the International Maritime Organiza-
tion

SOLAS is the International Convention for the
Safety of Life at Sea

ICAR 72 is the International Collision Avoidance
Rules

GPS is the Global Positioning System

RBF is the Radial basis function

LAT is the Latitude

LON is the Longitud

COG is the Course over ground

SOG is the Speed over ground

HDG is the Heading

LOG is the Speed through water

SET is the Drift direction

DRIFT is a Drift

SPD F is the Speed forward

SPD A is the Speed Aft

RUD is the Rudder angle

ROT is the Rate of turn

RPM L is the Revolutions per minute

NOMENCLATURE

f is a navigation equipment information

A is an ahead

& isarule ID

U is a navigation tool

M’ is a navigational danger

L is a turn on the left

B is a backwards

R is a turn on the right

9i is a vessel position

o is a strategy of movement

Rj(x) s aprobabilities of movement

y* is a distance from the actual position

y is a radius of the probable interaction

Pj (x) isa probabilities of the adjusted direction

0] is a mapping describes the displacement of the
vessel

G is a interaction radius

Bij is a framework of the distribution law

W is @ maneuvering strategy

1y is a ship propeller control, smooth turning of
wide radius;

K, is a turning the steering wheel, smooth turning
of the middle radius;

U3 is a use of bow thrusters, smooth turning of
small radius;

Ly is a turn at anchor, sharp turn at ultra-small
radius.

Y; is a series of relations with respect to the oper-
ator

Y is a accident of possible collision of ships

Y, is a accident of bulk near the berths of the strait

Y3 is a accident of ship grounding

by is a level of perception of navigation hazard

R* is a converter

¥ is a displaced navigation bridge

w is a distortion due to incomplete navigation
watch

S is a navigation situation

Q is a probable error in perceiving situation

G is a vessel position matrix

W is a matrix distortion due to incomplete navi-
gation watch

o] is a navigation obstacle

D

t is a set of the direction
Xt is a given direction
Q is an additive convolutio
o; is a weights for maneuvering criteria

INTRODUCTION

There is a widely-spread tendency in modern shipping
practice for having minimization of sailing costs process
accompanied with constant reduction of crews of vessels
including navigational staff. Therefore, navigation and
control of the ship are conventionally prioritized to be
carried out in the context of reducing the number of peo-
ple, as well as the lack of staff on the navigating bridge.
Unfortunately, modern fleet is noticed to reflect the world
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experience of having nearly two or three people alone on
the bridge in heavy navigation cases. In addition, the ac-
tual navigation and management of the vessel is mostly
performed by one person, to be exactly, by the captain or
officer of the watch. It must be taken into account that
such a minimum number of people is reviewed to be the
most profitable and advantageous way in having poor
navigation. Moreover, difficult conditions of emergency
situations constantly require additional number of crew
members on the last boarder of safe level.

So, to be more precise, general formula of number of
peoples to be operating on the bridge can possibly look as
follows: OOW; OOW + 1 or Master + OOW + 1.to be

It must be significantly noticed that in the conditions
of entry/exit of the vessel in/from the port, a pilot is sure
to be added (if local laws do not permit another scheme).
Special emphasis to be done is that the pilot from one
point of view is not a responsible person and, from anoth-
er one,according to all international standards, really is a
situational member of the navigational team on the
bridge. Being ultimate adviser and assistant to the captain
he gets used to having additional skills and knowledge in
a particular water area. In spite of all mentioned above,
the situation seems to be following a pattern according to
which most pilots do not perceive themselves to be as-
sistants in this way considering mostly themselves to be
an independent leader on the navigation bridge. Such
poorly done actions could possibly cause tension between
the pilot and the ship's captain and could create negative
air on the bridge leading to unpredicted consequences,
emergencies and, as a result, unwelcomed stress. [1].

It can be clearly seen, speaking about the prioritizing
task of vessel moving in the port areas, that each ship is
said to have a motion vector in one of three directions
directly on the course or in reverse. In spite of this, port
areas, passing locations and narrows try to avoid usual
practice of the vessel movement in the preferred direc-
tion. As the presence of insurmountable cartographic ob-
stacles on the way constraints to the draft of the vessel or
a significant amount of maritime traffic there is definitely
observed fundamental approach of the operator to propose
the altering direction of movement choosing the one on
which the obstacles are considered to be minimal [2].

However, being involved into choosing a maneuver-
ing strategy the operator processes with the parameters of
movement and location of the vessel based on his own
experience [3]. The situation is recognised to be especial-
ly disadvantageous becoming aggravated at the time of
completion of the dynamic positioning modes and inap-
propriate watch keeping. These issues leads to the wors-
ening of the process of adequate perception of navigation
dangers. It must be emphasised that abruptness and pre-
cipitousness of the situations are contributing to the dis-
tortion in the risks assessment during the adoption of
complex decisions being limited by the time of maneuver-
ing the vessel. Summing up all spoken about ,it might be
noted that there is definitely a tendency of decreasing
level of the safety control in maritime transport to be ob-
served investing to the increases of the probability of
shipwrecks.

The emphasis must be placed to the fact of having real
troubles in decreasing the occurrence of violations experi-
ence leading to distortions in the perception of danger by
operators. This item is extremely difficult to be deter-
mined without a psychologist involvement into the partic-
ipation which is a problematic one because of his not be-
ing a part of the ship's crew moment. This issue could be
possibly solved by the introduction of a specially devel-
oped information system which provides control and
prevention of negative consequences services.

The object of research is said to be the process of au-
tomated identification of distortions in the perception of
risks.

The subject of research are models and algorithms
implementing the process of automated identification of
distortions in the perception of navigational hazards.

The aim of the study is to develop the mathematical
platform for a decision support system (DSS) module to
identify the class-forming set of atomic elements that de-
termine the fact of distortion of the perception of infor-
mation about navigation risks through a formal analysis
and prediction of the operator’s behavior when control a
vessel.

The purpose of article is said to be solving the follow-
ing tasks:

1. To analyze the probabilistic models of the transition of
the vessel on the cartography of the location with limitations
of the navigation risks relatively to f and the international
rules for the management of the vessel according to 4 when
have a watch. To determine the interrelation of £ and v

relatively to the bias U, which made the DSS signal, R &

possible to be revealed.

2. To define in a formal form an incomplete model of
perception by operator of M’ which is characterized by
inaccuracy and dependence on variables. This item is re-
ported to require the development of the identification
mechanism by means of DSS.

3. To develop a local metric for the transition of the
vessel to a new state based on a set of directions: A, R, C,
L, B - defined by the boundaries g;,; j and probabilities

of movement B;(c) depending on y*, which will deter-
mine the probability of the moving vessel in P;(x).

4. To determine the DSS operation scheme that will
provide possibility at a certain given time interval to de-
fine discretely the a priori probabilities of the ship's
movement ¢ = @z° @1 in the nearest G, proposing several
samples of identification of the probable interaction of
the ship with navigational hazards B;; at the current time

5. To develop an adaptive testing algorithm for cadets
aimed to identify operator preferences in the form of y;

unveiling influence on deviations in the perception of Y;,
based on Pareto principles of optimal alternatives.

6. To have an experimental investigation done by au-
tomated analysis of logfile data of perform maneuvers in
the narrowness of the Bosphorus Strait using artificial
neural networks.
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7. To determine metadata for DSS with an attempt to
create an individual operator model designing to be in the
form of a preference map based on the analysis of server
data of the NTPRO 5000 navigation simulator.

Thus, to be precise, the review papers domain goal
with the implementation of all aforesaid tasks can be de-
fined as identification of the stable models of operator
behavior developed in experience in certain situations,
relative to locations, COLREG rules and ship maneuvera-
bility. This detailed information would definitely enable
DSS to propose key contributions into the enhancement
of the accuracy level of forecasting critical situations.

