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Abstract
This chapter proposes a methodological approach for the decision synthesis in 

a geographically distributed intelligent health management system for oil workers 
working in offshore industry. The decision-making methodology is based on the con-
cept of a person-centered approach to managing the health and safety of personnel, 
which implies the inclusion of employees as the main component in the control loop. 
In this chapter, a functional model of the health management system for workers 
employed on offshore oil platforms id developed and implemented through three 
phased operations that is monitoring and assessing the health indicators and envi-
ronmental parameters of each employee, and making decisions. These interacting 
operations combine the levels of a distributed intelligent health management sys-
tem. The paper offers the general principles of functioning of a distributed intelligent 
system for managing the health of workers in the context of structural components 
and computing platforms. It presents appropriate approaches to the implementation 
of decision support processes and describes one of the possible methods for evalu-
ating the generated data and making decisions using fuzzy pattern recognition. The 
models of a fuzzy ideal image and fuzzy real images of the health status of an em-
ployee are developed and an algorithm is described for expert assessment of the de-
viation of generated medical parameters from the norm. The chapter also compiles 
the rules to form the knowledge bases of a distributed intelligent system for remote 
continuous monitoring. It is assumed that embedding this base into the intelligent 
system architecture will objectively assess the trends in the health status of workers 
and make informed decisions to eliminate certain problems.
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5.1  Introduction

The oil and gas companies are interested in developing technologies and tools 
to monitor the health status and environment of employees during their work [1, 2].  
Acquiring and evaluating real time information on the health status of each employ-
ee and making automatic decisions according to the critical situation and provid-
ing prompt feedback will allow for more effective management of each employee’s 
health, as well as the prevention of accidents due to the human factor, and these are 
currently possible with the application of digital technologies, especially IoT technol-
ogies [3, 4]. However, it should be noted that the development and application of IoT 
solutions to eliminate possible representation of the human factor and to support 
the health and safety of workers in oil and gas industry and, particularly, the offshore 
industry has been poorly studied yet [5, 6], although in a number of increased risk 
facilities, such studies are already being carried out. Thus, [7] highlights the possi-
bilities of modern network platforms and applications for solving healthcare prob-
lems based on IoT. The approach to remote health monitoring proposed in [8] based 
on non-invasive and wearable sensors and modern information and communication 
technologies is an effective solution to support the elderly living in comfortable 
home conditions. These systems allow medical staff to monitor important physio-
logical signs of their patients in real time, assess health status and provide feedback 
from remote facilities. The paper [9] shows the possibilities of using IoT applications 
in healthcare, in particular for the physiological monitoring of personnel involved in 
firefighting. [10] reviews published research related to the implementation of IoT 
in high-risk industries focusing on various areas of healthcare, food logistics (FSC), 
mining and energy industries.

In paper  [11], the authors highlight the problem of effective management of 
the health and safety of shift workers on an offshore oil platform (OOP) from the 
perspective of human factors. The specific aspects of the environment, dangers and 
risks, labor and professional activity conditions On the OOP are studied, and the pos-
sibilities of applying IoT to ensure the health and safety of employees are analyzed 
in detail. The possibilities of integrating IoTs with cloud, Big Data, artificial intelli-
gence technologies for the systematic monitoring of the health status of employees, 
monitoring their safety, and making appropriate decisions if necessary are shown. 
In the following research of the authors, a new conceptual approach is proposed for 
the development of a continuous remote monitoring system of the health status of 
employees working on the OOP in the environmental context based on the Internet 
of Things ecosystem and smart medicine (e-medicine) solutions for the prevention of 
accidents caused by the human factor. According to this concept, the architecture- 
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technological and functionalization principles of the geographically distributed 
multi-level intelligent system are developed for the management of the workers’ 
health and safety [12, 13]. The main idea of the concept is to improve the safety of oil 
workers through the introduction of a human-centered approach to managing their 
health. This approach implies the inclusion of worker themselves in the management 
loop as the main component. “Placing” people (workers) at the center of the person-
nel health and safety management system enables linking the vital health indicators 
of each employee with the context of the environment and reasonably assessing the 
criticality of current situation.

In paper [14, 15], based on informative parameters of health status of workers 
employed in OOP, a decision-making technique is proposed to identify the current 
health status of workers using fuzzy pattern recognition methods.

5.2  Materials and methods

An analysis of the professional activities of workers involved in the offshore 
development and operation of oil and gas fields, through the prism of the impact of 
working conditions, everyday life and external factors on their health, shows that  
offshore development and operation of oil and gas fields take place in difficult and 
often extreme working and living conditions [5–7]. An analysis of the causes of ac-
cidents shows that many of them are associated with an unforeseen health dete-
rioration of workers [11, 16]. Available rules and standards of labor safety fixed in 
regulatory documents mainly include the requirements for the safety of workplaces, 
the environment, and equipment. However, despite the constant improvement of 
regulatory documents considering technological innovations, the number of inci-
dents caused by the human factor remains quite high (more than 70 % of accidents 
and incidents in the oil and gas industry) [17, 18].

