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The purpose of the article is the model of perception of difficult situations by the navigator where the rules
of COLREG are inconsistent. To build these models, a formal analysis of the situations was carried out,
which allowed to design a decision-making support system to reduce risks and accidents related to sea
transport. The article presents formal approaches that take into account the factors of vessel speed,
qualification of a navigator, and the situations that influence the formation of maneuvering strategies. The
illustrations show difficulties and ambiguous situations from the point of view of the rules. An important
factor for decision-making is the ability of an adequate perception of the situation by a navigator, and the
conditions in which this process is considerably difficult are given. The arguments are made in favor of the
use of ECDIS and AIS navigation information systems, and the examples that indicate the difficulties of
making decisions at the time of a large number of vessels are given. A relationship between the perception
of service information by the navigator and the choice of maneuvering strategies is made. The
recommendations on the development of a decision-making support system for navigators in difficult
navigation situations are given. The approaches to apply a decision-making support system, as well as the
formation of data about the navigator are proposed.
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Introduction. Navigator controls the vessel using international rules and conventions that
ensure the safety of navigation [1]. Difficult locations require from the navigator more than
knowledge of the basics of international rules [2]. Hydrographs and high traffic implies the
emergence of abnormal situations. Such situations introduce risk and uncertainty for the
navigator [3]. A large list of accidents related to sea transport indicates that the rules do not cover
all situations [4—5]. Many naval officers cite cases from world practice confirming these statistics.
For example, in the general concept of COLREQG it is indicated that the differences of two vessels
are considered. This feature is also described in the works of S. Zinchenko [6—7] (Fig. 1). Another
factor contributing to an increase in a stressful situation is high level of responsibility [§—10].

Experiments that were conducted at the Kherson State Maritime Academy confirm that an
increased stress threshold arises even in simulators [11]. This means that in real conditions, stress
indicators will be higher. Practice shows that in case of immediate danger or interference
deviations from the rules are possible. But only the navigator determines the level of «<immediacy.»
This suggests that at the time of decision-making there may be an inaccuracy in assessing the
situation. The opinion of one navigator may differ from the assessment of the situation of another.
A difficult situation arises when it is difficult to determine the behavior strategy of navigators of
other vessels in case of divergence [12].
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Figure 1 — Interaction of two vessels / vessel and obstacles

The organization of the watch on the captain’s bridge is very important. Errors in making
decisions are increased if on the captain’s bridge there is a substitution of roles in the team.

In the conditions of watch keeping, especially when practicing maneuvers in relation to
locations, the decision to manage the ship is influenced by several members of the watch keeping
duty. In some cases, when it’s required by the changes in the situation, the captain gives the
command to immediately strengthen the watch on the bridge. Typically, this decision is affected
by: visibility, weather and sea conditions, the intensity of navigation and other features of the
navigation situation. At the same time, the number of members of the watch keeping duty is
increasing, which also contributes a factor capable of adversely affecting the decision of the
navigator. To construct a formal model, consider the following scheme for the interaction of watch
members. During the maneuvers, the naval officer requests the watch personnel to specify the
indications of navigational instruments and other parameters necessary for steering the vessel.

In this case, local interactions occur short-term in time between the members of the watch
and the deck officer (captain).

We will assume that two subjects are involved in the interaction: D is a deck officer or a
captain and F is a member of the personnel on duty. In this example, the captain instructs before
the start of the passage of the location, and immediately at the time the first mate takes command.
Thus, the participant at number 1 (the captain) does not participate in team interaction, but can
prompt the first mate. Each watch interaction solves the micro-task of steering the vessel at the
current moment.

During the transition, the command performs a different kinds of tasks n consisting of a

hi :1"“’”. Members of the watch

keeping duty D and F are divided into interacting groups Dyseees D; and Fro B depending on the

finite sequence of operations depending on the complexity

level of qualification and experience. This leads to the formation of groups Dy, £ for completing

o KL KS
the tasks n and accomplishing the result =7 > i |

But the transition from dynamic positioning to manual vessel control may cause inadequate
response of specialists if the team is not ready. Testing of such events were conducted on the
navigation simulator NTPRO 5000 and confirmed our fears. The experiment has shown that the
actions of navigators with the loss of control over the vessel cause spontaneous movements on the
bridge.

