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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 determin-
ing 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, mathe-
matical 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 navi-
gation simulator Navi Trainer 5000 confirmed the effectiveness and practical value of the proposed ap-
proaches, 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

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 1, € R' at the current moment of time ¢ is directly re-

lated to a finite set of information signals / ={L,...,e} coming from: navigation equipment; visual assessment

by navigator; sound signals from oncoming vessels [3]. Let us determine that for each of the sources of in-
formation signals (SIS), an extremum of attention concentration 7 € R' allows to determine the priority of

choice @,(n,,7). A set of extremums r=(7,...,7,)€ R® in the conditions of discrete identification by the

time determines the navigator behavior model during the assessment of the navigation situation.
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. To 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.
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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

Let us imagine a set of signals regarding the situation as a order o, (n) formed by experience, which is

presented as n=(n,,...,n,)€ N :HNT. A dynamically changing situation during maneuvering a ship in
=1

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, then n=(1,,...,1;)€ 0"°, in

The individuality of the order is based on the priority of appealing to one or another group of informa-
tion signals: p,(0,(n'),q,)=p,(0,(n.n’),q) where is n’e N the balance of time resources for
Vie I,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 assess-
ment of the navigation situation, when o:Q° — Q°. Suppose a certain extremum concentration of attention

g€ Q° is characterized by an order 1=0(g), then the assessment of the navigation situation can develop in
three ways: 0, (¢q)> g, — excessive order, an oversupply of navigator calls to SIS; 0,(g) =g, — the most

balanced and effective order; 0, (¢) < ¢, — 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 0, (q).
For this purpose, it is necessary to develop a method for determining appertains W, (g, ), where the main in-
dicator will be the time spent on the cycle of actions AT and the additional indicator will be the utility coef-
ficients of the adopted order. Since the utility of the adopted order F,

to decompose it into components.
The first component F, is the available resource within the framework of the technical and carto-

is a complex concept, it is convenient

+1

graphical 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 At. Commonly the time AT is limited by maneuvering. At a given speed,

it is easy to determine AT for the current order. At the same time, the navigator expects a certain result R,
over a period of time AT breaking it into subjectively measured sections. With the passage of each such cy-
cle, 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 de-
pendent 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 At 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 4_ , 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 per-
formed on %, the probability of its successful completion increases and a time interval 4, appears for
choosing the order at time T+1. At the end of the formal description of the components of utility of the or-
der F,

T+l

-1 -1
navigation signals: Y A4 : F,, =F, —(RT A+ T =0+ (A, —A)+ D XAAY].

Y=1-Vv Y=1-Vv

it is necessary to take into account the sum of the time ranges spent on appealing the sources of
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Method of experiment

Denote by 0,[3,8 — preferences in the form of a choice of one of three groups of information signals
on the set of alternatives X such that o,[3,0€ A, from which it follows that the order of preference has the
form: o> 3> &. In this case, it is advisable to consider one of the variations at the current point in time:
o> a0 B>a; B> d>0; 6> which determine the order of analysis of the navigation situation, for
convenience we present the variations as 6. = 0_,, .

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

Then for each variation (0,0, )€ AXA we determine the strength of preference

Ly, ,={n:meY,(6,6,,)e f(m)}.
Formed variations as fragments of order determine an individual model for assessing the situation,
which includes a dominant approach [5] (1):

M<L9p9m,/')’ lf ne Le!,em,/a (1)
}'L(L*evew’f) = 1_M<L9p9m,/>’ frglyq

In this case, a situation arises when },t(Levewf)ZO,S or },t(L;ewf)ZO,S, therefore

ﬁ(eﬂc’e‘wl’f’ﬂ:) =

u(W*) >0,5 where w' e W'

*
Lo rir.soLococirs

, that determines the dependence:

O(oB, f,w') 2 0(0uB, /) Ve Y .

