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This thesis discusses the importance of controlling seafarers'
qualification parameters in the organizational and technical
systems of maritime transport in order to prevent possible
problems and accidents on ships. To do this, it is proposed to

use fuzzy systems for assessing category membership based on
several criteria-features, as well as to develop an algorithm for
restoring qualification parameters based on a conditional in-
put and an additional parameter. The possibility of creating
automated fuzzy classification systems and the use of intelli-
gent systems for managing qualification parameters is also

discussed.

Introduction

The problem of constant monitoring of the quali-
fication indicators of the subjects of the organiza-
tional and technical systems of maritime transport
(OTSMT) is quite acute due to the possible conse-
quences due to the fault of the human factor [1].
Thus, over the past 5 years, accidents in maritime
transport due to the fault of the human factor have
caused major environmental disasters, disruption
of vessel traffic and high economic risks for inter-
national maritime companies.

A situation is known when, due to a navigator's
error in navigation, a collision of two tankers oc-
curred in 2018 off the coast of China, resulting in
an oil spill into the sea. The navigator made a mis-
take when calculating the distance to another ship
and could not avoid a collision [2].

Also, in 2017, a fire and explosion occurred on
the Sanchi tanker, carrying liquefied natural gas,
which led to the death of the entire crew. The
cause of the disaster was a fire on board the ship,
caused by non-compliance with technical stand-
ards during the operation of the equipment [3].

In addition, in 2019, the tourist vessel "Viking
Sky" in Norway had an accident when the vessel
began to lose stability due to a severe storm. De-
spite the experience of the captain and crew, an
incorrect assessment of the situation led to the fact
that the ship was in a dangerous position and the
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evacuation of passengers was required [4].

All this indicates the relevance of the study,
which is aimed at solving an important technical
problem of managing the qualification indicators
of the OTWTS both at the macro and micro levels.

Relevance of research

So, for example, if a sailor-navigator, mechanic
or electrician has lost the proper level of qualifica-
tion, serious problems may arise in the workplace,
which may lead to dangerous situations on the
ship:

- errors in navigation and maneuvering. The
navigator is responsible for the safe navigation of
the ship, so if he lost the proper level of qualifica-
tion, this can lead to navigational errors and non-
observance of the rules of maneuvering, which can
lead to collisions and accidents [5].

- non-compliance with technical standards and
rules for the operation of the vessel. The mechanic
and electromechanic are responsible for the tech-
nical condition of the ship and its equipment, so if
they have lost the proper level of qualification, this
can lead to improper operation of the equipment,
non-compliance with technical standards and
rules, which can lead to accidents on the ship [6].

In addition, an incorrect assessment of the situ-
ation in emergency situations can lead to an
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incorrect decision and aggravation of the situation,
when time plays a decisive role and can lead to the
death of the crew and loss of survivability of mari-
time transport [7].

In general, the loss of the proper level of skill can
lead to serious problems on the ship, which can en-
danger the safety and lives of the crew and passen-
gers. Therefore, the restoration of the qualifica-
tions of seafarers is an important task for ensuring
the safety of navigation.

In order to maintain and restore at a sufficient
level the qualification parameters of the OTSMT,
in general, approaches have been developed, in-
cluding [8,9]:

1. IMO - model training courses: a seafarer can
attend courses to update his skills and knowledge
in accordance with new requirements and stand-
ards. Courses can be held at maritime training
centers or on board a training vessel.

2. Online Courses: Seafarers can also study
online using online resources and e-courses. This
can be especially useful for seafarers who cannot
leave their ships for extended periods.

3. Internship on board: A seafarer may under-
take an internship or internship on another ship
to improve his skills and knowledge. This can be
especially useful for seafarers who want to retrain
or gain additional qualifications.

4. Competency assessment: Seafarers can be as-
sessed on their competencies and knowledge to
identify their strengths and weaknesses. This can
help seafarers develop an individual training plan
that will suit their needs.

5. Mentorship: A sailor can find a mentor who
will work with him to help him develop his skills
and knowledge. Mentoring can be especially help-
ful for seafarers who want to advance in their pro-
fession or move to another position on board.

6. On the job training: A seafarer can be trained
on the job, gaining knowledge and skills directly
from his colleagues and supervisors. This can be
especially useful for seafarers who work on high
technology ships where special training is re-
quired.