Human factor on OOP refers to the possibility of person committing erroneous 
actions under certain conditions or making wrong decisions caused an incident. In 
such situations, the subjectivity of nature and the psychophysiological characteris-
tics of a person are manifested [12]. Therefore, the human factor in hazardous pro-
duction begins to pose danger rather than the production itself. Based on this, let’s 
assume that the likelihood of making erroneous decisions by any employees directly 
depends on the state of health affects his/her behavior, as well as on the nature of 
his/her actions and activity during the shift on platform. This actualizes the need for 
systematic remote monitoring of health and safety of workers in their working and 
living environment. 
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Basing on IoT and e-health solutions, the works [12, 13] develop architecture of 
a distributed intelligent system (DIS) for managing the health and safety of workers 
employed in OOPs. Architecture of intelligent health management system for shift 
workers in OOS has a hierarchical structure, in which each of the three geographi-
cally distributed layers is a target intelligent information system (IIS) with particular 
purpose and functions (Fig. 5.1). All three layers are integrated into a single decision 
support process and ensure the functioning of system as a whole. 
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Fig. 5.1 The architecture of an intelligent health management system for  
workers employed on OOP

At this stage of research [12, 13], we review the mechanism for remote monitor-
ing of the health and safety of OOP personnel at the methodological and architectur-
al and technological levels.

A human-centered approach to health and safety managing involves continuous 
remote monitoring of the workers’ vital health indicators and, at the same time, the 
parameters of the context-sensitive environment of each of them. 

The current (actual) situation here refers to a model (image) of the real health 
status of an employee, which is shaped upon the fact of deviation of continuously 
sensed health indicators and relevant context-sensitive information from regula-
tions, accepted restrictions, standards, safety rules, etc.

Smart sensors, GPS trackers built into wearable devices and active RFID tags is-
sued to each employee continuously monitor the physiological health indicators of 
workers on OOP (temperature, pulse, blood pressure, etc.), parameters, geolocation 
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characteristics and coordinates, activity, and employee’s behavior through the prism 
of compliance with labor safety standards and rules.

In the course of continuous monitoring of the workers’ health and safety, a large 
amount of data on the workers’ health status is generated, which complicates anal-
ysis through traditional methods. This leads to the development of intelligent algo-
rithms for automatic (without human intervention) data analysis and synthesis of 
diagnostic decision. 

Thus, the aim of this research is in development decision-making technique is 
proposed to identify the current health status of workers. To achieve this aim, the 
following problems are stated:

– to develop the principles of functioning of distributed intelligent system deter-
mining the approaches to the implementation of decision-making processes;

– to develop an algorithm for assessing the current situation on the health status 
of an employee;

– to make decisions on the health status of an employee.
This chapter proposes one of the possible options for the analytical implementa-

tion of the functioning of the DIS for managing the health and safety of workers em-
ployed on OOP, including tools for assessing and analyzing data and making decisions.

5.3  Results

5.3.1  Principles of functioning of distributed intelligent system  
determining approaches to the implementation of  
decision-making processes

The functional model of the health management system of OOP personnel is im-
plemented by tracking vital indicators of the physiological state and parameters of 
the environment of the following stages:

– tracking, i.e., continuous remote monitoring of vital health status indicators of 
the personnel and environment settings;

– monitoring and evaluation, i.e., comparison of monitored health indicators for 
compliance with standards in terms of medical requirements and specified restrictions;

– decision making, i.e., data processing and analytics to support decision making.
These interacting operations distributed across the DIS levels, are the links in 

decision-making process. The principle of DIS functioning in the context of structural 
layers are as follows:
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1. All three layers of DIS along with many specific applications are equipped with 
a unique IoT application (software) for each of them. This application is an intelligent 
information system (IIS) based on a functional model of health management of per-
sonnel employed on OOP (Fig. 5.1).

2. Modules of IIS database include digitized ranges of changes in normative, edge 
and critical values of each health indicator (temperature, pulse, pressure, heart rate, 
etc.), information on standards (reference images) of activity and behavior within the 
framework of technological requirements and restrictions, authorized and prohibit-
ed formats and coordinates of access to hazardous geo-zones (in accordance with 
the map of drilling rig, working and residential sites, explosive zones on OOP, etc.), 
permissible limits and level of excess environmental toxicity.

