UDC 004.942:316.454.54

P. Nosov, I. Palamarchuk’, S. Zinchenko', I. Popovych?, Y. Nahrybelnyi®, H. Nosova®

1Kherson State Maritime Academy, Kherson, Ukraine;
2Kherson State University, Kherson, Ukraine;
3Kherson Polytechnic College of Odessa National Polytechnic University, Kherson, Ukraine
(E-mail: pason@ukr.net)

Development of means for experimental identification of navigator attention
in ergatic systems of maritime transport

The article discusses the issues of identification of models of analysis of the navigational situation by the
navigator during the passage in narrow places and port areas; this is especially relevant in critical situations. As part of
the research, an analysis of literary sources was carried out, which made it possible to characterize this direction as
actual for the development of special means of an experimental nature. As the main goal, the article presents formal-
logical approaches to the development of software and hardware means for determining the areas of attention of the
navigator as a subject of an ergatic system. A mechanism was determined for the formation the indexes of the analytical
activities of the navigator during assessing the situation, mathematical models, and means for clarifying the position of
the navigator on the navigation bridge. A geometric approximation of indexes was proposed, the metric of which can
significantly reduce the identification time of critical situations and prevent negative consequences. The carried
experiments by using the certified navigation simulator Navi Trainer 5000 confirmed the effectiveness and practical
value of the proposed approaches, which will greatly improve the retraining of marine crew.

Keywords: experimental tools, identification of attention areas, behavior models, navigator position on the
navigation bridge, ergatic systems, critical situations.

Introduction

Relevance. Each navigational situation with careful study is unique; however, for a sufficient level of
safety, they can be generalized into standard ones, which are described by the rules of the COLREG-72 [1].
However, this approach can reduce the vigilance of the navigator, since the situation at first glance may be
misleading. The initial analysis of the situation is performed through the formed experimental relationships
and for this reason an error may occur especially if a simplified analysis model is used by the navigator [2].

A particularity of observing a navigation situation 7, € R*at the current moment of time t is directly
related to a finite set of information signals I:{],...,g} coming from: navigation equipment; visual

assessment by navigator; sound signals from oncoming vessels [3]. Let us determine that for each of the
sources of information signals (SIS), an extremum of attention concentration r, € R* allows to determine the

priority of choice ¢ (77,,r,). A set of extremums r =(r,,...,r,) € R® in the conditions of discrete identification

The aim of the research is to develop software and hardware means and methods for determining areas
of concentration of attention with respect to one of the three SIS, s, €S_to identify the navigator behavior

model at the time of assessing the situation.

Research Objectives:

1. To determine the mechanism for the formation of orders of analytic activity of the navigator during
the assessment of the situation when performing complicated maneuvers.

2. To build mathematical models, software and hardware means to clarify the position of the navigator
on the captain’s bridge.

3. To develop a formal-hardware interaction of experimental means for identifying the areas of attention
of the navigator.

4. Develop visualization of experimental data in the form of a geometric approximation of order, the
metric of which allow significantly reduce the identification time of critical situations when the navigator
performs complicated maneuvers.

5. Conduct experiments of the effectiveness of the proposed means of experimental diagnostics of the
attention of navigators when navigating a vessel using the navigation simulator Navi Trainer 5000.



Problem statement

Research Methods. Let us imagine a set of signals regarding the situation as a order 7, € R* formed by
experience, which is presented asn =(n1,...,ni)e N :HNT . A dynamically changing situation during
=1

maneuvering a ship in difficult conditions requires a correct assessment, which is accompanied by a shift of
attention relative to the SIS in time. For accurate identification, imagine the order through the signals,

The individuality of the order is based on the priority of appealing to one or another group of
information signals: p, (o, (n'), &)= p; (o, (n;,n"), g;)where is n"e N the balance of time resources for

Viel, vn e N, by choosing a sequence of actions from the side of the navigator.

We carry out preliminary modeling of possible strategies for identifying the individual order of
assessment of the navigation situation, wheno:Q° — Q. Suppose a certain extremum concentration of
attention g eQ° is characterized by an ordernzo(q), then the assessment of the navigation situation can
develop in three ways: o, (q) > (. - excessive order, an oversupply of navigator calls to SIS; o, (q) =q, - the

most balanced and effective order; o, (q) <q, - insufficient order.

However, these conclusions can only be preliminary, despite the consistency of the judgments adopted
in practice; it is quite difficult to determine whether an individual order belongs to one of the options o, (q) .

For this purpose, it is necessary to develop a method for determining appertains s (qr), where the main
indicator will be the time spent on the cycle of actions Az and the additional indicator will be the utility
coefficients of the adopted order. Since the utility of the adopted order F_,, is a complex concept, it is
convenient to decompose it into components.

