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The monograph “([SHUW�DVVHVVPHQWV�LQ�GHFLVLRQ�PDNLQJ��ULVNV�DQG�VDIHW\” pres-
ents studies that address the problems of expert assessments and the formation of 
decisions based on expert opinions in some areas of human activity. The results of 
decisions based on such assessments have a direct impact on safety and the risks 
that may follow. The problems are considered in the following aspects.

$Q�LQQRYDWLYH�DSSURDFK�WR�WKH�IRUPDWLRQ�RI�D�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQD-

WLRQV�DQG�H[SHUW�VSHFLDOWLHV�
,W�KDV�EHHQ�HVWDEOLVKHG�WKDW�WKH�H[LVWLQJ�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�E\�

EUDQFKHV�RI�VSHFL�F�H[DPLQDWLRQ�XVHG�LQ�WKHLU�FRQGXFW�LV�RXWGDWHG�DQG�GRHV�QRW�PHHW�
PRGHUQ�UHTXLUHPHQWV��7KLV�FUHDWHV�GLI�FXOWLHV�QRW�RQO\�IRU�IRUHQVLF�H[SHUWV�DQG�SHU-
sons wishing to become them, but also for the court, participants in the trial and all 
citizens interested in obtaining a forensic expert’s opinion. A discrepancy has been 
established between the types of forensic examination and the specialties of experts 
IRU�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG�LQ�GHSDUWPHQWDO�OLVWV�

,W�KDV�EHHQ�SURSRVHG�WR�XQLI\�WKH�LQWHUGHSDUWPHQWDO�DSSURDFK�WR�WKH�FODVVL�FD-
tion of forensic examinations in order to avoid errors that could lead to illegal and 
XQIRXQGHG�FRXUW�GHFLVLRQV��7KH�LVVXH�RI�XQL�FDWLRQ�FDQ�EH�UHVROYHG�E\�GHYHORSLQJ�D�
JHQHUDO�DSSURDFK�WR�WKH�FODVVL�FDWLRQ�RI�W\SHV�DQG�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV��HQ-
shrined in an interdepartmental regulatory act, which should be based on the criteria 
RI�WKH�JHQHUDO�WKHRU\�RI�IRUHQVLF�H[DPLQDWLRQ��7KH�FUHDWLRQ�RI�D�XQL�HG�OLVW�RI�W\SHV�RI�
forensic examinations and their corresponding expert specialties can open up ways 
to solve many issues facing the expert community. Taking into account the fact that 
at the time it is planned to provide opinions by experts in electronic form, the cre-
DWLRQ�RI�D�IRUHQVLF�H[SHUWèV�RI�FH�DQG�LWV�LQWHJUDWLRQ�ZLWK�WKH�8QL�HG�-XGLFLDO�,QIRU-
PDWLRQ�DQG�7HOHFRPPXQLFDWLRQ�6\VWHP��WKH�FUHDWLRQ�RI�D�PRGHUQ�XQL�HG�OLVW�E\�W\SHV�
of forensic examinations and their corresponding expert specialties is on the agenda.

%ORRG�FHOO�LPDJH�UHFRJQLWLRQ�XVLQJ�WH[WXUH�DQG�QHXUDO�QHWZRUNV�IRU�OHXNHPLD�
GLDJQRVLV�

Morphological analysis of blood cell images is usually performed manually by an 
expert, but this method has many disadvantages, including slow analysis, low accu-
racy, and the results depend on the skill of the operator. This reduces the chance of a 
correct diagnosis in detecting acute lymphoblastic leukemia, a potentially fatal blood 
cancer if left untreated.

The study developed and presented an automated method for identifying and clas-
sifying leukocytes using microscopic images of peripheral blood smears. The proposed  

$%675$&7



Expert assessments in decision making: risks and safety

vi

QHXUDO�UDQGRP�WKUHVKROG�FODVVL�HU�DFKLHYHG�D�UHFRJQLWLRQ�UDWH�RI��������ZKHQ�WKH�
GDWD�ZDV�GLYLGHG�LQWR������WUDLQLQJ�VHW�DQG������WHVW�VHW��7KH�SURSRVHG�V\VWHP�FDQ�
be implemented as a computational tool to detect other diseases in which blood cells 
undergo changes, such as Covid-19. This will eliminate the subjective factor that is 
invariably inherent in the case of assessment by experts, focusing only on their ex-
perience. Therefore, the system is important for conducting expert assessments in 
medical diagnostics, as part of a decision support system that reduces the likelihood 
of risks of incorrect diagnosis of diseases.

$QDO\VLV�RI�WKH�FDSDELOLWLHV�RI�WKH�,QWHUQHW�RI�7KLQJV�LQ�PRQLWRULQJ�WKH�SK\VLR-

ORJLFDO�VWDWH�DQG�ORFDWLRQ�RI�SHUVRQQHO�RQ�DQ�RIIVKRUH�RLO�SODWIRUP�
The possibilities of using the Internet of Things (IoT) to ensure personnel safety 

on an offshore oil platform were explored. For this purpose, IoT applications and tech-
nologies for monitoring the physiological state and location of personnel are analyzed. 
7KH�XVH�RI�FORXG�WHFKQRORJLHV��ELJ�GDWD�WHFKQRORJLHV�DQG�DUWL�FLDO�LQWHOOLJHQFH�IRU�WKH�
development of systems that allow monitoring and, if necessary, making appropriate 
decisions through systematic monitoring of personnel status is considered. The basis 
for decision making is expert assessments of deviations of real-time parameter values 
from the norm. Practical problems associated with the use of Internet of Things tech-
nologies in various areas of healthcare are presented.

0HWKRGRORJLFDO�DSSURDFKHV�WR�LQWHOOLJHQW�PDQDJHPHQW�RI�KXPDQ�IDFWRUV�RQ�
RIIVKRUH�RLO�DQG�JDV�SODWIRUPV�

7KH�SUREOHPV�RI�LQFUHDVLQJ�WKH�HI�FLHQF\�RI�PDQDJLQJ�WKH�VDIHW\�DQG�KHDOWK�RI�
shift workers in the offshore oil and gas industry through the prism of the human 
factor have been studied. The environmental features, hazards and risks, working 
and professional conditions in the offshore sector are taken into account. The con-
cept of a person-centered approach to personnel safety and health management is 
proposed, which involves the inclusion of employees in the management loop as the 
main component of their contextual environment. This involves constant remote 
monitoring of vital health indicators of employees and, at the same time, parameters 
of the context-dependent environment of each of them, as well as an expert assess-
ment of the deviation of these parameters from the norm.

'HFLVLRQ�VXSSRUW�LQ�D�UHPRWH�KHDOWK�PRQLWRULQJ�V\VWHP�IRU�VKLIW�ZRUNHUV�RQ�DQ�
RIIVKRUH�RLO�SODWIRUP�

A methodological approach to the synthesis of solutions in a geographically dis-
tributed intelligent health management system for oil workers working in the mari-
time industry is proposed. A functional model of the health management system for 
workers employed on offshore oil platforms has been developed and implemented 
in three stages: monitoring and assessment of health indicators and environmental  
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parameters of each employee, as well as decision-making. These interacting oper-
ations integrate layers of a distributed intelligent healthcare management system.

Appropriate approaches to implementing decision support processes are pre-
sented and one of the possible methods for assessing generated data and making 
decisions using fuzzy pattern recognition is described. Models of a fuzzy ideal image 
and a fuzzy real image of the employee’s health state have been developed and an 
algorithm for expert assessment of the deviation of the formed medical indicators 
from the norm is described.

([SHUW�DVVHVVPHQW�RI�HQJLQHHULQJ�DQG�SODQQLQJ�VROXWLRQV�WR�LPSURYH�WKH�VDIHW\�
RI�YXOQHUDEOH�URDG�XVHUV�LQ�8NUDLQH�

The study is devoted to the analysis of the main methodological provisions for 
conducting an expert assessment (audit) of engineering and planning solutions, or-
ganizational and management measures to ensure road safety (RS) for vulnerable 
road users.

The results of the study are presented in the form of the authors’ opinions on the 
IROORZLQJ�SUREOHPV��DUHDV�RI�DFWLYLW\��LQ�WKH��HOG�RI�URDG�VDIHW\��ZKLFK�DUH�VXEMHFW�WR�
expert assessment:

– the real level of road accidents among the main categories of vulnerable road 
users in Ukraine;

å�PRGHUQ�VFLHQWL�F��PHWKRGRORJLFDO�DQG�HQJLQHHULQJ�SODQQLQJ�DSSURDFKHV�WR�WKH�
formation of individual elements of an effective and safe transport infrastructure, as 
ZHOO�DV�SURJUHVVLYH�WUDI�F�PDQDJHPHQW�V\VWHPV��76��

– the possibilities and feasibility of implementing engineering and planning solu-
tions, organizational and management measures to improve road safety (RS).

.H\ZRUGV
)RUHQVLF�H[DPLQDWLRQ��H[SHUW�VSHFLDOW\��FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV��

VSHFLDO�H[DPLQDWLRQ��OHJDO�UHJXODWLRQ��LPDJH�SURFHVVLQJ��QHXUDO�FODVVL�HUV��H[SHUW�DV-
sessment, Internet of Things technology, human-centered approach, remote moni-
toring, decision making, risk, road safety.
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The category of readers includes, but is not limited to, specialists involved in de-
cision-making, or consumers of such decisions for their practical activities, including 
those related to the need to reduce risks and increase personnel safety.

The scope of application of the research results presented in the monograph  
includes:

– conducting forensic and forensic medical examinations,
– use of expert systems in medical diagnostics,
– development of safety systems for personnel working on rotation in harsh op-

erating conditions, in particular in the offshore oil and gas industry,
– development of safety systems for road users
The application of the research results presented in the monograph may be use-

ful in other areas of human activity directly related to management activities, which 
are based on the opinions and conclusions of experts.
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([SHUW�DVVHVVPHQWV�� 
WDNLQJ�LQWR�DFFRXQW�WKH�KXPDQ�IDFWRU

Dmytro Domin

Human factor. This terminology is familiar to every person. Even at the everyday 
level, everyone uses this concept when discussing certain events that led to some 
consequences. These can be not only accidents or disasters. This may be a way out of 
a person’s comfort zone caused by external circumstances. Changes in the route of 
movement of vehicles, which lead to delays on routes and delays, failure to receive any 
services or poorly provided services, which require additional time for a person, etc.

Who is to blame for all these unwanted events? Obviously, there are fundamen-
tally three answers to this question: uncontrollable external circumstances are to 
EODPH��WKH�V\VWHP�LV�WR�EODPH��RU�SHRSOH�DUH�WR�EODPH��,Q�WKH��UVW�FDVH��VRPHRQH�LV�
powerless, because it is impossible to prevent, for example, natural disasters. It is 
only sometimes possible to predict their occurrence based on the use of modern 
technical and technological means and systems, but with a certain degree of prob-
ability. In the second case, it is possible to predict and purposefully manage events, 
preventing the occurrence of undesirable ones by continuously monitoring process 
parameters and implementing automatic control over them. In the third case, if a 
forecast is possible, it is only with a huge degree of uncertainty. However, even in 
WKH��UVW�WZR�FDVHV�LW�LV�LPSRVVLEOH�WR�GR�ZLWKRXW�KXPDQ�SDUWLFLSDWLRQ��6XFK�D�SHUVRQ�
may be an operator who, due to his/her incomplete competence or fatigue, or under 
WKH�LQ�XHQFH�RI�RWKHU�IDFWRUV��VXFK�DV�SV\FKR�SK\VLRORJLFDO�QDWXUH��PDNHV�PLVWDNHV��
Therefore, there are always risks of undesirable events, and even if their probability 
is minimal, it cannot be ignored.

The operator’s activity comes down to control and management, which is inher-
HQW�LQ�WKH�WHFKQLFDO�V\VWHPV�WKHPVHOYHV��7KHUHIRUH��ZLWK�KLJK�TXDOL�FDWLRQV�DQG�D�
high level of professionalism of the operator, such systems operate with very high 
reliability indicators, which guarantees the safety of everyone who uses them. How-
ever, the mechanisms of functioning of technical systems are based on the funda-
mental laws of physics, chemistry, mathematics, etc., that is, they are characterized 
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mainly by the certainty of controlled parameters. The situation becomes more com-
plicated when it comes to organizational and technical systems, where people ap-
pear as components of control. And this is where uncertainty arises. In this case, the 
operator must have assistants, for example in the form of decision support systems. 
Such systems generate tips and recommendations for the operator, built in advance 
RQ�WKH�EDVLV�RI�DQ�DQDO\VLV�RI�WKH�IXQFWLRQLQJ�RI�VSHFL�F�RUJDQL]DWLRQDO�DQG�WHFKQLFDO�
systems. However, given the fact that in such systems there is an uncertainty factor 
in the assessment of states, some adequate criteria for such assessment are neces-
sary. The lack of completeness of data and fundamental knowledge about objects 
makes it impossible to accurately describe such systems using known laws, which 
is replaced by the use of expert assessments. A new subject emerges – the expert. 
This is a person who has a certain set of knowledge, competencies, experience in a 
VSHFL�F�VXEMHFW�DUHD��ZKR�FDQ�EH�WKH�EHDUHU�RI�RSLQLRQV�DERXW�VSHFL�F�V\VWHPV��WKHLU�
functioning, features, etc.

The appearance of an expert makes it possible, on the one hand, to obtain some 
data about systems in qualitative and quantitative terms. In the absence of accu-
rate knowledge about the system, this is still the only way to obtain more or less 
reliable information. However, on the other hand, the human factor component is 
increasing, and not only at the level of systems management, be it organizational, 
technical, social, or any other systems. In this case, it is the experts who are involved 
in creating decision support systems, which generate tips and recommendations  
for operators.

Involving experts to form ideas about an object necessarily requires compliance 
with the principle of collegiality in the sense that each expert must express his/her 
judgment, after which all judgments are processed in some way to develop a common 
GHFLVLRQ�WKDW�LV�DFFHSWHG�DV�WKH��QDO�FRQFOXVLRQ��,W�VKRXOG�EH�QRWHG�WKDW�VXFK�SURFHVV-
ing of opinions, which actually requires assessing the degree of agreement between 
experts’ opinions, is based on the use of well-known statistical methods. Therefore, 
the opinion of experts is assessed quantitatively, as a rule, on a point scale or in some 
standardized units. This is quite convenient, however, even if we do not take into 
account possible strong differences in the opinions of individual experts even on one 
VSHFL�F�LVVXH��VXFK�DQ�DVVHVVPHQW�LV�LQLWLDOO\�EDVHG�RQ�D�QRW�HQWLUHO\�FRUUHFW�PHWKRG-
ology. This is due to the fact that the expert’s opinion is not a random variable. There-
fore, strictly speaking, it cannot be described by some kind of distribution law due to 
the fact that it is impossible to obtain the distribution density of an expert’s opinion 
precisely because it is not a random variable. An expert’s opinion is a fuzzy quantity, 
for the description of which it is necessary to use methods of fuzzy mathematics, 
characterizing it quantitatively with a set of parameters: modal value, membership 
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function, compactness of the uncertainty body. Moreover, this apparatus is invariant 
with respect to the subject area for which experts are involved and, obviously, more 
accurate, despite the very concept of fuzziness underlying it.

However, even having quantitative estimates obtained by tools of mathematical 
statistics or fuzzy mathematics, one should not forget that any expert operates with 
only a fraction of the input information. Applying his/her knowledge and experience 
to its processing, s/he forms an opinion that concerns only the local area. To con-
�UP�WKLV��LW�LV�DSSURSULDWH�WR�UHFDOO�WKH�ZHOO�NQRZQ�SDUDEOH�RI�WKH�HOHSKDQW�DQG�WKH�
blind men, when the experts involved, who did not have the opportunity to see the 
elephant and did not imagine it visually, correctly determined what individual parts 
of the elephant’s body looked like but were unable to describe the entire elephant.