3. IIS knowledge base contains cognitive information linking the expert assess-
ments and decisions with granules of possible values of various indicators and pa-
rameters, including critical ones, provoking the emergency situations on OOP.

4. The process of continuous health and safety monitoring of workers employed on 
OOP generates a huge amount of data, which is problematic to analyze through tra-
ditional methods. Therefore, it is assumed that the analytical block of DIS computing 
platforms based on IoT solutions includes high-performance algorithms and intelligent 
analytical tools (Decision support tools, Softcomputing, Big Data, Machine Learning). 

5. IoT monitors in parallel the streams of sensed data of all workers on OOP, 
compares them with the normative (reference) health status templates, behavioral 
patterns, geolocation and environmental parameters pre-recorded in IIS databases 
and knowledge bases, and identifies the deviation rate of a particular indicator and 
parameter in real time. 

6. IoT, instantly analyzing the current situation, reveals the deviation of certain 
indicators and parameters from the norm and analyzes the current situation.

Depending on the criticality of the situation, the degree of its compliance with 
already known (typical) models, or the identification of new patterns, decision can be 
made according to two scenarios: 

1) automatic formation of a control action by the system; 
2) real time data redirecting to emergency response services to make an opera-

tional decision.

5.3.2  Assessing the current situation on the health status of employees

IoT-based geographically distributed intelligent health management system de-
scribed above instantly analyzes the current situation, detects deviations of certain 
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indicators from the norm and assesses the current situation. If the indicator values 
deviate from the norm, i.e., are beyond the normative range, the situation is assessed 
as critical and the monitoring system decides on the execution of specific actions de-
pending on the criticality of situation (e.g., low critical, medium critical, high critical). 

In other cases, the monitoring system records the facts of deviation of certain in-
dicators from the etalon value of the parameter within the standard range and sends 
this information to the system database. In this case, depending on the parameter 
value, the following situations are possible: ideal reference, average reference, ref-
erence at the criticality edge.

Information systematically accumulated over a certain period of time will iden-
tify current changes in the health status of each employee and make informed deci-
sions on managing their personal trajectories. 

Fuzzy logic is an effective mathematical tool to identify the deviation rate of vari-
ous health indicators from the norm (also from ideal) and determine the relationship 
between the deviation values and their expert estimates [19]. Depending on the task, 
various approaches, algorithms and methods for its solution are possible.

In this case, the task is reduced to the development of a methodology for deter-
mining the ideal and current (real) health status of workers and identifying the devi-
ation degree between them. Depending on the compliance degree of indicators from 
the ideal value, the decision-making problem is reduced to the recognition of fuzzy 
images [20]. This necessitates:

– the development of models of a fuzzy ideal image and fuzzy real images of the 
health status of an employee located on the OOP;

– the development of an algorithm for assessing the deviation of generated med-
ical parameters from the ideal.

5.3.2.1  Development of models of a fuzzy ideal image and fuzzy real  
images of the health status of an employee

Let:

A A A Ak�� �1 2, ,...,

or 

A A i ki� �� �, ,1
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be a set of workers located on the OOP and k – total number employee located on 
the OOP and provided with IoT devices for measuring medical indicators;

X x x xn�� �1 2, ,...,

or

X x j nj� �� �, ,1

be vital signs of the worker’s health and n is total number vital signs of the worker’s 
health.

The model D=(X) of the ideal image of the health of a worker employed in the 
OOP can be described by a matrix D xX j n

= ,  where the row DX characterizes his/
her ideal state. The ideal state of health of an employee within the framework of ref-
erence and regulatory requirements, specified restrictions on specific medical indi-
cators xj is determined in the form of fuzzy sets with a membership function

�x j
D D X( ): [ . , ].� � 0 98 1

Let the model B=(X) be a real image of the health status of an employee, which is 
formed based on medical data obtained from IoT applications. B=(X) can be described 
by a matrix B xX ij kn

= ,  where each row B i ki ( , )=1  characterizes the current state 
of health of a particular employee xij, j n=1, ,  located on the OOP and provided with 
IoT devices for measuring medical indicators.

The degree to provide the real state of health of an employee Bi with medical 
indicators xij is determined in the form of fuzzy sets with membership functions 
�x iij

B B X( ): [ , ],� � 0 1  expressing the current level of the health status of a particular 
employee i.

In fact, there are two sets of fuzzy situations describing the ideal health status of 
an employee D  and the actual health status of an individual employee Bi

  during a 
shift on the OOP:

D D x Xx D jn
� � � � �� � �� �� � ( ) ; B B x Xi x i B jkn i

� � � � �� � �� �� � ( ) .

