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Abstract—The article offers the conceptual basis of the
system for the monitoring of the psychophysiological health
status of the ship crew and assessing its suitability for the
position. The fact that up to 80-85% of accidents in maritime
logistics are related to the human factor shows the relevance of
this issue. The article analyzes the specific features of the crew’s
professional activity and shows that the deterioration of their
health and psychological condition due to the long-term “ship
environment” is inevitable. It offers to develop an intelligent
system for monitoring the psychophysiological condition of
sailors and to assess its suitability for their position with the
reference to the Cattell test and fuzzy patterns recognition. The
development and systematic operation of such a system may
timely detect undesirable consequences for the health status of
crew members and prevent wrong decisions due to the “human
factor”.

Keywords—maritime logistics, human factor, Cattell test,
fuzzy patterns, decision making

I. INTRODUCTION

Transport logistics is of great importance in the integration
of regional, national, international logistics systems, as well as
material, information, financial and service logistics flows.
Maritime transport plays a key and leading role in transport
logistics [1, 2].

Maritime logistics refers to the organization and provision
of cargo transportation by sea, i.e., a transport service that
determines the activities of most customers. While there are
options for road and rail transports in terrestrial shipping,
maritime transport is the only way of transporting goods by
sea over long distances. Maritime transportation is the main
means of transporting large volumes of cargo and raw
materials by water from one country to another, from one
continent to another.

Oil and oil products, coal, grain, mixed cargo, chemical
products and other special transportations, containers and
people (liners, passenger ships) are transported by different
types of maritime transport. Low cost for large carrying
capacity, the possibility of intercontinental transportation and
low cost of transportation are the reasons to prefer maritime
transport [3].
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[4] shows that 90% of world trade is carried out by sea.
Maritime cruises are estimated to be the fastest growing tourist
field, with demand for cruises increasing by 20,5% in 2015-
2019. The cruise industry is estimated to worth 150 billion
USD in 2018, nonetheless the COVID-19 pandemic has
caused a crisis in this area in recent years. Due to the impact

of the COVID-19 pandemic, there was a 14% decline in 2020.
This increase may be 3% in 2021 and 2022, [5, 6]. Maritime
transport has also played an important role in the immediate
response to the spread of coronavirus infection by providing
food, medicine and other vital products. Despite the difficult
situation, many ports around the world are open for cargo
transportation requests, although not for passengers [7].

Currently, the commodity turnover between Asia and
Europe is also mainly carried out by sea: more than 95% of
the volume (in metric tons) and almost 70% of the value (in
US dollars) of cargo is transported by sea. Air transportation
between Asia and Europe accounted for less than two percent
by volume but more than 30 percent in value, while railways
implemented only one percent of the volume and more than
two percent of the value [4].

Thus, the development of maritime logistics is one of the
main priorities of the giant countries. The importance of
maritime transport has highlighted the development of
innovative approaches to address a number of issues in this
segment. These issues may include optimal route planning and
selection based on fuzzy logic [8—11], selection of more
suitable customers taking into account the nature of the
transported cargo [12], timely delivery of products (especially
medicines) using IoT technologies [13], etc.

The specificity of the work of seafarers has led to a special
emphasis on the “human factor” in maritime logic. This
specificity is due to the long-term stay of sailors on board [14—
16]. All the factors (noise, vibration, high-frequency
electromagnetic radiation, harmful substances in air, etc.)
accumulated in the integrated concept of “ship environment”
affect the sailors’ organism, causing functional changes,
psychological problems, and the development of pathological
conditions [17]. These lead to the reduction of sailors’
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working ability, their health deterioration and, consequently,
the loss of sailors’ working ability.

Such a situation has led to the emergence of concepts as
“human factor” and “fatigue” in marine. Analysis of incidents
in maritime transport shows that 80-85% of them are related
to human activities [3].

The accidents chiefly occur due to errors and mistakes
made by decision-makers during the operation of the ship,
rather than due to any equipment failure. Psychological and
psychophysiological stress of sailors, especially ship
navigator officers and captains, is the main source of incidents
at sea.

At present, the Industry 4.0 characterized by the
development of high technologies, the Internet of Things,
nanotechnology, biotechnology, artificial intelligence, etc.,
has created innovative research trends to overcome these
problems [16, 18, 19-21]. This article proposes a new
innovative approach to focus on the human factor to prevent
shipwrecks. It offers the conceptual framework of the
intelligent system to monitor the health status of ship crew and
assess their ability to perform their duties based on artificial
intelligence, intelligent technology and a system analysis of
specific characteristics of each member of the ship crew.

II.  ANALYSIS OF THE SPECIFIC FEATURES OF CREW’S
PROFESSIONAL ACTIVITY IN MARINE TRANSPORT FROM THE
PERSPECTIVE OF HUMAN HEALTH ENSURING

Noise is the most important factor influencing the working
ability and life of ship workers [14]. Noise is generated during
the operation of technical equipment of ship, all its moving
machines and mechanisms cause air vibrations during
operation are the noise sources. High-speed ship engines are
used to increase the speed of modern ships. However, their
exploitation worsens living conditions. The noise generated
by vessels has quite high-frequency intensity to affect the
human organism severely. Intensive exposure to noise
changes the functional state of the central nervous system,
which manifests itself in impaired attention, delayed mental
reactions, fatigue, and impaired accuracy of movement. Along
with auditory organs, the noise also affects the cardiovascular
system, causing decreased blood pressure (muscle spasms),
variations in cardiac arrhythmias, and changes in heart rate.