At a certain point in time, the watch keeping begins to independently make decisions from
the whole team, this can be seen in the chronology of events (Fig. 2):
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Figure 2 — Interference with the navigation watch

A study of the trajectory of the control vessel confirmed the fact of loss of control. A
computer program was developed to analyze the vessel’s control path. The graph shows that loss
of control occurs soon after turning off the dynamic positioning due to the human factor (Fig. 3).

There is a direct relationship between the spontaneous behavior of the watch crew and the
loss of control over the vessel. Therefore, it is important to track the movements of the watch crew
on the bridge using software tools. These software tools are important to add to the overall complex
of the decision support system of the navigator.

The navigator needs to know the characteristics of maneuvering other vessels in such
situations [13]. Maneuvering situations often lead to a vessel drift. For example, the navigator is
forced to increase the speed of the vessel in order to have time to make a U-turn near Ma Van in
Hong Kong (Fig. 4) [14].

This situation forces you to make a difficult decision, the risk of a vessel being stranded or
avoiding collision with a counter vessel. The cases that were considered in the introduction a lot
and it speaks of the problem of perception of the navigator.

The purpose of the article is to simulate the perception of difficult situations by the
navigator where the rules are rejected. Formal analysis will allow to design a decision support
system for the navigator. The system will significantly reduce the risks and accidents on maritime
transport in situations that are considered.

The solution of the problem. The considered task is defined by various vessels and
trajectories of movement. An example of such a task can be considered in the location of New
York. The figure shows a large accumulation of vessels - targets on the radar (Fig. 5).

This task consists in finding patterns of navigator behavior in situations that are not
provided for by the COLREG rules. Models of navigator behavior must pass the stage of
formalization and further algorithm.
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Figure 3 — Periods of loss of control due to the fault of the human factor
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Figure 5 — Fragment of the navigation map and the image of the radar

The set of vessels will be represented as O = {1,2,...,¢}. Factor deviations from the rules
will be y € A. This factor will be taken into account by all location navigators. Each navigator
determines the strategy of behavior /,, including maneuvers y, . Each navigator assumes the
strategy of the behavior of another navigator, especially a vessel with a heading y, €Q, j€Q.
The strategy of the third vessel is considered first as y,, € A, j,k € Q. The number increases
depending on the number of participants y, . €A, j,...,j, €Q.

Situations can be described formally as follows S = {Q (2 )"EQ’ﬁ (')"EQ’I}

! . P . .
where, Q" _asetof navigators, ~/ — a set of actions navigators.

. 4
This model is represented by the target function: fi():AxBx..xF, >R .

The perception of each navigator determines the mechanism for triggering a maneuvering
strategy. Observation of the area allows the navigator to determine its position in the interaction
of several participants in the event. Event participants can be divided into two conditional groups.

The first group is active, which affects the strategy of other navigators on the map B . The second

group is passive, which is in standby mode and adapts to the actions of the first G . A maneuver
is considered effective if the risk is reduced when moving to a new state in a given area w
1. The divergence of the two vessels to minimize risks:

G(w)+ B—5G(w), + G(w), (1)
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2. The status of the navigator becomes active, a maneuver is performed:
G(w)—+—>B ()
3. Navigator decides to give the other vessel:
B—5e5G(w) 3)
4. Navigator changes the area for better maneuvering:

G(W)l + G(W *)z Frat 2 G(W)I + G(W)z (4)

St St _ probabilities of transition states.
The main criterion of effectiveness is the value of the probability of the chosen strategy.
Communication with the nearest vessels increases the likelihood of a result, but vessels of the
second radius do not participate in the interaction. Navigator has the opportunity to observe the
developments of the nearest vessels. His experience may allow to expand the number of vessels
surveyed, but even an experienced captain cannot predict all events (Fig. 6).