Here, the set D x X j nD j�� � �� ( ) , , 1  describes a fuzzy ideal situation, whereas 
the set B x X i k j ni B ji

�� � � �� ( ) , , , , 1 1  describes fuzzy real situations.
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5.3.2.2  Algorithm for assessing the deviation of generated medical  
parameters from the ideal condition

Data on health status received from IoT applications varies in its physical nature 
and is fuzzy. The fuzziness of health indicators is determined by the possibility of 
their change in various ranges, characterizing their representation intensity. These 
circumstances predetermine the need for scaling the input information, i.e., bringing 
all parameters of the health status to a generalized dimensionless indicator. The main 
scaling problems include the choice of an acceptable scale X and the choice of the affil-
iation function ϕ(x). The following requirements are applied to the choice of the scale:

1. Possibility of describing numerical and dimensionless information to ensure 
comparability of parameters of different physical nature.

2. Universality, applicability to parametric and non-parametric input information.
3. Possibility of describing the definition area for any values of all medical param-

eters of the health status.
When estimating the intensity of representation of signs by an expert, the follow-

ings are taken into account [19]:
1. Qualitative character of estimates.
2. Approximate estimates.
3. Symmetry of gradations of opposite estimates depending on the ideal value of 

the medical parameter.
4. The use of 5÷7 gradation in parameter estimation.
Thus, assessment of the deviation of real images of the health status of an em-

ployee from a fuzzy ideal image necessitates the use of a universal fuzzy scale to 
determine the compliance of the current parameter value with the ideal one. The 
advantage of the fuzzy universal scale is the ability to assess the compliance of the 
current medical parameters’ values with the ideal one in a single term-set of linguis-
tic variables [19]. 

Below, let’s propose an approach to constructing a fuzzy universal scale for as-
sessing the deviation of generated medical parameters from the norm, which covers 
the implementation of the following algorithm:

1) the ideal value of the parameter xid is determined (for example, for the tem-
perature parameter xid = 36.6 °);

2) the minimum xmin values and maximum xmax values of the subject scale X are 
determined, which are corresponding to the lower and upper limits of the values of 
the medical parameter (this takes into account the symmetry of these values, i.e.,  
xid = (xmin + xmax)/2, e.g., for the temperature parameter xmax = 42 °, it can be assumed 
xmin = 31.2 °);
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3) taking into account the accepted limits for inclusion and equality of two situ-
ations, the lower limits (xll) and upper limits (xul) of the range of parameter changes  
[xll; xul] within the norm, a certain value is assigned from the interval [0; 1], for exam-
ple, 0.7, and it is assumed � �( ) ( ) .x xll ul� �0 7  (for example, the range of temperature 
parameter change can be taken [35.2 °; 38.0 °]). In other cases, i.e., for parameter val-
ues from the range [xmin; xll] (the parameter value is below the norm) and [xul; xmax] 
(the parameter value is above the norm) correspond to the affiliation function with a 
value from the interval [0; 0.7], taking into account that � �( ) ( ) ;min maxx x� �0

4) segments [xmin; xid] and [xid; xmax] are divided into several parts (for example, 
into 6 parts), depending on the choice of qualitative gradations of the linguistic 
variable “deviation of the real value of the medical parameter from the ideal one” 
and the corresponding change ranges of the value of the parameter and situation 
are determined. Further, depending on the severity of the linguistic variable, each 
level is assigned a fuzzy area from the interval  [0; 1], representing the change  
area of the affiliation functions of fuzzy sets of verbal gradations of the linguistic 
variable (Table 5.1).

Fig. 5.2 provides a visual description of the proposed universal scale.

Table 5.1 Range of membership functions of fuzzy sets of verbal gradations “deviations of 
the real values of medical parameters from the ideal”

Linguistic 
variable

Term sets of 
a linguistic 

variable
Situation Change ranges of parameter 

value x 

Range of 
terms on the 

scale

1 2 3 4 5

Deviation 
of real 

value of  
medical  

parameter  
from ideal
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��
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. .

. .
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3
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�
� ��
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�
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2
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. .
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. .

; )

;

�
��

��
�
�
�

�
��

�
�

�
��

2
3

2
3
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Continuation of Table 5.1
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Fig. 5.2 Universal fuzzy scale showing the correspondence of the medical parameters’ value 
with the ideal value
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For each situation, the affiliation function in a fuzzy set defined in the inter-
val [0; 1] can be selected based on the expert assessment. There are different ap-
proaches to the formation of a single collective value based on individual experts’ 
assessment [21, 22]. 

According to [21], the sought collective value of the situation under consider-
ation is perceived as the intersection of the individual values of individual experts in 
the same fuzzy set. 

[22] accepts the value occupying the “middle position” in relation to external val-
ues in the set of individual values as the collective single value of the individual val-
ues included in the same fuzzy set. Thus, according to the approach proposed in [22], 
the affiliation function value in fuzzy sets is determined. 