1 PROBLEM STATEMENT

Significant new insights to the definition of the proba-
bility of shipwrecks in case of bridge watchkeeping in-
complete configuration must be offered and as a result,
the information tools to prevent them might be practical-
ly determined. To have several ambiguities avoided in
such situations the rules of the COLREG and STCW are
sure to be carefully followed when carrying out the navi-
gation watch.

It must be emphasised that for having these purposes
achieved an information module was developed in the
previous research papers determining the composition of
the watchkeeping team in real time [4] (Fig. 1 a, b). In
addition to the spoken above, heart rate and temperature
sensors were made use of, indicating the probable stress-
ful condition of the chief officer and second officer on the
bridge (Fig. 1 b).

Besides, one more highlighted subject to be paid at-
tention to is tracking the position of crew members due to
its being a significant use of while defining the interac-
tion models within the team. Notwithstanding this item, it
is troubled enough to determine the forms and boundaries
of the perception of the navigation situation by the opera-
tor who is responsible for decision making.

The primary perception model of the navigation situa-
tion: A =Sf +w.

The main problematic action is the necessity of addi-
tional information tools to meet the needs of the reliability
in identification of the navigation situation.

For example, let us take the Radar Station as a device U,
whose output signal gives the values of the parameters of the
navigation situation under study.

on 84:46:37
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Fig. 1 Incomplete watchkeeping team on the bridge

Then the task of interpreting measurement (1) is re-
duced to a transformation A to the form characteristic of
measurement on the instrument U. At the same time, the
designed DSS should have such a converter R*, which
allowed generating the signal R* A, as the most accurate
Uf.

Summing up, basing on this model of perception of
the navigation we could definitely come up to the conclu-
sion that using a number of synchronized navigation de-
vices such as Radar Station, ARPA, AIS, ECDIS and lack
of deviating from the rules of watch keeping lead to bene-
ficially leveled down navigation risks.

However, taking into account the case of poorly per-
formed navigation watch, especially being complicated by
the fact of the * , it is necessary to build a model under
conditions of probable error in Q and, as a result, the
risks of catastrophic consequences would seem to be in-
creasing (Fig. 2 bridges).

Contemporaneously, the control of navigation equip-
ment cannot be completely rely on as the time ranges of
loss of system interaction with the instruments may drive
to untimely decisions-making strategy when controlling
the vessel.

Consider this situation in the mathematical aspect
[5,6].
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Fig. 2 Offset Bridge Layout
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Let us take an example when the operator analyzed the
navigation situation under conditions of incomplete watch

keeping and its perception is A=Of +W, at the same
time, this incomplete model of perception P , deliberately
bears an inaccuracy, then: A=Sf+we®R, and

n=Of +v~ve‘)~%ﬁ, where f € R,,,. So, an incomplete per-
ception model is clearly seen to be followed such as:

SY(® 0 s A
M'=|| ~| where S #Q and it’s statistically
S 0 6

correct to deduce

G o))

Apparently, it is to be emphasized that without having
clear identification of the variables w and W, the process
of determination of the degree of perception of the criti-
cality of the navigation situation is looked at as being not
a successful one. Therefore, the generalized statistical
data as on the individual operator model can be regarded
as having a problematic issue to have reliance in [7].

The complexity of making such a model work under
the conditions of a number of difficult -to be -determined
factors introduces insurmountable obstacles to resolve this
problem. In view of above, the development of a decision
support system is to obtain an essential value of with an
aim of constant monitoring of situations and risks associ-
ated with them while keeping navigation watch on the
bridge.

It is to be highlighted that operators of maritime
transport are in beneficial position due to the monitoring
possibility being carried out through RADAR and Nauti-
cal Equipment [8] in a location at a r, and the opportunity
to choose the direction in which they observe the least
amount of maritime traffic not speaking about the absence
of cartographic obstacles.

In the circumstances of drawing an increased atten-
tion to, the operator constantly monitors the field of inter-
action, which is a combination of two matrices (G; W).
At the same time g;;, the value corresponding to the

that the distribution is:

presence or absence of the wvessel in this position:
0 = {0;1} the value corresponding to the presence (1) or

absence (0) of navigation hazard in this cartographic re-
gion.

|
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Fig. 3. Ship transition probabilities
We introduce a metric on cartography in the form of
frames of the nearest radius of movement (Fig. 3.), the

direction of motion represents: D' = {A, B, L, R}.

The operation of moving the vessel is denoted by a
variable o taking the values A, R, L, B, while the bounda-
ries of the frames in the radius of movement will assume

that: gi.q j = gi(,A): gi,j+1=gi(|j')m 9ij= gi(?)-
For frames with g;; =1, we define the probabilities of

movement, provided that the vessel moves to the open
frame: B (o)= ((1— gi(‘}))(l—oi(j-‘)» 4.

Besides, by means of automatic recognition of dan-
gerous targets of the Radar Station [9] the function of
analyzing the surrounding navigation environment has
been introduced.

For example, let us determine the a priori probabilities
of the ship moving in the nearest radius of interaction.
Simultaneously to this, the cartographic obstacles are tak-
en to be expressed as constants and the moving targets
could be distributed depending on the perceived naviga-
tion hazard:

-
R;(D)=1- > gijuty-y |y |R(A),
k=1

where y is the radius of the probable interaction of the
vessel with navigational hazards.
y*, can be considered as a derivative of CPA and

TCPA, and Pj(a). The next step to be done is the in-

crease of probability of moving in a given direction
xt = {xx

Ry (x)= By (x)+ aminfL— B (x' ),

) e - o )

At the same time, ae[01] might be defined as the
strategy of movement (maneuvering, the chosen course of
the vessel motion, speed).

However, despite of the foregoing, the idea of the met-
ric of real maneuvers assuming not a transition from one
frame to another (if this frame is empty)is sure to be ac-
centuated. Moreover, the actions of the operator thus lead
to the movement of the vessel in definite time being the
choice of strategy. So, new contemporary approaches
relating this subject are highly likely to be found out to
make it possible to forecast the actions of the operator
with sufficient accuracy and the probability of having
warning of disasters just in time.

2 LITERATURE REVIEW

The dominating strategy in the attempt to increase the
efficiency of maritime transport is having capable navi-
gational bridge team [10] taking into account the latest
research on the mental state of expectations of profession-
al activities [11]. This way is efficient enough due to
safety arrangements in accordance with international
standards and the regulations of IMO, SOLAS, STCW,
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COLREG [12]. As a rule, it is precisely defined that dom-
inating aspect is the negative manifestation of the human
factor that affects the outcome of complicated maneuvers
when passing locations during the watchkeeping on the
captain’s bridge [13-16] . Besides, the factors directly
affecting each operator [17-19] are obviously not the sin-
gle ones to have essential impact on, there are factors of
the organization of interaction between members of the
watch. [20-21]. In addition to cartographics and weather
conditions [22], certain number of factors depending on
insufficient qualifications of the crew becomes vitally
important [23]. According to the carried out research, it is
to be underlined that the quality of maneuvering is direct-
ly affected by the number of simultaneous information
signals causing troubles connected with the perception
threshold exceeding[16]. However, this investigation is
facing challenges while examining the other side of the
situation, namely the distortion of the perception of the
shipwreck hazard. These deviations from an adequate
perception of navigational danger cause confusing actions
to happen being significantly influential on the path of
the vessel and ,in sum, are likely to generate tragic con-
sequences. Models and methods in the framework of set
theory, theory of logic, operations research, game theory,
and probability theory can happen to be of great assis-
tance being an operator mathematical description of the
decision making process in this area of research. [24-26].
The reducing of the composition of the bridge team prac-
tically means the expansion risk of a catastrophic situation
making the navigation process troublesome to be predict-
ed. Therefore, it would be beneficial to assume that there
is a certain need in deeper understanding of the way of
the decision-making process of the operator which is
greatly influenced by complex formalized factors impos-
sible to be tracked without the help of a qualified psy-
chologist. In addition, in case of incomplete configuration
of bridge team, the operator is the only person to be in-
volved into the decision making process and in case of an
erroneous action none of the members of the watch will
be able to prevent these events from happening [27].
However, there are no vivid evidences in having refer-
ences to systems able to identify these factors in an auto-
matic way in order to exclude the possibility of occur-
ring disasters in the notorious literature.