The first component F, is the available resource within the framework of the technical and
cartographical capabilities of the vessel maneuvering. The navigator contingently determines personally the
boundaries of the location area in which the navigation situation is considered, which is limited by distance
and, as a consequence, by the time Az. Commonly the time Az is limited by maneuvering. At a given
speed, it is easy to determine Ar for the current order. At the same time, the navigator expects a certain
result R, over a period of time Az breaking it into subjectively measured sections. With the passage of each
such cycle, the level of stress can both increase and decrease. The polarity of the result within limits [-1;1]
indicates the correctness of the adopted strategy in the formation of the order. With the aim to identify the
polarity dependent on the stress state of the navigator, a heart rate monitor is used to determine the

temperature, pulse and oxygen in the blood as a factor of presence of a stressful situation. In its turn, during
the execution of the maneuver, the navigator determines the probability of the expected result, which forms

an individual reaction rate coefficient A_ for both results — positive and negative R, for a period of time Az
in the range [0;1].

One of the significant factors influencing the usefulness of the order is the coefficient of teamwork T,
[4]. It is also important to take into account the coefficient of deviation from a given course ¢.c_, which can

significantly affect the safety of the overall maneuver. In addition, it is necessary to take into account the
value A in the form of the time resource obtained from the selection of the effective order, this value is

also directly related to the experience of performing such maneuvers. At the time when the maneuver is
performed on %, the probability of its successful completion increases and a time interval A appears for
choosing the order at timez +1. At the end of the formal description of the components of utility of the

order F__, it is necessary to take into account the sum of the time ranges spent on appealing the sources of

7+l

T+1

-1 -1
navigation signals > 4,A :F_,=F —[RT + 4, +T.—¢gc +(A_, -A)+ D ﬂAij.

y=T-Vv y=r-v



Material and method

Denote by «, 8,0 - preferences in the form of a choice of one of three groups of information signals
on the set of alternatives X such thate, 2,6 € A, from which it follows that the order of preference has the
form:a > B> 5. In this case, it is advisable to consider one of the variations at the current point in time:
ax> f, a0, Ba; B0, 0 a; 6> Fwhich determine the order of analysis of the navigation situation,
for convenience we present the variations as 6, =6,,, .

The principle of the generated order is denoted as f (z)e®R,zeY , where Y is the set of strategies for
the individual formation of the order o(q).

Then for each variation (6,6,
Ly ot ={7z: reY, (HT,HM)E f (7[)}

Formed variations as fragments of order determine an individual model for assessing the situation,
which includes a dominant approach [5]:

ﬂ(Lﬁ,ﬂme ), if re PURE

*

1(C o, )=1=u(Ly o, ) if 7L, ,

In this case, a situation arises when (L, , ()=05 or u(L,, ()=05, therefore

)eAxA we determine the strength of preference

9(6.,6..,, f,7)=

*

#(W")>0,5 where w' e W , that determines the dependence:

*
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Q(a,ﬂ, f,W*)ZS(a,/?, f.r)VreY.

From the expression it becomes clear that the individually formed relationship of the two elements of
order & = 6., plays a decisive role in its formation. Navigator with more experience has stronger

communication criterion k and the lower the level of self-criticism [6]. In practice, it is proved that
navigators older than 45 years practically do not deviate from the selected decision-making models and do
not change their behavior strategies.

Therefore, the task is to classify decision-making models by the navigator in the conditions of formed
chains of links x with the aim to prevent negative consequences.

During the experiment, communication fragments x e X were revealed with a degree of probability

such thatP(A), Ac X . Then the classification H of the set X on r classes is determined by the
functional: H (X ) =(h,(x),h,(x),....h,(x)), where h(x) is the membership of x in the i-th class, where r is

their numerical limit.

Concentration of attention on fragments of the interface of navigation displays, as well as visual
observation of the situation, makes it possible to define a point cloud interpreted as a class-forming set B.
Thus, it becomes possible to form both an order trajectory and a degree of concentration of attention J from a

cluster of points with respect to free emissions u [7,5]: J = —Z.[(x —u,)" h (x)dP(x).
i=1 x

In connection with the indicated formulations, it becomes necessary to develop a method for
determining the direction of view. Considering that it is difficult to technically allocate Eye-tracker devices
in conditions of equipping a navigation bridge or a full functional simulator, an approach is proposed based
on an analysis of the location of the pupils relative to the navigator’s eye section.

This method is proposed to be divided into two stages, the first will allow us to identify the position of
the navigator relative to the center of the navigation bridge, and the second will allow us to identify the area
of attention concentration by identifying the position of the pupils.

For the technical implementation of the first stage, it is necessary to carry out a formal description of
the method that allows us to determine the location of the navigator in expanse based on hardware and
software provision.