Vibration is the second factor negatively affecting the
functional condition and working capacity of seafarers.
Vibration occurs due to external forces during when propellers
rotate, and in some cases, it increases significantly. The
digestive organs are most the vulnerable to vibration.

High-frequency electromagnetic radiation is one of the
physical factors complicating the sailors’ work [22]. The
modern ships are highly supplied with radio equipment of
various contents. These may include ultra-high and extremely-
high frequency radio transmitters, satellite communications,
and radar stations. Specialists working with radio-electronic
devices actually perform their professional activities in the
area of “antenna fields” and are exposed to electromagnetic
radiation.

Moreover, swaying, hydrodynamic shocks and other
external influences on the ship negatively impact the health
status of ship crew [23]. Chemical factors and gases in the air
are of special importance among these effects. Dozens of
harmful chemicals may present in the working and living
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areas. Emission gases, heat and oil vapors produced during the
operation of technical equipment merge with the air in the
room.

The air of working and living spaces on the ship also
depends on the quality of material used to generate this space.
They can emit toxic substances affected by maintenance and
external factors (high temperature, ionizing radiation,
sunlight).

Note that there is a high risk of chemical accidents on
special ships transporting gas, chemicals and oil. The bodies
of personnel working in such vehicles are exposed to the
impact of the product being transported. Studies show that
more than two-thirds of sailors working in such a fleet suffer
from liver antitoxic disorders, changes in the central nervous,
cardiovascular, respiratory and digestive systems. Toxic
substances emitted into the air negatively affect the sailors’
organism, cause allergic reactions, skin damage and
poisoning. These indicators are much lower in the crews of
ships and containers carrying dry products.

One of the main physical factors affecting the health and
performance of the ship crew is the microclimate. It is
determined both by the climate of the regions through which
the ship passes, and by the heat released from the technical
equipment placed in the cabins for heating, ventilation and air
conditioning to create working conditions on the ship. The
physical properties of air acting as a thermoregulator of the
human body, are determined, first of all, by its humidity and
air flow rate. Excessively hot or cold, windy and rainy weather
leads to disruption of physiological functions in the human
body, weakening the health status [14, 22, 23].

The problems related to microclimate are more
pronounced on special cruise, such as the North Sea cruise,
where low temperature leads to the spread of diseases
associated with the catching cold, and this problem accounts
for 50% of medical requests [14].

A huge influx of new technologies on ships, such as Very
High Frequency (VHF) radio for communications with port
authorities and other vessels, autopilot navigation, Global
Positioning System (GPS), Advanced Radar Plotting Aids
(ARPA) for displaying the position of local marine traffic, and
electronic map and information display system change the
tasks performed by the crew, and the Electronic Chart Display
and Information System change the tasks performed by the
crew. The influx of new technologies, the lack of integration
among them, the need to use some of them simultaneously
complicates the work of seafarers, and causes stress [16, 21].

Analysis of the main factors of ship environment clarifies
the specifics of the living conditions of seafarers on cruises.
When assessing the impact of these factors on the crew’s
health status, the total factors of the ship environment, the
degree of their total effect on the body should be taken into
account. Unquestionably, solution of these problems is aimed
at solving important medical issues, moreover, it also
necessitates the development of legislation in the crew’s work,
special standards and requirements governing the working
hours and rest of crew members.

According to these standards, the captains, assistant
captains and ordinary personnel on duty must have at least 10
hours of rest in 24 hours and 77 hours of rest in a 7-day period
[3, 24]. Rest hours can be divided into two periods, one of
which should not be less than 6 hours, i.e., the rest time of staff
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should be regulated, however, in reality, the implementation
of this convention is not strictly followed. As far back as 2000,
the International Transport Workers’ Federation appealed to
the captains of the global maritime fleet regarding the poor
working and leisure conditions of seafarers. According to the
study of Cardiff University expert group implemented in 1998
and submitted to the International Maritime Organization,
63% of captains surveyed said their work and leisure regimes
posed a threat to their health and safety; 56% said that the
current work and leisure regime is a threat to the performance
on the ship; and 50% stated that it was impossible to provide
10 hours of daily rest in accordance with the requirements of
the Convention on Labor and Recreation [3]. Many ships do
not have work and leisure norms. All these factors have a
catastrophic effect on the sailors’ working capacity and health
status. Realizing that the majority of accidents at sea to be
caused by human factors, but demonstrating a frivolous
position, the shipowners prefer to solve this problem at the
expense of insurance. Many shipowners “looking for own
profit” are now trying to achieve their goals by reducing the
number of crew members. Such an attitude leads to a sharp
violation of requirements for the work and rest regime, and the
rapid introduction of the concepts of “human factor” and
“fatigue” into the shipping industry.

Thus, the working and living conditions of ship workers,
and external influences determine the following specific
features of their professional activities:

e working and living in confined spaces and polluted
environments that increase the risk of infectious
diseases and danger to the workers’ life;

e shift work schedule within a certain time interval,
which is a source of psychosocial risks, stress, and
depression;

e employee’s fatigue due to irregular working hours and
stressful working conditions, assessed as one of the
most dangerous risks of making mistakes;

e cxposure of employees to hazardous contaminants, as
well as harmful factors (industrial noise, vibration,
risks of toxic substance release, etc.) threatening their
health and life;

e unfavorable external factors (cold, wind, fog, dust,
rain, storm) affecting the physiological state, working
capacity and labor productivity.

e serious consequences of accidents, necessitating the
improvement of methods for monitoring and control
of workers’ health.