$OO�WKLV�IRUPV�D�SRWHQWLDOO\�LQWHUHVWLQJ�DQG�LQYDULDEO\�UHOHYDQW�VFLHQWL�F�WRSLF�WKDW�
could consider the study of expert assessments, methods of their formation, princi-
SOHV�RI�XVH�DQG�VHOHFWLRQ�RI�WKH�SUR�OH�RI�H[SHUW�JURXSV��DV�ZHOO�DV�WKHLU�UHODWLRQVKLS�
ZLWK�LQWHOOLJHQW�GHFLVLRQ�VXSSRUW�V\VWHPV�DQG��RI�FRXUVH��DUWL�FLDO�LQWHOOLJHQFH�WHFK-
QRORJLHV��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�WKLV�VFLHQWL�F�LVVXH�LWVHOI�LV�PXOWLGLVFLSOLQDU\��
FRYHULQJ�QRW�RQO\�ERUGHUOLQH�VFLHQWL�F�DUHDV�EXW�DOVR�DUHDV�WKDW�DUH�IDU�IURP�HDFK�
RWKHU�LQ�WUDGLWLRQDO�LGHDV�DERXW�WKH�FODVVL�FDWLRQ�RI�VFLHQFHV��7KHVH�FRXOG�EH�6RFLDO�
and Humanities, Health Sciences, Physics and Engineering, and Life Sciences. In to-
day’s global world, there is a need for a broader perception of science as a tool for 
obtaining practical knowledge. And, given that the proportion of objects of human 
civilization that are clearly described by fundamental laws is relatively small, the 
GHYHORSPHQW�RI�WKH�DSSDUDWXV�RI�H[SHUW�DVVHVVPHQWV��UHJDUGOHVV�RI�D�VSHFL�F�VXE-
MHFW�DUHD��FRPHV��UVW��7KHUHIRUH��WKLV�WRSLF�LV�LQH[KDXVWLEOH��DQG�ZH�FRQVLGHU�WKH�SUR-
SRVHG�PRQRJUDSK�DV�WKH��UVW�VWHS�WRZDUGV�EURDG�FRYHUDJH�RI�WRSLFV�UHODWHG�WR�H[DP-
inations, their impact on risks, safety, and determining their place in decision-making 
systems in various realms of human activity.

In this monograph, the problem is considered in the following practical domains 
of knowledge:

– forensic examinations, the quality of which and the correctness of procedures 
in the context of new technological innovations and new objects of examination di-
rectly determine the receipt of objective conclusions by citizens;

å�WKH�FRQVWUXFWLRQ�RI�D�GHFLVLRQ�VXSSRUW�V\VWHP�IRU�H[SHUWV�LQ�WKH��HOG�RI�PHGLFDO�
diagnosis of leukemia, with the ability to scale to identify other diseases in which 
blood cells undergo changes, such as Covid-19;

– use of the Internet of Things (IoT) to formulate solutions regarding ensuring 
the safety of personnel working in the oil and gas industry, taking into account the 
human factor;
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– intelligent management of the human factor, as an aid in decision-making by 
experts in addition to knowledge bases about hazards, based on the concept of a hu-
man-centered approach, which involves the inclusion of experts in the control loop 
on oil platforms as objects with an increased level of operating hazard;

– methodology for conducting expert assessment of engineering and planning 
solutions, organizational and management measures to ensure road safety.

We hope that the solutions proposed in this monograph could be useful not only from 

a theoretical but also from a practical point of view. I also express the hope that the re-

sults of these studies will inspire colleagues, stimulating them to present to the world 

their developments in this interesting area of knowledge related to expert assessments of 

objects of any nature operating under conditions of uncertainty.

Professor 'P\WUR�'RPLQ
Member of the Management Board 6FLHQWL�F�5RXWH�2� (Estonia)
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Abstract

)RUHQVLF�H[DPLQDWLRQ�LV�D�UDWKHU�FRPSOH[��HOG�RI�DFWLYLW\��FKDUDFWHUL]HG�E\�WKH�
EUHDGWK�RI�VSHFL�F�H[SHUWLVH�XVHG�DQG�WKH�FRPSOH[LW\�RI�UHVHDUFK�SURFHGXUHV��$Q�DF-
curate "specialty passport" is needed, which describes what this or that examination 
can do and what it is called. The study uses a system of methods, in particular, general 
SKLORVRSKLFDO��JHQHUDO�VFLHQWL�F��GLDOHFWLFDO��DQDO\VLV��V\QWKHVLV��DEVWUDFWLRQ��DQDORJ\���
and special legal methods (formal legal, systemic and structural). The methodological 
EDVLV�RI�WKH�UHVHDUFK�LV�WKH�GLDOHFWLFDO�PHWKRG�RI�VFLHQWL�F�NQRZOHGJH��ZKLFK�UH�HFWV�
the relationship between theory and practice. 

,W�ZDV�IRXQG�WKDW�WKH�H[LVWLQJ�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�E\�WKH��HOGV�
RI�VSHFL�F�H[SHUWLVH�XVHG�LQ�WKHLU�FRQGXFW�LV�RXWGDWHG�DQG�GRHV�QRW�PHHW�WKH�UHTXLUH-
PHQWV�RI�PRGHUQLW\��7KLV�FUHDWHV�GLI�FXOWLHV�QRW�RQO\�IRU�IRUHQVLF�H[SHUWV�DQG�SHU-
sons who wish to become them, but also for the court, participants in the legal pro-
cess, and all citizens who are interested in obtaining the opinion of a forensic expert. 

It has been established that there is a discrepancy between the types of fo-
UHQVLF�H[DPLQDWLRQ�DQG�H[SHUW�VSHFLDOWLHV�DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�
forensic expert is assigned in the departmental lists. This leads to misunderstand- 
ing by customers of expert studies of the correspondence of expert specialties and  
their demarcation. 

The appearance as a result of the application of innovative technologies of new 
objects that did not exist before, or were transformed from already existing ones, 
contributes to the discovery of new properties and the manifestation of new signs 
of these properties, which, in turn, leads to the genesis of new expert specialties, 
species and subspecies, genera, classes of forensic examinations.

It has been proven that the expansion of the sphere of activity of private forensic 
experts by granting them the right to conduct those forensic examinations, which 
they do not have the right to conduct today, will allow to create greater competition  

Nataliia Martynenko

&+$37(5��

$Q�LQQRYDWLYH�DSSURDFK�WR�FUHDWLQJ�D�OLVW�RI�W\SHV�RI� 
IRUHQVLF�H[DPLQDWLRQV�DQG�H[SHUW�VSHFLDOWLHV
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between the public and private sectors, improve the quality of expert research, shorten 
the terms of their conduct, relieving the burden on state forensic expert institutions. 

7KH�XQL�FDWLRQ�RI�WKH�LQWHUGHSDUWPHQWDO�DSSURDFK�WR�WKH�FODVVL�FDWLRQ�RI�IRUHQ-
sic examinations is proposed in order to avoid errors that can cause the issuance of 
LOOHJDO�DQG�XQIRXQGHG�FRXUW�GHFLVLRQV��7KH�LVVXH�RI�XQL�FDWLRQ�FDQ�EH�VROYHG�E\�ZRUN-
LQJ�RXW�D�JHQHUDO�DSSURDFK�WR�WKH�FODVVL�FDWLRQ�RI�NLQGV�DQG�W\SHV�RI�IRUHQVLF�H[DP-
inations with consolidation in an interdepartmental regulatory act, which should be 
based on the criteria of the general theory of forensic examination. The creation of a 
XQL�HG�OLVW�E\�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�WKHLU�FRUUHVSRQGLQJ�H[SHUW�VSHFLDO-
ties can be considered a strategic task, which, if successfully implemented, can open 
up ways to solve many issues facing the expert society. 

Taking into account the fact that at the time it is planned to provide opinions by 
H[SHUWV�LQ�HOHFWURQLF�IRUP��WKH�FUHDWLRQ�RI�D�IRUHQVLF�H[SHUW
V�RI�FH�DQG�LWV�LQWHJUD-
WLRQ�ZLWK�WKH�8QL�HG�-XGLFLDO�,QIRUPDWLRQ�DQG�7HOHFRPPXQLFDWLRQ�6\VWHP��WKH�FUH-
DWLRQ�RI�D�PRGHUQ�XQL�HG�OLVW�E\�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�WKHLU�FRUUHVSRQG-
ing expert specialties is on the agenda.

.H\ZRUGV
Legal regulation, state specialized institutions, forensic examination, expert spe-

FLDOW\��FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV��IRUHQVLF�H[SHUW�DFWLYLW\��VSHFL��F�H[SHUWLVH�

���� )RUPXODWLRQ�RI�WKH�SUREOHP

)RUHQVLF�H[DPLQDWLRQ�LV�D�UDWKHU�FRPSOH[��HOG�RI�DFWLYLW\��FKDUDFWHUL]HG�E\�WKH�
breadth of specialized knowledge used and the complexity of research procedures. 
This determines the variety of types of forensic examinations, which inevitably raises 
WKH�TXHVWLRQ�RI�WKHLU�FODVVL�FDWLRQ��&ODVVL�FDWLRQ�LV�H[WUHPHO\�LPSRUWDQW�IRU�IRUHQVLF�
H[DPLQDWLRQ�DV�D��HOG�RI�SUDFWLFDO�DFWLYLW\��,I�LQ�WKHRU\�ZH�FDQ�VRPHWLPHV�DIIRUG�QRW�WR�
single out separate forensic examinations, then practical activity requires strictness 
of the name and certainty of the components. A clear "specialty passport" is needed, 
which describes what this or that examination can do and what it is called.

7KH�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�DV�DQ�LQWHJUDWLYH�V\VWHP�VWUXFWXUH��
which is a complete conceptual formation, all elements of which are in inse parable, 
interdependent relationships with each other, is required for use both in the devel-
opment of theoretical provisions and in practical expert activity.

During the period of development of the general theory of forensic examination, 
which came at the end of the 20thbå�WKH�EHJLQQLQJ�RI�WKH���st century, a large amount 
of empirical material was accumulated in certain kinds (types) of exami nations, and 
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on this basis methodological, legal and organizational principles for various types of fo-
rensic examinations were developed, common features and signs that should be char-
acteristic of any kind of examination, including newly created ones were determined.

Scientific classifications of forensic examinations have both theoretical and 
FORVHO\�UHODWHG�SUDFWLFDO�VLJQL�FDQFH�IRU�WKH�IRUHQVLF�DFWLYLW\�LWVHOI��DV�ZHOO�DV�IRU�WKH�
MXULVGLFWLRQDO�DFWLYLW\�RI�VWDWH�ERGLHV�DQG�RI�FLDOV��2QH�RI�WKH�HVVHQWLDO�JURXQGV�IRU�
FODVVL�FDWLRQ�LV�WKH�QDWXUH�DQG��HOG�RI�VSHFLDO�NQRZOHGJH��UHTXLUHG�IRU�FRQGXFWLQJ�DQ�
H[DPLQDWLRQ�RI�D�FHUWDLQ�W\SH��&ODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�ZLWKRXW�WDNLQJ�
LQWR�DFFRXQW�VXFK�D�EDVLV�DV�WKH�QDWXUH�DQG��HOG�RI�VSHFLDO�NQRZOHGJH�ZLOO�QRW�EH�HI-
IHFWLYH�HQRXJK�LQ�PRGHUQ�UHDOLWLHV��7KLV�LV�GXH�WR�WKH�IDFW�WKDW�WKH�FODVVL�FDWLRQ�ZLOO�
not be deliberately designed to solve the needs that arise in practice when assigning 
and conducting a wide variety of forensic examinations. For example, without taking 
LQWR�DFFRXQW�WKH�QDWXUH�DQG��HOG�RI�VSHFLDO�NQRZOHGJH��LW�LV�LPSRVVLEOH�WR�GHWHUPLQH�
the competence of an expert who is entrusted with conducting a forensic examina-
tion, since it is not known in advance what special knowledge he/she must have to 
solve the issues before him/her, and, as a result, the correct choice of a forensic insti-
tution who has such knowledgeable persons cannot be made.

���� $QDO\VLV�RI�UHFHQW�UHVHDUFK�DQG�SXEOLFDWLRQV

7KH�LVVXH�RI�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�KDV�EHHQ�FRQVLGHUHG�E\�VFL-
HQWLVWV�IRU�PDQ\�GHFDGHV��3UDFWLFDOO\�HYHU\�VFLHQWL�F�VWXG\�FRQWDLQV�YDULRXV�FODUL�FD-
WLRQV�DQG�GHWDLOV�RI�H[LVWLQJ�FODVVL�FDWLRQ�VWUXFWXUHV��RU�RIIHUV�FRPSOHWHO\�QHZ�RQHV��
7KHLU�TXDOLW\��SRVVLELOLWLHV�RI�VFLHQWL�F�DQG�SUDFWLFDO�XVH�ODUJHO\�GHSHQG�RQ�WKH�EDVLF�
SURYLVLRQV�WKDW�ZHUH�XVHG�GXULQJ�WKHLU�GHYHORSPHQW��*�b0DVVRQQHW��<�b/LP��$�b0DUROI��
1�b(VWRSSH\�LQ�WKH��HOG�RI�VRLO�IRUHQVLFV�KDYH�SURSRVHG�VWDWLVWLFDO�DQG�SUREDELOLVWLF�DS-
proaches that help in the determination of relevant variables and subsequently in the 
FRQVWUXFWLRQ�RI�YDULRXV�FODVVL�FDWLRQ�PRGHOVb>�@��%�b5DSSHUW��+�b:KHDW��'�b:LOVRQ�.R-
YDFV�DSSOLHG�UDWLRQLQJ�FODVVL�FDWLRQ�VFKHPHV�IURP�KHDOWK�FDUH�UHVHDUFK�WR�WKH��HOG�
RI�FULPLQRORJ\�WR�FKDUDFWHUL]H�PHWKRGV�RI�PDWFKLQJ�GHPDQG�ZLWK�RSSRUWXQLWLHVb>�@��
9�b)HGRUHQNR�DQG�/�b7\PRVFK\N�RIIHUHG�D�FODVVL�FDWLRQ�DQG�JHQHUDO�FKDUDFWHULVWLFV�
RI�WKH�PDLQ�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQ�RQ�LQWHOOHFWXDO�SURSHUW\b>�@��2�b6KUDPNR�
VXPPDUL]HG�DQG�KLJKOLJKWHG�YDULRXV�DSSURDFKHV�WR� WKH�FODVVL�FDWLRQ�RI�H[DPLQD-
WLRQV�LQ�GRPHVWLF�SUDFWLFHb>�@��2�b'XIHQ\XN�FRQVLGHUHG�WKH�FULWHULD�IRU�WKH�FODVVL�FD-
WLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�LQ�8NUDLQLDQ�IRUHQVLF�VFLHQFHb>�@��$�b3RO\DUXVKbRIIHUV�
FULWHULD� IRU� WKH� FODVVL�FDWLRQ�RI� IRUHQVLF�H[DPLQDWLRQV��ZKLFK�DUH�DVVLJQHG� LQ� WKH�
SURFHVV�RI�LQYHVWLJDWLQJ�FULPHV�UHODWHG�WR�WKH�LOOHJDO�FLUFXODWLRQ�RI�H[FLVH�JRRGVb>�@�
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���� +LJKOLJKWLQJ�SUHYLRXVO\�XQUHVROYHG�SDUWV�RI�WKH�RYHUDOO�SUREOHP

$W�WKH�VDPH�WLPH��WKH�LQFUHDVHG�DWWHQWLRQ�RI�VFLHQWLVWV�WR�WKH�LVVXHV�RI�FODVVL�FD-
tion constructions in criminology and forensic examination indicates the need for 
IXUWKHU�UHVHDUFK�DQG�VWXG\�RI�H[LVWLQJ�SUREOHPV�LQ�WKLV��HOG�

���� )RUPXODWLRQ�RI�WKH�SXUSRVH�RI�WKH�DUWLFOH�DQG�VHWWLQJ�RI�WDVNV

$�VWXG\�RI�WKH�SUHUHTXLVLWHV��SUREOHPV�DQG�SURVSHFWV�IRU�WKH�FUHDWLRQ�RI�DbPR�
GHUQ�XQL�HG�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�
WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG�

The tasks of the research are: 
å�WR��QG�RXW�WKH�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�RQ�WKH�VXEMHFW�REMHFW� 

method basis; 
– compare the departmental lists of types of forensic examinations and expert 

VSHFLDOWLHV��DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG��
å�WR�LQYHVWLJDWH�WKH�GLIIHUHQFHV�LQ�WKH�VSHFL�HG�OLVWV��
å�WR�SURSRVH�ZD\V�WR�VROYH�SUREOHPV�LQ�WKH�OHJDO�UHJXODWLRQ�RI�WKH�FODVVL�FDWLRQ�RI�

forensic examinations.