From the expression it becomes clear that the individually formed relationship of the two elements of
order 8, = 0_,, plays a decisive role in its formation. Navigator with more experience has stronger commu-

nication 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€ X were revealed with a degree of probability

such that P(4), A< 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 &, (x) is the membership of x in the i-th class, where r is their nu-

merical limit.

Concentration of attention on fragments of the interface of navigation displays, as well as visual obser-
vation 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 = —ZJ.(x —u,)" h,(x)dP(x) .
i=l x

In connection with the indicated formulations, it becomes necessary to develop a method for determin-
ing the direction of view. Considering that it is difficult to technically allocate Eye-tracker devices in condi-
tions 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 soft-
ware provision.

In order to identify the position of members of the navigation watch crew, a system consisting of bea-
cons and sensors of the server control module is used (Fig. 1). Beacons M,, (i € (1..m)), are BLE-transmitters
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(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. D, sensors are con-
nected to all M; beacons in turn and receive packet transmission time from them. Based on this time, the dis-
tance S 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.

Figure 1. General scheme of the system

We perform mathematical modelling 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, = \/ (x,— x)2 +(y, - y)2 +(z, - z)z, where D, is the distance between the i-th bea-
con and the object of observation; x,,y,,z, — coordinates of the i-th satellite known at the time of measure-
ment; 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 intersec-
tion 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, ..., D;:

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'= \/(x,. —x) +(y, =) +(z-z2) +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,2,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:

D+ D' =5 =3) + (04 =0V + (5 =2 (D4 DY = (=) + (=) + (21 =2
Do+ D = \(x,=x) + (3 =) +(z=2) s |(D 4+ D) =(x,—x) +(3s =y} +(2,—2)
Do+ D' = (= x) 4 (=2 +(zs—2)s | (D+D) = (=) + (3= ) +(z-2)',
Dot D' = (53] + (a3 + (72 —z), (PeAD) = (=) + (=) + (22

Cepusa «dusmka». Ne 1(97)/2020 61



P.S. Nosov, I.V. Palamarchuk et al.

Expand the brackets,
D?+2DD'+D? =x-2xx+x>+y =2y, y+y +z’ —2zz+7;
D, +2D,D'+D"” =x," - 2x,x+x" +y,” =2y,y+y +z,° —2z,z+72°;
D2 +2D,D' + D" =x - 2x,x+ x>+ y =2y, y+y’ + 22 —2zz+7%;
D}+2D,D'+D"” =x” -2x,x+x +y, -2y, y+y +z,-2z,z+2".

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

D’ =D, +2D,D'-2D,D" = x> —x," =2x,x+2x,x+ ¥ = y," =2y, vy +2y,y+2’ -z, —2zz+2z,z,
D’ =Dy +2D,D'-2D, D" =x —x;" =2xx+2x,x+ ¥ =y, =2y, y+2y,y+z’ —z —2z2+2z,z,
D?-D}2+2DD'-2D,D" =x?—x, = 2xx+2x,x+y =y, =2y y+2y,y+z’ —z,} 222422,z
D =D} +2D,D'-2D,D"=x," —x;) =2x,x +2x.x+ y," =y, =2y, y +2y,y+z," —z,' —2z,z+2z,z.
2x,x =2X%,Xx+2y,y =2y, v +222-22,z+2D,D'-2D,D" =x - x,” +y —y,” +z° -z, + D, =D/,
2x,X—=2x,x+2y,y =2y, y+22z-222+2D D -2D,D =x" —x +y, -y, +z -z’ + D, - D],
2x,X—=2x,X+2y,y—2y,y+222-22,z+2D,D'-2D,D'=x" —x, +y -y, +z -z +D, D/,
2x,x—2xX,x+2y,y =2y, y+22,2-22,z+2D,D'-2D. D' =x," —x + y," =y, +z, -z + D] - D,’.

