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The aim of the article is to develop a formal model and its geometric approximation that allows to describe
the logic of the distribution of attention of the navigator while maneuvering including the possibility of
discrete forecasting. To build this model, an analysis of international maritime regulations and situations
was carried out, which allowed to determine the formal structure and logical principles of the model close
to real situations while solving navigation problems.

The article provides formal approaches that take into account individual factors of the navigator’s
predisposition to the perception of navigational situations and the associated dangers. A geometric
approximation of the model in the form of a Cartesian cube divided into eight quadrants with local coordinate
systems is proposed. This made it possible to combine data on the distribution of attention relative to eight
objects according to STCW-78. Formal and logical constructions that allow to separate the conditions of the
attention distribution model depending on the stage of the execution of a navigational task within the cycle
have been developed. In this regard, the approaches for predicting model states using Markov discrete
circuits in the conditions of continuous time have been proposed. Automation of the forecast made it possible
in real time to obtain data about the speed of perception and processing of navigational data for transition
to subsequent states in order to reduce the likelihood of catastrophic situations related to sea transport.
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Introduction. When keeping a navigational watch, the boatmaster faces a number of tasks
that require concentration on certain objects or phenomena. According to convention STCW-78
[1] the navigator has great requirements that imply universal control of many factors affecting the
operation of the vessel. The situation becomes even more complicated in the case of complex
maneuvers in bad weather conditions and peculiarities of location mapping [2]. Given the high
accident rates while watch keeping on sea transport, an important task is to reduce the risk
indicators associated with loss of attention at important navigational objects and phenomena.

In order to objectively assess the possible risks associated with missing the necessary
information to perform navigation tasks and maneuvering, it is necessary to develop a model for
the distribution of attention the navigator. In known scientific literature, classifiers of factors
affecting human error in the course of controlling a vessel are presented [3]. However, there is no
a description of the mechanism of attention distribution on the basis of a formal model. Along with
this, in many literary sources there are descriptive recommendations aimed at reducing the risks
associated with the human factor in general [4, 5]. A number of scientific papers are devoted to
the analysis of the psychological and physiological components, which significantly complements
the idea of this article, but does not allow us to solve the task in full [6—10].
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a b
Figure 1 — Differences in the curvature of the trajectory during the passage of the Bosphorus

A series of experiments based on navigation simulator NTPRO 5000 of Kherson State
Maritime Academy for two years allowed to identify random fluctuations in the behavior of
boatmasters, the nature of which is not fully determined. Figure 1. a, b, shows that the passage of
a complex turn in the Bosphorus Strait according to the parameter of speed and turn of the rudder
of the wheel by watch 1 and watch 2 differs in the curvature of the trajectory.

Three months later, the maneuver of turning the same level of difficulty with the same
watch teams in the Hong Kong location resembles the maneuver in the Bosphorus (Fig. 2 a, b).

a b
Figure 2 — A typical pattern of behavior in Hong Kong

The question arises, what is the logic of the perception of the situation and the distribution
of attention by the navigatorwhile maneuvering? Is it possible to build a formal model that would
not only determine the causes of random fluctuations in decision-making, but also determine the
mechanisms for predicting such situations at discrete intervals?

After analyzing the experimental data, it should be noted that fluctuations occur both at the
micro level and at the macro level, as evidenced by the trajectory of the maneuver in the Bosphorus
Strait (Fig. 3 a, b).
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a b
Figure 3 — The trajectory at the macro level (satellite)

Obviously, the difference between the two observed situations consists in the time of
manifestations, the time or cycle of analysis-action of the navigatorcan vary significantly. It should
be noted that the nature of the manifestations is identical in both cases; it is important to determine
the individual time range that forms the decision-making cycle.

The purpose of the article is to develop a formal model and its geometric approximation,
which allows to describe the logic of the distribution of attention the navigator while maneuvering
including the possibility of discrete forecasting.

The solution of the problem. To solve the main problem of the article, it is necessary to
perform a number of steps that can be divided into groups:

— development of a formal-geometric model for the distribution of attention by the
navigatorwhile navigating;

— determination of the logic and mechanisms of attention distribution within the
framework of the model;

—  prediction method selection;

— development of software for automatic execution of the forecast.