III. 'THE STUDY OF THE HUMAN FACTOR IN MARITIME
LOGISTICS AND THE PROBLEM STATEMENT

Uncertainty determined by the “human factor” is capable
to make management decisions in non-standard situations, and
the role of human is irreplaceable in creating conditions to
ensure the reliability of facility [25]. However, the human
factor also causes the wrong actions inherent in each human
being. Human error in road transport accounts for 90% of all
accidents. In 57% of cases, human error is the only factor
causing the accident. Human error accounts for 70-80% of
accidents in air and sea transport, and 50% in railways [26].

The recent influx of new technologies into the ship
environment, the introduction of IoT-based remote
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monitoring and control systems has led to decision-making by
analyzing constantly changing data sensed from multiple
sources. Different technologies, human-machine interfaces,
rapidly growing dynamic data conditions, and the need to be
aware of the situation on the ship further complicates the work
of sailors, causes stress, affects the decision-making process,
and increases consideration of human factor [16, 20]. The
multifaceted nature of human factor, the serious and
undesirable consequences of the wrong decisions of crew
members, as well as the lack of study of the nature and causes
of this phenomenon require the development of new
approaches to its study.

In this case, the specific object of the study is the ship crew
members, who perform various duties for the successful
performance of maritime transport, i.e., shift workers
provided with living and working activities.

The target of research is the development of new
technologies to manage the health status of shift workers to
eliminate and minimize the impact of human factor.

The emergence of the human factor concept in maritime
logistics is associated with the accidents occurring due to
incorrect decisions made by workers during the ship
operation. The above analysis once again shows that such
mistakes made by crew members are not intentional, but due
to the specifics of their professional activities [19, 27]. All the
physical, psychological, medical, social, production and
environmental factors inherent in the ship environment act as
a potential source of sea voyages, affect the human activity
system, and lead to dangerous actions of crew members [20].
Deviations in the employees’ health status while performing
their duty and living on ship can lead to “dangerous” behavior,
actions, psychological disorders and, consequently, wrong
decisions and accidents. Making wrong decisions by crew
members directly depends on their health condition, which
affects the crew members’ behavior and performance in
accordance with their professional activities. Therefore, the
health status is an important aspect of the ship’s human
resources and the main component that directly affects their
professional activities.

Taking measures to protect the employees’ health allows
them to successfully address the physiological, psychological
and social situation, improve their functional capabilities, and
most importantly, to make better decisions in non-standard
situations.

In the given context, to prevent accidents at sea, it is
important to systematically monitor the crew members’ health
status in the work environment (before and after the shift) and
to determine their suitability for the position with a
comprehensive assessment of the results.

IV. PROBLEM SOLVING

The problem solution requires the solution of two sub-
issues:

A. Systematic monitoring of employees and
identification of psychological health conditions and
deviations;

B. Assessment of the compatibility of the ship crew
members with their positions comprehensively
approaching the monitoring results.
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A. Systematic monitoring of employees and identification of
psychological health conditions and deviations

[27, 28] provides the methodological basis for systematic
remote monitoring of employees based on the integration of
IoT and artificial intelligence technologies, which are the key
components of the Industry 4.0 concept, and [21] provides the
application opportunities of monitoring system based on
appropriate technology. It is possible to refer to various
psychological tests for monitoring. [18] justifies the emphasis
on the Cattell test to assess the professional qualities of
seafarers in the recruitment process. Therefore, in this article,
it is considered appropriate to refer to the Cattell test for the
monitoring of a crew member performing a certain task. The
Cattell test is the most popular multifactorial method to
examine a person on 16 factors and determine his/her
psychological state. Using the test results, it is necessary to use
the quality levels of natural language to assess the ability of
seafarers performing their duties, which makes the fuzziness
inevitable. Therefore, a fuzzy mathematical logic apparatus is
used to assess the seafarers’ professional qualities [29].
Problem solution starts with:

e linguistic variables;
e term-sets of linguistic variables;

e determination of affiliation functions.

TABLE 1. LINGUISTIC VARIABLES OF THE CATTELL TEST AND THEIR TERM-

SETS
Variab | Names of linguistic Term-sets
les variables
L, unsociable/sociable Unsociable, moderately sociable,
sociable
L, intellect Low intellect, intellectual
development, high intellectual
development
L; Emotionally Emotionally intolerant, somewhat
intolerant/tolerant emotionally intolerant, emotionally
tolerant
L, subordinate/domina Subordinate, moderately
nt authoritarian, authoritarian
Ls restrained/emotional | Restrained, moderately emotional,
emotional
Ls sensitive/having does not attempt to solve group
high behavior | problems, avoids responsibility,
standards responsible
L, obedient/courageous | obedient, less courageous, brave
Lg cruel/arrogant Cruel, normal, arrogant
Lo trusting/skeptical trusting, less trusting, skeptical
Lo practical/advanced Partly practical, with a creative
imagination imagination, with a very high
creative imagination
Ly outspoken/diplomati | outspoken,  partly  diplomatic,
c diplomatic
L, confident/unconfide confident, unconfident, anxious
nt
Lis conservative/radical conservative, mediate, radical
L4 conformism/nonconf | not taking into account public
ormism opinion, sometimes taking it into
account, always listening to public
opinion
Lis low self-control/high | low self-control, moderate self-
self-control control, high self-control
Lis relaxed/anxious relaxed, moderately relaxed, anxious
y Degree of | Not suitable, moderately
compliance of the | compatible, compatible
staff member with
personal qualities
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The 16 personal quality factors in the Cattell test
correspond to linguistic variables. For each linguistic variable,
the lowest factor value (weak), the average factor value
(medium), the highest factor value (strong) are determined
according to a 3-level unified quality measurement scale
(UQMS), which generate the term sets of linguistic variables
(Table 1).