(2x,—2x,)x+(2y,—-2y,) y+(2z,-22,)z+(2D, - 2D )D'=x12—x22+y12—y22+zlz—222+D22—D12,
(2x,—2x,)x+(2y, =2y,) y+(22,-2z,)z+ (2D, =2D,) D’ =x = x>+ y =y + 2z’ -z, + D;’ = D/,
(2x,—2x,)x+(2y,-2y,)y+(2z,-22,)z+(2D,-2D,) D’ = —x42+y12—y42+zlz—z42+D42—D12,
(2x, =2x;)x+ (2, = 2y,) ¥y +(22, - 22,)z+ (2D, 2D, ) D’ =x," = x; + y," =y, +z, -z, + D’ = D,’.

Calculate them separately:
o, =2x —2x,, 0, =2x, —2x,, 0y = 2x, — 2x,, O, = 2x, — 2x;,
Bl =2y,-2y,, Bz =2y, -2y, Bs =2y, -2y, B4 =2y,-2y,,
Y, =2z,—2z,,Y,=2z,—2z,,Y, =2z —2z,,¥, =2z, = 2z,,

d =2D,-2D,,d,=2D,-2D,,d,=2D, -2D,,d,=2D,-2D,,
b=x"—-x"+y -y, +z —z"+D,’-D/, ox+By+yz+dD =b,
by=x"—x+y -y +z -z, +D’-D}, . o,x+B,y+v,z+d, D’ =b,,
b, = x12 _x42 +y12 _y42 +212 _242 +D42 _D123 , o x +B,y + Y,z +d,D" = b,
by=x"—x}+y} =y +z>—z2+D>-D} (Ox+P,y +Y,z+d,D' =D,

Find the solution to the system using the Cramer method [9] (2):

o B, v, d
al Bl Yl dl B, v, 4, o, Y, 4, o, B, d, o, B, v,
A= a2 BZ YZ dz =0 B3 Y, d, _Bl o, Y, di|+7(0 B3 d;|—d, |a, B3 Y- 2
o 83 YS Sl Bevedl ow v di] e Beodil e By
4 4 4
Then the solution has the form: x :%, y :%, z :%, 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).
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Figure 2. Definitions of the navigators position

M; beacons can be located at different heights, as well as D, body sensors. Taken this fact, there will be
an intersection of three spheres. The common part of the 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 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.

It is also possible to view all the movements of team members for the purpose of conducting a behav-
ioral 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.

Figure 3. Direction determination of the view by the coordinates of the pupils in expanse

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 (3):
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X= argm;ax(Zmin(I(x,y))j, Y= argm;ax(Zmin(I(x,y))J : 3)

yo X xr X
The clarification of the sign of the pupil in a given sector is carried out according to the formula:

p) 1(x,y)
—G * ds|,
O )

75X, Yo

where G, (r) — Gaus function with parameters o; (x,,»,) — probable coordinates of the pupil;

7€ (Fpins T ) — the radiuses of the borders of the iris.

min > " max

The rotation of the head at an angle @ and b is identified from the principle of identifying the coordi-
nates of each eye L(x,,v,,z,), R(xz,5,25) [10, 11].

Thus, the navigator view direction vector is determined. To determine the exact direction, we need to
consider a couple of images such that(GL,GR> =M,, (S T ) Linear horizontal d ,d, and vertical

h,, h, displacements allow us to determine the point of concentration of the eye, taking into account the fo-

(fzSinOC—xA)+yA—fzcosoc+flJ/fl—dzsm(x_fzcosu

d,sino.— f, cosa
cal length: /), /,: x, = [dz Cosoc—J;i sin o
2 2

h(yp+ £y
Then, yngxp—f],zpz {0+ 4)

1 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 ac-
count 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]: 4™, [ =1,...,3 — identifier of one of the three types of SIS, d — type

d, d,coso— f,sino

with G, = (xp,yp,zp) .

of navigation device or overview (s — straight, » — right, / — left); P — identifier for triggering concentra-
tion of attention on the i-th SIS, such that p, = {0; 1}; Q, — end of order. The abstract concept of an element
in order is denoted by O, .