3 MATERIALS AND METHODS

Based on the foregoing, the purpose of the DSS de-
velopment requires to be abstract from movements rela-
tive to the course of the four options to a much larger area
in terms of the time limits for the implementation of ma-
Neuvers.

Having number of possible actions expanded could be
considered as a problematic issue causing taking into ac-
count only relatively typical maneuver .

Regarding that the classic options for avoidance of
collision in maritime transport are rare, there may be quite
a lot of possible actions. The actual question is about the
choice of the most suitable one [28-29].

In fact, the main thing that constitutes a problem of
the formal description presents the idea of each operator

having his own experience in performing certain maneu-
vering operations. In this regard, a task comes up in set-
ting up the experience connections that is to be strength-
ened by the practice of navigation relative to each opera-
tor.

The calculated probabilities for each direction of
movement determine the state of the interaction model at
each stage. The evolution of the G is represented by the
recurrence relation: Gn+1= @(Gn), where @ = @2 ¢1. Then
for each interaction frame, such that g;; =1, we introduce

a variable B within the framework of the distribution

law.

The mapping @1 describes the displacement of the
vessel to free cartographic areas within the framework of
the COLREG rules. It does not obligatory mean the like-
lihood of becoming this area the target of maneuvers of
other vessels. In turn, the mapping ¢2 is introduced in
order to define the course combinations of the vessels in
the nearest range of actions. In order to resolve the effects
of mappings ¢1 and ¢2 on the considered formal model,
we present the following sequence of DSS work (Fig. 4).

Run a scan of
cartographic area

parametenzanon by i

{ (\/.

Condition 2

] [

| Assign vansble a

Assign a route

o (g'')=1

LN [ o
L,) Normualization of conditon I (‘ |

random value

AL TR B)

Fig. 4. DSS workflow for identifying
probabilistic risks

However, the real ambiguity is that the danger lies
within the possible operator fallaciousness who is likely
to perceive the navigation situation in his own way and,
as a result, the risk of a crash in case of a chosen trajecto-
ry is triggered to get the wrong turn . Consequently there-
fore, the main factor influencing on taking the wrong
strategy direction is supposed to be stable experience
connections. This issue possesses inconsistent nature
when taking into account the bundle of existing rules and
recommendations of international shipping regulations.

Hence, in such case, the task of the DSS that needs to
be accomplished is to clearly identify the data of destruc-
tive relationships from the scratch while performing sim-
ulator training on cadets or undergoing re-certification by
a crew having more than 10 years of experience.
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For the particular purpose of this item, an algorithm
was developed and taken to include a specialized adap-
tive test and synchronization tools with navigation simu-
lators. Being of a particular importance, with regard to
getting these issues accomplished, they are aimed at iden-
tifying the investigated deviation factors in the perception
of navigation danger.

This algorithm provided the possibility to have been
testing 351 cadets of the Kherson State Maritime Acade-
my for more than two years of navigational tasks. The
results depicted that at the time of making a decision
from three to four possible maneuvering strategies of the
vessel happen to be made mostly use of. It must be added
that this set of strategies is due to positive experience and
does not meet any contradictions with the rules of the
ICAR 72. Moreover, there are a number of criteria regard-
ing the performance functions of the maneuver to com-
plete a complex turn using the example of the Bosphorus
Strait. Thus, a set of alternatives for decision making is
formed Yq,..., Ya.

In a survey of cadets and experienced operators, three
performance criteria being inverse to the risks of ship-
wrecks are named to be the most clearly distinguished.

So, we need a mathematical model to be constructed
in terms of the Pareto efficiency theory [30].

It is worth mentioning that DSS during multiple pas-
sage of locations and performing maneuvers finds out the
most widely spread behavior pattern of the cadet (opera-
tor) in typical situations. Apparently, it is true to say that
multiple repetition of successful maneuvers in similar
situations would lead to reinforcement of the situation-
maneuver combination in reference to each operator.
Thus, an array of preferences is formed regarding each
alternative within the navigation situation.

So during the experiment, the DSS determined the fol-
lowing series of relations in reference to the operator:

Yo Mg R Hp; Ml - Hgs HgiMaiHy > g,
Yoo WMo = HgiHo & Pgitly & Wy g > e, Mg > M,
Yai Mo > HyiHp > Mgito > HasHg & Hgsky > Hg g > Hy -

As for the operator himself, he fronts the question of
having the most suitable option to be chosen from taking
into account the criteria, using Q;,Q, .

For Q,, weights were selected for the criteria regard-
ing the experience of performing maneuvers:
;=05 0, =0,2; »3=0,3.

For each of the criteria, the DSS constructs a relation-
ship matrix. Y; 5.

Introduce the rule:

Loif pjzpj or py=p;

Z:Q(Hi,uj)z 0, if p;<p;
, i j

Then, the relationship matrix Y; 5 will have the
form:

1111
é(u-u-)=llll for @, =05
LA TN (RIS RN A

0 001

1001
%(u-u-)=1111 for o, =0,2
qi [ JYZ 1 1 1 l’ 1 ’ !

1001

1 011
é(u-u-)v=1111 for 0, =0,3
R PA'A 00 11 ! 1 '

0 011

Convolution of relations will be equal:
1 001
S AR
0 001

Then the subset of non-dominated alternatives will be
equal:

ééi(ui)zl—jig{iq(Hjalli)—éQi(Miyuj)};
&q ()=1-supfl-0,0-0,0-1}=
&q (12)=1-sup{0-1,0-1,0-1}
éQ,(H3) 1-sup{0—-0;1-0;0-1}=
1, )=1-sup{l—01-01-0}=
In this way, gQi (1;)=[0:1,0,0].
Find Q,:

&Qz<}’tl'HJ) z@ & (H.,M,)ia) =lw;>0.

= =

l

0
1
0,
0

The additive convolution of relations Y; 5 will be

equal to:
1 06 06 1

0,7 04
B 04 07 1 04|
06 06 06 1

HI’HJL

7. Find a subset of non-dominant alternatives for Q,:

o, (u)=1- SUp{iéQz (j.11)- 2o, (Hiv“j)};

Hi€x ] j=1

&o, (1y)=1-max{(1-05),(0,2-0,7)(0.2-1)}=05,
&0, (o) =1-max{(05-1}(0.2-1f0-1)}=1,
£, (s)=1-max{(0,7-0.2)1-0,2}(03-1)}=0.2,
£, (1a)=1-max{(1-0.2) 1~ 0}(1-03)}=0.
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In this way, &, (n;)=[0,5:1,0,2,0].
The last step to be spoken about in determining the
choice of a maneuvering strategy by the operator is to find

the intersection of the sets Q;,Q, i.e., Q = Ql(]Q2 .

As a result, we obtain a decision-making model for the
operator regarding the four strategies considered:

m= 05
" [ " ! = 1
Coli)=mintq ) o, () =2
He= 0

t follows from the model that for this operator the
strategy “p, - turning the steering wheel feather, smooth

turning of the average radius” will be most acceptable,
strategies p, and p, are significantly less likely, and p,

is not considered at all acceptable.

Fig. 5. Increased perception difficulty due to worsening
weather conditions

Then, the next stage of the DSS to be determined is
the ratio specification of the expected actions of the skip-
per. Nevertheless, it could be a problematic one due to
unpredictable nature of his decision -making strategy. To
have the DSS operating on more profound level it is
necessary to reach an agreement on specific terms of an
experiment conduct with a sample sufficient for adequate
conclusions. This effect may possibly be increased with
changing weather conditions (Fig. 5). Such cognitive
connections are likely to be traced from the very starting
points of vocational training and certification. This partic-
ular practice having valuable and advantageous nature
will definitely help to prevent negative consequences.
[31].