Based on these results, the rules for expressing the affiliation function represent-
ing the compliance of the current values of medical parameters with the ideal one, 
are as follows:

If x x x x x x x x x x

then x

id
id l l

id id id
u l id (( ) ( ))

( )

. . . .�
�

� � � � � �
�

3 3
� ��0 91. .

If x x x x x x x x x x x xid
id l l

id
id l l

id
u l id (( ) (. . . . . .�

�
� � �

�
� �

�
� �2

3 3 3 iid
u l idx x

then x

�
�

�

2
3

0 8

. . ))

( ) . .�

If x x x x x x x x x x

th

l l id
id l l

id
u l id

u l (( ) ( )). .
. . . .

. .� � �
�

� �
�

� �2
3

2
3

een x�( ) . .�0 71

If x x x x x x x x x x
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l l
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ll iul iul
ul(( ) ( ))

(

. .
min max�

�
� � � � � �

�
3 3

� )) . .�0 6

If x x x x x x x x x x xl l
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l l
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iul
ul(( ) (. .

min
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min max�
�
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�
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�
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5.3.3  Decision-making on the health status of an employee

As noted above, depending on the deviation degree of certain medical indicators 
from the ideal value, the task of decision-making on the health status of an employee 
is reduced to the fuzzy image recognition. The search and decision-making in this 
case is reduced to comparing the fuzzy real image of the health status of each em-
ployee with the fuzzy ideal image and to identifying the compliance degree. In this 
setting, decision-making (logical inference) about the health status of an employee is 
based on the situational management using the measures to determine the proxim-
ity degree of two fuzzy situations. Various measures for determining the degree of 
similarity between two fuzzy situations including one-step or multi-step estimation 
procedures are discussed in [20].

In the present work, the degree of fuzzy inclusion of situation Bi  into situation 
D  and the degree of fuzzy equality Bi  and D  were used as the measures of estima-

tion of the degree of proximity of fuzzy real and ideal situations.
1. According to [20], the degree of fuzzy inclusion of situation Bi  into situation 

D  is defined as follows:

� � � � � �( , ) & ( ( ), ( )) & (max( ( ), ( ))) B D x x x xi B j D j x X B j D ji
j

i
� � � �

�
1

�� �min(max( ( ), ( ))).1 � �B j D ji
x x

	 (5.1)

The situation Bi  is considered fuzzily included into situation D B Di
  ( )⊆  if the de-

gree of inclusion of Bi  into D  is not less than some threshold of inclusion ��[ . ; ]0 7 1  
defined by the management conditions, i.e. � �( , ) .B Di

  �
In other words, the situation Bi  is fuzzy included in the situation D  if the fuzzy 

values of the indicators Bi  (fuzzy real values of the medical indicators of a particular 
employee i) are fuzzy included in the indicators’ values of the situation D  (fuzzy ide-
al values of the employee’s medical indicators).

2. The degree of fuzzy equality (equivalence) as a measure for determination of 
proximity of any two fuzzy situations is based on the following reasoning. Let the 
threshold of equality of two situations (e.g., ��[ . ; ]0 7 1 ) is set and there are situations 
which mutually include each other, i.e. B Di

� �
�
⊂  and D B i ki

� �
�
� �, , , 1  (



⊂  is the sign 
of a fuzzy inclusion), then situations Bi  and D  are considered approximately equal. 
Such similarity of situations called fuzzy equality is determined from the expression:

� � � �( , ) ( , )& ( , ) & ( ( ), ( )

min min

B D B D D B x xi i i B j D j

x X

i

j

     � � � �

�
�

((max( ( ), ( )), max( ( ), ( ))) .1 1� ��� ��� � � �B j D j D j B ji i
x x x x

	 (5.2)
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The situations Bi  and D  are considered fuzzily equal B Di
 ≈  if: 

� � �( , ) , . ; , B Di � ��� ��0 7 1

where ψ is some threshold of fuzzy equality of situations.
Following the determination of the degree of fuzzy equality (equivalence) of the 

fuzzy ideal image and fuzzy real images of the employee’s health status, decisions 
are made. In this regard, according to Table 5.1, the following rules are introduced 
in advance into the knowledge base of the intelligent system for continuous remote 
monitoring of the workers’ health status:

If B D

then employee s health status i
i  

    

�( , ) . ;

" '

  ��� ��� �0 90 1

ss very good  ";

If B D

then employee s health statu
i  

   

�( , ) . ; .

" '

  ��� ��� �0 80 0 90

ss is good  ";

If B D

then employee s health statu
i  

   

�( , ) . ; .

" '

  ��� ��� �0 70 0 80

ss is approaching a critical point     ";

If B D

then employee s health statu
i  

   

�( , ) . ; .