.10.68 5 '
l!'ﬁﬂl " 04i38:16 -

%

Camera Z07- J/

a b
Figure 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
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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 (4):
AR £ s AR A B AR 470, @

So initially the navigator’s actions are determined by visual observation dead a head — 4" ; further, in

the case of positive identification P,—— , the transition to the seventh element is carried out and character-
ized by the analysis of the navigation equipment (radar) A.™'; if the result P, is negative, then two additional
elements are involved: 4.~ — observation to the right and 4.~ — observation to the left; similarly, if 4™

the result P, is negative, then the navigator additionally turns to 4, global positioning system (GPS) and

only if positive result will immediately goes to 4> 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 se-
quence A4’ A7 A" P,, while an insufficient level of experience can cause a sequence A, 4, A7 .

Thus, than the greater order in the numbers of SIS elements, then greater numbers of transitions are ini-
tiated; 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 geo-
metric 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 situation analysis model.

181

159 o

141

134

N

2
a 9

133

Figure 5. Geometric visualization of determining the areas of attention the navigator

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 in-
formation 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 con-
nection depends on the transition time, than longer the transition, then thicker the connection.

Experement

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 Navi-
gation 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

Cepus «dunsukay. Ne 1(97)/2020 65



P.S. Nosov, I.V. Palamarchuk et al.

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 situa-
tion, 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 emer-
gency 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 naviga-
tor will primarily focus on navigational equipment indicators almost ignoring the visual observation compo-
nent, 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 ap-
proximation of vessels (especially large tonnage) can follow to underestimate the itself situation of the ap-
proximation 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 situa-
tion will result in a collision or effect of the vessel interaction on the water. For example — stressful situa-
tion 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 cur-
rent problems solving and does not allow to formalize the information received, as well as indicates insuffi-
cient 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)

Table
Timeline of the experiment

Stressful situation Ne 1 Stressful situation Ne 4
2 / ., ~% | [Passing with vessel = )] Passing with vessel
- (bulk carrier) from - (ferry) from own star-
R . \—j\%ﬁ own starboard side — | = S board side (collision)
n \ semert i \é vessel target crossed — vessel target crossed
1Y course of own vessel course of own vessel
Yl \ t, |from her right to left. |- * r{from her right to left.
| weksw [COLREG-72, Rules |\ ( F e COLREG-72, Rules
wriNe 15, 16. Time — | = Ne 15, 16. Time —
02:08; BPM — 205. N | 5 02:49, 02:50; BPM —
- i \\'i * \ 160, 181, 171.
i T L=
| &w = |
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Continuation of Table

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.

a

SRR,

Stressful situation Ne 3 Stressful situation Ne 5
; &/ \1 Passing with vessel i Passing with vessel (chemical
al (fishing vessel) from | ,, tanker) from own port side —
\ & \\ 2 own starboard side — A vessel target crossed course of
- } " & |vessel target crossed . own vessel from left to right.
R course of own vessel COLREG-72, Rules Ne 15, 17.
S \/P ‘Q\ from her right to left. ' ”"""(; Passing with vessel from own
i e O COLREG-72, Rules | |\ \ starboard side (collision) —
TN ey Ne 10, 15, 16, 18. ( o | .- [vessel target crossed course of
) \\ Time — 02:37, 02:38; \\ : == | |own vessel from right to left
\ BPM — 162, 180, COLREG-72, Rules Ne 10, 15,
N w1204, 172, 199. 16, 18. Time — 03:04, 03:05,
< N _|03:06; BPM — 164, 181, 210,
: | 176.