���� 'HVFULSWLRQ�RI�WKH�PHWKRGRORJ\��VWUXFWXUH��VHTXHQFH��RI�WKH�UHVHDUFK

7R� FDUU\�RXW� WKH� UHVHDUFK�� D� V\VWHP�RI�PHWKRGV�RI� VFLHQWL�F� NQRZOHGJH�ZDV�
DSSOLHG��LQ�SDUWLFXODU�JHQHUDO�SKLORVRSKLFDO��JHQHUDO�VFLHQWL�F��GLDOHFWLFDO��DQDO\VLV��
synthesis, abstraction, analogy), as well as special legal (formal-logical, formal-legal, 
comparative-legal, systemic-structural). The methodological basis of the research 
LV�WKH�GLDOHFWLFDO�PHWKRG�RI�VFLHQWL�F�NQRZOHGJH��ZKLFK�UH�HFWV�WKH�UHODWLRQVKLS�EH-
tween theory and practice.

The formal-logical method was applied during the analysis of the content of cur-
UHQW�GRPHVWLF�OHJLVODWLRQ�LQ�WKH��HOG�RI�IRUHQVLF�H[SHUW�DFWLYLW\��7KDQNV�WR�WKH�FRP-
parative legal method, the analysis was carried out and the peculiarities of the nor-
PDWLYH�OHJDO�UHJXODWLRQ�RI�FODVVL�FDWLRQ�E\�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�WKHLU�
corresponding expert specialties were studied. 

7KH�WKHRUHWLFDO�EDVLV�RI�WKH�UHVHDUFK�LV�PDLQO\�VFLHQWL�F�ZRUNV�DQG�FRQFOXVLRQV�
of leading foreign and domestic specialists, devoted to the study of the problems of 
FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�
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���� 3UHVHQWDWLRQ�RI�WKH�PDLQ�PDWHULDO�DQG�REWDLQHG�VFLHQWL�F�UHVXOWV

)RU�WKH�SXUSRVH�RI�HI�FLHQW�DQG�HIIHFWLYH�XVH�DQG�DSSOLFDWLRQ�RI�VSHFLDO�NQRZO-
edge in judicial proceedings, authorized persons, the court, the expert, entrusted with 
WKH�UHVHDUFK��DUH�REOLJHG�WR�DGKHUH�WR�WKH�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�
distinguish relevant expert specialties. Differences in the nature of research objects 
and in the tasks of each of the kinds, types and subtypes of examinations should also 
be taken into account. The name of the forensic  examination determines the kind or 
W\SH�RI�H[SHUW�H[DPLQDWLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�IRXU�OHYHO�FODVVL�FDWLRQ�V\VWHP��

This division of forensic examinations taking into account the tasks they sol- 
YHb�7DEOHb�����LV�RI�VLJQL�FDQW�LPSRUWDQFH��LW�KHOSV�WKH�SHUVRQ�ZKR�DVVLJQHG�WKH�H[-
amination in the correct choice of the appropriate kind (type) of examination and the 
addressee of the expert examination; determines the training and retraining of ex-
pert personnel, their competence and specialization; helps determine the kinds and 
types of examinations, the performance of which should be organized in a forensic 
institution, as well as predict the creation of new ones; facilitates the development 
of short-term and long-term research plans for the development of the theory and 
methodology of expert research.

7DEOH����� &ODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�RQ�WKH�VXEMHFW�REMHFW�PHWKRG�EDVLV

Examination 
class 

Consists of expert studies, which are united by a community of knowledge, 
which serve as a source of formation of theoretical and methodical founda-
tions of forensic examinations, and objects, investigated on the basis of this 
knowledge. The division into classes is carried out according to whether the 
H[DPLQDWLRQ�EHORQJV�WR�RQH�RU�UHODWHG��HOGV�RI�VSHFLDO�NQRZOHGJH�WKDW�XVH�
similar tools

Examination 
kind

Is distinguished by subject, objects and, accordingly, methods of expert re-
search

Examination 
type 

&RQVLVWV�RI�WKH�HOHPHQWV�RI�WKH�NLQG��ZKLFK�GLIIHU�LQ�WKH�VSHFL�FLW\�RI�WKH�VXE-
ject in relation to the objects and methods common to the kind

Examination 
subtype

Component parts of a type, distinguished by a peculiar group of tasks cha- 
racteristic of the subject of this type of examination, and complexes of re-
search methods of individual objects or their groups

Compiled by the author

The Instructions on the Assignment and Conduct of Forensic Examinations and 
Expert Research, approved by the Order of the Ministry of Justice of Ukraine dat-
HG������������1R�b�����SURSRVHV�D�XQL�HG�FODVVL�HU�RI�WKH�PDLQ�W\SHV��VXEW\SHV��
RI�IRUHQVLF�H[DPLQDWLRQV�DFFRUGLQJ�WR�D�FULWHULRQ�WKDW�FDQ�EH�LGHQWL�HG�DV�D��HOG�RI� 
special knowledge. 
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7KH�IROORZLQJ�DUH�GH�QHG�
��b )RUHQVLF�� KDQGZULWLQJ�� OLQJXLVWLF� H[DPLQDWLRQ�RI� VSHHFK�� WHFKQLFDO� H[DP-

ination of documents; examination of weapons and traces and circumstances of 
their use; traceological (except for studies of traces of clothing damage, associated 
ZLWK�WKH�VLPXOWDQHRXV�LQ�LFWLRQ�RI�SK\VLFDO�LQMXULHV��ZKLFK�DUH�FDUULHG�RXW�LQ�WKH�
IRUHQVLF�PHGL�FDO�H[DPLQDWLRQ�RI�FH���SKRWR��SRUWUDLW��H[DPLQDWLRQ�RI�KRORJUDPV��
video and sound recording; explosion engineering; man-made explosions; mate-
rials, substances and products (paint materials and coatings; polymer materials; 
�EURXV�PDWHULDOV��SHWUROHXP�SURGXFWV�DQG�IXHO�DQG�OXEULFDQW�PDWHULDOV��JODVV��FH-
ramics; narcotic drugs, psychotropic substances, their analogues and precursors; 
alcohol-containing mixtures; soils; metals and alloys and products from them; the 
presence of harmful substances (pesticides) in the environment; substances of 
chemical production and special chemicals; food products; potent and poisonous 
substances); biological.

��b7HFKQLFDO�HQJLQHHULQJ��WUDQVSRUW�HQJLQHHULQJ��DXWRPRWLYH�HQJLQHHULQJ��WUD-
ceological, railway); road engineering; construction; construction assessment; land 
HQJLQHHULQJ��ODQG�DVVHVVPHQW��ODQG�PDQDJHPHQW���UH�HQJLQHHULQJ��OLIH�VDIHW\��PLQLQJ�
engineering; environmental engineering; electrical engineering; computer; telecom-
munications, electric transport; examination of the technical condition of elevators; 
mechanical engineering; water engineering; avia-engineering; heat engineering. 
$ORQJ�ZLWK�WKH�VSHFL�HG�W\SHV�RI�WHFKQLFDO�HQJLQHHULQJ�H[DPLQDWLRQV��H[SHUW�LQVWL-
tutions may also conduct other types (subtypes) and complex technical studies with 
WKH�LQYROYHPHQW�RI�UHOHYDQW�VSHFLDOLVWV�LQ�FHUWDLQ��HOGV�RI�NQRZOHGJH��LQFOXGLQJ�DYLD-
tion and water transport.

��b(FRQRPLF��DFFRXQWLQJ�DQG�WD[�DFFRXQWLQJ���QDQFLDO�DQG�HFRQRPLF�DFWLYLW\���-
nancial and credit operations.

��b0HUFKDQGLVLQJ��PDFKLQHU\��HTXLSPHQW��UDZ�PDWHULDOV�DQG�FRQVXPHU�JRRGV��
transport and commodity science; military property, equipment and weapons.

��b([DPLQDWLRQ�LQ�WKH��HOG�RI�LQWHOOHFWXDO�SURSHUW\��OLWHUDU\�DQG�DUWLVWLF�ZRUNV��
phonograms, videograms, programs (broadcasts) of broadcasting organizations; 
inventions and utility models; industrial samples; varieties of plants and breeds of 
animals; commercial (brand) names, trademarks (marks for goods and services), geo-
graphical indications; topographies of integrated microcircuits; commercial secrets 
�NQRZ�KRZ��DQG�LQQRYDWLYH�SURSRVDOV��HFRQRPLF�LQ�WKH��HOG�RI�LQWHOOHFWXDO�SURSHUW\�

��b3V\FKRORJLFDO�
��b$UW��
��b(FRORJLFDO�
��b0LOLWDU\�
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���b9HWHULQDU\�
���b*HPRORJLFDO�
���b+LVWRULFDO�DQG�DUFKHRORJLFDOb>�@�
In order to more fully satisfy the needs of investigative and judicial practice in 

VROYLQJ� LVVXHV�WKDW�UHTXLUH�WKH�DSSOLFDWLRQ�RI�VFLHQWL�F��WHFKQLFDO�RU�RWKHU�VSHFLDO�
knowledge, expert institutions organize other types of examinations (except foren-
VLF�PHGLFDO�DQG�IRUHQVLF�SV\FKLDWULF���LQFOXGLQJ�WKRVH�WKDW�DUH�LQ�WKH�VWDJH�RI�VFLHQWL�F�
GHYHORSPHQWb>�@�

7KHUH�DUH�GLIIHUHQW�SRLQWV�RI�YLHZ�UHJDUGLQJ�WKH�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPL�
QDWLRQV�E\�WKH��HOGV�RI�VSHFLDO�NQRZOHGJH��XVHG�LQ�WKHLU�FRQGXFW��FODVVHV��NLQGV��W\SHV�
DQG�VXEW\SHV���6RPH�RI�WKH�FODVVL�FDWLRQV��SURSRVHG�E\�GRPHVWLF�DQG�IRUHLJQ�VFLHQ-
WLVWV��GLIIHU�IURP�WKH�XQL�HG�FODVVL�HU��JLYHQ�LQ�WKH�PHQWLRQHG�,QVWUXFWLRQ��(DFK�RI�WKH�
SURSRVHG�FODVVL�FDWLRQV�KDV�D�FHUWDLQ�MXVWL�FDWLRQ�DQG�PHHWV�WKH�QHHGV��IRU�ZKLFK�
LW�ZDV�GHYHORSHG��+RZHYHU��LQ�WKH�FDVH�RI�HQJDJLQJ�DQ�H[SHUW�DQG�DVVLJQLQJ�VSHFL�F�
H[SHUW�VWXGLHV��LW�LV�QHFHVVDU\�WR�EH�JXLGHG�E\�WKH�RI�FLDO�FODVVL�FDWLRQV��VHW�IRUWK�LQ�
the relevant normative documents that regulate the work procedure of the expert 
institution or the expert entrusted with conducting the examination.

7KH�FODVVL�FDWLRQ�E\�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�WKHLU�FRUUHVSRQGLQJ�H[-
SHUW�VSHFLDOWLHV�LV�QRUPDWLYHO\��[HG�LQ�

åbWKH�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�
ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG�WR�VSHFLDOLVWV�RI�UHVHDUFK�LQVWL-
WXWLRQV�RI�IRUHQVLF�H[DPLQDWLRQV�RI�WKH�0LQLVWU\�RI�-XVWLFH�RI�8NUDLQH��KHUHLQDIWHUbå�
the List of MJ of Ukraine); 

åbWKH�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�
ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG�WR�VSHFLDOLVWV�ZKR�GR�QRW�ZRUN�
in state specialized institutions, approved by the order of the Ministry of Justice of 
8NUDLQH�GDWHG������������1R�b�����b>�@�

åbWKH�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQ�DQG�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�
ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LQ�WKH�([SHUW�6HUYLFH�RI�WKH�0LQLVWU\�RI�
Internal Affairs is assigned, approved by the order of the Ministry of Internal Affairs 
RI�8NUDLQH�GDWHG������������1R�b���b>�@��KHUHLQDIWHU�å�WKH�/LVW�RI�0,$��

åbWKH�OLVW�RI�WKH�PDLQ�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�H[SHUW�VSHFLDOWLHV��DF-
FRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG�WR�VSHFLDOLVWV�RI�
expert subdivisions of the SSU, which was approved by the order of the SSU dated 
�����������1R�b���b>��@��KHUHLQDIWHUbå�WKH�/LVW�RI�668��

Employees of research institutions of forensic examination of the Ministry of 
-XVWLFH�RI�8NUDLQH�FRQGXFW�H[SHUW�UHVHDUFK�ZLWKLQ���bW\SHV��VXEW\SHV��RI�IRUHQVLF�
H[DPLQDWLRQ�LQ����H[SHUW�VSHFLDOWLHV��DVVLJQHG�DIWHU�WUDLQLQJ�DQG�FHUWL�FDWLRQb>�@�
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$FFRUGLQJ�WR�WKH�/LVW�RI�0,$��H[SHUW�VWXGLHV�DUH�FRQGXFWHG�ZLWKLQ���bW\SHVb�VXE-
W\SHV��RI�IRUHQVLF�H[DPLQDWLRQV�LQ����bH[SHUW�VSHFLDOWLHV��DVVLJQHG�DIWHU�WUDLQLQJ�DQG�
FHUWL�FDWLRQb>�@�

,Q�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFH�RI�8NUDLQH����bW\SHV��VXEW\SHV��RI�IRUHQVLF�H[-
DPLQDWLRQV�DUH�GH�QHG�DFFRUGLQJ�WR�D�FULWHULRQ�WKDW�FDQ�EH�LGHQWL�HG�DV�D��HOG�RI�
VSHFLDO�NQRZOHGJH��H[SHUW�VWXGLHV�DUH�FDUULHG�RXW�LQ����bH[SHUW�VSHFLDOWLHV��DVVLJQHG�
DIWHU�WUDLQLQJ�DQG�FHUWL�FDWLRQb>��@�

We will compare the types (subtypes) of forensic examinations, indexes and types 
RI�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQV�RI�D�IRUHQVLF�H[SHUW�DUH�
assigned to specialists of state specialized institutions.

7KH�IRUHQVLF�H[SHUW�TXDOL�FDWLRQ�LV�DVVLJQHG�WR�VSHFLDOLVWV�RI�VWDWH�VSHFLDOL]HG�LQ-
VWLWXWLRQV�RI���bH[SHUW�VSHFLDOWLHV�ZLWKLQ�WKH�VFRSH�RI�IRUHQVLF�H[DPLQDWLRQ��DFFRUG-
ing to the List of the Ministry of Justice of Ukraine, the List of the Ministry of Internal 
$IIDLUVbå����DQG�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFHbå�����7DEOHb���). Some expert special-
ties that are available in the Lists of some departments are not available in others. 
Thus, according to the type of forensic examination of "Special technical means of 
secretly obtaining information", expert specialties are assigned only to specialists of 
expert divisions of the Security Service of Ukraine. Accordingly, the examination of 
STM of surreptitious audio and video control and surveillance of a person, thing or 
place; examination of STM of secret removal of information from electronic commu-
nication networks, obtaining information about the location of a person or his/her 
SRVVHVVLRQ��DV�ZHOO�DV�UDGLR�HTXLSPHQWb�UDGLR�HOHFWURQLF�PHDQV���H[DPLQDWLRQ�RI�670�
of secret penetration into an object by unlocking mechanical locking devices, as well 
as examination of objects; examination of STM of secret removal of information from 
electronic information systems, penetration into an object by unlocking electronic 
security devices, as well as examination of software means of surreptitious infor-
mation acquisition are carried out only by specialists of expert units of the Security 
Service of Ukraine.

([SHUW� H[DPLQDWLRQV� E\� VSHFLDOWLHV�� ���b �$XWKRUVKLS� H[DPLQDWLRQ� RI�ZULWWHQ�
VSHHFK������b�6HPDQWLF�WH[WXDO�H[DPLQDWLRQ�RI�ZULWWHQ�DQG�RUDO�VSHHFK������b�$VVHVV-
PHQW�RI�WKH�SRVVLEOH�FRQVHTXHQFHV�RI�WKH�XVH�RI�H[SORVLYH�GHYLFHV������b�$VVHVVPHQW�
RI�WKH�FRQVHTXHQFHV�RI�WKH�LQ�XHQFH�RI�WHFKQLFDO�IDFWRUV�RI�VDERWDJH��WHUURULVW�DFW���
RWKHU�HPHUJHQF\�VLWXDWLRQV������b�([DPLQDWLRQ�RI�YRLFH�DQG�RUDO�VSHHFK�E\�WHFKQLFDO�
PHWKRGV������b�([DPLQDWLRQ�RI�YRLFH�DQG�RUDO�VSHHFK�XVLQJ�OLQJXLVWLF�PHWKRGV��DUH�
carried out only by specialists of expert units of the Security Service of Ukraine.