In order to identify the position of members of the
navigation watch crew, a system consisting of beacons and
sensors of the server control module is used (Fig. 1). Beacons
Mi, (ie(l..m)), are BLE-transmitters (Bluetooth Low Energy),

made using Arduino technology in conjunction with the AT-09
BLE module and Wi-Fi module ESP8266. All beacons have
portable batteries that provide autonomy. Dy sensors are
connected to all M; beacons in turn and receive packet
transmission time from them. Based on this time, the distance Six
between the beacon M; and the sensor Dy is determined with
some error p. To definitely determine the coordinates of the
location of an object with a sensor, it is necessary to obtain
information from at least three beacons.

Fig. 1 General scheme of the system

We perform mathematical modeling according to the data that are transmitted by three sensors in a
Cartesian coordinate system [8]. We will use to find the location of the object by the rangefinder method,

applying the formula: D, = \/(xi - x +(y; - y) +(z, - z) ,

where D, is the distance between the i-th beacon and the object of observation;
X, ¥;, Z; - coordinates of the i-th satellite known at the time of measurement;

X, Y, Z - unknown coordinates of the observation object.

To find the location of the object of observation, it is necessary to find the coordinates of the
intersection of three spheres, that is, need to know the distance to three beacons. And the coordinates of the
object of observation are a solution to a system of three equations Dy, ..., D2:

In this method, it is assumed that the distances to the beacons are accurate, but since there is a problem
of a measurement error by the device (beacon), we will use the pseudo-ranging method to find the location of
the object.

Pseudo-range refers to the measured range D, ; to the i-th beacon, which differs from the true range by

an unknown, but constant value for the time of determination D’. Thus, for pseudo-range to the i-th beacon,
we can write: D, =D, +D'= \/(xi ~x) +(y,—y) +(z—2)" +D.

In the pseudo-rangefinder method, the position surface is still a sphere, but the radius of this sphere is
changed to an unknown value D’.
Measurement of pseudo-range up to three beacons leads to a system of equations with four

unknowns(x, y,z,D'). To eliminate the arising uncertainty, it is necessary to carry out additional

measurements, i.e. measure the pseudo-range to the fourth beacon. The system of four equations obtained in
this way has an exact solution, and therefore the coordinates of the object of observation are determined as
the intersection point of the four position surfaces:

D1+D'=\/(x1—x)2+(y1—y)2+(zl—z)2,
D, +D' =%, =x)" +(y,=y) +(2,~2)".
D, +D' = (%= x)’ +(s - y) +(z,—2),
D, + D' =(x, —x)’ +(y, - y)’ +(z,~2)

D’ +2D,D'+D”? =x? - 2xx+ X +y’ -2y,y+y’ +2° -2z +7°

D1+D’)2: xl—x)2+(y1—y)2+(zl—z)2,
) xz—x)2+(y2—y)2+(zz—z)2,
D3+D’)2= x3—x)2+(y3—y)2+(z3—z)2,
) = x4—x)2+(y4—y)2+(z4—z)2.

(
(
l
(

D.2+2D,D'+D"? =x.2 = 2X, X+ X+ y,2 —2y.y+ Y’ + 2.° = 22,7 + 7°,
Expand the brackets, { ° 2 2 2 Yo oYY £ T2 2
D, +2D,D'+ D" = X,” = 2%X,X + X* + ¥,* =2y, y + Y* + 2,0 — 22,7+ 77,

D, +2D,D'+D”? =x,> - 2x,x+ x> +y,> =2y, y+ vy’ +2,° - 22,2 + 7°.



From the first equation of the system, we subtract the second, third and fourth, and the third from the
second equation.

D°>-D,2+2D,D'-2D,D' = x2 —X,2 = 2X, X+ 2X, X+ V,> = V.2 =2V, Y+ 2yV.y+ 22— 2.2 - 227+ 22,2,
1 2 1 2 Xl 2 Xl 2 yl y2 yly yZy 1 2 1 2
D?>-D.2+2D,D'-2D.D' =% — X2 = 2X X+ 2X.X+ V.> — V.2 —=2y.y + 2V.V+ 22> — 2.2 = 22.2 + 27.2,

1 3 1 3 Xl 3 Xl 3 yl y3 yly y3y 1 3 1 3
D?>-D,2+2D,D'-2D,D' = x2 —X,2 = 2X X+ 2X, X+ V. - V,2 = 2y.V+2y,V+ 2> -2, - 222+ 22,2,