4 EXPERIMENTS

Essential stress must be added to the fact that to cover
the aim of creating models of the DSS skipper's behavior,
an analysis of the passage of the Bosphorus Strait with a
view to completing a complex turn near Sariyer was sam-
pled and successfully accomplished. Latitude and longi-
tude data were processed with a discrete step of 5 seconds
and GPS positioning — 1 meter (Table 1).

So, in order to obtain and effectively classify the tra-
jectories by curvature statistical analysis of the data was

under specific consideration to support the previous
statement.

Table 1. Fragment of DSS database for the

analysis of the maneuver trajectory

[Tome_ far |Lan FoG 5o JweG. Jos  [ser_ |
2 7D EIERE) ™ s

12 1w s
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For sufficient accuracy, a second-level test site was
applicable (Fig. 6).
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Fig. 6. Maneuver curvature graph

The resulting graph determines the delta dimension
A= (4,113E9 + 4,117E9), which allowed us to deter-
mine the curvature of the ship's trajectory.

The next step involved raising awareness of identify-
ing four types of trajectories according to the chosen ma-
neuvering strategies (Fig. 7-10).

Map g /

/ Anadolu
/ Kavadg

@ Yusa Hi

SARIVER/ &

Fig. 7. Turning in a wide arc, p,

Thus, it was established that it is necessary to take the
data slice of the server of the NTPRO 5000 navigation
simulator in latitude at 41.150000.

On this line, the turn maneuver is depicted to be per-
formed directly; therefore, a series of data is the most
relevant.

To be precise, the slice for each of the 34 experiments
is declared to contain 15 parameters (Table 2).

© Nosov P. S., Zinchenko S. M., Popovych I. S., Ben A. P., Nahrybelnyi Y. A., Mateichuk V. M. 2019

DOI 10.15588/1607-3274-2019-0-0



e-ISSN 1607-3274 PagioenekrpoHika, iHpopmaTuKa, ynpasainas. 2019. Ne 0.
p-I1SSN 2313-688X Radio Electronics, Computer Science, Control. 2019. Ne 0.

| - k : : | / uv"

}t‘r N ‘ = v s | |
ST Yusalarcetton Tages: @ ‘3 |

| 5 .SARIYER "3
Xy S' /E o ]

- / S ..

- Ty

3 .‘ e !l

3 3

4 é{ ‘.' : ‘

I“: ¢ j h
72 o
3 :

+

oo Osman +
S Beusil

P

s ssuleged nh

ey \ ":'/ Kavagi
i \ o, -
4 ™ip- /, @ YusaFa
CSARIYER ';5 Y
& 0l A
\_ ‘3 ‘ - '
» \2 .
) P
‘ | -

Fig. 8. Medium turning radius, p,
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Fig. 9. Small radius turning, p,

Fig. 10. Turning with the anchor drop, p,

The initial analysis according to the scattering diagram
showed the following results (Fig. 11):
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Fig. 11. Multiple scatter diagram
of ship locations relative to strategies

Table 2. Data for analysis

LAT LON COG SOG |HDG | LOG |[SET [DRIFT | SPDF | SPDA |RUD [ROT |RPML | A Wi
41,15007 29,0694 180 13,679 [183 [13,659 (93 |06 -0,278 -1,019 |1 17 198 1543 | 1
41,15021 29,05515 191 (17,849 (188 |17,812 (277 |11 -0,635 2,899 -15 -31 |119 518 | 2
41,15027188  |29,05443907 |186 (18,152 |181 [18,073 (270 |1,7 -0,389 3,749 -8 -36  [120 931 |1
41,1501253 29,05949366 |163 19,565 [161 [19,557 (251 [0,6 0,041 11 0 -14  |175 621 | 2
41,15003105 |29,05948225 (186  [17,47 181 |17,397 |271 |1,6 -0,155 3,31 0 -30 |118 589 | 2
41,1502799 29,05739313 182 [19,025 (180 (19,015 (270 |0,6 -0,466 1,749 1 -31 |174 1216 | 1
41,15009557  |29,06968935 |187  [13,3 187 |13,29 |110 |0 -0,027 -0,058 |1 0 196 162 | 4
41,15009869 |29,05354389 |144 14,475 |143 [14,472 (233 |03 0,584 -0,072 |15 5 114 189 | 3
41,15016964  |29,05770643 |134 13,369 [137 [13,355 (46 |06 1,142 -2,407 |7 49 174 151 | 4
41,15016259 |29,05944346 |163 [15,011 |164 (15,011 (73 |0, -0,047 -0225 | -2 1 100 1322 | 1
41,15205802 |29,05609934 |176 [15,444 (178 (1544 (87 |04 0,678 -1,393 |1 29 174 1045 | 1
41,15010354 |29,05782304 |178 (11,161 |179 |[11,16 (88 |02 -0,058 -0,262 |0 1 99 741 | 2
41,15051669 |29,05719364 |207 (13,925 195 [13,61 (284 |29 -1,02 6,794 -35 -69 [115 293 | 3
41,15037118  |29,06389709 195 (15,277 (206 (15,001 (116 |29 0,487 -6,228 |5 94 174 226 | 3
41,15007018 |29,05687433 |178 [16,997 |174 [16,968 (264 |1 -0,762 2,756 -10 -49  |174 667 | 2
41,15007823 |29,05126307 |168 [15,818 |160 [15,664 (249 |22 -0,369 4,725 -8 -45 |117 428 | 2
41,15012971 |29,05769572 (171 110,845 (171 [10,844 (81 |0,1 0,159 -0,265 |7 3 72 1615 | 1
41,15008146  |29,06489771 180 9,098 179 [9,094 |266 |0,1 -0,029 0,23 -1 -6 157 1732 | 1
41,15057277 |29,06263983 |167 18,085 |167 (18,084 (257 |0,1 -0,227 0,376 2 -8 174 89 4
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41,15040316  |29,04961019 (174 9,064 157 8,686 |247 |2,6 0,168 5,013 -35 -38 |90 414 | 2
41,15048491 |29,06069001 |180 [14,069 (183 (14,06 (92 |06 -0,476 -0,732  |-11 5 193 352 |3
41,15056649 |29,06322449 (201 (15,433 (211 (15,184 (121 |28 1,019 -6,545 |18 106 |174 926 | 1
41,15009548 |29,05537871 |162 [13,956 (162 (13,96 (72 |02 0,077 -0,388 |2 4 111 311 | 3
41,15094074  |29,05385945 |152 2,192 146 |2,175 |235 |0,3 -0,224 0,74 0 -13 |175 56 4
41,15050148  |29,0625829 142 15,32 144 |15312 |53 |05 0,393 -1,351 |10 15 110 387 | 2
41,15012403  |29,0613634 167 (13,527 (168 |1352 |79 |02 -0,195 -0,278 |0 1 195 1484 | 1
41,15016 29,06152 169 (18,036 [169 [18,036 (259 |O -0,215 0,26 -10 -4 119 1189 | 1
41,15011 29,0585 186 17,236 182 |17,184 (272 |13 -0,154 2,823 0 -26  |119 711 | 2
41,15026906  |29,05745309 |[161 (19,645 |160 (19,639 (250 |05 -0,075 1,063 -4 -15  |175 1294 | 1
41,15015 29,05846 175 15,063 [173 |15,055 (262 |05 -0,268 1,233 -5 -11 123 746 | 2
41,15003919 |29,06218542 191 (11,127 (189 (11,123 {279 |0,3 -0,508 1,14 -30 -14 |86 1896 | 1
41,15007333  [29,06011754 |185 8,458 183 8,452 (272 |03 -0,16 0,784 -10 -8 50 2136 | 1
41,15044 29,0576 169 15374 |166 |15,363 256 |0,6 -0,315 1,479 -2 -14 123 768 | 2
41,15026 29,05534 148 13976 [146 [13,966 (236 |05 0,443 0,583 11 -1 98 494 | 3

According to the provided above table, as it can be
seen, the graph indicates a significant spread in A and
even the overlap between pi1, pz and ps. Therefore, other
essential aspect for presenting accurate classification, as it
deems necessary and advisable, is to get benefit of using
deeper nonlinear classification methods.