Only the Expert Service of the Ministry of Internal Affairs conducts expert exam-
LQDWLRQ�LQ�WKH�IROORZLQJ�VSHFLDOWLHV�����bê([DPLQDWLRQ�RQ�WKH�GRFXPHQWV�SURGXFWLRQ�
DJHë�����bê2GRURORJLFDO�H[DPLQDWLRQë�
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Chapter 1
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An innovative approach to creating a list of types of forensic  
examinations and expert specialties

Chapter 1

It should be noted, that under the index of expert specialty 1.2 in the Expert Ser-
vice of the Ministry of Internal Affairs, the expert specialty “linguistic examination 
of written speech” is assigned to specialists of research institutions of forensic ex-
aminations of the Ministry of Justice of Ukraine, taking into account the order of 
WKH�0LQLVWU\�RI�-XVWLFH�RI�8NUDLQH�GDWHG������������1R�b������b>��@bå�êOLQJXLVWLF�
examination of speech”.

Attention should be paid to the exclusion from the List of the Ministry of Justice 
of Ukraine of specialties: 

å����b�([DPLQDWLRQ�RI�ZHDSRQV�ZLWK�D�QRQ�NLQHWLF�SULQFLSOH�RI�GDPDJH�bå�GXH�WR�
the lack of methods; 

å����b�([DPLQDWLRQ�RI�KRORJUDSKLF�VHFXULW\�LPD�JHV�DQG�WKHLU�HOHPHQWV�bå�WDNLQJ�
into account the lack of orders for this area of research and specialists in the system; 

å� ����b �([DPLQDWLRQ� RI� WKH� SUHVHQFH� RI� KDUPIXO� VXEVWDQFHV� LQ� WKH� HQYLURQ-
PHQW�b>��@��

å����b�([DPLQDWLRQ�RI�H[SORVLYH�VXEVWDQFHV��H[SORVLRQ�SURGXFWV�DQG�VKRWV��ZDV�
transferred from explosive technical examination to the examination of materials, 
substances and products under the expert specialty index 8.18 "Examination of ex-
SORVLYH�VXEVWDQFHV��H[SORVLRQ�SURGXFWV��VKRW��b>��@�

The aforesaid expert specialties are available in the List of the Ministry of Inter-
QDO�$IIDLUV�DQG�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFH�RI�8NUDLQH��,Q�DGGLWLRQ��LQ�WKH�VSHFL�HG�
lists, the type of forensic examination "Photographic, portrait and holographic imag-
HV��LV�LQGLFDWHG��DFFRUGLQJ�WR�ZKLFK��LQ�DGGLWLRQ�WR����b�([DPLQDWLRQ�RI�SKRWRJUDSKLF�
LPDJHV�DQG�WHFKQLFDO�PHDQV�RI�WKHLU�SURGXFWLRQ��DQG����b�,GHQWL�FDWLRQ�RI�D�SHUVRQ�
E\�DSSHDUDQFH�EDVHG�RQ�PDWHULDO� LPDJHV���WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�
DVVLJQHG�WR�H[SHUW�VSHFLDOW\����b�([DPLQDWLRQ�RI�KRORJUDSKLF�VHFXULW\�LPDJHV�DQG�
their elements".

7KH�IRUHQVLF�H[SHUW�TXDOL�FDWLRQ�LV�DVVLJQHG�WR�VSHFLDOLVWV�RI�VWDWH�VSHFLDOL]HG�
LQVWLWXWLRQV�RI���bH[SHUW�VSHFLDOWLHV�ZLWKLQ�WKH�VFRSH�RI�WHFKQLFDO�HQJLQHHULQJ�H[D�
mination, according to the List of the Ministry of Justice of Ukraine, the List of the 
0LQLVWU\�RI�,QWHUQDO�$IIDLUVbå����DQG�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFHbå���b�7DEOHb���). 
In the technical engineering examination, the expert specialty "Examination of tele-
communication systems (equipment) and means" is assigned under the index of ex-
pert specialty 10.17 to specialists of research institutions of forensic examinations 
of the Ministry of Justice of Ukraine and of the Expert Service of the Ministry of In-
ternal Affairs under the type of forensic examination "Telecommunications". At the 
VDPH�WLPH��VSHFLDOLVWV�RI�WKH�668
V�H[SHUW�XQLWV�XQGHU�WKH�VDPH�LQGH[�DUH�DVVLJQHG�
WKH�H[SHUW�VSHFLDOW\��([DPLQDWLRQ�RI�HOHFWURQLF�FRPPXQLFDWLRQV�b�7DEOHb���) under 
the type of forensic examination "Electronic Communications".
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Expert assessments in decision making: risks and safety

It should be noted, that certain types of forensic examinations are indicated only 
in the SSU List, namely: 

å�ê(OHFWURQLF�FRPPXQLFDWLRQVë��DFFRUGLQJ�WR�ZKLFK�H[SHUW�VSHFLDOWLHV������bê(OHF-
WURQLF�FRPPXQLFDWLRQV�H[DPLQDWLRQë�DQG��������bê'HWHUPLQDWLRQ�RI�WKH�JHRORFDWLRQ�
of an electronic device” are assigned; 

– “Radio equipment (radio-electronic means)”, according to which the expert spe-
cialty “Examination of radio equipment (radio-electronic means) of reception, pro-
cessing and transmission of information” is assigned under the index 10.26; 

– “Technological Engineering of critical infrastructure objects”, according to 
which the expert specialty “Examination of critical infrastructure objects” is assigned 
under the index 10.29.

At the same time, some types of examination are mentioned only in the List of the 
Ministry of Justice of Ukraine, namely: 

– "Water engineering", according to which the expert specialty "Examination of 
accidents on water transport" is assigned under the index 10.24; 

å��$YLD�HQJLQHHULQJ���DFFRUGLQJ�WR�ZKLFK�WKH�H[SHUW�VSHFLDOW\������b�([DPLQDWLRQ�
of aviation accidents and incidents" is assigned; 

å��+HDW�HQJLQHHULQJ��IRU�ZKLFK�WKH�H[SHUW�VSHFLDOW\������b�+HDW�HQJLQHHULQJ�H[-
amination" is assigned.

So, as regards the "Economic", "Transport and Commodity" examinations, "Mili-
WDU\�3URSHUW\��WKH�LQGH[HV�DQG�W\SHV�RI�H[SHUW�VSHFLDOWLHV��VSHFL�HG�LQ�WKH�LQYHVWLJDW-
ed Lists for these types of examinations, coincide (7DEOHb���).

It should be noted, that the expert specialty 12.1.1 "Examination of gaming 
equipment" is indicated only in the List of the SSU.

7KH�IRUHQVLF�H[SHUW�TXDOL�FDWLRQ�LV�DVVLJQHG�WR�VSHFLDOLVWV�RI�VWDWH�VSHFLDOL]HG�LQVWL-
WXWLRQV�RI��bH[SHUW�VSHFLDOWLHV�ZLWKLQ�WKH�VFRSH�RI�H[DPLQDWLRQ�LQ�WKH��HOG�RI�LQWHOOHF-
tual property, according to the List of the Ministry of Justice of Ukraine, the List of the 
0LQLVWU\�RI�,QWHUQDO�$IIDLUVbå����DQG�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFHbå���b�7DEOHb���). 
It should be noted, that only in the List of the Ministry of Justice of Ukraine there is 
no such type of forensic examinations "Topographies of integrated microcircuits". 

According to the List of the Security Service of Ukraine and the List of the Minis-
WU\�RI�,QWHUQDO�$IIDLUV��WKH�H[SHUW�VSHFLDOW\�����b�([DPL�QDWLRQ�UHODWHG�WR�WKH�WRSRJUD-
phies of integrated microcircuits" (7DEOHb�����LV�DVVLJQHG�WR�WKH�VSHFL�HG�W\SH�

In the List of the Ministry of Justice of Ukraine, unlike the List of the Ministry of 
Internal Affairs and the List of the Security Service of Ukraine, there is also no expert 
VSHFLDOW\�������b�([DPLQDWLRQ�UHODWHG�WR�DQLPDO�EUHHGV���$V�WR�WKH��3V\FKRORJLFDO���
"Military", "Historical-archaeological" examination, the indexes and types of expert 
specialties, indicated in the investigated Lists, coincide (7DEOHb���).
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$V�IRU�WKH�IRUHQVLF�DUW�H[DPLQDWLRQ��WKH�H[SHUW�VSHFLDOW\�����bê([DPLQDWLRQ�LQ�WKH�
�HOG�RI�SURWHFWLRQ�RI�SXEOLF�PRUDOVë�LV�PHQWLRQHG�LQ�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFH�RI�
Ukraine and the List of the Ministry of Internal Affairs. Specialists of research insti-
tutes of forensic examinations of the Ministry of Justice of Ukraine do not conduct 
research in this direction (7DEOHb���).

7KH�IRUHQVLF�H[SHUW�TXDOL�FDWLRQ�LV�DVVLJQHG�WR�VSHFLDOLVWV�RI�VWDWH�VSHFLDOL]HG�
LQVWLWXWLRQV�RI��bH[SHUW�VSHFLDOWLHV�ZLWKLQ�WKH�OLPLWV�RI�JHPRORJLFDO�H[DPLQDWLRQ��DF-
cording to the List of the Ministry of Justice of Ukraine, the List of the Ministry of 
,QWHUQDO�$IIDLUVbå���DQG�WKH�/LVW�RI�WKH�6HFXULW\�6HUYLFH�RI�8NUDLQHbå����7DEOHb���). 
Attention should be paid to such a type of forensic examination as “Gemological”. 

According to the List of the Security Service of Ukraine and the List of the Min-
istry of Internal Affairs, the expert specialty "Examination of precious, semi-pre-
cious and decorative stones" is assigned under the index 17.1. Instead, the List of 
WKH�0LQLVWU\�RI�-XVWLFH�RI�8NUDLQH�PHQWLRQV��YH�W\SHV�RI�H[SHUW�VSHFLDOWLHV�XQGHU�
LQGH[HV�GLIIHUHQW�IURP�WKH�DERYH��QDPHO\��������b�([DPLQDWLRQ�RI�SUHFLRXV�VWRQHV���
������b�([DPLQDWLRQ�RI�GLDPRQGV���������b�([DPLQDWLRQ�RI�SUHFLRXV�VWRQHV�RI�RUJDQ-
RJHQLF�RULJLQ���������b�([DPLQDWLRQ�RI�VHPL�SUHFLRXV�VWRQHV���������b�([DPL�QDWLRQ�RI�
decorative stones" (7DEOHb���).

In the List of the Ministry of Internal Affairs, there is no such type of forensic 
examinations as "Veterinary". According to the List of the SSU and the List of the 
0LQLVWU\�RI�-XVWLFH�RI�8NUDLQH��WKH�H[SHUW�VSHFLDOW\�����b�9HWHULQDU\�H[DPLQDWLRQ��LV�
assigned to this type (7DEOHb���).

Forensic experts who do not work in state specialized expert institutions con-
GXFW�H[SHUW�UHVHDUFK�ZLWKLQ���bW\SHV��VXEW\SHV��RI�IRUHQVLF�H[DPLQDWLRQb�WUDQVSRUW�
HQJLQHHULQJ��OLIH�VDIHW\��FRQVWUXFWLRQ�HQJLQHHULQJ��ODQG�HQJLQHHULQJ���UH�HQJLQHHU-
ing; computer; construction assessment; railway; land assessment; mining engineer-
ing; road engineering; telecommunications; electrical engineering; environmental 
engineering; land management; electric transport; technical condition of elevators; 
economic; commodity science; transport-commodity science; military property; in-
tellectual property (literary and artistic works; phonograms, videograms, programs 
(broadcasts) of broadcasting organizations; inventions and utility models; industrial 
samples; plant varieties; commercial (brand) names, trademarks (marks for goods 
DQG�VHUYLFHV���JHRJUDSKLFDO�VSHFL�FDWLRQV��FRPPHUFLDO�VHFUHWV��NQRZ�KRZ��DQG�LQ-
QRYDWLYH�SURSRVDOV��HFRQRPLF�LQ�WKH��HOG�RI�LQWHOOHFWXDO�SURSHUW\��SV\FKRORJLFDO��DUW��
JHPRORJLFDO��YHWHULQDU\��DFFRUGLQJ�WR���bH[SHUW�VSHFLDOWLHV��DVVLJQHG�WR�WKHP�DIWHU�
WUDLQLQJ�DQG�FHUWL�FDWLRQ�LQ�DFFRUGDQFH�ZLWK�WKH�5HJXODWLRQ�RQ�H[SHUW�TXDOL�FDWLRQ�
FRPPLVVLRQV�DQG�FHUWL�FDWLRQ�RI�FRXUW�H[SHUWV��DSSURYHG�E\�RUGHU�RI�WKH�0LQLVWU\�RI�
-XVWLFH�RI�8NUDLQHb>�@�
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Attention should be paid to the fact that the Law stipulates that only state spe-
cialized institutions carry out forensic expert activities related to the conduct of fo-
UHQVLF��IRUHQVLF�PHGLFDO�DQG�IRUHQVLF�SV\FKLDWULF�H[DPLQDWLRQVb>��@��

Therefore, in Ukraine, there is a monopoly on conducting forensic, forensic med-
ical and forensic psychiatric examinations only by experts of state specialized insti-
tutions, which leads to criticism, since the dependence of expert institutions on the 
departments, in the structure of which they are located, and in general, in high-pro-
�OH�FDVHV��HYHQ�RQ�SROLWLFDO�ZLOO�RI�WKH�SDUOLDPHQWDU\�JRYHUQPHQW�PDMRULW\��UHVXOWV�LQ�
the fact that judicial practice often received and receives biased opinions of experts, 
which usually cover up abuse or negligence, which was repea tedly established by the 
(XURSHDQ�&RXUW�RI�+5�LQ�DSSOLFDWLRQV�DJDLQVW�8NUDLQHb>��@�

2�b.DOX]KQD�FRPHV�WR�WKH�FRQFOXVLRQ�WKDW�GXH�WR�FRUSRUDWH�DQG�SROLWLFDO�LQWHUHVWV��
QRW�H[FOXGLQJ�WKH�FRUUXSWLRQ�FRPSRQHQW�DQG�DEXVH�RI�RI�FH��WKH�VWDWH�MXGLFLDO�H[SHUW�
PRQRSRO\�QHHGV�WR�EH�UHYLVHGb>��@��2WKHU�VFLHQWLVWV�DOVR�FODLP�VL�PLODU�REVHUYDWLRQV�
UHJDUGLQJ��FXVWRP���ELDVHG�FRQFOXVLRQV��ZKLFK�FRXUW�GHFLVLRQV�DUH�EDVHG�RQb>��@�

7KH�VSKHUH�RI�DFWLYLW\�RI�SULYDWH� IRUHQVLF�H[SHUWV�VKRXOG�EH�H[SDQGHGbå�WKH\�
should be given the right to conduct forensic examinations, which they do not cur-
rently have the right to conduct. This will create greater competition between the 
public and private sectors, improve the quality of expert examination, reduce the 
time, needed to conduct it, relieving the burden on state forensic expert institutions.

Thus, the most complete is the List of the main types of forensic examinations 
DQG�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�
assigned to specialists of the expert units of the SSU ()LJ�b���).