Stressful situation Ne 6 Stressful situation Ne 7

\ “ o T assing with vessel Vessel entry into a turn
e Y fishing vessel) from with a change of course

own port side — ves- of more than 90 de-

sel target crossed grees in the difficult

course of own vessel ' Inavigation conditions

from left to right. that led to the vessel

FAIRWAY Y Ffool

a2

\ @, |COLREG-72, Rules grounding at shallow.
) || Ne 10, 15, 16, 18. Time — 03:39, 03:40,
S\g. - i |Time — 03:18; 03:41; BPM — 164,
@V i\aBPM— 162,184, | 143, 186, 183, 176.
- 2 . 176, 153. ! M | LT
1 \/’ : / | > = ___)_Tr
N 2 e 5 4 g ley
J S AT 3 " f%z:ﬁ’\\_j
o - %7
et \\\ b 3, ; = %/OA

Note: BPM — beats per minute (heart rate palpitation).
Conclusion

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 con-
nection, 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 iden-
tify dangerous cycles that do not lead to the final result, but are closed repeatedly, excluding important ele-
ments 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
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these hydrographic features were identified. The hardware and software means developed for the experi-
ments 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 carto-
graphic areas.
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I1.C. Hocog, 1.B. ITanamapuyk, C.M. 3uH4€HKO,
N.C. TTonosuy, S.A. Harpubensusiii, I'.B. HocoBa

TeHi3 KeJIiriHiH 3praTUuKaJIbIK KyiejaepiHie HABUTraTOP/AbIH Ha3apbIHA
IKCIIEPUMEHTTIK ColiKeCTeHIAIpY Kypa/iapbIH Kacay

Makanaza Tap yKoHe IOPT JKaHbIH/IAFb! 30HAJIAPFA OTY Ke3iHIe KeMEeXYPri3yIliCiHiH HaABUTalMsUIBIK KaFai-
IIBI TAJIIay MOJEIBJCPIH aHBIKTAy Macesenepi KapacThIphIIFaH, Oyl ocipece KUBIH JKarqaiiiapia MaHbI3/bL.
3eprTey aschIHAa o1e0M Ko3epre Taljay XKacaiaFaH, OyJI apHaifbl SKCIEPUMEHTTIK Kypalgapasl )Kacay YIIiH
OCBI alMaKTHI CUIIaTTayFa MyMKiHZik Oepren. Herisri Makcar peTiHae Makaiiaga HaBUTaTOPABIH SPraTHKAIBIK,
KyHeHIH cyOBeKTicl peTiHae Ha3ap ayfapaTblH OarbITTapbl aHBIKTAyFa apHaJIFaH OafIapiiaMaiblK-TeXHUKa-
JBIK KYpajiaapasl a3ipiey/iH pecMH JIOTHKAIBIK Tocinaepi yebiHblIran. JKarqaiiapl Oaranay Ke3iHae HaBHra-
TOPABIH aHAJIMTUKAJbIK KbI3METIHIH OYyHpPBIKTapbIH KaJbINTACTBIPY TETIri, MATEMaTHUKAJIBIK MOJACIbICD JKOHE
KaluTaH KemipiHAeri HABUraTOP/IbIH JKaFlaliblH aHbIKTAYy Kypajgapbl aHbIKTanFaH. TanchIpbIcTapbl FeOMET-
PHANBIK >KAaKbIHIACTBIPY YCBIHBUIFAH, OJapIblH METPHKACHI JAFJapbICThl XKaFJalaapibl aHbIKTAY YaKbITBIH
€/10yip KBICKAPTHIIT, )KaFbIMCBI3 caIapabiH aasiH anansl. Navi Trainer 5000 cepTudukaTranran HaBUramnms-
JBIK TPEHAXKEPIH KOJIAHY apKbUIBI KYPTi3iireH ToxipuOenep malpanaHbUFaH TOCUIAEPIIH THIMIUIr MeH
MIPAaKTHKAIBIK KYH/IBUTBIFBIH pacTa/ibl, OyJI SKUITXKIbI KaiTa qaspiay/ sl alTapiblKTai skaKcapTabl.