1 4 1 4 Xl 4 Xl 4 yl y4 yly y4y 1 4 1 4
D,? =D, +2D,D' - 2D,D’ = X,* — X;* = 2X, X + 2X,X + ¥,” =Y, = 2,y + 2y, y + 2,° — 2,> — 22,7 + 22,7.
2X X —2X, X+ 2Y,Y — 2V, Y+ 22,2 - 22,2+ 2D,D' -2D,D’' =x°* - x,* +y, -y, +2° -2, + D,* =D/,

1 2 1 2 1 2 1 2 1 2 1 2 1 2 2 1
2X X — 22X, X+ 2Y, Yy —2Y,y + 22,2 — 22,2+ 2D,D'-2D,D’ = x> - x,°* + Y’ -y, + 2> -z, + D>~ D/,
2X X —2X, X+ 2y,y —2y,y + 22,2 -22,2+2D,D'-2D,D' =x°* -x,° +vy,° -y, + 2> -2,°+D,* - D?,

1 4 1 4 1 4 1 4 1 4 1 4 1 4 4 1
2X,X — 2X, X+ 2Y,Y —2Y,y + 22,2 — 22,2+ 2D,D'-2D,D' = X, - X, +y,” - y,* +2,° = 2,> + D,” - D,%.
(2% — 2%, )x+(2y, - 2y,)y+ (22, - 22,) 2+ (2D, - 2D, ) D' = x* = X, + ¥, - y," + 2, =2, + D, = D/?,
(2% — 2%, )X+ (2y, -2y, )y +(22, - 22,) 2+ (2D, - 2D, ) D" = x* - X, + Y, = ¥,’ + 2,° = z,° + D, = D/,
(2% —2x%,)x+(2y,-2y,)y+(2z,-22,)z+(2D,-2D,)D’' = x> - x,* +y* -y, + 2, =z, + D,* = D%,
(2x, — 2%5 )X +(2y, —2Y,)y +(22, - 22,) 2 +(2D, = 2D, ) D' = X,* = X," + ¥,” = y," + 2,° = 2, + D, = D,".
Calculate it separately:

oy =2X —2X,, 0ty = 2% —2X;, 0y = 2X — 2X,, 0, = 2X, — 2X,,
,Bl ZZY1_2y21 :Bz ZZY1_2y3' ﬁs ZZY1_2y4’ :B4 =2yz _2y31
Nn=21,-21,,7,=22,-22,, y; =22, - 22,, y, = 22, - 21,
d, =2D,-2D,, d, =2D, -2D,, d, =2D, -2D,, d, =2D, - 2D;,
b, = X12 - X22 + y12 - y22 + Z12 - Zzz + Dz2 - Dlzi ax+py+yz+dD =D,
b, =x? =%’ +y>—V¥,’ +2° -2+ D - D?, |a,x+p,y+7y,z+d,D' =b,,
bs = )(12 _X42 + y12 - )/42 +212 _242 + D42 - Dlzl, 0‘3X+ﬁ3y+732+d3D':b31
b, =%2—X+Y,2 - V2 +2,2 -2 +D2—-D2 |aX+pfy+7,2+d,D'=b,
Find the solution to the system using the Cramer method [9]:

a B rn d
B, v, d, a, 7, d, a, B, d, a, B, 7,
a, B 7, d,
A= d =a,|By 1s U5|=Blas v Q|+nlas By di-dijas By vl
2 S R
B v, d, a, 7, d, a, B, d, a, B 7,
a, By v, 4,
. A A, A, A, o
Then the solution has the form: X=X, y=X, Z=K, D = Thus, the server receives distance

data via Wi-Fi, and the coordinates of all installed BLE-beacons are also written on it, which allows us to
accumulate in own database the coordinates of the location of the object in real time (Fig. 2).

_ P Mi beacons can be located at different heights, as well
w\ .:fa 14:46:37 as Dy body sensors. Taken this fact, there will be an
g hol B e 7 intersection of three spheres. The common part of the
" @=e [ L ' intersection will also determine the location of the object
\ . with a specific sensor. The experiment showed that to
‘ identify the location of the navigators with the necessary
L] accuracy, it is enough to place three sensors.

= A special program is installed on the server, which
registers the movements of all team members with
connected sensors. All coordinates every 0.1 s. are stored
in the server database.

.7

Fig. 2. Definitions of the navigators position




It is also possible to view all the movements of team members for the purpose of conducting a
behavioral analysis. An additional analyzer is a portable earphone with a built-in supersensitive
accelerometer, which allows us high accurately determine the turns of the head of the navigator. This is
especially important in cases where the navigator, without changing of own location, analyze the situation.

Thus, the hardware-software complex at the first stage allows identify the location of the navigator and
the position of the head in the form of a spatial vector (Fig. 3). However, it should be noted that the position
of the head of the navigator does not give full confidence that he are watching directly, so further researches
are aimed at determining the position of the pupils relative to the eye. Thus, it becomes possible to determine
the vector direction of the view of the navigator in the conditions of the navigation watch.