It should also be mentioned the List of the main types of forensic examinations 
DQG�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQV�RI�D�IRUHQVLF�H[SHUW�DUH�
assigned to specialists of the Main Expert Forensic Center of the State Border Ser-
YLFH�RI�8NUDLQH�>��@��ZKLFK�VSHFL�HV�RQH�W\SH�RI�IRUHQVLF�H[DPLQDWLRQV�å�WHFKQLFDO�
examination of documents and outlines three types of expert specialties:

åbH[DPLQDWLRQ�RI�GRFXPHQW�GHWDLOV��H[SHUW�VSHFLDOW\�LQGH[������
åbH[DPLQDWLRQ�RI�GRFXPHQW�PDWHULDOV��H[SHUW�VSHFLDOW\�LQGH[������
åbH[DPLQDWLRQ�RI�SULQWLQJ�IRUPV�DQG�RWKHU�PHDQV�RI�SURGXFLQJ�GRFXPHQWV��H[-

pert specialty index 2.3).
,Q�DGGLWLRQ�� WKH�TXDOL�FDWLRQV�RI�D� IRUHQVLF�H[SHUW�DUH�DVVLJQHG�WR�HPSOR\HHV�

of institutions that conduct forensic medical examinations in the following spe-
cialties: forensic medical examination, forensic histology, forensic toxicology, foren-
VLF�LPPXQRORJ\��IRUHQVLF�F\WRORJ\��IRUHQVLF�FULPLQRORJ\b>���b��@��7KH�TXDOL�FDWLRQ�
RI�D�IRUHQVLF�H[SHUW�DQG�TXDOL�FDWLRQ�FODVVHV�DUH�DOVR�DVVLJQHG�IRU�IRUHQVLF�SV\FKLD� 
WULF�H[SHUWVb>��@�
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)LJ������ The number of types of forensic examination and expert specialties, according  
WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHGb>�å��@
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7KH�H[LVWLQJ�FODVVL�FDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�E\�WKH��HOGV�RI�VSHFLDO�NQRZ�
ledge, used in their conduct, is outdated and does not meet modern requirements.  
7KLV�FUHDWHV�GLI�FXOWLHV�QRW�RQO\�IRU�IRUHQVLF�H[SHUWV�DQG�SHUVRQV�ZKR�ZLVK�WR�EH-
come them, but also for the court, participants in the legal process, and all citizens 
who are interested in obtaining the opinion of a forensic expert. After all, there is 
a need to determine the type of expert examination or check the conformity of the 
W\SH�RI�H[DPLQDWLRQ��LQGLFDWHG�LQ�WKH�FRQFOXVLRQ��ZLWK�WKH�W\SH�WKDW�ZDV�VSHFL�HG�LQ�
the decision on the involvement of an expert and the assignment of the exa mination; 
FRPSOLDQFH�RI�WKH�H[SHUW
V�VSHFLDOW\�ZLWK�WKH�W\SH�RI�IRUHQVLF�H[DPLQDWLRQ��FRQGXFW-
ed by him/her; conformity of the questions, posed to the expert and the conclusions, 
drawn to the subject of the type of examination that was assigned and conducted, as 
well as the specialty of the expert; compliance by experts with various specialties of 
WKHLU�FRPSHWHQFH�ZKHQ�FRQGXFWLQJ�D�FRPSUHKHQVLYH�H[D�PLQDWLRQ��HWF��7KH�FODVVL�-
cation of forensic examinations is related to cases where an expert goes beyond the 
limits of his/her specialty.

It is appropriate to pay attention to the fact that currently 17 working groups are 
ZRUNLQJ�HIIHFWLYHO\�LQ�WKH�(XURSHDQ�1HWZRUN�RI�)RUHQVLF�6FLHQFH�,QVWLWXWHVb�KHUHLQ-
DIWHUbå�(1)6,���FRQVLVWLQJ�RI�H[SHUWV�RI�D�VSHFL�F�H[SHUW�VSHFLDOW\��WUDFHV�RI�DQLPDOV��
SODQWV�DQG�VRLO��GLJLWDO�LPDJH��'1$��GRFXPHQWV��GUXJV��H[SORVLYH�VXEVWDQFHV���QJHU-
SULQW���UHDUPV�VKRW�PDUNV��H[DPLQDWLRQ�RI��UHV�DQG�H[SORVLRQV��IRUHQVLF�LQIRUPDWLRQ�
technologies; forensic speech examination and audio analysis; handwriting; labels; 
SDLQW��JODVV�DQG�ODEHOV��DQDO\VLV�RI�WUDI�F�DFFLGHQWV��FULPH�VFHQH��WH[WLOHV�DQG�KDLUb>��@�
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,QQRYDWLYH�WHFKQRORJLHV�ZHUH�RI�VLJQL�FDQW�LPSRUWDQFH�LQ�WKH�IRUPDWLRQ�DQG�GHYHO-
opment of forensic expert activity. In order to be adequate to modern risks, challeng-
HV�DQG�WKUHDWV�LQ�WKH��HOG�RI�VHFXULW\�RI�FLWL]HQV��OHJDO�HQWLWLHV�DQG�WKH�VWDWH��IRUHQVLF�
expert activity integrates the latest achievements of science and technology. That is 
ZK\�WKH�GHPDUFDWLRQ�RI�IRUHQVLF�H[DPLQDWLRQV�E\��HOGV�RI�VSHFLDO�NQRZOHGJH�RU�RWKHU�
FULWHULD�FDQQRW�EH�H[KDXVWLYH�LQ�FRQQHFWLRQ�ZLWK�WKH�UDSLG�VFLHQWL�F�DQG�WHFKQLFDO�SURJ-
UHVV��WKH�FRQVWDQW�LQWURGXFWLRQ�RI�LQQRYDWLYH�WHFKQR�ORJLHV�LQ�WKH��HOG�RI�IRUHQVLF�H[DP-
inations, and the systematic development of new methods and methodologies. This 
gives reason to predict the emergence of new expert specialties, types and subspecies, 
NLQGV��DQG�FODVVHV�RI�IRUHQVLF�H[D�PLQDWLRQV��7KH�H[LVWLQJ�FODVVL�FDWLRQ�FDQ�EH�VXSSOH-
mented with new types, kinds and even classes of forensic examinations as new private 
VFLHQWL�F�GLUHFWLRQV�DUH�HODERUDWHG�DQG�WKH�SUDFWLFH�RI�H[SHUW�H[DPLQDWLRQ�GHYHORSV�

���� &RQFOXVLRQV�DQG�SURVSHFWV�IRU�IXUWKHU�GHYHORSPHQW�LQ�WKLV�GLUHFWLRQ

According to the results of the conducted research, it should be noted, that there 
is a discrepancy between the types of forensic examination and expert specialties ac-
FRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG�LQ�WKH�GHSDUWPHQWDO�
lists. This leads to misunderstanding of the correspondence of expert specialties and 
their demarcation by customers of expert examinations.

:LWKRXW�WKH�XQL�FDWLRQ�RI�WKH�LQWHUGHSDUWPHQWDO�DSSURDFK�WR�WKH�FODVVL�FDWLRQ�
RI�IRUHQVLF�H[DPLQDWLRQV��LW�LV�GLI�FXOW�WR�DYRLG�HUURUV�WKDW�FDQ�FDXVH�WKH�LVVXDQFH�RI�
LOOHJDO�DQG�XQIRXQGHG�FRXUW�GHFLVLRQV��7KH�SUREOHP�RI�XQL�FDWLRQ�FDQ�EH�VROYHG�E\�
ZRUNLQJ�RXW�D�JHQHUDO�DSSURDFK�WR�WKH�FODVVL�FDWLRQ�RI�NLQGV�DQG�W\SHV�RI�IRUHQVLF�H[-
DPLQDWLRQV�ZLWK�FRQVROLGDWLRQ�LQ�DQ�LQWHUGHSDUWPHQWDO�QRUPDWLYHbDFW��ZKLFK�VKRXOG�
EH�EDVHG�RQ�WKH�FULWHULD�RI�WKH�JHQHUDO�WKHRU\�RI�IRUHQVLFbH[DPLQDWLRQ��7KH�FUHDWLRQ�
RI�D�PRGHUQ�XQL�HG�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�WKHLU�FRUUHVSRQGLQJ�H[-
SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�LV�DVVLJQHG��
can be considered as a strategic task, which, if successfully implemented, can open 
the way to solving many issues facing the expert community.

Expanding the sphere of activity of private forensic experts by giving them the 
right to conduct those forensic examinations, which they do not have the right to 
conduct today, will allow to create greater competition between the public and pri-
vate sectors, improve the quality of expert examination, shorten the terms of their 
conduct, relieving the burden on state forensic expert institutions.

Taking into account the fact that it is currently planned to provide opinions by ex-
SHUWV�LQ�HOHFWURQLF�IRUP��WKH�FUHDWLRQ�RI�D�IRUHQVLF�H[SHUW
V�RI�FH�DQG�LWV�LQWHJUDWLRQ�
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ZLWK�WKH�8QL�HG�-XGLFLDO�,QIRUPDWLRQ�DQG�7HOHFRPPXQLFDWLRQ�6\VWHPb�8-,76���WKH�
FUHDWLRQ�RI�D�PRGHUQ�XQL�HG�OLVW�RI�W\SHV�RI�IRUHQVLF�H[DPLQDWLRQV�DQG�WKHLU�FRUUH-
VSRQGLQJ�H[SHUW�VSHFLDOWLHV��DFFRUGLQJ�WR�ZKLFK�WKH�TXDOL�FDWLRQ�RI�D�IRUHQVLF�H[SHUW�
is assigned, is on the agenda.

The role of forensic examination continues to grow in the system of legal regu-
lation and law enforcement in society. With the emergence of new social relations, 
SURGXFWLRQ�WHFKQRORJLHV�DQG�VSKHUHV�RI�FRQVXPSWLRQ��WKH� LQIRUPDWLRQDO��HOG�RI�
proof for all categories of cases is constantly expanding and becoming more com-
plicated. The level of development of science, engineering and technology in gen-
HUDO��WKH�FRQVWDQW�H[SRQHQWLDO�JURZWK�DQG�FRPSOLFDWLRQ�RI�VFLHQWL�F�LQIRUPDWLRQ��
WKH�SURFHVVHV�RI�LQWHJUDWLRQ�DQG�GLIIHUHQWLDWLRQ�RI�VFLHQWL�F�NQRZOHGJH�DUH�RI�NH\�
importance for forensic expert activity. The appearance of new objects that did 
not exist before, or were transformed from already existing ones, as a result of the 
application of innovative technologies, contributes to the discovery of new prop-
erties and the manifestation of new signs of these properties, which, in turn, leads 
to the emergence of new expert specialties, types and subtypes, kinds, classes of 
forensic examinations.

&RQ�LFW�RI�LQWHUHVW�VWDWHPHQW

7KH�DXWKRUV�GHFODUH�WKDW�WKHUH�LV�QR�FRQ�LFW�RI�LQWHUHVW�LQ�UHODWLRQ�WR�WKLV�SDSHU��DV�
ZHOO�DV�WKH�SXEOLVKHG�UHVHDUFK�UHVXOWV��LQFOXGLQJ�WKH��QDQFLDO�DVSHFWV�RI�FRQGXFWLQJ�
WKH�UHVHDUFK��REWDLQLQJ�DQG�XVLQJ�LWV�UHVXOWV��DV�ZHOO�DV�DQ\�QRQ��QDQFLDO�SHUVRQDO�
relationships.
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Abstract

Analysis of white blood cells from blood can help to detect Acute Lymphoblas-
tic Leukemia, a potentially fatal blood cancer if left untreated. The morphological 
analysis of blood cells images is typically performed manually by an expert; however, 
this method has numerous drawbacks, including slow analysis, low precision, and the 
UHVXOWV�GHSHQG�RQ�WKH�RSHUDWRU
V�VNLOO��

:H�KDYH�GHYHORSHG�DQG�SUHVHQW�KHUH�DQ�DXWRPDWHG�PHWKRG�IRU�WKH�LGHQWL�FD-
WLRQ�DQG�FODVVL�FDWLRQ�RI�ZKLWH�EORRG�FHOOV�XVLQJ�PLFURVFRSLF�LPDJHV�RI�SHULSKHUDO�
blood smears. Once the image has been obtained, we propose describing it using 
brightness, contrast, and micro-contour orientation histograms. Each of these de-
scriptions provides a coding of the image, which in turn provides n parameters. The 
H[WUDF�WHG�FKDUDFWHULVWLFV�DUH�SUHVHQWHG�WR�DQ�HQFRGHU
V�LQSXW��7KH�HQFRGHU�JHQHUD�
tes a high-dimensional binary output vector, which is presented to the input of the 
QHXUDO�FODVVL�HU��

7KLV�SDSHU�SUHVHQWV�WKH�SHUIRUPDQFH�RI�RQH�FODVVL�HU��WKH�5DQGRP�7KUHVKROG�
&ODVVL�HU��7KH�FODVVL�HU
V�RXWSXW�LV�WKH�UHFRJQL]HG�FODVV��ZKLFK�LV�HLWKHU�D�KHDOWK\�FHOO�
or an Acute Lymphoblastic Leukemia-affected cell. As shown below, the proposed 
QHXUDO�5DQGRP�7KUHVKROG�&ODVVL�HU�DFKLHYHG�D�UHFRJQLWLRQ�UDWH�RI�����b��ZKHQ�WKH�
GDWD�KDV�SDUWLWLRQHG�RQ���b��WUDLQLQJ�VHW�DQG���b��WHVWLQJ�VHW�IRU��

Our system of image recognition is evaluated using the public dataset of periphe-
ral blood samples from Acute Lymphoblastic Leukemia Image Database. It is import-
ant to mention that our system could be implemented as a computational tool for 
detection of other diseases, where blood cells undergo alterations, such as Covid-19.

Airam Curtidor
Masuma Mammadova
Graciela Velasco Herrera
Tetyana Baydyk
Ernst Kussul

&+$37(5��

5HFRJQLWLRQ�RI�LPDJHV�RI�EORRG�FHOOV�XVLQJ�WH[WXUH�DQG�
QHXUDO�QHWZRUNV�WR�GLDJQRVH�OHXNHPLD
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.H\ZRUGV
Image processing, segmentation of microscopic images, cell analysis, detection of 

ZKLWH�EORRG�FHOOV��OHXNHPLD�FODVVL�FDWLRQ��QHXUDO�FODVVL�HUV�

���� ,QWURGXFWLRQ

$UWL�FLDO�,QWHOOLJHQFH��$,��LV�FXUUHQWO\�XVHG�LQ�D�ZLGH�YDULHW\�RI��HOGV��LQFOXGLQJ�
WKH�PHGLFDO��HOG��:LWK�WKH�DLG�RI�YDULRXV�$,�WHFKQLTXHV��VSHFLDOL]HG�VRIWZDUH�IRU�WKH�
HDUO\�GLDJQRVLV�RI�GLVHDVHV�FDQ�EH�GHYHORSHGb>�å�@�

In this study AI techniques are applied to analyze and recognize images captured 
by a microscope of human peripheral blood smear samples. A tool will be developed 
using computer vision and neural networks to help detect possible changes in the 
size and shape of the different blood cells, with a focus on lymphocytes, for the de-
WHFWLRQ�RI�$FXWH�/\PSKREODVWLF�/HXNHPLD��$//�b>�@��7KLV�WRRO�FRXOG�EH�XVHG�IRU�WKH�
detection of other diseases, where there are changes in the morphology of blood 
cells, for example, the analysis of peripheral blood offers valuable information in 
the hematology diagnostic process. The morphological assay can add information 
about the pathophysiology of COVID-19 disease and its progression. In this type of 
analysis, hematological abnormalities that occur in patients affected by severe viral 
pneumonia with clinical consequences that can end in multiple organ failure were 
GHWHFWHGb>�å�@�

A normal blood consists of three main components: red blood cells (erythro cytes), 
white blood cells (WBC) or leukocytes, and platelets. Leukocytes are easily distin-
guishable due to the fact that their nuclei are darker than the background. Granulo-
cytes are leukocytes containing granules, including neutrophils, basophils, and eosin-
ophils. Cells without granules are called mononuclear and include lymphocytes and 
monocytes, )LJ�b����ba. The percentage of lymphocytes in human blood ranges from 
��b��WR���b���DQG�WKHLU�VL]H�UDQJHV�IURP���WR����PLFURPHWHUV��7KH\�DUH�GLVWLQJXLVKHG�
by a round nucleus and poor cytoplasm. ALL affects a group of leukocytes called lym-
phocytes and is caused by the excessive production of immature white blood cells 
called lymphoblasts (also known as blastic cells), which inhibit the production of 
normal white blood cells. L1, L2, L3 are three classes of lymphoblasts shown in the 
)LJ�b����bb��,Q�GHWDLO�ZH�ZLOO�GHVFULEH�WKLV�O\PSKREODVWV�FODVVL�FDWLRQ�DQG�WKH�LPDJH�
GDWDEDVH�LQ�SDUDJUDSKb�����$//�O\PSKREODVWV�DUH�FKDUDFWHUL]HG�E\�DGGLWLRQDO�PRU-
phological alte rations that exacerbate the severity of the disease. In particular, lym-
phocytes have a regular shape and a compact nucleus with regular and continuous 
borders. In contrast, lymphoblasts have an irregular shape and contain small cavities 
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in the cytoplasm, called vacuoles, and spherical particles within the nucleus, called 
QXFOHROLb>�@��/HXFRF\WH�FODVVL�FDWLRQ�IRU�OHXNHPLD�GHWHFWLRQ�XVLQJ�,PDJH�3URFHVVLQJ�
7HFKQLTXHV��,37��ZDV�SURSRVHG�LQb>��@�

a

f g h i

b c d e

)LJ������ White blood cells (leukocytes): a–e comparison between various white blood  
cell types, including neutrophils, basophils, eosinophils, lymphocytes, and monocytes;  

f–i comparison between lymphocytes with ALL: a healthy lymphocyte followed  
E\�O\PSKREODVWV�FODVVL�HG�DV�/���/���DQG�/���UHVSHFWLYHO\b>�@