" '

  ��� ��� �0 50 0 70

ss is critical  ";

If B D

then employee s health statu
i  

   

( , ) . ; .

" '

� � 0 75 0 80

ss is very critical   ";

If B D

then employee s health statu
i  

   

( , ) . ); .

" '

� � 0 70 0 75

ss is extremely critical   ".

The systematic collection and accumulation of such information will make it pos-
sible to assess trends in the health status of workers.

5.4  Systematic monitoring of employees on OOP and identification of 
psychological health conditions and deviations

Taking measures to protect the employees’ health allows them to successfully ad-
dress the physiological, psychological and social situation, improve their functional ca-
pabilities, and most importantly, to make better decisions in non-standard situations.
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In the given context, to prevent accidents on OOP, it is important to systemati-
cally monitor the OOP members’ health status in the work environment (before and 
after the shift) and to determine their suitability for the position with a comprehen-
sive assessment of the results.

It is possible to refer to various psychological tests for monitoring. [23] justifies 
the emphasis on the Cattell test to assess the professional qualities of seafarers in 
the recruitment process. [24] offers to develop an intelligent system for monitoring 
the psychophysiological condition of sailors with the reference to the Cattell test. 
Therefore, it is considered appropriate to refer to the Cattell test for the monitoring 
of a member on OOP performing a certain task. The Cattell test is the most popu-
lar 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 employees on OOP performing their duties, 
which makes the fuzziness inevitable. Therefore, a fuzzy mathematical logic appa-
ratus is used to assess the member on OOP seafarers’ professional qualities [19]. 
Problem solution starts with: 

– linguistic variables;
– term-sets of linguistic variables;
– determination of affiliation functions.
The 16 personal quality factors in the Cattell test correspond to linguistic vari-

ables. For each linguistic variable, the lowest factor value (weak), the average fac-
tor 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 5.2).

Table 5.2 Linguistic variables of the Cattell test and their term-sets

Variables Names of linguistic variables Term-sets

1 2 3

L1 Unsociable/sociable Unsociable, moderately sociable, 
sociable

L2 Intellect Low intellect, intellectual development, 
high intellectual development

L3 Emotionally intolerant/tolerant Emotionally intolerant, somewhat emo-
tionally intolerant, emotionally tolerant

L4 Subordinate/dominant Subordinate, moderately authoritarian, 
authoritarian

L5 Restrained/emotional Restrained, moderately emotional, 
emotional
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Continuation of Table 5.1

1 2 3

L6 Sensitive/having high behavior 
standards 

Does not attempt to solve group 
problems, avoids responsibility, 

responsible

L7 Obedient/courageous Obedient, less courageous, brave

L8 Cruel/arrogant Cruel, normal, arrogant

L9 Trusting/skeptical Trusting, less trusting, skeptical

L10 Practical/advanced imagination Partly practical, with a creative imagina-
tion, with a very high creative imagina-

tion

L11 Outspoken/diplomatic Outspoken, partly diplomatic, diplomatic

L12 Confident/unconfident Confident, unconfident, anxious

L13 Conservative/radical Conservative, mediate, radical

L14 Conformism/nonconformism Not taking into account public opinion, 
sometimes taking it into account, always 

listening to public opinion

L15 Low self-control/high self-control Low self-control, moderate self-control, 
high self-control

L16 relaxed/anxious Relaxed, moderately relaxed, anxious

y Degree of compliance of the staff 
member with personal qualities

Not suitable, moderately compatible, 
compatible

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 5.3). 

Table 5.3 Mathematical description of linguistic variables based on 3-dimensional UQMS

Intensity levels of 
linguistic variable 

“unsociable /  
sociable” 

Linguistic 
evaluation 

(UQMS)

Fuzzy set in 
the range 

[0; 1]
E1 E2 E3 Collective 

value (Levin)

Unsociable Weak [0.1–0.45] 0.45 0.40 0.35 0.40

Less sociable Medium [0.45–0.65] 0.55 0.60 0.65 0.60

Sociable Strong [0.65–0.99] 0.95 0.90 0.85 0.90

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 
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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].

Assessment of compatibility of the members on OOP with their positions based on 
fuzzy patterns recognition. With the comprehensive approach to the monitoring re-
sults, the proposed approach for assessing the compatibility of professional ship 
crew members with their positions is brought to the pattern recognition issue [20]. 
For this, the patterns of the position, and then the staff member performing the task, 
are created based on their quality indicators in the Cattell test.