Nevertheless, the initial stage with 2000 epochs and 5
hidden neurons did not seem to exhibit high efficiency
(Table 3).

It is worth mentioning that being one of the most
powerful mathematical apparatuses automated artificial
neural networks proposes you to be allowed to work with

In this case, the results of the classification are noticed
to show high efficiency level in training networks in the
range 16.RBF (14154) - 18 RBF (14154) having the last
one as the most effective among them (Table 4).

The confidence level was found out to be 0.999996
being able to be classified as a high indicator for the re-
sults (Fig. 12). To some extent, such an indicator can be
considered to be a satisfactory one for the experiment and
can be taken as a basis.

Table 4. u,; (Summary of classification) Educational.

al et - - : Architecture | -1 u-2 p-3 -4 p-all
multi-criteria and massive experimental data such as in
this case [32-33] 16.RBF 14-15-4 7,0 4,0 3,0 2,0 16,0
Upon the conclusion of the first stage in the second Right .0 4.0 2,0 1.0 14,0
one which is named as the use of artificial neural net-  [/rong 0.0 0,0 1,0 1,0 2,0
works the parameters were significantly increased: the |Right (%) 1000 | 1000 | 66,6 | 500 | 875
training covered fifteen networks (which is the maximum  |Wrong (%) 0,0 0,0 33,3 50,0 12,5
number for this experiment); the number of eras was |17 rer14-154| 7.0 4,0 3,0 2,0 16,0
5000; the number of hidden neurons - 15; a radial basis  Rjgnt 7.0 3,0 3,0 2,0 15,0
function was chosen. Wrong 0.0 10 0,0 0,0 10
Table 3. Results of the primary classification stage  [Right (%) 1000 | 750 1000 | 1000 | 93,75
Nets | Architecture | Performance Pegg;rpr?)?ce Perf(_)r:an;tance Wrong (%) 0,0 25,0 0,0 0,0 6,25
11 | RBF 14-12-4 |41,666667 | 50,000000 _ |50,000000 18RBF 14154 | 7.0 4.0 3,0 2,0 16,0
12 | RBF 14-12-4 |66,666667 0,0000000  [0,0000000 Right 7,0 4,0 3,0 2,0 16,0
13 | RBF 14-12-4 |50,000000 50,000000 0,0000000 \Wrong 0,0 0,0 0,0 0,0 0,0
14 | RBF 14-12-4 [41,666667  [50,000000  [100,00000 -
15 | RBF 14-12-4 [75,000000 | 50,000000 __|50,000000 Right (%) 1000 | 1000 | 1000 | 1000 | 100,0
\Wrong (%) 0,0 0,0 0,0 0,0 0,0
L o a0 A ) ¢ 1 (2 2 o« Botey n m pa T |
"‘ " Enuy Eet Entry Enuy Erauy Exary Ertey 1B ROF  10RBF M.154 10 ROF 14154 18 ROF 14154 10 REF 14154
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Fig.12. Indexes of network trust level Ne18
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Table 5. Weights of network Nel8

Weights Connections Weight values
ID 13.RBF 14-15-4 18.RBF 14-15-4
1 LAT —hidden neuron 1 0,00
2 LON —hidden neuron 1 0,40
3 COG - hidden neuron 1] 0,63
4 SOG - hidden neuron 1 0,36
5 HDG - hidden neuron 1 0,57
6 LOG —hidden neuron 1 0,36
7 SET —hidden neuron 1 0,94
3 DRIFT —hidden neuron 1 0,10
9 SPD F —hidden neuron 1 0,42
10 SPD A —hidden neuron 1 0,55
11 RUD — hidden neuron 1] 0,47
12 |ROT — ckpsIThI# HelipoH 1 0,35
13 RPM L —hidden neuron 1 0,00
14 A —hidden neuron 1,00

One more idea to be highlighted relates to the question
that analysis of the sensitivity of parameter factors has
the tendency of A indicating as the most significant one
for the classification using artificial neural networks. The
further following proposed table of weights reflects the
same idea. (Table 5).

Considering the application of the classification re-
sults for the functioning of the DSS, it is safe to look upon
the performing the maneuver p, as being the most ef-

fective strategy to be chosen. To prove the foregoing in-
formation an erroneous judgment of the skipper during
the experimental survey is turning out to be a suitable and
a reliable one.

This available data indicates an implicit predisposition
to a distortion of the perception of navigational danger.
This conclusion can be acquired being completely con-
firmed by elevators cards and 3D graphs of the confi-
dence level in the figure 13 a, b.

As it clearly seen, the worst result is noticed to be p,.

This issue being coherent and comprehensible enough
can easily be clarified due to the fact that in most cases
this strategy might not always be accurate and, as a re-
sult, might not be recommended for use in regular situa-
tions. To be exactly, turning with anchor drop is named to
be the most effective one in emergency cases that threaten
to collide with another vessel or land aground. To testify
this the idea is illustrated by the proposed graphs (Fig.
14). Strategies p, and p; do not possess competitive

nature with the given p, being located in an intermediate
position between p; and p, .

Obviously, with an aim to fulfill the DSS forecast, a
broader skipper model must meet the needs to be revealed
paying close attention to the question of having this issue
classified by a sufficient number of locations with a target
to predict its perception of behavior anywhere in the
world.

It is certain enough to say that a large and long-term
analysis by both the DSS and the staff of the Kheson State
Maritime Academy is highly requested to be fulfilled.
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Besides, these minor approaches might be dealt with
and settled up apparently as they are highly likely to pre-
vent the negative consequences of distortion in the per-
ception of navigational danger by cadets during intern-
ships and directly during performing navigation tasks and
controlling the vessel process.

5 RESULTS

It is certain to underline that the approaches to identi-
fying navigational hazards are based mostly on probabil-
istic models and a formal description in the framework of
set theory was critically examined and analyzed. The pro-
posed above strategy is named to be justified making it
possible to bring out and set interrelation between the
concepts of situation perception, location features and
probable risks.

In addition there is a need to add that the applied crite-
ria for constructing an incomplete model of perception by
a operator of dangers is mostly limited by inaccuracies
and subjective experimental relationships regarding the
local metric of the transition of the vessel in the nearest
interaction radius.

Furthermore, a DSS operation scheme is proposed to
be undertaken. This item involves variety of factors to be
observed that prone to influence on operator decision
making, as well as a formal algorithm for test identifica-
tion of operator preferences when choosing and setting a
resulting strategy based on Pareto efficiency theory upper
bounds for optimal alternatives.

Therefore, an experiment is announced to have been
conducted on the basis of an automated analysis relating
to the point of the strategies choice being accomplished
by the operator when performing maneuvers based on
data from logfiles for 2.5 years period. The processed data
by means of artificial neural networks happened to illus-
trate nonrandom dependencies that form class-forming
sets of parameters and to indicate in an acceptable way an
erroneous perception of the situation in difficult condi-
tions.

Basing on the following, eventually, having been re-
ceived results of the experimental data processing, the
proposed models and algorithms welcomed the introduc-
tion of identification process of the stable models of oper-
ator behavior in critical situations. The outcome was
managed to be obtained practically through experience.
Consequently, this practice provided assistance to us in
operation of constructing a DSS with the ability to deliver
prediction and to prevent negative consequences in mari-
time transport as well as to build an individual operator
model in the form of a preference map.

6 DISCUSSION

The developed models and algorithms succeed in em-
powering to exclude the negative manifestations of stable
preferences of the operator when choosing a maneuvering
strategy in tight spaces.