Cells in human blood can be counted using image processing techniques, which 
at the same time may provide information on cell morphology. A system for the au-
WRPDWLF�GHWHFWLRQ�RI�$//�DIIHFWHG�FHOOV�LV��UVW�EDVHG�RQ�LPDJH�DFTXLVLWLRQ�XVLQJ�D�
camera attached to a microscope. Then the image is subjected to preprocessing or 
image enhancement to eliminate noise or any factor that may interfere with the 
SHUIRUPDQFH�RI�WKH�VXEVHTXHQW�VWDJHV��$QG��QDOO\��WKH�VHJPHQWDWLRQ�SURFHVV�VWDUWV��
which consists of dividing an image into its constituent regions or objects. The most 
challenging task in image processing is the segmentation of complex images, such as 
blood cells, due to their complex nature and overlapping of these cells. Then from 
each cellular component, different characteristics, such as shape, color, and/or tex-
WXUH�DV�ZHOO�DV�WKHLU�FRPELQDWLRQV��PRVW�RI�ZKLFK�DUH�SUREOHP�VSHFL�F��DUH�H[WUDFWHG��
DQG�WKH�FODVVL�HU�ZLOO�GHWHFW�$//�DIIHFWHG�O\PSKRF\WHV�RU�QRW�IURP�WKLV�GDWD�

Various algorithms have been proposed for separating leukocytes and erythro-
F\WHV��DV�ZHOO�DV�WKHLU�FODVVL�FDWLRQ�DV�QRUPDO�RU�DEQRUPDO��EDVHG�RQ�FHUWDLQ�PRU-
phological characteristics of the cells, including the analysis of the nucleus in the 
FDVH�RI�OHXNRF\WHV��7KH�SUREOHP�RI�ZKLWH�EORRG�FHOO�LGHQWL�FDWLRQ�DQG�FODVVL�FDWLRQ�



39

Recognition of images of blood cells using texture  
and neural networks to diagnose leukemia

Chapter 2

LV�IRFXVHG�LQb>��@��7KH�SURSRVHG�V\VWHP��UVW�VHSDUDWHV�OHXNRF\WHV�IURP�RWKHU�EORRG�
FHOOV�LQ�WKH�EORRG�LPDJH��WKHQ�H[WUDFWV�PRUSKRORJLFDO�LQGLFHV��DQG��QDOO\�FODVVL�HV�WKH�
OHXNRF\WHV�XVLQJ�D�QHXUDO�FODVVL�HU�

7R�LPSURYH�WKH�LPDJH��ORZ�SDVV��DQG�EDQG�SDVV��OWHUV�DUH�DSSOLHG�WR�UHGXFH�QRLVH�
LI�WKH\�GR�QRW�KDYH�JRRG�LOOXPLQDWLRQb>��@��7KH�DXWKRUV�IRFXV�RQ�WKH�VHJPHQWDWLRQ�
SURFHVV�RI�EORRG�LPDJHV�WR�H[WUDFW�VLJQL�FDQW�SDUWV�RU�UHJLRQV�RI�LQWHUHVW�DQG�SUR-
pose an intuitionistic fuzzy set approach for optimal threshold selection based on 
histogram calculations. This method is then extended to perform multiple thresh-
olding to account for possible local variations in the image. The proposed method is 
evaluated on peripheral blood images to subdivide the various image components, 
where excellent segmentation and speed performance are demonstrated. 

Using active contour models that are initialized with morphological operators, cells 
DUH�VHJPHQWHG�LQb>��@��)XQFWLRQV�EDVHG�RQ�VKDSH�DQG�WH[WXUH�DUH�XVHG�IRU�FODVVL�FD-
WLRQ��'LIIHUHQW�FODVVL�HUV�DUH�HPSOR\HG��VXFK�DV�.�QHDUHVW�QHLJKERUV��OHDUQLQJ�YHFWRU�
quantization, multilayer perceptron and support vector machine. This automated 
differential blood counter system employs statistical and neural network-based clas-
VL�FDWLRQ�PHWKRGV�WR�WU\�WR�SHUIRUP�'LIIHUHQWLDO�%ORRG�&RXQWb�'%&��DXWRPDWLFDOO\��

An effective technique for automatically segmenting blood cell nuclei is described 
LQb>��@��7KH�WHFKQLTXH�LV�EDVHG�RQ�WKH�HQKDQFHPHQW�DQG��OWHULQJ�RI�JUD\VFDOH�FRQ-
trast. A minimum segment size is implemented to eliminate false objects. The tech-
nique is evaluated using 365 blood images. The segmentation performance is eval-
XDWHG�TXDQWLWDWLYHO\�DV�����b��RQ�WKH�WHVW�VHW��(DFK�RI�WKH��YH�QRUPDO�ZKLWH�EORRG�
cell types is evaluated individually to compare performance. The lowest segmenta-
WLRQ�SUHFLVLRQ�LV�IRU�HRVLQRSKLOV�DW�����b���DQG�WKH�KLJKHVW�LV�IRU�PRQRF\WHV�DW�����b���

A very detailed review of the different proposals reported in the literature on 
PHWKRGV�RI�VHJPHQWDWLRQ��H[WUDFWLRQ�RI�FKDUDFWHULVWLFV��DQG�FODVVL�FDWLRQ�RI�ZKLWH�
EORRG�FHOOV�RU�OHXNRF\WHV�LV�SUHVHQWHG�LQb>��@��

There is paper that focuses on white blood cell nucleus segmentation, which sep-
arates the nucleus from the cell body by utilizing a combination of automatic con-
WUDVW�VWUHWFKLQJ�VXSSRUWHG�E\�DULWKPHWLF� LPDJH�RSHUDWLRQV��PLQLPDO��OWHULQJ��DQG�
JOREDO�WKUHVKROGLQJ�WHFKQLTXHVb>��@��

An image processing technique for automatic blast number counting is proposed 
LQb>��@��8VLQJ�VHJPHQWDWLRQ�EDVHG�RQ�WKH�+69�FRORU�VSDFH��ZKLWH�EORRG�FHOOV��:%&��
are extracted from the background. A simple morphological operator, such as ero-
sion, plays a crucial role, particularly for overlapping cells. 

Various segmentation techniques, such as, Hough transform, thresholding tech-
niques, boundary-based segmentation, and region-based segmentation, have been 
SURSRVHG�WR�DFKLHYH�HI�FLHQW�DQG�DFFXUDWH�UHVXOWVb>��å��@��
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$�PHWKRG�IRU�VHJPHQWLQJ�FRORU�LPDJHV�LV�GHPRQVWUDWHG�LQb>��@��&RORU�LPDJHV�SUR-
vide a more accurate description of a scene than grayscale images because they are 
a richer source of information. 

$�V\VWHP�ZDV�SURSRVHG�LQ�ZKLFK�WKH��UVW�VHSDUDWHV�WKH�OHXNRF\WHV�IURP�WKH�RWKHU�
blood cells was made, then the lymphocytes (cells of interest to detect acute leuke-
mia) were selected, the morphological indices of those cells were evalua ted, and the 
SUHVHQFH�RI�OHXNHPLD��QDOO\�ZDV�FODVVL�HG��WKH�PRUSKRORJLFDO�LQGLFHV�LQ�WKUHH�VWHSV��
SURFHVVLQJ��UVW�WKH�PHPEUDQH��WKHQ�WKH�F\WRSODVP�DQG��QDOO\�WKH�QXFOHXV�ZHUH� 
H[WUDFWHGb>��@��

An instrument for segmenting and identifying red and white blood cells from an 
LPDJH�ZDV�SURYLGHGb>��@��7KLV�SURMHFW�XVHG�FRORU�EDVHG�VHJPHQWDWLRQ�ZLWK�L*a*b* 
(CIELAB) color space to perform segmentation. In this work, the accuracy ranges 
IURP���b��WR���b��GHSHQGLQJ�RQ�WKH�W\SH�RI�SURFHVVLQJ�XVHG�DQG�WKH�W\SH�RI�FHOOV�
being extracted. 

Tests on public datasets for leukemia detection, SMC-IDB, IUMS-IDB, and ALL-
,'%��ZHUH�FRQGXFWHG�DQG�DFKLHYHG�DQ�$//�FODVVL�FDWLRQ�DFFXUDF\�RI�����b�b>��@��7KLV�
research implements image processing techniques to automate the counting and 
FODVVL�FDWLRQ�RI�EORRG�FHOOV��VSHFL�FDOO\�ZKLWH�EORRG�FHOOV��DV�OHXNHPLD�DIIHFWHG�RU�
not. To better visualize the leukocytes in a blood image, they perform image prepro-
cessing, implement an algorithm that provides useful information about the location 
of candidate leukocytes, and segment the image into regions of interest using Ot-
VX
V�DOJRULWKP�DQG�WKH�ZDWHUVKHG�DOJRULWKP��7KHQ��WKH�FKDUDFWHULVWLFV�H[WUDFWLRQ�ZDV�
SHUIRUPHG�XVLQJ�D�FRQYROXWLRQDO�QHXUDO�QHWZRUNb�&11��WKDW�KDG�EHHQ�SUH�WUDLQHG��
IROORZHG�E\�ELQDU\�FODVVL�FDWLRQ��$//�DIIHFWHG�DQG�XQDIIHFWHG�OHXNRF\WHV��XVLQJ�D�
linear support vector machine. One of the ways to increase the accuracy and speed 
of recognition algorithms is to use a convolutional neural network (CNN). It was in-
WURGXFHG�D�&11�LQ�FRQMXQFWLRQ�ZLWK�D�.RKRQHQ�QHWZRUN��WKH��UVW�WR�SURYLGH�WKH�V\V-
WHP�ZLWK�WKH�DELOLW\�WR�GHWHFW�DQG�UHFRJQL]H�REMHFWV�DQG�WKH�VHFRQG�WR��QG�DUHDV�RI�
interest. The combination of the above methods allows to speed up the process of 
VHDUFKLQJ�DQG�UHFRJQL]LQJ�REMHFWV�LQ�LPDJHVb>������@�

7KHUH�DUH�GLIIHUHQW�SURSRVDOV�WR�GHWHFW�$//�XVLQJ�GLIIHUHQW�DUWL�FLDO�LQWHOOLJHQFH�
PHWKRGRORJLHV��7KH\�XVH�WKH�$//�,'%�GDWDEDVHb >��@��7KLV�GDWDEDVH� LV�SRSXODU�WR�
compare different methods and algorithms. We will analyze the results that were 
obtained with this image database.

There was proposed and developed the algorithms using image segmentation 
DQG�GDWD�PLQLQJ�DOJRULWKPV�DQG�VKRZHG�WKH�FODVVL�FDWLRQ�RI�WKH�DFXWH�O\PSKREODVWLF�
leukemia into its three respective categories namely: L1, L2, L3, achieved an overall 
DFFXUDF\�RI�����b�b>��@��7KH�VHJPHQWDWLRQ�SURFHVV�LV�DXWRPDWLF�XVLQJ�.�PHGRLGV�
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algorithm, they extracted the cytoplasm from the images without involving manual 
cropping procedure. Their approach is based on extracting shape, visual and texture 
features like area cytoplasm, area nucleus, nucleus-cytoplasm relation, size of the 
EODVW��YDFXROHV��HQWURS\�DQG�FRQWUDVW�RI�WKH�LPDJH��DPRQJ�RWKHUV��)RU�FODVVL�FDWLRQ�
DQG�SUHGLFWLRQ��WKH�5DQGRP�)RUHVW��5)��DOJRULWKP�SUHVHQWHG�WKH�EHVW�UHVXOWVb>��@��

,W�ZDV�XVHG�IX]]\�F�PHDQV��)&0��FOXVWHULQJ�IRU�QXFOHL�VHJPHQWDWLRQb>��@��7KH\�
H[WUDFWHG���YH�JHRPHWULFDO�IHDWXUHV��DUHD��SHULPHWHU��VROLGLW\��HFFHQWULFLW\�DQG�H[-
tent) and, 36 statistical features (mean, standard deviation, energy, entropy, skew-
ness and kurtosis) are calculated from the image histogram of the red, green and 
blue, plus the hue, saturation and enhanced value channels from the pixels located 
in nuclei, respectively. In this way they obtained 41 components and selected 13 of 
WKH�EHVW�IHDWXUHV��)RU�WKH�FODVVL�FDWLRQ�RI�/���/���/���QRUPDO��UHDFWLYH�DQG�DW\SLFDO�
FHOOV��5)�FODVVL�HU�ZDV�DSSOLHG�DQG�UHVXOW�ZDV�LQ���b��DFFXUDF\��7KH\�SURSRVH�LQ�WKH�
future, in addition of nuclei, segmentation of cytoplasm and extraction its features to 
LPSURYH�DFFXUDF\�RI�WKHLU�V\VWHPb>��@��

It was proposed a hybrid model based on deep convolutional neural net-
ZRUNVb�&11V��DQG�D�GHHS�UHVLGXDO�QHWZRUN�QDPHG�5HV1HW����9�b>��@��WR�SUHGLFWb$//��
They trained the deep residual network using the optimized hyperparameters by 
genetic algorithms (GA), reaching higher performance against ap proaches without 
RSWLPL]DWLRQ�DQG�RSWLPL]DWLRQ�XVLQJ�UDQGRP�VHDUFK�DQG�%D\HVLDQ�DOJRULWKPVb>��@��
7KH�UHVXOWV�VKRZ�WKDW�WKH�*$�RSWLPL]DWLRQ�LPSURYHV�WKH�DFFXUDF\�RI�WKH�FODVVL�HU��
REWDLQLQJ������b���

A novel deep learning framework (DLF) based on convolution neural network 
ZDV�SURSRVHGb>��@��7KH�DXWKRUV�GLG�WZR�H[SHULPHQWV��LQ�RQH�RI�WKHP�WKH\�REWDLQHG�
�����b��ZKHQ�WKH�GDWD�KDV�EHHQ�SDUWLWLRQHG�RQ�WUDLQLQJ�DQG�WHVWLQJ�VHWV�DV���b�� 
DQG���b���DQG�LQ�WKH�VHFRQG�H[SHULPHQW�WKH\�REWDLQHG������b��ZKHQ�WKH�GDWD�KDV�
EHHQ�SDUWLWLRQHG�DV�WUDLQLQJ�DQG�WHVWLQJ�LPDJHV�DV���b��DQG���b���

It was proposed an improved Adaptive Network-Based Fuzzy Inference Sys-
tems (ANFIS) model to predict leukemia data using an Euclidean distance to mea-
VXUH�EHWZHHQ�WKH�WUDLQHG�IHDWXUH�GDWD�DQG�WKH�WHVW�IHDWXUH�GDWDb>��@��$Q�,PSURYHG�
Adaptive Neuro-Fuzzy Neural Network (ANFNN) is also introduced, which helps the 
input space be partitioned into many local regions by the fuzzy clustering, in which 
the computation complexity is decreased and, based on both the separation and the 
compactness among the clusters, the fuzzy rule number is determined by the validity 
IXQFWLRQ��,PSURYHG�$1),6�REWDLQHG�WKH�EHVW�DFFXUDF\�RI������b���

&ODVVL�FDWLRQ�RI�ZKLWH�EORRG�FHOOV� LQWR�KHDOWK\�DQG�XQKHDOWK\�XVLQJ�6XSSRUW�
9HFWRU�0DFKLQH��690��OHDUQLQJ�PRGHO�ZDV�SUHVHQWHG�LQb>��@��,PDJH�IHDWXUHV�DUH�
extracted with transfer learning approach of deep convolutional neural network 
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using AlexNet pretrained model. AlexNet is an eight layered convolutional neu-
ral network. This model is introduced by Alex Krizhevsky at University of Toron-
WR�LQ�����b>��@��7KLV�DSSURDFK�YDOLGDWHV�WKH�SURFHVV�RI�GLVFULPLQDWLQJ�ZKLWH�EORRG�
cells into healthy and acute lymphoblastic leukemia affected unhealthy cells with 
�����b��RI�DFFXUDF\��

A computer-aided automated diagnosis system for detection of acute lympho-
EODVWLF�OHXNHPLD��$//��XVLQJ�GHHS�OHDUQLQJ�PRGHOV�LV�GLVFXVVHG�LQb>��@��$�SUHWUDLQHG�
AlexNet model is deployed for performing this task. The work implemented in this 
paper does not require any preprocessing, the raw image is fed in this mo del for 
SHUIRUPLQJ�ERWK�IHDWXUH�H[WUDFWLRQ�DQG�FODVVL�FDWLRQ�WDVN��7KLV�SURSRVHG�PHWKRG�
DFKLHYHV�DQ�DFFXUDF\�RI���b��

A micro-pattern descriptor, called Local Directional Number Pattern (LDNP) along 
with Multi-scale Weber Local Descriptor (MWDT) for feature extraction task to de-
WHUPLQH�FDQFHURXV�DQG�QRQFDQFHURXV�EORRG�FHOOV�DUH�GLVFXVVHG�DQG�SUHVHQWHG�LQb>��@��

It was applied different individual and combined feature extraction methods, and 
IHG�LQWR�WKH�PDFKLQH�OHDUQLQJ�FODVVL�HUV��'HFLVLRQ�7UHH��(QVHPEOH��.�1HDUHVW�1HLJK-
ERUV��1DLYH�%D\HV��DQG�5)��DQG�SUHVHQWHG�DQ�DYHUDJH�FODVVL�FDWLRQ�DFFXUDF\������b��
XVLQJ�(QVHPEOH�FODVVL�HU��

We can summarize the introduction with a conclusion regarding the relevance 
of this issue, based on a review of tasks, approaches and methods for medical im-
DJH�UHFRJQLWLRQ�DQG�FODVVL�FDWLRQ��7KH�WDVN�RI�PHGLFDO�LPDJHV�UHFRJQLWLRQ�LV�DFWXDO� 
and important. 