For this purpose, it is advisable to apply two methods sequentially — AdaBoost and Daugman, since the
first is applicable for analyzing the movement and tracking of objects, i.e. it is used in cases of fast work, and
the second for further clarification with detailed localization of the center of the pupil according to the
formulas:

-argmax| S i1 (1) .Y ~srgmax| Srin(1 ()|

y Xy XXy

The clarification of the sign of the pupil in a
given sector is carried out according to the formula:
0 1(x,y)
max |—G _ (r)*[[]———=ds
r%.Y|or U( ) m 2rr

~ I Xy, Yo

where G_(r) - Gaus function with parameters o ;
~ (X,. ¥, ) - probable coordinates of the pupil;

r e (. T ) - the radiuses of the borders of the iris.

The rotation of the head at an angle a and b is
identified from the principle of identifying the
coordinates of each eye L(Xy,Ya,Z4) R(Xg,Yz:25)
Fig. 3. Direction determination of the view by the  [10, 11].
coordinates of the pupils in expanse

Thus, the navigator view direction vector is determined. To determine the exact direction, we need to

consider a couple of images such that (G_,G)=M,, (So,b,j,n P, ) Linear horizontal d,,d, and vertical
h,, h, displacements allow us to determine the point of concentration of the eye, taking into account the focal
d,sina - f,cosa . f
length f,f,: x, =| -2 2 f,sina—x,)+y,—f,cosa+f, | /-L—
Ot % (dzcow—fzsina( 2 ASTE 1J/d1

d,sina - f,cosa
d,cosa - f,sina

L0 5) it 6, = (xp.yp.20).

Then, y, :LXP .2, =
dl 1

In order to more accurately identification of eye coordinates, surveillance cameras are used to identify
the position of the pupils in expanse based on the infrared radiation spectrum (Fig. 4 a, b). Taken into
account the delay in view on the equipment and visual observation when analyzing the navigation situation
on average 2-7 seconds, we can conclude that this is quite enough to trigger the pupil coordinate
identification system and determine the direction of the view.

According to the methodology presented in, the order can be represented in the form of an algorithm

containing three main elements [12]: A, 1=1,...,3- identifier of one of the three types of SIS, d - type of
navigation device or overview (s - straight, r - right, | - left); P.- identifier for triggering concentration of
attention on the i-th SIS, such that p, :{O;l} ; Q, - end of order. The abstract concept of an element in order
is denoted by O, .
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Fig. 4. Spatial identification of the navigator view direction

The transition to a new element, depending on the most pronounced models of navigator behavior, is
denoted by: —— with p;=1 and —— if p, =0. The dependence on the effectiveness of the triggering

attention concentration is obvious; a positive result allows us to develop order in a direction different from
negative and vice versa.

For example, a positive identification of signals from the radar allows synchronizing it with automatic
identification system (AIS) parameters, which will more accurately determine the navigation situation. At the
same time, a negative result will push the navigator to visual observation, which in conditions of restricted
visibility can be a fatal error.

Imagine a situation when the navigator determines the following order:

AR —o AR — AR — AR AR A,

So initially the navigator’s actions are determined by visual observation dead a head - A?™*; further, in

the case of positive identification P,—’—, the transition to the seventh element is carried out and
characterized by the analysis of the navigation equipment (radar) A;™"; if the result P, is negative, then two
additional elements are involved: Aj’r - observation to the right and A§" - observation to the left; similarly,
if A" the result P, is negative, then the navigator additionally turns to A;~° global positioning system (GPS)

and only if positive result will immediately goes to A';” Electronic Chart Display and Information System

(ECDIS). Analyzing this order, we can conclude that the result in each element can be influenced by various
factors and models of behavior, in particular, uncertainty in actions and restricted visibility will form a

sequence A”°AZ"AZ'P,, while an insufficient level of experience can cause a sequence ATAICALZ

Thus, than the greater order in the numbers of SIS elements, then greater numbers of transitions are
initiated; in some cases, closed Si cycles can lead to a loss of time for maneuvering and, as a consequence, to
Q due to an accident. At the same time, too sharp a shift in attention to SIS elements creates gaps in the

orders forming new, reduced in the numbers of elements and, as a result, less safe.

The approaches and principles outlined above
require a more visual approximation in the form of
geometric structures to classify models for analyzing
the navigation situation during complicated
maneuvers (Fig. 5). With this aim, software was
developed that allowed the construction of models
for the analysis of the navigation situation in the
form of geometric structures. This software allows
real-time construction and automatically predicts
further events based on regression analysis of the
navigator’s information model data and fragments of
the primary geometric structures of the navigation
Fig. 5. Geometric visualization of determining the  situation analysis model.

areas of attention the navigator

i—A !