However, there remains an objective problem re-
lated to the fact that ships, their equipment and
instruments are quite different and require indi-
vidual getting used to their operation. At the same
time, the percentage of accidents in the OTSMT
does not decrease, largely due to the emergence of
a greater flow of information and new functions of
high-tech equipment [10]. There is also a tendency
to reduce the crew, which means that the load and
functional obligations increase for each individual
sailor [11].
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All this speaks of the need to develop new auto-
mated decision support systems in the OTSMT to
monitor the skill level of its subjects in real time.

Presentation of the main material

As 1s known, one of the important attributes in-
dicating the level of qualification parameters of
seafarers is the time of completion of the final op-
erations that make up the trajectory of activity
within the framework of the task [12-14].

An important task in the context of the consid-
ered problem is still the construction of such an al-
gorithm that would allow finding a solution for re-
storing (supporting) the qualification parameters
of the OTSMT, based on the conditional input
(STCW) and an additional parameter that directly
affects the recovery time. The choice of the time
parameter is not random due to the fact that time
is limited and its weight exceeds organizational
costs due to the increased intensification of pro-
cesses in the OTWTS. Such an approach will in-
volve the stages of identification, modeling and
management of the qualification parameters of the
OTSMT.

However, it should be considered that the resto-
ration of qualifications is possible only in doses, in
the conditions of what awaits the navigator on the
route of the vessel. So, depending on operations,
location, maneuvers and weather conditions, re-
covery zones are outlined, which are defined by a
set of qualifying knowledge fragments (QKF)
[15,16]. At the same time, security must be en-
sured. This condition introduces a restriction on
the flow of information that is fed to the input of
the subject as a carrier of the qualification param-
eters of the OTSMT.

As a recovery zone, we will take the QKF area,
each element of which represents a separate local-

ized fragment of qualification. Let (I , k) , the re-

covery problem, with a fixed parameter £ Then
the definition of the algorithm for solving it is re-
duced to some arbitrary function of the form

f (k)- poly (1) =a(]I])-

In turn, the total set of elements is equal to the
set of complexly formalized STCW linguistic data,
but in each localized task it is necessary to use
such a  polynomial algorithm S that

S(1,k)—>(1',k’), for which |I'|+k’<q(k). That is,
there is an additional task in reducing the general
task to a smaller task, which is logical.

However, the solution of such a problem entails
a number of difficulties, in particular, its formal
description with respect to the parameter k& has

the form: K —)k—kl,k—kz,---,k—kd.
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Then the solution of the problem at the first iter-
ation will be:

T(K)<T (k=k)+T (k=k, ) +...+T (k=k,),
T(k)=cA*, cA* <cA“™,..,cA ™,

where 1% —(lkd’kl ot A ) =0.

In doing so, we are dealing with the parameter
k, >100 , which indicates that the problem is NP

hard. And as a result, it involves finding hikes
based on probably fuzzy classifications of a large
amount of data with their processing using intelli-
gent algorithms. This choice is due to the fact that
when processing large amounts of data, fuzzy clas-
sification can be useful in cases where the data is
heterogeneous and not well defined.

Indeed, the OTSMT classification parameters,
due to their linguistic (descriptive) nature, suggest
the existence of fuzzy boundaries between catego-
ries that may overlap or be in a state of uncer-
tainty. This is quite suitable for the identification
problem, where it may be necessary to assess the
membership of the QKF based on several criteria.
In addition, such an approach, due to dynamically
changing QKF relative to recovery zones, can be
used to create automated adaptive fuzzy classifi-
cation systems [17].

Then, in a general form, a formal description of
the fuzzy classification of the qualification param-
eters of the OTSMT is proposed in the form:

Rulek: IF x,is A, k; AND x, is A,,k, AND...
..ANDx_ is A k. THEN yisB,,

Let there be N input parameters - qualification
attributes X, X,,..,X,, as well as & fuzzy identifica-
tion rules IF-THEN) of the form:

Rulek : IF x,is A ,k; AND x, is A, ,k, AND...
..AND X, is A,k THEN yis B,

where A,k,A K,,...A K are the membership
functions of the fuzzy sets for each of the input pa-
rameters, and X,X,,..,X,B, is the membership
function of the fuzzy set for the output parameter
y when the &-th rule is fulfilled.