���� 0DWHULDOV�DQG�PHWKRGV

Currently, there are various approaches and methods to solve the task of med-
ical images recognition which are closer to our approach.

The k-means clustering algorithm for segment the images. Based on the colour, 
texture and shape the image pixels are grouped as three clusters. The texture fea-
tures were extracted as Grey Level Co-Occurrence Matrix (GLCM) and Local Binary 
3DWWHUQ��/%3��DUH�XVHG�LQb>��@��6XSSRUW�YHFWRU�PDFKLQH��690��ZLWK�*DXV�VLDQ�UDGLDO�
EDVLV�IXQFWLRQ��5%)��DV�NHUQHO�LV�XVHG�IRU�FODVVL�FDWLRQ��7KH\�REWDLQHG�DQ�DFFXUDF\�RI�
����b��IRU�$//�,'%��GDWDEDVH�

6R��ODVW�\HDUV
�DFWLYH�DWWHQWLRQ�RI�VFLHQWLVWV�DQG�HQJLQHHUV�LV�DWWUDFWHG�WR�WKH�SURE-
OHP�RI�DXWRPDWLF�UHFRJQLWLRQ�DQG�FODVVL�FDWLRQ�RI�EORRG�FHOOV�IRU�GLIIHUHQW�W\SHV�RI�
diseases. Analysis of WBC from blood can help to detect ALL, COVID-19 disease or 
other illness. 
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:H�KDYH�SURSRVHG�DQ�DXWRPDWHG�PHWKRG�IRU�WKH�LGHQWL�FDWLRQ�DQG�FODVVL�FDWLRQ�
of white blood cells using microscopic images of peripheral blood smears and neural 
5DQGRP�7KUHVKROG�&ODVVL�HU��57&���

7KH��UVW�DSSOLFDWLRQ�RI�WKH�57&�IRU�PHGLFDO�LPDJH�UHFRJQLWLRQ�ZDV�UHDOL]HG�IRU�
&KDJDV�UHFRJQLWLRQb>�����@��&KDJDV�GLVHDVH�LV�FDXVHG�E\�WKH�Trypanosoma cruzi par-
asite and affects both humans and domestic animals, and the vector for introduc-
tion into the human body is a bedbug. This insect usually lives in gardens, jungles and 
HVSHFLDOO\�RQ�WKDWFKHG�URRIV�DQG�GLUW��RRUV��,Q�)LJ������ba we present the sample of 
infected tissue.

)LJ������ Tissue with Chagas: abå�LQIHFWHG�WLVVXH��bbå�PDUNHG�LPDJH

At our disposal we have a set of 10 images with tissue damaged by Chagas disease 
LQ�%03�IRUPDW��%LWPDS��ZLWK�D�UHVROXWLRQ�RI���������SL[HOV�DQG�D�VL]H�RI����b.%�

As inputs for our neural RTC classifier we used texture features. Texture fea-
tures algorithm was developed on the base of calculation of histograms of bright-
QHVVb�DQDO\VLV�RI�HYHU\�SL[HO���FRQWUDVW��DQDO\VLV�RI�WZR�DGMDFHQW�KRUL]RQWDO�RU�YHUWL-
cal pixels and calculation of their brightness differences), and contour orien tations 
(analysis of four, 9 or 16 adjacent pixels). The orientation of contours on the image 
can be calculated with help of Schwartz (Paragraph 2.2.1), Sobel, or Roberts algo-
ULWKPVb>������@��2Q�WKH�EDVH�RI�WKHVH�UHVXOWV��ZH�FDQ�FDOFXODWH�KLVWRJUDPV�RI�FRQWRXU�
orientations.

7KH�WUDLQLQJ�DQG�YDOLGDWLRQ�RI�WKH�V\VWHP�ZDV�FDUULHG�RXW�XVLQJ�D�EDVH�RI���bLP-
ages: 5 of which were used for training and 5 were used for recognition. The best 
UHFRJQLWLRQ�SHUFHQWDJH�ZDV������b��
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������ &DOFXODWLRQ�RI�WKH�FRQWRXU�RULHQWDWLRQ�RQ�DQ�LPDJH

To calculate the orientation of contours in the image, we used the algorithm, ba- 
VHG�RQ�6FKZDUW]
Vb>��@�SDWHQW�IRU�DQDORJRXV�HOHFWURQLF�VFKHPDWLFV��:H�KDYH�DGDSWHG�
his proposal for computer calculations.

This algorithm works on square arrays of four adjacent pixels whose brightness 
is known ()LJ�b���).

X1 X2

X3 X4

)LJ������ Four pixels for analysis

The algorithm has several steps:
��b:H�FKRRVH�IRXU�SL[HOV��(DFK�YDOXH�IURP�X1 to X4 corresponds to a brightness 

value, this value can go from 0 to 255 (in case eight bits are used for encoding).
��b7ZR�QHZ�YDULDEOHV�RI�Y1 and Y2 are used; these values correspond to the sum 

of the brightness values diagonally ()LJ�b���).
Therefore, the following equations are obtained:

Y1 = X1+X4, (2.1)

Y2 = X2+X3.

X1 X2

X3 X4

)LJ������ Diagonal elements

��b$GGLWLRQDOO\��D�YDOXH�IRU�D�FRQVWDQW�C is chosen (for this task a constant value 
of 10 is used). 
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This value is experimental and the one that will work as an indicator of whether 
or not there is any contour in this place.

If Y1–Y2>C, outline does not exist and we have to analyze the next four pi-
[HOVb �VWHSb���

If Y1–Y2�C, the contour can exist and we have to calculate the angle of its orien-
WDWLRQ��VWHSb���

��b1RZ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�YDOXHV�RI�WKH�SL[HOV�LV�FDOFXODWHG�GLDJRQDOO\��
and they are assigned to the variables δ1 and δ2:

δ1 = X1–X4, (2.2)

δ2 = X2–X3.

��b1RZ�WKH�PLQLPXP�YDOXH�DQG�WKH�PD[LPXP�YDOXH�RI�WKH�DEVROXWH�YDOXHV�RI�WKH�
variables δ1 and δ2 are established and are assigned to variables θ1 and θ2, respectively:

θ1 = min(|δ1|, |δ2|), (2.3)

θ2 = max(|δ1|, |δ2|).

��b)URP�WKH�DEVROXWH�YDOXHV�RI�WKHVH�GLIIHUHQFHV��WKH�PD[LPXP�DQG�PLQLPXP�DUH�
obtained and we make the quotient:

Y =
θ

θ

1

2

. (2.4)

Value of Y will always be less than 1.
��b7DEOH���� indicates eight octants. According to the signs of the parameters δ1, 

δ2, and |δ1|–|δ2|. 7DEOHb��� is established, which will indicate the interval in which 
the contour orientation angle is found.

7DEOH����� &DOFXODWLRQV�RI�DQJOH�RULHQWDWLRQV

ϕ 0
4

,
π





π π
4 2

,






π π
2

3

4
,







3

4

π
π,







π
π

,
5

4







5

4

3

2

π π
,







3

2

7

4

π π
,







7

4
2

π
π,







Y

δ1 + + + – – – – +

δ2 – + + + + – – –

|δ1|–|δ2| + + – – + + – –
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Depending on the combination of signs, the value of Y will be added or subtracted 
from the dividing line corresponding to π/4, 3π/4, 5π/4 or 7π/45, depending on the 
case indicated in the 7DEOHb���.

Example:
��bDGMDFHQW�SL[HOV�

12

34

Therefore: 

X1 = 4, X2 = 3 and X3 = 2, X4 = 1;

��bLW�LV�FDOFXODWHG�Y1 = X1+X4 =  4+1 = 5, Y2 = X2+X3 = 3+2 = 5;
��bLW�LV�FRPSDUHG�ZLWK�WKH�YDOXH�RI�WKH�FRQVWDQW�C (for this case it is 10). In this case 

the values of Y1 = 5 and Y2 = 5 show that the contour exists;
��bWKH�YDOXHV�RI�δ1 and δ2:

δ1 = X1–X4 = 4–1 = 3, δ2 = X2–X3 = 3–2 = 1;

��bWKH�PD[LPXP�DQG�PLQLPXP�RI�δ1 and δ2 are θ1 and θ2:

θ1 = 3; θ2 = 1;

��b7KH�YDOXH�RI�Y is calculated:

Y = 1/3.

By using 7DEOHb ��� and based on the conditions obtained, that is, the signs 
of δ1, δ2, and |δ1|–|δ2|, that all three have "+" we are in the second octant. In this 
case, since all the signs of our variables are positive, we can deduce that the ori-
entation of the contour is between π/4 and π/2. The actual value is calculated as 
π/4+Y = 0.785+0.33 = 1.115 radians.
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������ 2WKHU�DOJRULWKPV�RI�WH[WXUH�UHFRJQLWLRQ

Other algorithms were developed for calculating texture characteristics on the 
LPDJH�DQG�WHVWHGb>��@��,W�ZDV�SURSRVHG�DQ�DOJRULWKP�IRU��QGLQJ�D�VHW�RI�WH[WXUH�IHD-
tures characterizing the most homogeneous texture area of an input image. The 
found set of features was intended for extraction of this segment. The algorithm, de-
YHORSHG�E\�$�b*ROWVHY��SURFHVVHG�DQ\�LQSXW�LPDJHV�LQ�WKH�DEVHQFH�RI�DQ\�SUHOLPLQDU\�
information about the images and, accordingly, without any learning. 

The essence of the algorithm is as follows. The image is covered with a number 
of test windows. In each of them, a degree of texture homogeneity is measured. The 
test window with maximal degree of homogeneity is determined and a representa-
tive patch of pixels is detected. The texture features extracted from the detected 
representative patch is considered as those that best characterize the most homo-
geneous texture segment. The example of work of the developed algorithm is pre-
sented in )LJ�b���.

a b c

)LJ������ Textures of black cat and tree:   
Ee×�original image; bbå�FDW�WH[WXUH��cbå�WUHH�WH[WXUHb>��@

The proposed algorithm facilitated solution of the texture segmentation task by 
providing a segmentation technique with helpful additional information about the 
analyzed image. The computer program was tested on natural grayscale images.

The other texture algorithm was developed on the base of calculation of histo-
grams of brightness, contrast, and contour orientations. We calculated the bright-
ness, contrast, and contour orientation histograms of the images and use them as 
IHDWXUHV�DQG�LQSXWV�WR�WKH�5DQGRP�6XEVSDFH�&ODVVL�HU��56&��QHXUDO�FODVVL�HU��2XU�
recognition system is based on a special neural network, the RSC that is the version 
of RTC. The only difference of the RSC from the RTC is that not all input parameters 
are involved in the operation of the system. From the entire set of input parameters, 
a subset is selected for each block. 
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This study was to develop and test a recognition system for the Colorado potato 
beetles (example is presen ted in )LJ�b�����RQ�WKH�SODQWVb>��@��7KLV�WDVN�LV�YHU\�LPSRUW-
ant for localizing the beetles and reducing the pesticide volume used to protect the 
harvest. We employ a beetle image dataset representing different beetle positions 
and varying numbers of beetles. These ima ges were collected from the Internet. We 
REWDLQHG�WKH�EHVW�UHFRJQLWLRQ�UDWH�RI���b��

a b

)LJ������ Examples of Colorado beetle images: abå�RULJLQDO�LPDJHV�� 
bbå�PDUNHG�LPDJHV�IRU�56&

7KLV�LQYHVWLJDWLRQ�ZDV�FRQWLQXLQJ�IRU�0H[LFDQ�EHHWOHVè�UHFRJQLWLRQb>��@�
7KH�DLP�RI�WKLV�VWXG\�LV�WR�GHYHORS�D�PHWKRG�IRU�DXWRPDWHG�FODVVL�FDWLRQ�RI�EORRG�

cell images for the diagnosis of various diseases, which allows increasing the recog-
nition rate in the diagnosis of diseases. To achieve the goal, the following tasks are 
required:

åbGHYHORSPHQW�RI�DOJRULWKPV�RI�IHDWXUH�H[WUDFWLRQ�IURP�LPDJHV�
åbGHYHORSPHQW�RI�QHXUDO�QHWZRUNV�DV�HOHPHQW�RI�GHFLVLRQ�PDNLQJ�
åbSURJUDPPLQJ�RI�WKH�DOJRULWKPV�RI�IHDWXUH�H[WUDFWLRQ�IURP�LPDJHV�DQG�QHXUDO�

network method;
åbWHVWLQJ�WKHP�RQ�VHOHFWHG�LPDJH�GDWDEDVH�
The main hypothesis of the study is based on our experience in development of 

QHXUDO�FODVVL�HUV��
:H�GHYHORSHG�GLIIHUHQW� W\SHV�RI�QHXUDO�FODVVL�HUV�DV�57&��/LPL�WHG�5HFHSWLYH�

$UHD�&ODVVL�HU��/,5$���3HUPXWDWLRQ�&RGLQJ�1HXUDO�&ODVVL�HU��3&1&��
Assumptions accepted in the work are the following:
åbZH�FDQ�H[WUDFW�GLIIHUHQW�IHDWXUHV�RI�WKH�LPDJHV�RI�WKH�EORRG�DV�IURP�SDWLHQWV�

with diseases and from images of healthy persons; 
åbQHXUDO�QHWZRUN�FDQ�EH�WUDLQHG�DQG�DIWHU�WKDW�FDQ�EH�XVHG�WR�UHFRJQL]H�QHZ�LP-

ages of blood cells.
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���� 0HWKRGRORJ\

������ 7H[WXUH�UHFRJQLWLRQ�LQ�EORRG�VPHDU�LPDJHV

The task of image recognition of lymphocytes affected by ALL consisted from 
VHYHUDO�VWHSV��7KH��UVW�VWHS�UHTXLUHV�VHOHFWLQJ�WKH�FHOOV�WKDW�DUH�DIIHFWHG�E\�WKH�GLV-
HDVH��$�W\SLFDO�EORRG�LPDJH�FRQVLVWV�RI�WKUHH�FRPSRQHQWV��UHG�EORRG�FHOOVb�HU\WKUR-
F\WHV���OHXNRF\WHV��DQG�SODWHOHWV��7KHUHIRUH��ZH�ZLOO�IRFXV�RQ�OHXNRF\WHV��VSHFL�FDOO\�
lymphocytes. )LJ�b����GHSLFWV�D�VDPSOH�LPDJH�IURP�WKH�$//�,'%��GDWDEDVHb>��@�FRQ-
taining four healthy cells from patients without ALL and four probable blast cells. 
The second step includes the calculation of texture features. The third step includes 
WKH�WUDLQLQJ�RI�QHXUDO�FODVVL�HU�

a b c d

e f g h

)LJ������ Images from the ALL-IDB2 database: a–d present healthy cells from  
patients without ALL; e–h�SUHVHQW�SUREDEOH�O\PSKREODVWV�IURP�SDWLHQWV�ZLWK�$//b>��@

The method of French-American-British co-operative group (FAB) is used in 
PHGLFLQH�IRU�D�ORQJ�WLPH�WR�FODVVLI\�D�FHOO�DV�D�EODVW�RU�QRUPDOb>��@��7KH�)$%�FODVVL�FD-
tion for acute lymphoblastic leukemia is divided into three categories:

/���Lymphoblasts are small and homogeneous. The nuclei are round and re gular 
with little cleavage and discrete nucleoli. The cytoplasm is scant and usually without 
vacuole.
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/���Lymphoblasts are massive and diverse. The nuclei are irregular and frequent-
ly cleft. Nucleoli are present. The cytoplasm may contain vacuoles, and its volume is 
variable but typically abundant.