During the analysis of situations arising at the time of operation of the vessel and the
maintenance of the navigational watch, a feature was found that formed the basis of the developed
model for the distribution of attention of the navigator. This feature consists in the fact that
attention tied to objects has its own limitations, that is, it cannot be infinite and depends on the
number of objects. In the studies of Professor V.A. Krisilov, it is indicated that the maximum
number of objects ranges from 7 to 9 [11]. In addition, the amount of attention also has limitations
and “fades” or “depletes” over time. So at a certain point in time, the amount of attention is
constant and can be unevenly distributed to objects of concentration. If we represent this model in
a geometric form, then it will be fair to determine that if some object is given more attention, then
in other dimensions - less.

After analyzing the international convention STCW-78, it becomes logical to identify eight
objects of attention in real time that form parallel information channels that require constant
attention the navigator captain. These objects include:

1.  Weather condition, visibility.

Attention necessary when navigating traffic separation schemes.
Traffic intensity.

The proximity of navigational hazards.

ECDIS.

RADAR.

Steering.

Machine telegraph.

PN R WD
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Of course, the greater the experience of the boatmaster, the greater the filling of the
hypercube, while the lack of attention at a particular object indicates an inability to fully assess the
navigational situation.

Thus, a geometric model is formed, which in each of the eight 3D quadrants will
characterize the concentration of attention of the navigator.

a b
Figure 4 — Geometric approximation of the attention distribution model

The formation of the model involves the determination of a point in each of the 3D
quadrants, which represents a vector with a metric dependence on three axes: x — «vision»; y —
«hearingy; z — «bridge orientation and motor activity». Such an interpretation of the model allows
to obtain its geometric structure in this form (Fig. 4 a, b).

As it can be seen in Figure 4a, the points have a different position relative to each of the
3D quadrants, which allows us to judge the individual perception of each navigator during the
navigation task. Under the same conditions and input, these two specialists will have their own
model of attention distribution, spending its total volume depending on individual preferences,
fixed by experience.

Analyzing this model, we can find analogies in the works of A. Einstein and L. D. Landau
[12, 13], in which closed space and a bunch of matter in a vacuum are considered. The formation
and distribution of the geometry of a given substance are also similar in principle to the proposed
model, but its boundaries are more blurred than in this interpretation. Meanwhile, for both cases it
is necessary to specify a metric such that it describes the characteristics of the model and
determines its adequacy. Approaches in theoretical physics give an initial impetus to the definition
of metrics (1):

2 a 2 2 .2 R 2 c 2 2 2
ds”=—e {dR +a, sin —(a’H +sin” ddy ):|+e}/d’[ ;
o (1)
a=a(r), y=y(z), Re(0, m,).

However, it should be noted that this model cannot be fully applied in this study because
it is more “smoothed» due to the complexity of determining the coordinates of the forming points.
In turn, this approach is applicable from the point of view of local isolation and volume limitation.

We define the logic and mechanisms of attention distribution based on formal models of
A.S. Tanguiane [14], in the framework of set theory and probability theory [15, 16].

We set the number of objects of attention v,,...,0, €V, n=8 and concentration vectors

regarding their F,...,P,. Under the conditions that the individual navigator model implies a
repetition in a number of similar cases, the following condition will be true:
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vf:feF, f(ul)=Pl,...,f(un)=Pn}=f[v{f:feF, fv,)=R}. (1)

where, the navigation situation is presented as a display f:V —>Rwu f (U) eR.
To determine the model metric, we introduce the dimension:

{U: vel, (x,y,z)ef(u)}e&, Vx,y,zeX,

where, X — sets of alternatives limited by V, and F' — set of navigation situations.
Observations showed that the most preferred values are along the x axis — “vision”, then:

p(x’y’z)(u)=v{f:feF,(x,y,z)ef(u)},

where, v( f) — the probability of a situation £, such that v: F — [0;1].
We denote &, ) — as the significance of predisposition in the 3D space of alternatives.

At the same time, the complexity of the navigation situation lies in the fact that all v, are
independent of each other and cannot be interchangeable:

WF i f e Fen)e S0z £, ) =T TP 0).