The term-sets are expressed by the affiliation function
corresponding to the quality levels of UQMS. Therefore,
fuzzy sets are allocated for term-set elements (Table 2).

TABLE 2. MATHEMATICAL DESCRIPTION OF LINGUISTIC VARIABLES BASED
ON 3-DIMENSIONAL UQMS

Intensity Linguis | Fuzzy set Coll
levels of | tic in the ectiv
linguistic evaluat | range El E2 E3 e
variable ion [0, 1] valu
“unsociabl (UQM e
e/sociable” S) (Lev
in)

unsociab weak [0,1-0,45] | 0,45 0,40 0,35 0,40
le

less mediu [0,45- 0,55 0,60 | 0,65 0,60
sociable m 0,65]

sociable strong [0,65- 0,95 0,90 0,85 0,90

0,99]

For each quality level, an individual fuzzy value is
assigned from the set allocated within the interval [0.1]. For
this purpose, the final fuzzy value is determined as a result of
combining separate values set by individual experts into a
single, collective value. For this, it was considered expedient
to take the value occupying the “medium position” compared
to external values in the set of individual values, as a collective
value [30].

Figure 1 describes the affiliation function defined in the
interval [0.1] for the mathematical description of the quality
indicators in the Kettell test.

A ¥ (x)

v

Expressed as weak medium strong = x

Fig.1. Graphical description of affiliation function

B. Assessment of compatibility of the ship crew members
with their positions based on fuzzy patterns recognition

With the comprehensive approach to the monitoring
results, the proposed approach for assessing the compatibility
of professional ship crew members with their positions is
brought to the pattern recognition issue [31]. For this, the
patterns of the position, and then the staff member performing
the task, are created based on their quality indicators in the
Kettel test.

For example:
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V= {Vg }, g =1,n is a set of duties on board,

L= {Ll- },i :I,T6 indicates the evaluation criteria in the
Kettel test.
Then, based on these criteria, each position can be

described as V, =‘L =1,T6 , and a person holding this

Y "i
position as S, = ‘Lgi‘,i = I,R
According to the methodology developed in [32], the

reference pattern of position can be described as a fuzzy
pattern I7g = {,uLg (y)/y,i=1,T6}, and the real pattern of
employee holding this position can be described as a fuzzy
pattern S, = {#Lg, () /2.i= 116},

Afterwards, the compatibility of the specialist with his/her
position can be determined based on fuzzy similarity patterns.
For this purpose, the degree of similarity of the reference and
real fuzzy patterns is determined. For this, the degree of fuzzy
inclusion into fuzzy situations is referenced. The similarity

degree of fuzzy patterns 0(§g,l7g) is calculated using the

following formula [31]:

08, =8 Ou 1, ().t (1) = & (max(l= g, (9t 1, (V)=

= min (max (1~ s, 1, ()1, (7))

According to the degree of similarity of reference and real
fuzzy patterns, the inclusion limit y is determined for making
decision on the compatibility of the seafarer for his position.

Assume that, in accordance with the management terms,
[0,8; 1] is accepted for the term set “corresponds to the
position” and ye[0,5;0,79] is accepted for the term
“moderately corresponds to the position”. In this case, the
following decision-making rules are included:

1. If H(Eg, I7g) 2(//[0,8; 1], then the real fuzzy pattern

S, is completely similar to the reference fuzzy

pattern ¥; and the relevant specialist “corresponds to
the position”;

2. If 0(S,.7,) 2y[05,0,79] , then the real fuzzy

pattern §g is moderately similar to the reference

fuzzy pattern V; and the
“moderately corresponds to the position”;

relevant specialist

3. If 0(S,.V,) <y[0;0,49] , then the real fuzzy
pattern S o 1s not similar to the reference fuzzy pattern
17,- and the relevant specialist “does not correspond to

the position”, and he should be provided with medical
support to perform this position.

When solving this issue, note that the requirements for
meeting the criteria in the Kettel test may differ for each
position (for example, the criterion sociable is rated as
“strong” for the reference pattern for any position, whereas
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this criterion may be rated as “moderate” or even “weak” for
another).

Based on the proposed approach, the establishment of a
system for monitoring and assessing the health status of crew
members involves the development of the following
modules:

- testing the ship crew members based on the Kettel
test;

- generating a reference fuzzy pattern of each position
on the ship;

- generating a real fuzzy pattern of each ship crew
member based on the test results;

- calculating the degree of similarity of reference and
real fuzzy patterns;

- developing the decision-making unite;
- obtaining the result.

The proposed approach to assessing the psychological
health of crew members can be considered as one of the
solutions to the given problem. Thus, the following solutions
to the problem stated are possible:

1. some of the 16 criteria in the Kettell test may be
considered significant, while the rest may be
considered desirable or even insignificant, in
accordance with the conditions of personnel
management on the ship. In this case, the issue under
consideration can be solved by bringing it to fuzzy
multi-scenario decision-making methods [33].

2. in accordance with the conditions of personnel
management on board, it may be required to take into
account the importance of their personal quality
criteria in relation to each other. In this case, the
problem can be solved by bringing it to the multi-
criteria decision-making methods, taking into account
the importance coefficients of the criteria [34].