The geometric structure is three vectors in the form of groups of information sources. Each vector will
have a dimension by the number of information sources. The delay in view at the node — the source of
information will form a sphere depending on the time in seconds. The speed of the transition from node to
node will form a connection in the form of an edge of a geometric structure, while the thickness of the
connection depends on the transition time, than longer the transition, then thicker the connection.

Experements

At the Kherson State Maritime Academy (KSMA), a scientific experiment was conducted at the
TRANSAS [13], Virtual Ship Navigation Bridge Simulator Lab on the passage of the Hong Kong Port
Navigation Area from Lamma Patch place to Ma Wan Bridge.

During the experiment, there were seven emergency situations that resulted to increased palpitation of
the cadet (measurements were performed by a CARDIOLINE VSIGN10 instrument) acting on the bridge
simulator of the virtual vessel as decision-making person (DMP). During emergencies, wrong or delayed
actions by DMP twice resulted in a collision of own vessel with the target vessels and once resulted to
grounding of the own virtual vessel at the midpoint and at the end of the experiment accordingly.

It should be noted that the absence of a stressful situation is also possible if there is a lack of experience
of DMP and thus the inability to correctly and timely assess the development of a possible emergency
situation, which leads to a relaxed behavior on the navigation bridge and delayed response to prevent
negative consequences of emergencies. An example of such behavior is the stressful situation Ne 7, which
resulted to the own vessel grounding in the shallows. During the course alteration of more than 90 degrees
the DMP did not take into account the correct calculations of current, wind and sea waves affecting on the
virtual vessel, as the result the incorrect calculation of the turning maneuver and late noting the negative
development of the situation, which lead to impossibility correct the emergency situation and finally
grounding of the virtual vessel. Straight prior to the moment of the grounding at the shallow the DMP
remained calm and had no signs of a rapid heartbeat, which best indicates the stressful state and
perception/understanding of the emergency situation.

Emergency maneuvering (stressful situation). In a stressful situation, the navigator's behavior model
is as follows: a more experienced navigator continues to use the visual observation for the assessment of the
situation, correcting it (if necessary) with the navigation equipments data, while the less experienced
navigator will primarily focus on navigational equipment indicators almost ignoring the visual observation
component, or randomly dispersing own attention between equipment indicators and visual observation
without specifically focusing on the emergency situation solving.

All of these behaviors have the following disadvantages.

1. A visual observation and assessment of the situation is primarily based on the overall navigational
experience of the navigator and, in the absence of sufficient experience, may lead to an overestimation of the
own forces and skills and as a result of an underestimation of the current situation that may develop into an
emergency.

2. Using only navigation equipment without a visual observation assessment of the situation leads to
the loss of a correct understanding of the current navigation component, and in the conditions of excessive
approximation of vessels (especially large tonnage) can follow to underestimate the itself situation of the
approximation of two marine floating objects, as any marine radar or automatic radar plotting aid (ARPA)
have their own error and so-called "dead zones" of use. Because the calculated data of ARPA or radar image
can reassure the navigator of the safe passage of another object or target vessel, but the actual navigation
situation will result in a collision or effect of the vessel interaction on the water. For example — stressful
situation Ne 5.

3. The chaotic dispersing of the DMP attention between the indicators of the navigation equipments
and the visual observation assessment of the navigation situation makes it impossible to concentrate on the
current problems solving and does not allow to formalize the information received, as well as indicates
insufficient experience of the navigator and/or insufficient knowledge’s to make a decision in a stressful
situation. Seven of the following emergencies occurred during the experiment (Table 1)

Table 1. Timeline of the experiment
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Stressful situation Ne 1 Stressful situation Ne 4

/ e Passing with vessel —~ Passing with  vessel
A ‘ u\% (bulk carrier) _from . B (ferry)  from own
\ . \\ s \g own starboard side - '\—/ starb_ogrd side

% vessel target crossed (collision) —  wvessel

N e | |course of own vessel ~ |target crossed course of

-/ ww |from her right to left. : R ) |lown vessel from her
. |COLREG-72, Rules |\ = I “{|right to left. COLREG-
. Ne 15, 16. Time - ‘L\\ % {[72, Rules Ne 15, 16.
N 02:08; BPM — 205. \‘\A oo, ||Time — 02:49, 02:50;
N e ar "~ " ||BPM - 160, 181, 171.

Stressful situation Ne 2

Passing with vessel
(container  carrier)
from own port side —
vessel target crossed
course of own vessel
from her left to right.
COLREG-72, Rules

Ne 15, 17. Time -
02:20; BPM — 207.