To conclude, it could be argued that due to the results
of modeling and analysis of the experimental data of the
Navi Trainer 5000 navigation simulator the proposed
formal approaches and software lead the way to high level

determining of possible errors in perceiving dangers from
the side of the operator and, as a result, to prevention of
catastrophes when performing complex maneuvers.

CONCLUSIONS

It can be summarized that models and algorithms for
identifying distortions in the perception of dangers by the
operator during the execution of complex maneuvers are
reported to be defined.

The results of the experiment using NTPRO 5000, as
well as the developed software, enable us to reveal the
subjective errors in making managerial decisions made by
the operator. ldentification is grounded on the ratio of
adaptive test results based on Pareto-optimal alternatives
for preference and, as for classification, it is grounded on
artificial neural networks. It thus became beneficial to
create the environment likely to have the criteria defined
for the formation of an information model of the operator
in the conditions of partial watch team and the realization
of complex maneuvers.

So, the further improvement which can be strongly
supported lies in the area of the development of DSS
[34] software on the ground of the proposed models and
algorithms for detecting deviations in the perception of
navigational hazards. Basing on these investigations the
level of safety of watch keeping in the condition of its
incompleteness can be significantly increased.

Special emphasis must be added to the point of intro-
ducing an algorithm, which is considered to be a scientific
novelty. It is the effective and reasonable way, from one
point of view, to provide possibility to identify stable sub-
jective connections that affect the adequate perception of
the navigation situation and, from another one, to forecast
the performance of similar maneuvers based on classifica-
tion analysis.

The practical relevance of the research, in fact, is re-
ported to depict that the results of the experiment, as
well as the developed software, are drafted in such a way
as to make it possible to identify preferences in the
choice of strategies and their modifications as well as to
separate the uncertain actions of the operator from the
actions verified many times. In view of this fact, random
positive maneuvering results from the side of the operator
are found out to be advantageous enough being character-
ized by a spontaneous choice of strategy and, by the way,
they do not guarantee success under similar conditions in
the future. These spoken above developments are broadly
looked at as being worthwhile for reinforcing the skills of
cadets of naval academies during training simulations on
navigation simulators.

One more issue to be paid attention to is that further
proposed way of prospects is certain to be preceding to
the development of methods for eliminating erroneous
decision-making principles when choosing maneuvering
strategies managing a vessel.
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Hocos II. C. - x.T.H., IOIeHT Kadeapu CYTHOBOIIHHS 1 €ICKTPOHHUX HaBITAILliHHIX CHCTEM, XePCOHChKa JepikaBHa

MOpCBbKa akazieMisi, YKkpaiHa.

3inuenko C. M. - K.T.H., cTapIInii BUKIagad kadeapu ynpasiiHHS CyJHOM, 3aBilyBad J1ab0paTopi€ro eNeKTpOHHUX
CHUMYJISITOPIB, XEPCOHCHKA JepKaBHA MOPChKa akajaeMis, YKpaiHa.
Honosuu 1. C. - an.H., goueHT kadenpu 3aranbHOi Ta comiaigbHOi mHcuxouorii, XepcoHChKUIl Jaep)KaBHUIl

yHIBepcHUTET, YKpaiHa.

Benb A. II. - K.T.H., IOLIEHT, 3aCTYIHUK PEKTOPa 3 HAYKOBO-TIEAArorivHoi poooTH, XepcoHChKa JiepKaBHa MOPChKa

akazieMisi, YKpaina.

Harpubenbnuii SI. A. - k.i.H., gAekaH (GakyabTeTy CyAHOBOIHHS, XEpPCOHChKA JICp)KaBHA MOPCHKA aKajaeMis,

VYkpaina.

Mareiiuyk B. M. - acmipaHT, 3aBigyBau JIaOOpaTOpi€l0 ENEKTPOHHHX CHMYJSITOpPIB, XEepCOHChKA IepkaBHA

MOpCBKa akajeMisi, YKpaiHa.

AHOTALIA

AKTyanbHicTh. Y CTaTTi po3IisiIacThcs 3ajada aBTOMATH30BAHOTO AHAJI3y INMPUHHATTS pilIEHb OINEpaTopoM B
epraTUYHUX CHCTEMaxX KPUTHYHUX IHQPACTPYKTYp Ha NPHKIAAI YNPaBIiHHA MOPCHKMM TPAaHCIIOPTOM B CKIAJHUX
HaBiranifHuX yMmoBax. OCHOBHUM KpHTEpi€EM aJE€KBATHOTO CIPHHHATTA BXigHOi iH(MopMarii omepatopoM €
MIPOTHO3YBAaHHS TIOBEHIHKOBUX CTpaTerii MpUIHATTSA pilleHb B yMOBaxX IHCKpeTHOTO dacy. OnHak, CKIAJHICTh
MOJICIOBAHHS i omepaTopa MOJsArae y HEeNHIHHOMY (OpPMyBaHHI pIilIEHb B YMOBaxX IO3aIUTaTHHUX CHUTYyaIliil i
BinxwieHb Big Koaekcis i [IpaBui.

Merta. MeToio DOCTIKEHHS € po3poOKa MaTeMaTHYHOTO 3a0e3MeUeHHS MOAYNS CHCTEMH MiATPUMKU MPUHHATTA
pimens (CIIIP) s ineHTHdikamii KIacOyTBOPIOIOYMX MHOXHH AaTOMapHHX €JEMEHTIB IO BH3HAUYAIOTh (HakT
CHOTBOPEHHSI CHPUHHATTA iH(pOpMAIil PO HaBiramiiHi pU3MKH IUIIXOM (OPMAIBLHOTO aHali3y 1 MPOrHO3Y Mozenen
TIOBE/IIHKHM OIepaTopa IpH YIpPaBIIiHHI CYIHOM.

Metoa. 3 Meroro aBTOMaTH3alii aHaNi3y CIPHHHATTS HEOE3NEeKH OrepaTtopoM, Oyna moOynoBaHa MaTreMaTHdHa
MOJIETIb, sIKa i1eHTH(IKy€e (HaKT CIIOTBOPEHHS CIIPUHHATTS Y BUIIISAAL IPOCTOPY O3HAK METaJaHuX, 10 OEPXKYIOThCS 32
JoromMororo o0poOku iHdopmanii HaBiramiiHux npuianis. @akTopoM Ae30pieHTaLi] orepaTopa TaKoX MOXKE CITYKHTH
HECEHHS BaxXTH Ha 3MIIIEHOMY MICTKY, IO ICTOTHO BIUIMBAa€ Ha aHami3 iHpopMarlii JUid aaeKBaTHOTO MPHHHSITTS
pitmeHs. Y 3B'SI3Ky 3 TMOPYIICHHSIM CHHXpOHi3allii Hapiramiiaux mpwianis, takux sk: PJIC, ARPA, AIC, ECDIS,
0co0IMBO y BUNIAJKaX BUXOAY 3 PEXKUMY aBTOMAaTHIHOTO YIIPABIIHHS, BUHUKAE HEOE3MeUHNH PELEACHT IO MOJISrae y
HETOTOBHOCTI OTiepaTopa CIPUHHATH CKJIAIHICTh CUTYaIlil, BHACIIIOK YOTO TPOBeJeHO (OpMaTTbHUIN aHali3 Ha TIpeIMET
MIIBUIICHHAS] PU3WKIB T Yac Mepexoay y BKazaHUX ymMoBax. Takok moOymoBaHa iMOBiIpHICHA MOJENb CIPHAHSTTS
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CUTyalil B yMoOBax KapTexa NoxuOok. MopemoBaHHS TOKazano, Imo ©Oe3 wiTkoi imeHtHbikamii (akropis, o
BIUIMBAIOTH Ha CIIOTBOPSHHS CHPHHHATTA OIEPaToOpa, HEMOXJIMBO BU3HAYUTU CTYIIHb KPHUTHYHOCTI HaBiraliiHol
CUTYyaIlil, TOMy y3araJlbHEHHX CTAaTUCTUYHHX IaHWX HEJOCTaTHRO 1 i pesynbraTeBHOI pobotm CIIIIP, TOOTO
HeoOXigHa iHAWBiAyanbHa iH(opMariiiHa Momens KOXKHOTO OIeparopa. 3 METOI0 aHaNi3y CHpUHHATTA iH(opmarii
omeparopoM OyB pO3poOJIeHHI TECT, IO BH3HAYA€ IIEpeBard NpU BHOOpPI cTparterii Kepylodwmx BIUIMBIB Y BHTIIAII
BUKOHAHHSI MaHEBPY INPU CKJIQJAHUX HaBIiraliiHWX yMoBax. Pe3ynbpTaTH TecTyBaHHs, a TaKOX JaHi IO MPOXOKEHHIO
JIOKAIIii JO3BOJIMIIM BUKOHATH KiIacu(ikaniiHui aHaii3 no 15 mapamerpam 3a JOIMOMOI'OI0 IITYYHUX HEHPOHHUX MEPEK
1 BH3HAUUTH MEXi BIIXWIEHb Yy CHPUHHATTI HaBiramiiHoi HeOeszneku. Y sapo CIIIIP BHeceHuidd psinq npaBui i
AITOPUTMIB, SIKi BKJIIOYAIOTh: 1ojie B3aeMozii, 3acoou cuuxponizauii PJIC i HIC; ¢dakruyna HaBiraiiiina HeOe3neka B
JaHid kaprorpadiuHii o0macti; TpaekToOpii pyXy CyHAeH i, SK pe3yibTaT, MOJEIIOBAHHS IMOBIPHOTO BIAXWJIEHHS Y
CIPUHHATTI OTlepaTopa.