3. Monitoring of the health status of the ship crew
through IoT technologies [27, 28], etc.

The solution of these issues refers to the perspective
research fields of the authors.

V. CONCLUSION

The problems of the human factor in transport logistics
are difficult to assess, since the long-distance cruises and
difficult living conditions in marine transport exacerbate
these problems. The possibilities for studying human
behavior in an accident are very limited, as such critical
incidents occur very rarely, and on the other hand, it is
impossible to predict and control their occurrence. Currently,
the research is underway in this area based on the
development of new technologies, especially IoT, sensor,
cloud technologies, solutions and applications, situation
modeling on board and innovative approaches to prevent
undesirable situations.

The article highlighted the importance of the human
factor in preventing ship accidents. It was substantiated that
the psychological health condition of each crew member was
important in making operational decisions, correctly
understanding the situation faced by the crew on duty during
the ship operation. In very this context, the issue of systematic
monitoring of crew members on duty and the assessment of
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their compatibility with the position was raised. The proposed
approach to problem solution was based on the Kettel test, a
method of fuzzy pattern recognition.

The proposed approach can allow for the timely detection

of undesirable situations in terms of the mental health of the
crew member, to prevent wrong decisions and can be
considered as one of the possible solutions to prevent ship
accidents.

(1]

(3]
(4]

(3]

[10]

[11]

[12]

[13]

[14]

<IEEE

REFERENCES

J. H. Bookbinder, and T. A. Matuk, “Logistics and Transportation in
Global Supply Chains: Review, Critique and Prospects”. Chapter 9 in
M. Oskoorouchi (ed.). Tutorials in Operations Research, 182-211,
2009. DOI: 10.1287/educ. 1090.0059.

“Review of maritime transport 20207, United Nations publication
issued by the United Nations Conference on Trade and Development
https://unctad.org/system/files/official-document/rmt2020_en.pdf

Sea captains. Features of our time. 15.08.2018

http://www.morvesti.ru/analitika/1692/73303/

“Connecting transport infrastructure networks in Asia and Europe in
support of interregional sustainable transport connectivity”, Progress
in Enhancing Transport Connectivity between Asia and Europe.

Report, 2020. United Nations. 65 p.
https://www.unescap.org/sites/default/d8files/knowledge-
products/Euro-

Asia%20Connectivity%20Report_2020_December%202020_FINAL
%?20corr.pdf

“COVID-19 and MaritimeTransport”, Impact and Responses Transport
and Trade Facilitation Series No.15. United Nations, Geneva, 2021.
https://unctad.org/webflyer/covid-19-and-maritime-transport-impact-
and-responses

“The Tmpact of COVID-19 on Logistics”, International Finance
Corporation. June 2020.
https://www.ifc.org/wps/wem/connect/industry _ext_content/ifc_exter
nal_corporate_site/infrastructure/resources/the+impact+of+covid-
19+on+logistics

A. Rivera, “The impact of COVID-19 on transport and logistics
connectivity in the landlocked countries of South America”, Project
Documents (LC/TS.2020/155), Santiago, Economic Commission for
Latin  America and the Caribbean (ECLAC), 2020.
https://www.cepal.org/sites/default/files/publication/files/46528/S200
0768 en.pdf

A. V. Faraonov, “Development of a situational model of the routing
task when it is necessary to change the baseline plan based on a fuzzy
situational network”, 12th All-Russian Meeting on Management
Problems, VSPU-2014, Moscow, June 16-19, 2014, pp.5101-5113.

I. B. Olenych, and A.F. Gukaliuk, “Application of the Fuzzy Modeling
for Optimization of Transport Routes”, Universal Journal of
Computational Mathematics 2017, Vol.5, no. 4, pp.87-92,
http://www.hrpub.orgDOI: 10.13189/ujecmj.2017.050401

A. Esmaeilil, R. A. Kahnali, R. Rostamzadeh, E. K. Zavadskas, and B.
Ghoddami, “An application of fuzzy logic to assess service quality
attributes in logistics industry”, Transport, 2015, Vol. 30, no.2, pp.
172-181 doi:10.3846/16484142.2015.1046402

A. Sarkar, G. Sahoo, and U. C. Sahoo, “Application of fuzzy logic in
transport planning”, International Journal on Soft Computing (1IJSC),
May 2012, Vol.3, No.2, pp.1-21.

S. L. Nikishov, “Application of fuzzy composition for logistics flows
modeling”, Voprosy innovatsionnoy ekonomiki, 2017, vol.7, no.3, pp.
247-256. doi: 10.18334/vinec.7.3.38197

N. Yu. Barkova., D. D. Zherega, E. A. Popova, and V. P. Logacheva.,
“The use of the Internet of things in the supply chains of the
pharmaceutical industry”, University Bulletin,2019, no. 9, pp.68-74.
R. V. Kubasov, V. V. Lupacev, and M. V. Popov, “The living
conditions of the crew on board of sea vessel (literature review)”,

Bulletin of the State University of Marine and River Fleet named after
Admiral S.0. Makarov, 2016, vol. 2, no.36, pp. 49-56.

247

[15]

(16]

[17]

[18]

[19]

[20]

(21
[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

T. N. Rimina, and E. V. Pyatirova, “Peculiarities of the stress impact
on shipboard personnel in working conditions at sea”, Health. Medical
ecology”, Nauka, 2014, vol. 4, no. 58, pp. 103-105.