The predisposition in the 3D space of alternatives is denoted as P;, where j=1,...,|R

5

then the x-axis predisposition — “vision” will take the form:
iclost], if (x,y.2)eP,
Xj(x,y,z): l—ﬂ,l'f()_c,y,z)er, ,
0, if (x,y,z)% P.

where is the probability that the object of attention v, will have a predisposition P, :

p,(0)=vf:reF, fv)=P)

Then the generalized model for all objects and individual perceptual predispositions will
have the form (2):

|7

p(x,y,z)(u)zZXj(x’y’Z)pj(U) ()

J=1

Having received a formal description of the attention distribution model, we consider the
situation when an insufficient level of qualification p(x,y’z)(W), and consequently the volume of

attention does not allow to cover all eight navigation objects. In this case, the objects become
dependent &,,...,&, and the distribution is incomplete w,,...,w,,i>k:

P =1}=p,,(w) =P =0{=1-p, . (w).

Then the probability of attention of all objects will be equal:
£ k
Ples )= v{f feF 6> 5}
i=1

From the formal descriptions it follows that the probability of an incomplete model of the
distribution of attention is quite high. Adding random distractions can greatly complicate the
perception of navigation hazards and even affect their classification by importance.
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Thus, it is necessary to provide control over the number of navigation objects of attention.
Otherwise, this can lead to a sharp imbalance of the model and, as a result, important navigation
risks will be missed, which will lead to a disaster.

Another approach to enhancing safe navigation can be the time factor. It can be assumed
that by changing the range of time spent on a certain group of objects relative to the situation, it
will be possible to avoid catastrophic consequences. A quick perception of the situation will make
it possible to speed up the decision-making process on the captain’s bridge and get extra time in
unpredictable situations.

Let us single out 5 states in which the navigator may be when performing navigation tasks:

1 — assessment of the navigation situation;

2 — assessment of risks and opportunities to avoid them;

3 — defining a maneuvering strategy;

4 — real-time workflow;

5 — maneuvers.

Considering that the state data can have a random set of sequences, we make a forecast
using the methods of discrete Markov chains with continuous time [17].

Then §,,...,S,,n=5 — states.

We set that at any time ¢ the system S will be in only one of the states S,.,...,.S,, then:

n

> p(t)=1vt=0.

t=1
. g o _p(A)
In this case, the transition probability is: A, (t)= iln%) vERE
t—> t
State probabilities pl.(t),z'=1,...,n are a solution to a system of differential equations:

d;zt(t) _ _(i&jjpi(tp iﬂjipj(t),i =1,..,mt>0.
Jj=1 J=1

To solve the problem of forecasting the values of time ranges, we compose a system of
Kolmogorov differential equations [18] based on statistical data from a study of the form (3):

dpd;t(t) = pa () = P ()0

dpc;t(t) =D (t)j'lZ + ps (t)/isz - P (t)(/121 + Ayt /124);

dpc;t(t) =P (t))% —Ps (t)ﬂes; ’ ®
dpc;t(t) = (s~ P ()5

dpaslt(t) =D (t)ﬂss TPy (t)ﬂ“45 ~Ps (t)ﬂ”’

The complexity of solving differential systems of equations involves the development of
automated tools. The developed software made it possible to obtain a real-time forecast for the
next cycle of temporary states (Fig. 5).
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Figure 5 — Forecast System Interface

Synchronization of the developed model and software will make it possible to approach
the fulfillment of the main task of the study and increase the level of security in short-distance
transport. However, it should be noted that for a full-fledged result, a data extraction mechanism
is needed that allows real-time identification of time ranges and growth groups depending on the
navigation situation.

Conclusion. Thus, the developed geometric and formal logical model of the distribution
of attention of the navigator(navigator) made it possible to determine the variability of the
perception of navigation situations in operation of sea transport. The most probable distribution of
attention relative to the main sensory organs on the scales of the x, y, z axes is determined. The
logical constructions and conditions based on the predispositions of the navigator are described.
A method for predicting the time ranges of navigator states in the conditions of navigational watch
and ship control. Using discrete Markov chains, prognostic models based on Kalmagorov
differential equations for five states were selected. In order to implement these approaches in real
time, software has been developed that provides automated prediction of the cycle of navigation
tasks, ¢ + 1. Thus, the goal of the article has been fulfilled. Further research will be aimed at
developing an information model of the navigator that allows with a sufficient degree of accuracy
to carry out forecasting of catastrophic situations related to sea transport.
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Hocos II. C., Bens A. I1., HocoBa I'. B., HoBuxos B. U. MOJIEJIb PACITPEJEJIEHV I BHUMAHUS
CYJIOBOJIMTEJIS BO BPEMSI HECEHU ST HABUT' ALIMOHHOM BAXTHI