PesyabTaTn. 3 MeTOIO MiATBEp/HKEHHS pe3ynbTaTHBHOCTI po3pobnenoi CIIIIP i 3ampomoHOBaHMX (hopmambHO-
aHANITHYHUX MiIX0AiB OyB MPOBEIEHUH SKCIIEPIMEHT i3 3aCTOCYBAaHHIM HaBiramiifHoro TpeHakepa Navi Trainer 5000
(NTPRO 5000). MeTanani eKCiepiuMeHTY 3a 2,5 poky poOOTH HaBiraiifHIX TpeHakepiB i mporpamuux 3acobis CIIIIP
TO3BOJIIUIN IICHTU(IKYBAaTH WMOBIPHICTh BiIXWJICHHSA B iH(GOpPMAIiHHOMY CHPUHHATTI HEOE3MeK i eKCIOpTyBaTH
MIPOTHO30BAaHI J1aHi B HOBI IJI oIeparopa JoKamii i kaprorpadiuni paiioru. [IpoBeneHnii eKCIiepUMEHT MiATBEPIUB
rimoTe3y MOCHIHKEHHS 1 MOKa3aB JOIIBHICTE TpaHchopmamiiaux 3MiH ganoi CIIIIP s BUKOHAaHHS MPOTHO3IB
MOXJIUBHX PH3MKIB IIPH YIPABIIHHI CyTHOM LUISIXOM aHaNi3y iH(pOpMaliifHOi Mojei onepaTopa.

BucnoBku. [Ipencrasneni B nocmipkeHHi iHopMaliiHi Ta GpopManbHO-aHATITUYHI MIIXO0IH, 8 TAKOXK PO3po0iIeHi
nporpamui 3acobu CIIIIP no3Bonmim BHkOHaTH Kiacudikalilo cTparerii NMPUHHATTS pIlIEHb ONEPaTOpPOM MpHU
YIPaBJIiHHI CY/IHOM 1 CIIPOTHO3YBaTH WMOBIpHICTh KaTacTpodiyHUX HaciaKiB. [IpoBeneHi eKkcCrepuMeHTH ITiATBEPIHIIH
JIOIBHICTH 3aIPOTNIOHOBAHKMX MOJICIICH 1 METOIIB.

KJIFOYOBI CJIOBA: cucreMu miaTpUMKH MPUHHATTS pillleHb; iHPopMaIliiiHa MOIeNb omeparopa; KOMIT I0TepHi
HaBiTaliffHI CHMYIATOpH; HMOBIPHICT pH3WKIiB;, iHGOPMAIIHUN aHami3 IOACHKOTO (haKTOpa, aBTOMATH30BaHI
CHCTEMH YIPaBIiHH:, aBTOMATHYHI CHCTEMH YIIPaBITiHHS.
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CUCTEMA JJUATHOCTUKHU BOCIIPUATUSA HABUTAIIMOHHOM
OITACHOCTMU ITPA BBIITIOJIHEHUH CJIOKHBIX MAHEBPOB

Hocos II.C. — k.T.H., AOUEHT Kadenpsl CYJOBOXKICHUS M EJICKTPOHHBIX HABHTAIMOHHBIX CHCTEM, XEpCOHCKas
TOCYAapCTBEHHAsI MOPCKast akaJileMusl, Y KpauHa.

3unuenko C.H. — k.T.H.,, crapummii npemnoaaBaTess Kadeapsl ynpaBieHHsS CyIHOM, 3aBEAYIONIMHA aboparopueit
3NEKTPOHHBIX CUMYJIATOPOB, XEPCOHCKAs TOCYAAPCTBEHHASI MOPCKasi aKaIeMHUs, Y KpauHa.

Monosuuy U.C. — n.m.H., noueHT xadeapsl oOuiel U COLMATBHON MCHXOJIOTHH, XEPCOHCKUI rOCyAapCTBEHHBIN
YHUBEPCUTET, Y KpauHa.

benp A.II. — KT.H., JOIEHT, 3aMECTUTENIb pEeKTOpa IO Hay4YHO-TIearorudyeckoi pabore, XepcoHCKas
rocyIapCTBeHHAs: MOPCKasi akaJeMusl, Y KpauHa.

Harpu6ensnsriii I.A. — k1.H., 1ekaH QaxynabTera CyJOBOX/ICHNs, XEPCOHCKAs TOCYAAPCTBEHHASI MOPCKasl aKajeMus,
VYkpauHa.

Mareituyk B.H. — acnmpanT, 3aBeayromuii Jgaboparopueil 3J€KTPOHHBIX CHMYJIATOPOB, XEPCOHCKas
rocyJapCTBEHHAsl MOPCKasl akaJeMus, Y KpauHa.

AHHOTAIUA

AkTyanbpHOCTh. B cratee paccmaTpuBaeTcs 3ajada aBTOMATH3MPOBAHHOTO aHANW3a NPUHATHA pEIICHUH
OTIEePaTOPOM B IPTraTHUECKUX CHCTEMAaX KPUTHUECKUX HHPPACTPYKTYp Ha IPUMEpe YIIPaBICHHUS MOPCKUM TPAHCIIOPTOM
B CJIOXHBIX HABUTAI[MOHHBIX YCIOBHSIX. OCHOBHBIM KPHTEPHEM aJ€KBATHOTO BOCIPHUATHA BXOJHOH HH(POpPMAIUU
OTIEepPaToOpoOM SIBJISIETCS NPOTHO3WPOBAHHE ITOBEIEHUECKUX CTPATETHH MPUHATHS pEIIeHHH B YCIOBUSIX JUCKPETHOTO
BpeMmeHu. OJHAKO, CIOKHOCTh MOAETIHPOBAHUS ICHCTBHUI OllepaTopa COCTOUT B HEMMHEHHOM (DOPMUPOBAHHUHN PEIICHUI
B YCJOBHUSX BHEIITATHBIX CUTyaluil ¥ oTkiIoHeHUH oT Konekcos u [IpaBui.