R. Kari, and M. Steinert, “Human Factor Issues in Remote Ship
Operations: Lesson Learned by Studying Different Domains”, Journal
of Marine Science and Engineering, 2021, vol. 9, no. 4, pp.385-404.
https://doi.org/10.3390/jmse9040385

V. 1. Zaytsev, and S. A. Vinogradov, “Some theoretical and practical
aspects of the study of working conditions in the fleet”, Public health
and habitat, 2014, vol.2, no 251, pp. 13-15.

Ya. O. Ganina, and V. V. Laptev, “Fuzzy production model for
assessing the professional qualities of marine specialists”, News of
Astrakhan. state tech. uni. Ser. control, comput. tech. inform, 2016, No
3, pp.101-108

L. I Grigoriev, O. N. Chernysheva, and V. V. Kucheryavy,
“Assessment of the professionally important psychological
characteristics of the dispatcher in the human-machine systems of the
process control system of oil and gas production”, Control problems,
2017, no. 1, pp.57 — 64.

C. Harvey, N. Stanton, and P. Zheng, “Safety at sea: human factors
aboard ship”, The Ergonomist, 2013, no. 517, July 2013.
https://www.ergonomics.org.uk/Public/Resources/Publications/The E
rgonomist.aspx

Online Platform for Seafarers.
https://imeq-center.com/mental-health-assesment-for-seafarers

O. P. Lomov, et al. “Physical factors of habitability of ships and
vessels: monograph”, SPb .: Shipbuilding, 2014.

A. E. Golovanov, L. P. Makarova, and G. G. Klimentenok, “Influence
of the peculiarities of the human psyche on the processes of adaptation
to motion sickness”, Young scientist, 2014, no 4, pp. 357-361.

the Training, Certification and
(IIAHB-1978)  http://seaman-

International Convention on
Watchkeeping  of  Seafarers
sea.ru/stcw.html

L. I. Grigoriev, O. N. Chernysheva, and V.V. Kucheryavii, “Estimation
of professionally important psychological characteristics of the
supervisor in human-machine control systems oil and gas production”,
Management Problems, 2017, no. 1, pp.57-64.

E. A. Koval, “The role of the human factor in transport security”,
https://cyberleninka.ru/article/n/rol-chelovecheskogo-faktora-v-
transportnoy-bezopasnosti/viewer

M. H. Mammadova, and Z. G. Jabrayilova, “Conceptual approaches to
intelligent human factor management on offshore oil and gas
platforms”, ARCTIC Journal, Canada, Calgary, 2021, vol. 74, no.2,
pp-19-40.

M. H. Mammadova, and Z. G. Jabrayilova, “Conceptual approaches to
IoT-based personnel health management in offshore oil and gas
industry”, Proceedings of the 7th International Conference on Control
and Optimization with Industrial Applications (COIA-2020), Volume
1, 26-28 August, 2020, Baku, Azerbaijan, pp.257-259.

L. A. Zadeh, “The concept of a linguistic variable and its application to
approximate reasoning”, Information Sciences, 1975, vol.8, no.3,
pp.199-249.

V. L. Levin, “A new generalization of the operation on fuzzy sets”,
Moscow: Izvestiya RAN, Control theory and systems, 2001, no.l,
pp.143-146.

A. N. Melikhov, L. S. Bernshtein, and S. Ya. Korovin, “Situational
advising systems with fuzzy logic”, Moscow: Nauka, 1990, 272 p.

M. H. Mammadova, and Z. G. Jabrayilova, “Methods managing for
matching of supply and demand on the IT Specialists”, Riga: Automatic
Control and Computer Sciences, 2019, no. 2(53), pp.148-158.

M. G. Mamedova, Z. Q. Jabrailova, and F. R. Mammadzada, “Fuzzy
Multi-scenario Approach to Decision-Making Support in Human
Resource Management”, Studies in Fuzziness and Soft Computing,
Springer International Publishing Switzerland, 2016. Vol.342, pp.19-
36.

M. H. Mammadova, and Z. G. Jabrayilova, “Fuzzy multi-criteria
method to support group decision making in human resource
management”, Studies in Fuzziness and Soft Computing, Springer
International Publishing Switzerland, 2018, vol.361, pp.223-232.

Baku, Azerbaijan


https://unctad.org/system/files/official-document/rmt2020_en.pdf
https://www.unescap.org/sites/default/d8files/knowledge-products/Euro-Asia%20Connectivity%20Report_2020_December%202020_FINAL%20corr.pdf
https://www.unescap.org/sites/default/d8files/knowledge-products/Euro-Asia%20Connectivity%20Report_2020_December%202020_FINAL%20corr.pdf
https://www.unescap.org/sites/default/d8files/knowledge-products/Euro-Asia%20Connectivity%20Report_2020_December%202020_FINAL%20corr.pdf
https://www.unescap.org/sites/default/d8files/knowledge-products/Euro-Asia%20Connectivity%20Report_2020_December%202020_FINAL%20corr.pdf
https://unctad.org/webflyer/covid-19-and-maritime-transport-impact-and-responses
https://unctad.org/webflyer/covid-19-and-maritime-transport-impact-and-responses
https://www.cepal.org/sites/default/files/publication/files/46528/S2000768_en.pdf
https://www.cepal.org/sites/default/files/publication/files/46528/S2000768_en.pdf
https://www.mdpi.com/journal/jmse
https://www.mdpi.com/journal/jmse
https://www.mdpi.com/journal/jmse
https://cyberleninka.ru/article/n/rol-chelovecheskogo-faktora-v-transportnoy-bezopasnosti/viewer
https://cyberleninka.ru/article/n/rol-chelovecheskogo-faktora-v-transportnoy-bezopasnosti/viewer