Lenvto cmamvu sgnsemca paspabomra GopmancHOU MoOenu U ee 2e0Mempuieckoli annpoKCUMAyUu
no3eonAowWell onucams J102UKy pacnpeoeieHuss 6HUMAHUSA CIApuuM NOMOWHUKAM KANUMAHA 60 8pems
BbINOJHEHUS. MAHEBPO8 C BO3MONICHOCMbIO OUCKPEMHO20 NPOSHO3UPOBaHUs. [[is nocmpoeHuss OaHHOU
MOOeNU NPoBedeH AHANU3 MeNCOYHAPOOHBIX MOPCKUX NPABUL U CUMYAYUL, YMO NO360JUI0 ONPedesumy
dopmaneryo cmpykmypy u joeuyeckue RPUHYUnbl MoOeIu NPUOIUNICEHHbIE K PealbHbIM CUMYayusm npu
PpelieHuU Ha8U2AYUOHHbBIX 3a0aH.

B cmamve npusoosamcs  opmanvhvie no0xo0wvl  yuumvieaoujue  UHOUBUOYAIbHBIE — (PAKMOPLI
npeopAacnoNONCEHHOCMU CYO080OUMENs K 80CHPUSMUI) HAGUSAYUOHHBIX CUMYAYUN U CEA3AHHbIX C HUMU
onacnocmeil. Ilpeonoocena ceomempuueckas anpokcumayus Mmooeiu 8 6ude 0eKapmogo2o Kyoa
PA30eneHHo20 Ha 80CeMb K8AOPAHMOS C TOKANbHbIMU CUCIEMAMU KOOPOUHAM YMO NO380AUN0 00beOUHUMb
OanHble NO PACHPEOeNeHUl0 GHUMAHUSL OMHOCUMENbHO 6ocbMu o0bvexkmam coeaacho IIJIMHB-78.
Paspabomansr popmanvho-irocuveckue KOHCMPYKYUU NO3GONANOWUE OMOETUMb COCMOAHUA MOOenU
pacnpeoeneHusi BHUMAHUA 8 3A8UCUMOCMU 0T IMANA BbLINOIHEHUs HABULAYUOHHOU 3a0aull 8 paAMKAX YUKIA.
B c653u ¢ amum, npednodcervl no0xooul 0Jisl NPOSHOZUPOBAHUSL COCIMOSHUL MOOeNU ¢ nomowbio Mapkosckux
OUCKPEemHbIX Yenell 8 YCI08USIX HeNpPepbleHO20 8peMeHl. Aemomamu3ayusi RPOSHO3a NO360UNA 8 PediCUMe
PeanbHO20 8peMeHU NOAYYAmsb OAHHbLE 0 CKOPOCMU 80CHPUAIUS U 00PAOOMKU HABULAYUOHHBIX OAHHBIX OISl
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nepexooa 6 nocieoyioujue COCMOAHUA C  Yeablo  CHUNCEHUS  8EPOAMHOCMU  B803HUKHOBEHUS
Kamacmpo@uyueckux cumyayuii Ha MOpCKOM mparcnopme.

Knroueewie cnosa: mooenv pacnpedenenus 6HUMAHUSA, Yel08eYeCKull pakmop, wmypmaH, RPOHO3UPOBaAHLe
Kamacmpog, 6e30nacHocms Ha MOPCKOM MpAHCHOpMe.

HocoB II. C., Bens A. II., HocoBa I'. B., HoBukos B. I. MOIEJIb PO3ITOAUTY YBATU CYIHOBOIIA
[II]] YAC HECEHHSI HABITALIITHOT BAXTHU