Then the set of fuzzy rules can be defined as:
R={Rule_1Rule_2Rule_k,}, where Rule_k - xe
a fuzzy rule that describes the relationship be-

tween input parameters and output parameter un-
der certain conditions.
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The generalized formula for determining the
membership function of each of the qualifying pa-
rameters can be written as  follows:

#(x)=f(X,p, PyenPy), where x - parameter

value, Py, P;,--s P, - membership function parame-

ters, - membership function that determines the
degree of membership of the x value in the set

specified by the parameters P;, Pysees Py, .

For example, the membership function for deter-
mining the qualifications of a navigator based on
work experience can be given as follows:

4(Higt) = min(1,

u(Higt) =0, if Exp <10,

Exp =10y it exp =10
10

where Exp is the value of the navigator's work ex-
perience, u(High)is the degree of belonging of the
FExp value to the set of "highly qualified naviga-
tors".

To describe fuzzy operations, we introduce a log-
ical conjunction and disjunction: the degree of
membership of x to set A and y to set B is ex-

pressed as: pA(X)AuB(Y)A..AMW(n), where
yA( X) is the membership function of x to set 4;
,uB(y) is membership function y to the set B.

Also  u(AnB)(x)=min{uA(x), uB(x)}, where
,uA(X) and ,uB(X) are membership functions of the
element xin the sets A and B, respectively. In our

case for fuzzy sets A,A,..,A, the logical "AND"
will be expressed as:

WA A AR )=
=min{uA (X), uA, (X), ... uA, (X)},

where uA (X) - functions of membership of an el-
ement x to the set A.
The fuzzy logical union (OR) operation for two

fuzzy sets A and B, defined on the same universal
set X, can be expressed by the formula:

u(AUB)(x)=max[ uA(x), uB(x)], for all xex ,
where ,u(Au B)(X) is the membership function of
the combined fuzzy set AUB .

The calculation of the value of the output quali-
fying parameter based on the obtained member-
ship values and the membership function will be
WY, W, L+ YW,

W, + W, +...4+ W,

written as: Y = Y , where Y-

the value of the output qualifying parameter,



Y,...Y, is the membership values of each fuzzy rule,

W,..W, is the weight coefficients of each fuzzy rule

corresponding to its significance determined by
the experts.

Further, the application of the defuzzification
method will be based on the formula:

Z?zl'uA (X) Yi

9:—

2 HA(X)

where yiis clear value of the output parameter,
n;is number of fuzzy rules.

#A (%)

fuzzy rule,
x - input value.

b

the membership degree for the rth

To assess the quality of the fuzzy classification
algorithm, you can use metrics such as accuracy
(accuracy), recall (recall) and Fmeasure (Fr
score). To do this, we will mark up the data set
(ground truth) and compare the classification re-
sults of the algorithm with this data set. Formulas
for calculating metrics can look like this:

Accuracy = TP+TN , Recall= ——,
TP+FP+TN +FN TP +FN
2(precision - recall) s

= - , Precision= ,

2 (score) precision + recall TP+FP

where 7Pis the number of correctly classified ex-
amples of the positive class, FPis the number of
incorrectly classified examples of the positive
class, TN is the number of correctly classified ex-
amples of the negative class, FVis the number of
incorrectly classified examples of the negative
class.

It should be borne in mind that fuzzy classifica-
tion can be difficult to implement, since for a for-
mal-logical description of the STCW, it is neces-
sary to process a large amount of data to train the
model.

Everything indicated in the thesis narrows the
scientific search in favor of the use of fuzzy auto-
mated control systems for the qualification param-
eters of the OTSMT [18]. Which, in turn, involves
the development of systems for intelligent decision
support under conditions of uncertainty in the
management of OTSMT.

Conclusions
Thus, the management of the process of monitor-

ing the qualification parameters of seafarers in the
OTCMS is quite important, since their insufficient
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level can lead to serious problems in the workplace
and even to accidents. To assess the qualification
parameters of seafarers, the time of completion of
final operations is used, and to restore these pa-
rameters, it i1s proposed to use fuzzy systems that
allow estimating belonging to categories based on
several criteria.

Particular attention is drawn to the development
of an algorithm for restoring the qualification pa-
rameters of the OTSMT based on a conditional in-
put and an additional parameter that directly af-
fects the recovery time. Also discussed is the pos-
sibility of creating automated adaptive fuzzy clas-
sification systems to control the qualification pa-
rameters of the OTSMT under conditions of uncer-
tainty. In the future, it is planned to develop and
use intelligent systems for managing qualification
parameters to prevent possible consequences asso-
ciated with insufficient qualifications of seafarers
on vessels.
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