Heas. Lenbio nccnenoBanus sBiseTcs: pa3padoTKa MaTeMaTHYECKOTO 00ECTICUCHHST MOLYJISl CUCTEMBI TTOIEPKKH
npunstust pemwennid (CIIIP) mns upenTudukanum Kiacco-oOpas3yloero MHOXECTBA aTOMAapHBIX 3JIEMEHTOB,
orpeaessIonuX (pakT MCKKEHHUsT BOCHPUSTUS HHPOPMAIIMK O HABUTAIIMOHHBIX PUCKaX IyTeM (opMabHOTO aHAIN3a U
IIPOTHO3a MOAIEe! OBEACHNUS ONlepaTopa IIPU yNPaBICHUU CYTHOM.

Metoa. C 1eipi0 aBTOMAaTH3a1MK aHaIN3a BOCIIPUATHS ONTACHOCTH OIIEpaTopoM, Obliia HOCTPOEHAa MaTeMaTHiecKast
MOJeTb, KOTOpast HACHTUGUIUPYET (aKT NCKaKCHHS BOCHPHUATUS B BHIE MPU3HAKOBOTO MPOCTPAHCTBA METAIAHHBIX,
MOJTy4aeMbIX IOCPEICTBOM IpeoOpa3oBaHMs HHGOPMANUM HABUTAMOHHBIX NMPHOOPOB. DaKTOPOM [1€30pHEHTALNN
oreparopa TaKKe MOXKET CIYXKHTh HECEHHE BaXThl HA CMELUICHHOM MOCTHKE, YTO CYIIECTBEHHO BIHMSET HA aHAJIM3
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nHGOPMAINU IS AACKBATHOTO TPHHATHS pEIIeHWH. B CBSI3M ¢ HapymIeHHEM CHHXPOHM3AIUN HABUTAIIMOHHBIX
npubopos, takux kak: PJIC, ARPA, AIC, ECDIS, ocobeHHO B ciydasx BBIXOAa M3 PEKHMa aBTOMATHYECKOTO
YIOpaBJICHHUS, CO3/IACTCS OMACHBIM MpeIeIeHT HETOTOBHOCTH OIepaTopa BOCTIPHHATE CIOKHOCTh CUTYaIldH BCIIEJCTBHE
4ero mpoBeAeH (HOpMaNbHBIA aHATN3 Ha IpPEAMET HOBBHIIICHUS PHCKOB BO BpEeMs IEpexofa B 3THUX YCIOBHAX. Taroke
MIOCTPOCHA BEPOSATHOCTHAS MOJIENb BOCIPHATHS CHTYallMd B YCIOBHSAX KapTeXa IOTpemrHocTei. MopaenmpoBaHue
MOKa3ano, 4To 0e3 4eTKoN uaeHTH(uKauu GpakTopoB, BIUSAIOMINX Ha UCKaXCHUE BOCIIPUSATHS OllepaTopa, HEBO3MOKHO
OIIPEJICTINTh CTEeNEHb KPUTUYHOCTH HABUTAIIMOHHOW CHTYaIlMM, MOJTOMY OOOOIIEHHBIX CTATHCTHYECKHUX JaHHBIX
HEJOCTaTOYHO W Juisi pe3ynbraruBHOM pabotel CIIIIP HeoOxoanma WHIMBHMIyallbHAas HH(GOPMAIMOHHAs MOJEIb
Kaxkgoro omneparopa. C 1e7bi0 aHau3a BOCHPUATUS HHOOPMALMK ONepaTopoM ObUT pa3padoTaH TECT, ONpeAeIIIOINI
NPEANIOYTEHUS TIPU BBIOOPE CTPATErMu YIPABISIONIMX BO3ACHCTBUI B BHZIE BBINOJIHEHUS MaHEBpa IIPH CIOXHBIX
HABUTAI[MOHHBIX YCIIOBHAX. Pe3ylbTaThl TECTHPOBAHMA, a TaKXKe JAaHHBIC 0 MPOXOXKACHUIO JIOKAIMHA IO3BOJIIIIH
BEITIOJTHUTG KJITACCU(PHUKAIMOHHBIA aHanu3 1o 15 mapamerpam C HOMOIIbIO MCKYCCTBEHHBIX HEHPOHHBIX CeTed
OTIPEJICIIUTh TPAHMIIBI OTKIIOHEHWH B BOCHPHATHHM HaBUTAMOHHOW omacHOocTH. B siapo CIIIIP BHeceH psm mpaBwil U
aJTOPUTMOB, BKJIIOYAIONIUE: TIIOJIe B3aMMOJCHCTBHUS, cpenctBa cuHxpoHu3amuu PJIC uw HUC; dakTrueckas
HaBUTAI[MOHHAS OMACHOCTh B JaHHOW KapTorpaduueckoil o0iacTH; TpaeKTOPHH ABIDKCHHS CYIOB M, KaK pe3yiabTar,
MOJICITIPOBAHISI BEPOSTHOTO OTKIIOHCHHS B MH()OPMAIIMOHHOM BOCIIPHATHH OIIEpaTopa.

PesyabstaThl. C 11€Jb10 TOATBEPXKICHUS pe3yabTaTUBHOCTH pa3padboranHoit CIIIIP u npennoxenHbx GpopmanbHO-
aQHAJUTUYECKUX IIOJIX0/0B OBUI MPOBEJIEH JKCIEPHUMEHT C MPUMEHEHHEM HaBUTAIlMOHHOTO TpeHaxepa Navi Train-
er 5000 (NTPRO 5000). MerananHbsle dKcrnepuMmeHta 3a 2,5 roja pabOThl HaBUTAIlMOHHBIX TPEHAKEPOB U
nporpammuslie  cpeactBa CIIIIP no3Bonunu HMAEHTHOUIMPOBATH BEPOSITHOCTh OTKJIOHEHUS B WH(OPMAaLMOHHOM
BOCIIPHSITHH ONACHOCTEH M SKCIOPTHPOBAaTh MPOTHO3MPOBAHHBIC JaHHBIE B HOBBIE A OmNepaTopa JIOKAMK H
Kaprorpaduyeckue paiioHbl. [IpOBeIEHHBIH OKCIEPUMEHT MOATBEPAWSI THUIOTE3y MCCIENOBaHUS W IIOKa3all
nerecoodpasHocTe nmpuMeHeHus ganHo# CIIIIP miist BEITONHEHUS MPOTHO30B BO3MOXKHBIX PHCKOB IPH YIPaBICHUU
CyTHOM IyTeM aHaln3a HHPOPMAINOHHONW MOJEIH OIlepaTopa.

BeiBoasl. [IpencraBneHnbIe B McCIeIOBaHUN HH(MOPMAIIMOHHEIE U (HOPMANTEHO-aHATUTHICCKUE TTOIXOABI, a TAKKe
pa3paborannaeie mporpamMHbie cpexctBa CIIIIP MO3BONMIN BBINONHATH KIACCH(DHKALUIO CTPATETHH NPUHATHS
pEIIeHN A OnepaTopoM IpH YIPABICHHHA CYTHOM W CIIPOTHO3UPOBATH BEPOATHOCTH KaTACTPO(MUICCKUX ITOCIICIACTBHI.
[IpoBeneHHBIE SKCIIEPUMEHTHI TIOATBEPIMIIN TIeTIECO00Pa3HOCTh P I0KEHHBIX MOJIEIICH 1 METO/IOB.

KJIIOUYEBBIE CJIOBA: cucrembl MOAACPKKH TNPHHATHS PEIICHUI; MHMOPMAIMOHHAST MOJEIbh OIepaTopa;
KOMITBIOTEPHbIE HABUTAlIMOHHBIE CHUMYJIATOPBI; BEPOATHOCTb PHCKOB; HH(MOPMAIMOHHBIH aHaIM3 YeJOBEYECKOro
(axTopa, aBTOMAaTH3UPOBAHHBIE CHCTEMBI YIIPABJICHHs, aBTOMAaTHYECKHE CUCTEMBbI YITPaBIICHHS.
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