Memoro cmammi € po3pobxa gopmansvroi mooeni i ii 2eomempuunoi anpokcumayii, wo 00360714€ onucamu
JI02IKY pO3n00iny ysasu Cmapuium NOMIYHUKAM KANIMAaua ni0 4ac 6UKOHAHHA MAHEBPI8 3 MONCAUBICIIO
OUCKPEMHO20 NPOSHO3YBAHHA. AHANI3 eKCNepUMEeHMANbHUX Ma CMAMUCMUYHUX HABI2AYIIHUX OaHUll
00380IA€ CMBEPONUCYBAMU WO ICHYE pA0 (Pakmopie wo He2amusHO BNAUBAEC HA Pe3VIbIMAMUEHICHb
BUKOHAHHA MAHEBPI8 CYOHOBOOIEM y CKIAOHUX YMO8AX. Bmpama konmponio cyoH0600isa susHaueno ghakmom
AK 8UNAOKOBOI0 3MIHOI0 KEPYIOUUX 6NIUGI6 NPU YNPABTIHHI CYOHOM MAK | MPAEKMOPIEI0 BUKOHAHHS CKIAOHUX
maneepie. Takum yuHOM y CmMammi pO3SIAHYMO 0COOIUBOCMI NOBEOIHKU CYOHOB0OIS i3 6PaAXy8AHHIM
MAKpOpIBHs o 8I000padicae iHOUsiOyalvHi cmpamezii popmyearnHsi 1020 Mooeli.

s no6yoosu 0anoi mooeni npogedeHo ananiz MiZCHapOOHUX MOPCLKUX NPAGUI MA CUMYaYill, o 00360AUNO
BUSHAYUMU POPMATLHY CMPYKMYPY i N02IUHI NPUHYURY MOOEIL, WO HAOIUINICEHI 00 PEanbHUX CUmyayit npu
BUPIEHHT HABI2AYIUHUX 3A60AHb. 3A3HAYEHO PO HABI2AYIIHO20 00JAOHANHS Y AKOCMI 0Jicepel iHghopmayil
AKI 00380A10Mb BUSHAYUMNU 2e0MEMPULHY MEMPUKY 3aNPONOHOBAHOT MOOeII.

Hasoosamvca gpopmanvui nioxoou, wo 6paxosyoms YUHHUKY [HOUGIOYANbHOI CXUNbHOCI CYOHOB0OIA 00
CRPUUHAMMSA  HAGI2AYIUHUX Ccumyayiti i Noe a3aHux 3 HumMu Hebesnex. 3anponoHo8aHo npoCcmMoposy
anpokcumayito mooeni y 8ueiidi 0eKapmogozo Kyba po30ileH020 HA GICiM K8AOPAHMIE 3 JOKANbHUMU
cucmemamu KOOpOUHAam wo 003680UL0 00 €OHamu OaHi 3 pO3noOLLY yeazu uoodo 80cbMu 00 €KmMie 32i0HO
IJIMHB-78. Taxum uyunom 3’A61A€MbCs MONCIUBICb BUSHAYEHHS YEHMpY Y8acu mda YacmKu yeazu
CYOHOB0OOISI GIONOGIOHO 00 KOJICHO2O 3 KEAOPAHMIE WO 3HAYHO CHPOCUMb AHANI3 U020 NOBEOIHKU
eKCnepmom nio 4ac aHaizy CKIAOHUX HAGI2AyiiiHUX 0OCMABUH HA MOPCbKOMY MPAHCHOPML.

Takooic, po3pobieHi hopmManrbHO-T02I4HI KOHCIMPYKYIL 003601510Mb GIOOKPEMUMU CIAHU MOOEi PO3NOOLILY
yeazu 6 3anedicHocmi 6i0 emany 6UKOHAHHA HAGI2AYIHO20 3A60AHH 6 PAMKAX WUKLY. Y 36 a3Ky 3 yum,
3anpPonoHOBaHi NiOXoou Oas NPOSHO3YBAHHS CMAHIE MOOeNi 3a 00NoM0o20i0 MapKoBCLKUX OUCKPEMHUX
Nany102ie 8 ymosax besnepepenozo uacy. Aemomamusayis npocHo3y 003601UNA 8 PeHCUMI PeaNbHO20 Yacy
ompumysamu OaHi npo WeUOKICMb CNPULHAMMSA i 00pOOKU HAGI2AYITIHUX OAHUX 0I5l Nepexody y HACMYNHI
CMaHu 3 Memol MAKCUMANIbHO20 3MEHWEHHS MOJICIUBOCMI SUHUKHEHHS KAMACmpo@iuHux cumyayii Ha
MOPCbKOMY MPAHCHOPHIL.

Knrouosi cnosa: modenv po3nodiny ysazu, m0OCbKUll (PaKxmop, wmypmaH, NpoHO3Y8AHH KAMACmpoq,
be3nexa Ha MOPCbKOMY MPAHCHOPIMI.
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