For example:
V V g ng�� � �, ,1  is a set of duties on OOP;

L L ii�� � �, ,116  indicates the evaluation criteria in the Cattell test.
Then, based on these criteria, each position can be described as V L ig gi= =, ,116 , 

and a person holding this position as S L ig gi= =, , .116
According to the methodology developed in [25], the reference pattern of posi-

tion can be described as a fuzzy pattern

V y y ig Lgi
� �� �� ( ) , , ,116

and the real pattern of employee holding this position can be described as a fuzzy 
pattern:

S y y ig Lgi
� �� �� ( ) , , .116

Afterwards, the compatibility of the specialist with his/her position can be deter-
mined 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 reenced. The similarity degree of fuzzy patterns 
θ( , ) S Vg g  is calculated using the formula (5.1).

According to the degree of similarity of reference and real fuzzy patterns, the 
inclusion limit ψ is determined for making decision on the compatibility of the mem-
bers on OOP for his/her position.

Assume that, in accordance with the management terms, [0.8; 1] is accepted 
for the term set “corresponds to the position” and ��[ . ; . ]0 5 0 79  is accepted for 
the term “moderately corresponds to the position”. In this case, the following deci-
sion-making rules are included:

1. If � �( , ) . ; S Vg g � �� ��0 8 1 ,  then the real fuzzy pattern Sg is completely similar to the 
reference fuzzy pattern Vi and the relevant specialist “corresponds to the position”;
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2. If � �( , ) . ; . S Vg g � �� ��0 5 0 79 , then the real fuzzy pattern Sg  is moderately simi-
lar to the reference fuzzy pattern Vi  and the relevant specialist “moderately corre-
sponds to the position”;

3. If � �( , ) . ; . S Vg g � �� ��0 1 0 49 , then the real fuzzy pattern Sg  is not similar to the 
reference fuzzy pattern Vi  and the relevant specialist “does not correspond to the 
position”, and it should be provided with medical support to perform this position.

When solving this issue, note that the requirements for meeting the criteria in 
the Cattell test may differ for each position (for example, the criterion sociable is 
rated as “strong” for the reference pattern for any position, whereas 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 members on OOP involves the development of the 
following modules:

– testing the crew members on OOP based on the Cattell test;
– generating a reference fuzzy pattern of each position on OOP;
– generating a real fuzzy pattern of each crew member on OOP 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 

on OOP 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 Cattell test may be considered significant, while 
the rest may be considered desirable or even insignificant, in accordance with the con-
ditions of personnel management on OOP. In this case, the issue under consideration 
can be solved by bringing it to fuzzy multi-scenario decision-making methods [26].

2. In accordance with the conditions of personnel management on OOP, 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 coeffi-
cients of the criteria [27].

3. Monitoring of the health status of the crew members on OOP through IoT 
technologies [12, 13], etc.

The proposed approach can allow for the timely detection of undesirable situa-
tions in terms of the mental health of the crew member on OOP, to prevent wrong 
decisions and can be considered as one of the possible solutions to prevent OOP 
accidents.
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5.5  Discussion

The possibility of making erroneous decisions by an individual worker directly 
depends on his/her health status and determines the behavior and actions of the 
latter during the shift on the OOP. To identify the current health status of workers, a 
technique based on fuzzy pattern recognition methods was proposed, which allowed 
automatically analyzing the generated data and synthesizing a diagnostic solution.

The issue of health data analysis was solved by comparing the currently generated 
data value with the ideal value. In this regard, a fuzzy universal scale was used, which 
allowed to evaluate various medical data in a single measure, and their fuzzification was 
performed according to the ideal conformity of the values of the medical parameters.

A fuzzy image of ideal health based on parameters characterizing the health of 
employees and fuzzy images of current health conditions based on parameters char-
acterizing the current state of the employee were modeled [20]. For fuzzy images 
recognition, the method of assessing the health status of the worker by applying the 
formula (5.1) or (5.2) was given. The If-Then model of knowledge description was 
used to make decisions according to the obtained results [19].

The proposed IoT platform-based algorithm automatically analyzed the data and 
synthesized a diagnostic decision in typical situations that can be implemented in 
accordance with two scenarios:

1. Decision automatically made by the IoT application, as a response to the criti-
cal situation, instantly acts as a control action both for the wearable devices of work-
ers (as an alarm) and for the emergency response service at HRFs. In this case, the 
IoT platform of the intelligent system for continuous remote monitoring is actually 
transformed into a cyber-physical system (CPS), which ensures the integration of the 
real physical world with the virtual world of computing processes without human 
interference in the human out of loop.

2. Decision automatically synthesized by the IoT platform is sent to the responsi-
ble clinician for confirmation (CPS human in the loop). The clinician evaluates the re-
sults of the data analysis, involving, if necessary, the relevant specialists, and makes 
the final decision, which is transferred to the HPF for execution within a specified 
period of time.