Navigation equipment ECDIS, AIS signals about intersecting courses and dangerous
proximity with other vessels, but does not provide information about the strategies chosen by
navigators.

where,

Figure 6 — Multiple strategies

The strategy is effective when the safety of further navigation at a high level. The linguistic
safety scale has several levels: “catastrophe”, “dangerous”, “increased attention”, “usual
situation”, “time to make decisions”. A completed maneuver results in one of the listed

conditions. 5”".

Each navigator is in one of three states: 1 — the vessel follows to the waypoint without
visible obstacles; 2 — the vessel is in the zone of increased attention and the navigator determines
the strategy for maneuvering; 3 — the navigator performs a divergence maneuver.

This classification identifies three main criteria for assessing each state: 1 — navigator

fatigue 4 ; 2 — security level w ; 3 — time spent on maneuver ¢ . The fatigue of the navigator
increases depending on the sequence and complexity of the maneuvers performed during the
passage of the location:

— 50 1 k
as - as,t + as,t+1 EARAE] as,t+q (5)

The fatigue of the navigator directly depends on the intensity of the occurrence of difficult
situations when maneuvering a vessel. The intensity index also depends on the congestion zones
of the sea transport [16]. The higher the accuracy of maritime transport, the higher the likelihood
of fatigue in the navigator. The difficulty lies in the fact that the navigator initially chooses the
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basic average speed when planning the transition route (Fig. 7). This fact complicates the situation,
because for emergency braking it takes a lot of time.

Figure 7 — Calculation of the average speed in ECDIS

max,i

To ensure sufficient security, it is necessary not to exceed the maximum speed .In
this case, the navigator will have time to prevent a collision with the help of divergence maneuvers.

The selected safe speed of the vessel V will be (6):

i <™ el d +T | weST Vr
y:{ [b b bl ©)

0, elce

where ¢, — the beginning of entry into the zone of increased attention; 7, — the duration of the

maneuver on the discrepancy; S’ — territory, which is characterized by the presence of a difficult
situation; ' — permissible speed of sea transport.

Conclusion. The higher the experience and qualifications of the navigator, the more
accurately the vessel’s speed and types of maneuvering are chosen. We denote the integral
indicator of experience-qualification as Z. The final group of navigators define the set
z= {Zfl""’ka . Each navigator chooses an action with respect to the adopted strategy
{p oo Py }’ P, € By ke ily }, where ¢ determines its belonging to the COLREG rule.

In this case, the objective function will be: fi =V Py P, . Then, when designing
algorithms, lowering the risk level is possible by identifying the complexity of the situation.
However, at the moment there are no systems allowing to classify the situation with a high degree
of accuracy. Visual observation does not give complete information about what is happening.
Many vessels with different strategies make significant adjustments, complicating the process.
Further research will be focused on the development of automated tools for identifying navigator
strategies.
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Hocos II. C., 3unuenko C. H., ben» A. II., Harpubeasnnrii 5. A., lynuenxo O. H. MOJIEJIN
[IPUHATUS PELIEHUI HABUTATOPOM I1PU HESIBHBIX COI'JTACOBAHMSX C IIPABUJIAMU
MIIIICC