	0-00a
	0-00b
	0-00c
	0-00d
	0-01
	0-02
	1-00
	1-01
	I. Introduction
	II. Problem statement
	III. Main Components of Creating a Railroad Operation Safety System in Seismically Active Regions
	IV. The Structural Principle of a Seismic Acoustic Noise Monitoring Station
	V. Correlation technology for Noise control of the beginning and dynamics of development of the latent period of accidents in rail transport
	VI. Conclusion
	References


	1-02
	I. Introduction
	II. Fatigue failure of the axles of railway wheelsets
	III. MAXIMUM PERMISSIBLE STRESSES OF AXLES
	IV. Probable causes of fatigue cracking of railway axles
	V. EXAMPLES OF FATIGUE CRACKING                        OF RAILWAY AXLES
	VI. CONCLUSIONS
	References


	1-03
	1-04
	1-05
	I. Introduction
	II. Start-up stages of a diesel engine
	III. Analysis of the duration of individual stages of the diesel engine start-up
	IV. Conclusions
	References


	1-06
	I. Introduction
	II. Procedures for interception of civil aircraft by military aircraft in VMC (Visual Meteorological Conditions)
	III. Intercept without visibility (IMC - IFR Meteorological Conditions)
	IV. Other methods of influencing the flight course of a commercial aircraft
	V. Cases of forcing a commercial airplane to land by military aircraft in the 20th century
	VI. Ryanair flight on May 23, 2021
	VII. Is it possible to legally shoot down a civil plane?
	Summary
	References


	1-07
	I. Introduction
	A. Useful Software
	B. Machine Learning Models
	C. Metrics

	II. Demand prediction
	A. Bilateral Relation Demand Transport Poland and other countries
	B. Data Preparing
	C. Training and Testing
	D. Validation

	III. implementation
	IV. Conclusions
	References


	1-08
	References

	1-09
	Conclusion
	References

	1-10
	1-11
	I. Introduction
	II. Middle Corridor
	Conclusion
	References


	1-12
	1-13
	I. Introduction
	II. Technologies that form the digital economy
	A. Selecting a Template (Heading 2)

	III. How does digital economy differ from traditional economy, and what are its advantages?
	A) The digital economy increases efficiency
	B)  Ensures the access to new markets
	C)  Social aspects of the digitalization

	IV. The role of a state in the development of digital economy
	V.  Development of digital economy in Azerbaijan and future prospects
	D)  The level of economy digitalization in Azerbaijan
	E)  Reforms in the field of digital development of Azerbaijan’s economy
	F) The position of a country in international digital assessment rankings
	G) Development prospects for the digital economy
	Conclusion
	References



	1-14
	I. Introduction
	II. Problem statement
	III. Possibility of Control of the Beginning of the Latent Period of Malfunctions Using the Position-Binary Technology
	IV. Adaptive Technology for Determining the Sampling Interval of Vibration Signals
	V. Conclusion
	References


	1-15
	1-16
	I. Introduction
	II. Theoretical framework
	III. International experience
	IV. Methods
	A. Positive environmental impact
	B. Direct and indirect effects on human health
	C. Road density as a leverage

	V. Results
	VI. Discussion
	VII. Conclusion
	References


	1-17
	1-18
	1-19
	I. Introduction
	II. Digital Platform
	A. Physical object
	B. Virtual counterpart
	C. Connection
	D. Data
	E. Services

	III. Achivements and Future Work
	IV. Conclusions
	Acknowledgment
	References


	1-20
	I. Introduction
	II. Method
	III. Results and discussion
	IV. Results and discussion
	Based on the above, to make changes to the elevation standards based on the study of their strength and current density and to implement them in practice, the construction of saline soils in different territorial conditions of Uzbekistan, including th...
	The main factors in the formation of saline soils are mineralized groundwater and saline rocks lying close to the surface. The main condition of salinization is the impossibility of water flow in places and the fact that the evaporation process exceed...
	References


	1-21
	I. introduction
	II. Causes of Damage to Pavement
	III. How do we prevent road damage
	References


	1-22
	Introduction
	Mathematical statement of the problem
	solution of the problem
	Gravitational  force acting on the hexacopter.
	Thrust force of the rotors.
	Aerodynamic forces acting on hexacopter.

	Conclusion
	References


	1-23
	I. Introduction
	II. Core Participants of East-West Transport Corridors in GUAM Countries
	III. Collaborative Blockchain Solution for Guam Corridor Data Pipeline
	IV. Core Functional Features and Requirements for Guam Corridor Data Pipeline
	References


	2-00
	2-01
	I. Introduction
	II. Requirement
	III. Technologıes
	A. AForge
	B. Tesseract Engine
	C. OpenCV

	IV. Project
	V. Conclusion
	References


	2-02
	I. Introduction
	II. Analysis of Existing Methods for Determining Indicators of Vertical and Horizontal Dynamics of a Subway Car
	III. Development of a New Method for Measuring Vertical and Lateral Forces Acting on the Bogie Frame of a Subway Car
	IV. Testing of a New Measuring Scheme for Determining the Vertical and Lateral Forces Acting on the Bogie Frame of a Subway Car
	V. Conclusion
	References


	2-03
	References

	2-04
	References

	2-05
	I. INTRODUCTION
	II. STATEMENT OF THE PROBLEM AND SELECTION SUBSTANTIATE OF SENSORS FOR MULTI-PARAMETER PROTECTION SYSTEM
	III. MAGNETIC FIELD MEASUREMENT AND OUTPUT SIGNAL ANALYSIS
	IV. MODELING OF MULTI-PARAMETER PROTECTION SYSTEM
	V. CONCLUSION
	REFERENCES