In non-standard situations, all relevant information and IoT solutions automati-
cally proposed by intelligent decision system in real time are provided to interested 
coastal services and their authorized persons (supervisors, doctors, occupational 
safety specialists, heads of relevant departments, experts). This enables the latter to 
find out the reasons for deviations of indicators from the standard values and make in-
formed decisions to eliminate hazards to health and possible incidents, thereby mini-
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mizing the impact of the human factor. In this case, the task of decision-making can be 
addressed by reducing it to the decision-making methods, taking into account the dif-
ferent types of functional and distributed knowledge (for example, each employee’s  
electronic health records (EHR)) in the individual cloud of the employee’s health. 

Implementation of such a technique allows to:
– assess the health status of each employee in real time;
– automatically make decision in real time according to the critical situation;
– determine the level of health risk in accordance with the critical situation;
– acquire information about the health status of each employee in real time;
– systematically collect individual health data of each employee and form a dy-

namic database.
Embedding this base in the architecture of an intelligent personnel health man-

agement system as a dynamic database module and joint analytical processing of 
current and retrospective data will allow:

– objectively assess the changes’ tendency in the health status of each employee;
– make informed and objective decisions to eliminate problems negatively af-

fecting the personnel’s health in the short, medium and long term.
The proposed technique aims at assessing the health status of employees and 

making decisions with the reference to only medical parameters generated by 
IoT-applications, and fuzzy image recognition as artificial intelligence methods, and 
the If-Then model of knowledge representation. At present, due to the lack of pos-
sibility to obtain real data, it is impossible to experimentally implement the propos- 
ed technique.

In the distributed system of remote intelligent monitoring of the health and 
safety of employees, the concept of situation assessment and decision-making is 
put forward, taking into account the parameters related to demography, geoloca-
tion, behavior, and the environment of the employee, along with health data. The 
solution of this problem requires the application of big data, deep learning methods, 
and machine learning methods, in addition to the methods of artificial intelligence  
used above.

5.6  Conclusions

The study proposes a technique for the decision synthesis in the remote con-
tinuous intelligent monitoring system of the health status of the OOP personnel, 
designed to timely eliminate incidents related to the human factor. The technique 
provides an opportunity to: 
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a) collect and evaluate real-time information about the health status of each 
worker employed on the OOP; 

b) identify the criticality rate of the values of vital health indicators; 
c) automate decision-making appropriate to the current situation. These inter-

acting operations, as links in the decision-making process, combine the levels of a 
distributed intelligent system for managing the health of workers and ensure its 
functioning as a whole.

The number, heterogeneity and uncertainty of medical parameters characterizing 
the health status of an employee, the variation of each parameter within different limits 
determine the multivariance of possible situations related to the health status of an 
employee. In this regard, let’s introduce the concepts of «fuzzy image of the current 
health status of an employee» and «fuzzy image of the ideal health status of an em- 
ployee» and propose their formal models. Based on these models, let’s offer a method 
for making decisions on the health status of an employee based on fuzzy image recog-
nition using similarity (identity) measures of two fuzzy situations, i.e., the current and 
ideal health status of an employee. As the similarity measures of two situations, fuzzy 
equality and fuzzy inclusion of the ideal image and fuzzy real images of the health status 
of an employee are chosen with the establishment of a certain inclusion threshold, the 
introduction of which enhances the interpretability at the fuzzy control system level.

To interpret the recognition results, i.e., to transform the data into knowledge 
at the level of the knowledge representation model, the «if-then» model is chosen. 
The use of this model will allow further introduction of new rules into the knowledge 
base, including other context-dependent parameters (geolocation, environmental 
toxicity, etc.), without causing problems for existing rules.

A fuzzy universal scale is developed for the identification of medical parameters, 
taking into account the diversity and fuzziness of these parameters. When con-
structing the scale, the following requirements are taken into account: the possibil-
ity of describing numerical and dimensionless information to ensure comparability 
of parameters of different physical nature; universality, applicability to parametric 
and non-parametric input information; the possibility of describing the definition do-
main for any values of the considered medical parameters of the health status. When 
evaluating the intensity of manifestation of signs by an expert, the qualitative and 
quantitative nature of medical indicators, the inaccuracy of estimates, the symmetry 
of the gradations of opposite estimates depending on the ideal value of the medical 
parameter and its acceptable threshold are taken into account.

The method for constructing a fuzzy universal scale, its visualization and a step-
wise algorithm provide an increase in interpretability at the level of fuzzy term sets 
of linguistic variables.
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A technique proposed for decision synthesis in the remote continuous intelli-
gent monitoring system of the health status of personnel on the OOP can be used in  
modeling semi-structured processes at other objects with a high health risk, occur-
ring under other uncertainty conditions.
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