Lenvio cmamvu A6nA10MCA  MOOENU GOCHPUAMUA  WIMYPMAHOM  CLOJCHBIX CUMYAyuu, 68 KOMOPbIX
Hecoenacosannvl npasuna MIIIICC. [Qna nocmpoenus oannvix mooenei npogeden opmanbHulll aHAIU3
cumyayuil, 4mo no360UI0 CNPOEKMUPOBAMb CUCTEMY ROOOEPICKU NPUHAMUSL PEUEHUL Ol YMEHbULEHUS
PUCKO8 U ABAPUIIHOCMU HA MOPCKOM mpancnopme. B cmamve npusodsamcsi gopmanvhvie nooxoos
yuumvleaowue Gakmopvl CKOpoCcmu 08UNCEHUS CYOHA, KATUDUKAYUU WIMYPMAHA U YCIOBUT GIUAIOUWUX HA
Gopmuposanue cmpamezuti manespuposanust. Ilpusedenvl ulOCmMpayuu NOKA3bLIEAIOWUe CIONCHOCIU U
HeOOHO3HAUHbIE C MOYKU 3PEHUs NPAGUI 0Ocmosmenbcmed. Basicnvim ghakmopom 0ns npunamus peueHutl
ocmaemcs cnOCOOHOCMb AOEK8AMHO20 GOCNPUAMUSL CUMYAYUU WIMYPMAHOM, HPUBEOEHbl YCIO08US, 6
KOMOpbIX OAHHbLU Npoyecc 3Ha4umensvHo 3ampyonen. Ilpusooumcesa apeymenmayus 6 noiv3y NPUMEHEeHUs
Hagueayuonnvix ungopmayuonnvix cucmem ECDIS u AIS, npusedenwvi npumepwi, yrazvisaiowue Ha
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MPYOHOCMU NPUHSMUSL PeUleHUll 6 MOMEHm CKONlenusi 601buio20 Koauvecmea cyoeH. Ilposooumcs
3A6UCUMOCTL  MeANCOY BOCHPUSIMUEM CLYIHCEOHOU UHDOpMAYUU WMYPMAHOM U BblOOpe cmpamecuil
Manespuposanust. Jlanvl pexomenoayuu no paspabomxe CUCHeMbl NOOOEPICKU NPUHAMUS PeueHUll
WMYPMAHOM 8 CILOJCHBIX HABU2AYUOHHBIX cumyayusx. I[Ipeodnosicenvl no0xo0bl NPUMEHEHUsl CUCTEMbl
NOOOEPIICKU NPUHSAMUSL PEULeHUT], a MAaKdiIce HoPMUPOBAHUSL OAHHBIX O WNYPMAHE.

Kniouesvle cnosa: mnasueayuonuvie UHOOPMAYUOHHBIE —CUCHIEMbL, CHPAMeE2UU  MAHEEPUPOBANUSI,
uenogeuecKull paxmop, wmypma.

Hocor II. C., 3inuenko C. M., Bens A. II., HarpuGenbsnnii 5. A., Jdynuenxko O. M. MOJEJII
[IPUUHATTS PILIEHb HABICATOPOM IIPM HESBHMX VY3I'OJ/DKEHHSX 3 IIPABUJIAMU
MIIICC

Memorw cmammi € nobyoosa mooeni CAPULHAMMS WMYPMAHOM CKIAOHUX CUMYayiil, 0e Hey3200MCeHi
npasunra MIIIICC. Y peanvhux ymo8ax GUHUKAE NPOMUPIYYS MIJC BUMOLAMU MIJDCHAPOOHUX NPABUL MA
sucokum mpagixom mopcokux nepesesensb. Ocobausi yckiaoHwenHs y pobomi CyOHO800is BUHUKAIOMb
makoxc nio0 4ac BUKOHAHHA MAHe8pi6 Npu PO3XOONMCeHHI cyoeH 3 Oazamvma YiIAMU, WO MAKONC
Ccynposoodcyemuca axmopamu cmpecy ma HesusHavenocmi. Taxki ob6cmasunu cymmeso 8nausawms Ha
pisens besnexu nio wac nepexody y NPOAUSAx ma HebesneuHux paioHax MopeniaeanHs.

3 memoro binvu enubOKo20 ananizy 6y10 NPoBedeHo PO eKCHePUMEHMI8 3aco0aMU MOPCOKUX HABI2AYIUHUX
CIMUMYIAMOPI8 Y PAMKAX NPOBEOCHHs MPEHANCePHOI Ni020mMOo6KU 3 Kaodemamu uo RiOmMeepoiCyioms
2inome3y cmammi npo SUHUKHEHHS CUMYayiil SKi 3MYyuy1oms cyono8odis sioxuiramucs 6io npasun MIITICC.
Bpaxoegyrouu oanuii paxm y cmammi 6yn0 3anpononosani mooeni wjooo eu3Ha4eHHs cmpamezii n0geoinKu
CYOH0800I18 N0 YaAC HECMAHOAPMHUX CUMYAYIl NPU PO3XOONCEHHI 3 CYOHAMU Y 8Y3bKOCHISIX.

s nobyodosu danux moodenei npogedeHo QOPMANbHULL AHALI3 CUMYayil, Wo 00360J19€ CHPOCKMY8amu
cucmemy NiOMpUMKU RPUUHAMMS piuleHb Olsl 3MEHUWEHHs PU3UKIE mda a8apilHocmi HA MOPCbKOMY
mpancnopmi.