Kinm ce30ep: Toxipubenik Kypammap, Ha3ap ayJapaTblH 30HAJIAPABI COMKECTEHIIpYy, MOAENbAEP TOpTiOi,
KanuTaH MiHOECIH/ET HaBUTaTOP/IBIH OPHANACYBI, SPraTUKAJIbIK XKYienaep, KUbIH JKaFaiap.
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I1.C. Hocog, W.B. ITanamapuyk, C.M. 3uH4€HKO,
N.C. IlonoBuy, A.A. HarpuGenbusii, I.B. HocoBa

Pa3paﬁoTRa CpeaAcTB Jisd BKCHepI/IMeHTaJILHOﬁ I/II[eHTI/I(l)I/IKaHI/II/I BHUMAaHHUA
HaBUTaTOPA B 3PraTH4€CKUX CUCTEMAaxX MOPCKOI'0 TpaHCIIoOpTa

B craTtbe paccMOTpeHBI BONPOCH MACHTU(HKAIMK MOJENeH aHalu3a HABUTAI[MOHHON OOCTaHOBKH CyIOBO-
JIUTEIIEM BO BpeMsI BBIIOJIHEHHS IIepexo/ia B y3KOCTSIX M MPUIIOPTOBEIX 30HAX, YTO OCOOCHHO 3HAYMMO B KpH-
TUYECKUX CUTyalusX. B paMkax ucciieoBaHus IPOBEICH aHAIM3 JIMTEPATypHBIX UCTOUHUKOB, YTO IIO3BOJIH-
JI0 OXapaKTepH30BaTh JAHHOE HAIpaBICHHE KaK aKTyaJlbHOE M Pa3pabOTKU CHEHUAIBHBIX CPEICTB JKCIe-
PHMEHTAJIBHOTO XapakTepa. B kauecTBe OCHOBHOW LENI B CTaThe MPEICTaBICHBI (OPMaTbHO-IOTHIECKHE
MOAXO0/1bI Pa3pabOTKU MPOrpaMMHO-aMNapaTHBIX CPEACTB ONpPE/EIECHNs 30H BHUMAHHS HABUTaTopa Kak cyOb-
€KTa 3praTHYecKoi cucTeMbl. bpinn omnpeneneHsl MexaHu3M (OpMHUPOBAHUS MOPSIKOB AHATUTHYECKON Jes-
TENBbHOCTH HABUTATOPa B XOJI€ OLEHKU CUTYalluH, MaTEMaTH4eCKHe MOJEINH, CPEACTBA AT YTOUHEHHS MOJIO-
JKEHHs HaBUTATOpa Ha KalUTAaHCKOM MocTHke. IIperoxkeHa reomerpudeckast anmpOKCHMAIUs MOPSAKOB,
METpPHKa KOTOPOil MO3BOJIACT 3HAYUTENBHO YMEHBIIUTh BPeMsS HACHTH(GUKALUM KPUTHYECKUX CHUTYALMil u
TIPEAOTBPATUTh HEraTHBHBIE NMOCIEACTBHS. [IpoBe/IeHHbIE SKCIIEPUMEHTHI C HCIOJIB30BAaHUEM CEePTH(UIIPO-
BaHHOTO HaBHTAIIMOHHOTO TpeHaxkepa Navi Trainer 5000 moaTBepIiiM pe3ylIbTaTUBHOCTD U MPAKTHIECKYIO
LIEHHOCTb KCIIOJIb30BaHHBIX MOJXOJOB, YTO B 3HAUUTEIBHONW Mepe IO03BOJIUIO YIYyYHIUTh HNEPEIOATOTOBKY
IJ1aBCOCTaBa.

Kniouesvie cnosa: OKCIIEPUMEHTAJIbHBIE CPEACTBA, PI,HGHTI/Iq)I/IKaL[I/Iﬂ 30H BHHUMAaHUWs, MOACIN ITOBCIACHHUS, I10-
JIOKEHUE HABUT'aTOPa HA KAaITMTAHCKOM MOCTHUKE, SPraTU4€CKUE CUCTEMbI, KDUTHUICCKHUE CUTYallUuH.
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