Stressful situation Ne 3. Stréésful sifuation Ne 5
[

. & Passing with vessel Passing with vessel
\ . E (fishing vessel) from (chemical tanker) from
\ .« | own starboard side — “ own port side — vessel
? [\ S\ O ‘Q\} vessel target crossed . target crossed course of
\ course of own vessel own vessel from left to
e\ (P\ \ from her right to left. ' o rightt.  COLREG-72,
ooy sMs COLREG-72, Rules .\ | Rules Ne 15, 17.

N . Ne 10, 15, 16, 18. ( // Passing with vessel
ﬁ \\ . \\ ) Time — 02:37, 02:38; \ *,“ from own starboard

: BPM - 162, 180, i préaicls 3041 side (collision) — vessel
S s N\ Y| 204,172, 199. \ target crossed course of
o @ own vessel from right

to left COLREG-72,
Rules Ne 10, 15, 16, 18.
Time — 03:04, 03:05,
03:06; BPM - 164,
181, 210, 176.

ul situation Ne 7

Stressful situation Ne 6

: Passing with vessel
(fishing vessel) from
own port side -
vessel target crossed
course of own vessel

Vessel entry into a turn
with a change of course
of more than 90 degrees
in the difficult navigation
conditions that led to the

from left to right | . . e vessel  grounding  at
COLREG-72, Rules : N} A shallow. Time — 03:39,
Ne 10, 15, 16, 18.| = = = /  103:40, 03:41; BPM -
Time — 03:18; BPM v — w164, 143, 186, 183, 176.
162, 184, 176, 153. @ N

Where, BPM — beats per minute (heart rate palpitation)



Conclusions

This method allowed determining the number and sequence of cycles in order. This made it possible to
detect individual models of navigators while identifying navigation situations. It is important to note that
than more often cycles are repeated in orders, then stronger the connection with the elements of SIS. This
fact has both a positive effect in the case of successful navigator actions and a negative one. The difficulty
lies in the fact that, if necessary, adjusting the model of the navigator's behavior in conditions of strong
connection, it is necessary to repeatedly work out new orders using navigation simulators.

Performed series of experiments using the Navi Trainer 5000 navigation simulator allowed us to
identify dangerous cycles that do not lead to the final result, but are closed repeatedly, excluding important
elements of the SIS due to lack of time.

Due to the fact that orders can include a sequence of several tens of SIS elements, the instructor must
enter the required elements of the SIS before the experiment to determine dangerous cycles. After analyzing
the data of 23 passages trajectories in Hong Kong locations, the most stable behavior models typical for
these hydrographic features were identified. The hardware and software means developed for the
experiments allowed us to determine the most and least applicable elements of the SIS, the likelihood of
looping in complicated areas and, as a result, prevent the occurrence of emergency situations [14] in similar
cartographic areas.
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I1. Hocos, U. Tanamapuyxk, C. 3uauenko, 1. [Tonmosuy, 5. HarpuGenshsiid, I
Hocosa

TeHi3 KOJITriHiH IPraTuKaJbIK KyHeJiepinae HABUTaTOPAbIH HA3aPbIH
IKCHEPUMEHTTIK COMKeCTEeHAIPY KYPAJAAPBbIH ’Kacay

Makanaza Tap skepieplie jkoHe NOPT ayAaHJapblHAA KOy Ke3iHIe CKUIEpIiH HaBUTALMsUIIBIK JKaFlalabl Tanaay
MOJIENbIEpiH aHBIKTAy Mocelenepi KapacThIpbUIafsl, OWI ocipece KHUBIH JKargaliaapia MaHBI3ABL. 3epTTey aschlHaa
o/ebu ke3zepre Tajjiay Kacallibl, OyJI apHaibl SKCIEPUMEHTTIK KypajiapJbl jkacay YIIiH OChbl aiiMakKThl cCHIATTayFa
MYMKiHIIK Oepmi. Herisri Makcar peTiHae Makaiaja HaBUTATOPABIH dPraTHKAJIBIK KYHEHIH CyObEKTICI peTiHae Hazap
ayJiapaTblH OarbITTapbIH aHBIKTayFa apHaAJIFaH OaFaapiiaMalbIK-TeXHUKAJIBIK KYpaalapabl 93ipieyaiH PpECMHU JIOTHKAJIBIK
Tocinmepi yceiHbUIFaH. JKarmaiinel Oaranmay Ke3iHA€ HABHIaTOPABIH AHAJIMTHKAIBIK KBI3METIHIH OYHpPBIKTAphIH
KaJIBIITACTBIPY TETIrl, MaTEeMaTHUKAIBIK MOJENbIED JKOHE KalnTaH KeIipiHJeri HaBUIaTOPIBIH JKarJaiblH aHBIKTay
Kypaijapbl aHBIKTaIAbL. TamnchIphICTapibl T€OMETPHSUIBIK JKAaKbIHAACTBIPY YCBIHBUIABI, OJIAPIBIH METPHKACHI
JaF apBICTHI JKaFAaiiapIpl aHBIKTAY YaKbITBIH eoyip KbICKapTHII, JKaFbIMCHI3 cajaaplblH alabH anaasl. Navi Trainer
5000 HaBHTANWSIBIK TPEHAXKEPIH KOJNJAHFaH TKipHOenep YCHIHBUFAH TOCUIACPIIH THIMAUITT MEH MPaKTHKAIBIK
KYHZBUIBIFBIH PACcTa/Ibl, OYI SKUITXIbI KaliTa gaspiayabl alTapIbIKTall xKaKkcapTabl.