	2-06
	I. Introduction
	II. Electronic solutions available for non-oil export in Azerbaijan
	III. Automation of information exchange in postal services.
	IV. The problem of integration into international payment systems.
	V. Results and suggestions:
	References


	2-07
	I. INTRODUCTION
	II. PROBLEM STATEMENT
	III. PROBLEM SOLUTION
	CONCLUSION


	2-08
	I. Introduction
	II. Statement of the problem
	III. Numerical solution to the problem
	IV. The results of numerical experiments
	V.  Conclusion
	References


	2-09
	I. Introduction
	II. Problem Statement
	III. Numerical Solution of the Problem
	IV. Result of Numerical Experiments
	Table 1. Optimal and obtained values of the parameters of the hydraulic resistance functions under 0%, 0.5% and 1% noise levels for test problem 1.
	Table 2. Obtained values of the ends of the subsections and of the functional under 0%, 0.5% and 1% noise levels for test problem 1.
	Table 3. Optimal and obtained values of the parameters of the hydraulic resistance functions under 0%, 0.5% and 1% noise levels for test problem 2.
	Table 4. The obtained values of the ends of the subsections and of the functional under 0%, 0.5% and 1% noise levels for test problem 2.

	V. Conclusion
	References


	2-10
	I.  Introduction
	III.  Qualimetry
	IV. Road Safety and Explanatıon of Road Parameters
	VI. WınQSB Package Program
	VII. Conclusion
	In this study, integer programming models of the planning of measures to increase road safety have been prepared. Qualimeter methods were used while preparing the models. The prepared model variables are expressed as the Knapsack Problem, which is li...
	Calculation experiments were made on the test problems with the prepared program and the LP-ILP program of the WinQSB system was compared. According to this comparison, the results found by DSKP were always the same as those found by the LP-ILP progr...
	Prepared Mathematical Model and Program System was applied on Izmir's Aliaga highway data and the results are presented in [6].
	References


	2-11
	I. Introduction
	II. Literature Review
	III. Analysis of Important Current Indicators in the Transport Sector
	IV. Environmental Impact Assessment of Cargo Transportation
	As can be seen from Figure 3, only the amount of waste emitted by the train to the environment within the selected technical parameters is low, fuel consumption is low, in this regard, it is more appropriate to deliver the selected cargo by train to t...
	With the help of Eco Transit World  software, it is very convenient to calculate the cost of transporting goods from one point to another anywhere in the world, as well as in the case of a chain route.

	V. Conclusion
	References


	2-12
	References

	2-13
	2-14
	I. Introduction
	II. ORMULATION OF THE OPERATIONAL AND ORGANIZATIONAL CONTROL PROBLEM
	IV. Operational and organizational control systems operating on the principle of approximation to a given program
	VI. OPTIMIZATION METHODS USED IN OPERATIONAL AND ORGANIZATIONAL CONTROL SYSTEMS AND THE REQUIREMENTS FOR THEM
	References


	2-15
	References

	2-16
	References

	2-17
	I. Introduction
	II. Optimality principle. Bellman equation
	a) for all possible values of ,𝑥-𝑁−1., the corresponding values of ,𝑢-𝑁−2. from the formula
	References



	2-18
	I. Introduction
	II. Analysis of the specific features of crew’s professional activity in marine transport from the perspective of human health ensuring
	III. The study of the human factor in maritime logistics and the problem statement
	IV. Problem solving
	A. Systematic monitoring of employees and identification of psychological health conditions and deviations

	Table 1. Linguistic variables of the Cattell test and their term-sets
	B. Assessment of compatibility of the ship crew members with their positions based on fuzzy patterns recognition

	V. Conclusion
	References


	2-19
	I. INTRODUCTION
	II. PURPOSE OF THE RESEARCH
	III. SOLUTION OF THE PROBLEM
	IV. CONCLUSION
	References


	2-20
	2-21
	I. Introduction
	II. Problem statement
	III. Developing algorithms for calculating the probability of admissible and critical values of the noise
	IV. Algorithms and technologies for calculating the relay cross-correlation function and the coefficient of correlation between the useful signal and the noise
	V. Technologies for monitoring the technical condition of tunnels by critical values of the noise and its correlation with the useful signal of the noisy signal
	VI. Conclusion
	Acknowledgment
	References


	2-22
	I. Introduction
	II. Formulation and proof of the main results
	III. Prepare Your Paper Before Styling
	Acknowledgment
	References


	2-23
	I. Introduction
	II. Problem statement
	III. Problem solving
	A. Application of B-spline method
	B. Image processing
	C. Thinning

	IV. CONCLUSION
	References


	3-00
	3-01
	I. INTRODUCTION
	II. PROBLEM STATEMENT
	III. PROBLEM SOLUTION
	CONCLUSION


	3-02
	CONCLUSION
	References

	3-03
	I. Introduction
	II. Experimental technique
	III. Experimental part
	IV. Conclusion
	References


	3-04
	References

	3-05
	I. Introduction
	References


	3-06
	References

	3-07
	3-08
	I. INTRODUCTION
	II. PROBLEM STATEMENT
	III. PROBLEM SOLUTION
	CONCLUSION
	References



	3-09
	I. Introduction
	II. THE MODEL OF THE DESIRED LEVEL OF GDP
	III. CONCLUSION
	References