Y emammi eusnaueno wjo nio yac 6UHUKHEHHS NOMULOK YleHAMU HABI2AYIUHOI 8aXMU HA KANIMAHCLKOMY
MICMKY npu YAPAGAIHHI CYOHOM BUHUKAIOMb HECAHKYIOHOBAHI 3MIHU pOJell, KOIU YlleH 8aXmu MumMuacoso
3aMinl0€ IHW020 be3 003601y Kanimauwa abo cmapuio2o nomiunuka. Taxum uyunom opmyemuvcea cmana
PeaKyisn wo 3sMyuye 8 oOKpemMux unaokax CHOmeopr8amu sik CHeKmp y8acu KONCHO20 YUACHUKA CUmyayii
max i cnpusmu po36UmKy NPAKMUYHUX HABUYOK U000 NOOONAHHA CKAAOHUX cumyayii 8i0nogioHo 00
KEANIQPIKAYIHUX 8UMO2Z CYOHOBOOI.

Bpaxosyrouu cknaouicme nagieayiiinoi cumyayii, @ maxoic MONCIUSICMb NPOAGY HECHPUAMAUBUX NO2OOHUX
VMO8 ma iIHMEHCUBHICTD MOPCbKO20 MPADIKY 34 PO3NOPAONCEHHIM KANIMAHA 8AXMA MOdICe OYmMu niocuiena
WO MAKOHC BNIUBAE HA MOOETb NOBEOTHKU KONCHO20 CYOHOB0OIS | (hopmye 11020 cmpameiio Ha MAubOYmHeE.

YV cmammi naeoosmoecsi Gopmanvhi nioxoou wio 6paxosyioms (GaKmopu weuoKocmi pyxy Cyowd,
Keanighikayito wmypmana i cumyayii, wo eniuearoms Ha opmyeants cmpamezii manespysanns. Haseoeni
imocmpayii nokazyiome CKIAOHOCMI | HeOOHO3HAYHI 3 MOYKU 30py Npaeunl obcmasunu. Baswciueum
Gaxmopom 0ns npuiinamms piuleHdb 3AIUUAEMBCA 30AMHICMb A0eK8AMHO20 CHNPULHAMMS CUmyayii
wmypmarnom. Hagsooumvcsa apeymenmayis Ha KOPUCb 3ACMOCYBAHHA HAGI2AYIIHUX THOOPMAYITTIHUX
cucmem ECDIS i AIS, nasedeni npuxnaou, wo 6Kkazyrwms HA MpPYOHOWS NPUUHAMMS PileHb 8 MOMEHM
CKYNYeHHs 8eIUKOT KiTbKOCMI CYOeH.

Tlpusooumucsa 3anescnicmes Mise cnpuiHammsam ciyicboeoi inghopmayii wmypmarnom i eubopi cmpameziti
manespyeanns. /lano pexomenoayii 3 po3pobku cucmemu niOMPUMKY APULUHAMMA piulenb WMYPMAHie 6
CKIAOHUX HAGI2AYIUHUX YMOBAX. 3anpONnOHO8AHO NIOX00U 3ACMOCYBANHS cCUCmeMU NIOMPUMKU RPUUHAMMS
plwiens, a makoic Gopmyeants OAHUX npo Wmypmana.

Kniouosi cnoea: nasicayitini ingopmayitini cucmemu, cmpamezii MaHe8py8aHHs, MOOCLKUL daxmop,
WMypMaH.
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