Ty#in ce3mep: ToXIpHOETIK Kypanmap, Ha3ap ayIJaHJapblH AaHBIKTay, MiHE3-KYJIBIK MOJENbIepi, KaluTaH
KellipiHAeri HaBUTaTOPABIH MMO3UIHACHI, 3PraTHKANBIK )KYHelnep, ChIHH XKarJaiap.

I1. Hocog, U. [Tanamapuyk, C. 3unuenko, W. [Tonosuy, f. Harpubenshsrit, I
Hocosa

Pa3paboTka cpeacrTs auisi IKCIEPUMEHTAIbHOM HACHTU(PUKALUN BHUMAHUS
HABUI'aTOPA B 3PraTUYeCKUX CUCTEMaX MOPCKOI0 TPAHCIIOPTA

B crarbe paccMOTpeHBl BONPOCH HWACHTH(GUKAIMK MOAENEH aHaidM3a HABUTAllMOHHOH 0OCTAaHOBKH
CYZOBOJMTENIEM BO BpPEMsI BBIIIOJHEHHS TEPEX0/a B y3KOCTSX W MPHUIIOPTOBBIX 30HAX, YTO OCOOCHHO aKTyaJlbHO B
KPUTHUYECKUX CHUTyalUsiX. B paMKax HCClIeZOBaHHMsS NPOBEAEH aHAIN3 JINTEPATYPHBIX MCTOYHHKOB 4YTO IO3BOJIMIIO
XapaKTepnu30BaTh JaHHOE HAINpaBJiIeHHE KaK aKTyaJlbHOE ISl pa3paOOTKH CIICIMANBHBIX CPEJCTB SKCIEPHUMEHTATEHOTO
xapakrepa. B KkadecTBe OCHOBHOHM IleNM B CTaThe NPENCTABIECHBI (DOPMAIBHO-TOTHYECKHE ITOIXOMBI pa3paboTKu
MIPOTPaMMHO-aNMNAapPaTHBIX CPEACTB ONPENENICHNsT 30H BHUMAHHUS HAaBUTaTopa Kak CyOBEKTa 3praTHYECKOH CHCTEMBI.
bein onpeneneH MexaHW3M (OPMHPOBAHUS TOPSIAKOB AHATUTHYECKON MAEATEIBHOCTH HABUTaTOpa B XOJE OLECHKU
CUTyalliM, MaTeMaTHYECKHE MOJIENH, CPEACTBA A YTOYHEHHUsS IMOJOXKEHHS HABUraTOpa Ha KAIMTaHCKOM MOCTHKE.
beuta mpemiokeHa TeoMETpHuYecKas allmpOKCHUMAalUs MOPSAIAKOB, METpPHKa KOTOPOM TO3BONSET 3HAYUTEIHHO
YMEHBIIUTh BpeMsl HUACHTU(PHUKALUM KPUTHYECKUX CHTYyalldidi M TNPEAOTBPATUTH HETaTHBHBIE IOCIEACTBHSI.
[IpoBemeHHBIC SKCIIEPUMEHTHI ¢ HCIONB30BAaHUEM CEPTH(GUIIMPOBAHHOTO HABHTalHOHHOTO TpeHaxepa Navi Trainer
5000 moaTBepaMIM Pe3yNbTATUBHOCTD M NPAKTUYECKYIO IEHHOCTh IMPEAJIOKEHHBIX MOAXOA0B YTO B 3HAYMTEIILHOM
Mepe MO3BOJIUT YIyUIIUTh NEPEenoAroTOBKY I1aBCOCTABA.

KroueBrie cioBa: OKCIICPUMCHTAJIBHBIC CPEACTBA, I/I,HGHTI/I(I)I/IKaIII/IH 30H BHHMAaHHA, MOJCIH IIOBCIACHU,
MOJIOKCHUC HAaBUT'ATOPA HAa KAITUTAHCKOM MOCTHUKE, SPraTU4CCKUC CUCTECMbI, KPUTUYCCKHUEC CUTYyallUU.
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