/���Lymphoblasts range in size from moderate to large and are homogeneous. 
One or more prominent nucleoli are present. The shape of the nuclei is regular and 
round-oval. The cytoplasm is moderate in volume and contains numerous prominent 
vacuoles.

Some characteristics of lymphocytes and lymphoblasts are as follows:
åbD�O\PSKREODVW�LV�DSSUR[LPDWHO\���å��bµm in size, while a mature lymphocyte 

is about 17–20 µm;
åbD�O\PSKREODVWV�KDYH�D�QXFOHDU�WR�F\WRSODVPLF�UDWLR�RI������ZKLOH�O\PSKRF\WHV�

have a ratio of 2:1;
åbD�O\PSKREODVWV�FRQWDLQ��å��QXFOHROL��ZKHUHDV�PDWXUH�O\PSKRF\WHV�ODFN�QXFOHROL�
åbLQ�FRQWUDVW�WR�O\PSKREODVWV��WKH�FKURPDWLQ�RI�O\PSKRF\WHV�LV�GHQVH�DQG�FOXVWHUHG�
åbD�O\PSKREODVW�F\WRSODVP�LV�GHYRLG�RI�JUDQXOHV��ZKHUHDV�IHZ�D]XURSKLOLF�JUDQ-

ules are present in lymphocytes;
åbWKH�VWDLQHG�O\PSKREODVW�F\WRSODVP�WXUQV�PHGLXP�EOXH�ZLWK�D�GDUN�EOXH�ERUGHU��

whereas the stained lymphocyte cytoplasm turns light blue.
In terms of area, perimeter, texture, circularity, and nucleus-cytoplasm ratio, 

7DEOHb��� depicts the morphological characteristics of affected and normal cells for 
GLDJQRVLQJ�$//b>�@�

7KHUHIRUH�� WKH� ORFDO�FKDUDFWHULVWLFV�RI� WKH�EORRG� LPDJHV�DUH�H[WUDFWHG��UVW� LQ�
terms of texture. For this purpose, the following structure of the proposed texture 
recognition system is presented in )LJ�b���.

7DEOH����� 0RUSKRORJLFDO�FKDUDFWHULVWLFV�IRU�$//�GLDJQRVWLFb>�@

&KDUDF�
teristic

/� /� /� Normal 0DWKHPDWLFDO�UHODWLRQ

Cell size Small Large Large ��å��bµm Area and perimeter

Cell  
chromatin

Fine or 
grume

Fine Fine Dense and 
clumped

Texture from  
histograms

Nucleus 
shape

Regular, may 
have inden-

tations

Irregular, 
may have 

indentations

Regular, 
oval or 
round

Regular 
without in-
dentations

Area, circularity and 
nucleus-cytoplasm 

relation

Nucleolus Does not 
distinguish

One or 
more, big 

prominent

One or 
more, big 

prominent

Without 
nucleolus

Texture from  
histograms

Cyto-
plasm

Scarce Moderately 
abundant

Abundant Normal Area and  
nucleus-cytoplasm 

relation
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)LJ������ 57&�FODVVL�HU
V�VWUXFWXUH

The extracted characteristics are presented to the input of the encoder. The en-
coder generates the output binary vector, which is then presented to the input of the 
VLQJOH�OD\HU�QHXUDO�FODVVL�HU��DQG���QDOO\��WKH�FODVVL�HUèV�RXWSXW�SURYLGHV�WKH�UHFRJQL]HG�
FODVV��ZKLFK�LQ�WKLV�FDVH�FRQVLVWV�RI�WZR�FODVVHV��KHDOWK\�FHOO��DQG�DIIHFWHG�FHOOb>����������@�� 
In 7DEOHb���� WKH�PRUSKRORJLFDO�FKDUDFWHULVWLFV� IRU�$//�GLDJQRVWLF�DUH�SUHVHQWHGb >�@�

������ &KDUDFWHULVWLF�H[WUDFWRU

This module is based on the image processing procedure. It will provide us with 
the necessary information to distinguish a leukocyte from the other cells in the pe-
ripheral blood image, as well as the characteristics that distinguish a lymphocyte from 
a lymphoblast. This system includes color, texture, and border characteristics repre-
sented through their histograms, and these characteristics are obtained from the nu-
cleus of every lymphocyte or lymphoblast discovered by the system. To achieve this, 
an initial image is scanned by moving a (20×20)-pixel window with a 10-pixel step. 
Three brightness, contrast, and contour orientation histograms were calculated for 
each window. Each histogram consists of 16 components, for a total of 48 compo-
nents or features that will comprise the input vector (X1�bð�bXn��IRU�WKH�57&�FODVVL�HU�

������ &KDUDFWHULVWLF�HQFRGHU

The characteristic encoder converts the extracted properties given by the pro-
perty or characteristics extractor into a binary vector. Encoding then creates a binary  
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vector (b1�bð�bbs) for each characteristic vector (X1�bð�bXn). This vector is presented to 
WKH�FODVVL�HU
V�QH[W�OD\HU��7KH�SURSRVHG�QHXUDO�FODVVL�HU�KDV�WKH�+HEELDQ�WUDLQLQJ�
rule as a one-layer perceptron.

������ 5DQGRP�7KUHVKROG�&ODVVL�HU��57&�

,W�LV�SURSRVHG�D�QHXUDO�FODVVL�HU�ZLWK�KLJK�SHUIRUPDQFH�ERWK�LQ�WUDLQLQJ�DQG�SUR-
FHVVLQJ��5DQGRP�7KUHVKROG�&ODVVL�HU��57&��LV�WKH�QDPH�RI�WKLV�FODVVL�HUb>��å��@��
The basic idea is to create multilayer perceptrons with a single layer of training con-
QHFWLRQV��ZKLFK�DOORZV�D�UDSLG�WUDLQLQJ�UDWH��3ODFLQJ�DGGLWLRQDO�QRQ�PRGL�DEOH�OD\HUV�
of connections and binary neurons that allow nonlinear transformations of spatial 
input parameters to binary spatial parameters with extremely high dimensions im-
proves image recognition accuracy.

The RTC structure is depicted in )LJ�b���. The network structure is comprised by s 
similar blocks with a neural output in each (b1�bð�bbs) block. A complete set of (X1�bð�bXn) 
FKDUDFWHULVWLFV�VXSSOLHV�HDFK�EORFN
V�LQSXWV�

1

S

JX1

c1 l1j

h1j

c2

X1

Xn

XnX1

Xn

cm

bj

lnj

hnj

anj

a1j

a b

)LJ������ 57&�QHXUDO�FODVVL�HU��Ee×�the whole structure; Fe×�structure of one block

Each Xi characteristic feeds two neurons, hij and lij, where i (i = �����bð��n) represents 
the input features for neurons in every block j. The threshold value of lij falls below 
the threshold value of hij. A unique random procedure determines these values. The 
output of the lij neuron is connected to the excited input of the next aij neuron, and 
the output of the hij neuron is connected to the inhibited input of a aij neuron. At the 
output of a aij neuron, the signal only occurs when the signal Xi is between lij and hij. 
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All outputs of a neurons within a j block are connected to the excited inputs of a bi 

neuron, which represents the whole neural block output.
The threshold value of the bj neuron equals the number of aij neurons, i.e., in the bj  

neural output, the signal is generated when all aij neurons within the block are excit-
ed. The neural output for each block is connected to all the neural inputs of the (ci)  
FODVVL�HU�WKURXJK�WUDLQDEOH�FRQQHFWLRQV� �wij���ZKLFK�DUH�PRGL�HG�DW�HDFK�WUDLQLQJ�
VWDJH��(DFK�QHXURQ�LQ�WKLV�OD\HU�UHSUHVHQWV�D�FODVVL�FDWLRQ�UHVSRQVH�RI�WKH�V\VWHP��
DQG�WKH�QHXURQ�ZLWK�WKH�JUHDWHVW�H[FLWDWLRQ�YDOXH�LV�FKRVHQ��7KH�FODVVL�HU�ZRUNV�LQ�
two ways: training and recognition. For training connections, Hebbian rule is applied:

wjc(t+1) = wjc(t)+a; (2.5)

wji(t+1) = wji(t)–a, (2.6)

in which the c index represents the correct class, and the index i represents the in-
correct class.

The neural network undergoes a training phase whose objective is to correctly 
recognize as many patterns as possible. The training consists of decreasing all the 
weights of the connections of the incorrect class and increasing those of the correct 
class, which leads us to supervised or master training.

In order to understand the principles mentioned above, we will interpret them 
geometrically, as shown in )LJ�b������IRU�D�FDVH�ZLWK�WKUHH�LQSXW�IHDWXUHVbX1, X2, and X3, 
so for three-dimension task instead of n dimension as presented in )LJ�b����ba.

)LJ������� *HRPHWULF�LGHQWL�FDWLRQ�RI�WKH�QHXURQ
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When the point representing the feature vector is inside the represented rect-
angle, the output neuron that is corresponded to the block output will be stimulated 
RU�DFWLYH��6LQFH�WKH�FODVVL�HU�FRQWDLQV�D�VXI�FLHQW�QXPEHU�RI�EORFNV�ZLWK�VLPLODU��QHX-
rons with thresholds) but different characteristics (different va lues of thresholds), 
DOO�VSDWLDO�IHDWXUHV�DSSHDU�LQ�D�VXI�FLHQW�QXPEHU�RI�PXOWLGLPHQVLRQDO�SDUDOOHOHSLSHGV�
located on random planes and having random sizes. We demonstrate the geometri-
cal interpretation only for three input parameters.

The number of parallelepipeds is equal to the number of blocks (b1�bð�bbs). We can 
analyze the point in space X X X

1 2 3

* * *
, ,  ( ) shown in )LJ�b�����ZKHUH�QXPH�URXVb�V) par-

DOOHOHSLSHGV�KDYH�EHHQ�FRYHUHG��:LWK�WKH�WUDLQLQJ�SURFHVV�DQG�GH�QLWLRQ�RI�ZHLJKWV�
between penultimate and last layers (wij��WKH�QHXUDO�FODVVL�HU�FDQ�GLYLGH�WKH�SDUDPHW-
ric space on different classes.

)LJ������� $�JHRPHWULF�UHSUHVHQWDWLRQ�RI�WKH�FODVVL�HU

V�LV�WKH�UDQGRP�YDOXH�IRU�GLIIHUHQW�SRLQWV�LQ�VSDFH��DQG�W\SLFDOO\�FODVVL�HU�SDUDP-
eters are chosen to obtain an average value V.

Taking into account the need to distinguish three classes, let the point X X X
1 2 3

* * *
, ,  ( ) 

belong to the second class. If the point is far from the class boun dary, it is covered 
by parallelepipeds whose volumes lie within the class bounda ry of the second class. 
This implies that during the training process, the weights of the connections between 
neurons belonging to bi and the neural outputs of the second class will be greater 
than the weights of the connections of bi�QHXURQV�ZLWK��UVW�FODVV�QHXURQV��7KHUHIRUH��
the point X X X

1 2 3

* * *
, ,  ( ) will be recognized as belonging to the second class.
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������ 'DWDEDVH�GHVFULSWLRQ��$//�,'%

$//�,'%b >��@� LV� D� SXEOLF� LPDJLQJ�GDWDEDVH�RI� SHULSKHUDO� EORRG� VDPSOHV� IURP�
healthy individuals and leukemia patients. These samples were gathered by profes-
VLRQDOV�DW�WKH�0�b7HWWDPDQWL�5HVHDUFK�&HQWHU�IRU�&KLOGKRRG�/HXNHPLD�DQG�+HPDWR-
logical Diseases in Monza, Italy. The ALL-IDB database is comprised of two different 
versions, ALL-IDB1 and ALL-IDB2, and its images are in JPG format with 24-bit color 
depth. ALL-IDB1 is comprised of 108 original RGB images captured with a laboratory 
optical microscope and an Olympus Optical C2500L camera or a Canon Power Shot 
*��FDPHUD��7KH�UHVROXWLRQ�RI�WKH��UVW����LPDJHV�LV�����×1368, while the remaining 
LPDJHV�KDYH�D�UHVROXWLRQbRI�����×1944.

7KH�LPDJHV�ZHUH�WDNHQ�DW�GLIIHUHQW�PLFURVFRSH�PDJQL�FDWLRQV��UDQJLQJ�IURP�����
to 500, which brought the differences in color and brightness. ALL-IDB1 provides 
complete images containing cells and agglomerates; thus, it can be used to evaluate 
the segmentation capabilities of algorithms, as well as the image preprocessing tech-
QLTXHV�RU�WKH�FODVVL�FDWLRQ�V\VWHPV��$//�,'%��LV�D�FROOHFWLRQ�RI�FOLSSHG�DUHDV�RI�LQWHU-
HVW�IURP�EODVWLF�DQG�KHDOWK\�FHOOV�H[WUDFWHG�IURP�$//�,'%���,W�FRQVLVWV�RI����bLPDJHV��
ZLWK���b��RI�WKHVH�GHSLFWLQJ�O\PSKREODVWV�

���� 5HVXOWV��H[SHULPHQWV�DQG�GLVFXVVLRQ

7R�SUHVHQW�WKH�UHVXOWV�REWDLQHG�E\�WKH�57&�QHXUDO�FODVVL�HU��WKH�DIRUHPHQWLRQHG�
$//�,'%��GDWDEDVH�ZDV�HPSOR\HG��DORQJ�ZLWK����bLPDJHV��RI�ZKLFK����ZHUH�XVHG�IRU�
training and the remaining 40 for testing. To calculate the recognition error percent-
DJH��WKH�WRWDO�QXPEHU�RI�ZLQGRZV�LV��UVW�REWDLQHG�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ�
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where NTV is a total number of windows; W is an image width; H is an image height; 
w is a window width; h is a window height; NIB is a number of images stored in the 
database.

The percentage error is computed by the following equation:

x
N

NTV

error
=

×100
%, (2.8)
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where Nerror is the number of windows that the system did not recognize correctly in 
the recognition stage.

Before presenting the results of calculations, we want to describe in detail the 
algorithms of the system.

The graphical user interface is comprised of a menu with the following op-
WLRQVb�)LJ�b����): Mask generation, Open Image-Coding, Training, and Recognition. 

)LJ������� Program system

,Q�WKH��UVW�RSWLRQ��ê0DVN�JHQHUDWLRQë�LV�WKH��UVW�SDUW�RI�WKH�57&�FODVVL�HU�VWUXF-
ture. In this stage all S blocks were generated with neurons with random thresholds 
()LJ�b����bb) and they were saved and used in work process. In the case that we ana-
lyze in this work S = 64000 ()LJ�b����ba���,Q�WKH��UVW�PHQX�LWHP��LQ�WKH�SURFHVV�RI�V\VWHP�
preparation) the program randomly selects images from the ALL-IDB database for 
the training and test phases, where half of the images are selected for training and 
the other half for testing.

7KH�IROORZLQJ�RSWLRQbå�ê2SHQ�,PDJH�&RGLQJëbå�LV�ZKHUH�WKH����bLPDJHV�LQ�WKH�
database are opened and encoded. It is performed a scan of the whole image with a 
������bSL[HOV��ZLQGRZ��LQ�)LJ�b���� the window is presented with green colour). The 
step of scanning corresponds to the half of the window size. Every window is a sam-
ple for the neural network. For every window we calculate three histograms that are 
presented in )LJ�b����. These are the histogram of brightness, histogram of contrast 



57

Recognition of images of blood cells using texture  
and neural networks to diagnose leukemia

Chapter 2

and histogram of micro contours orientations. So, we have three groups of features. 
(YHU\�JURXS�KDV����IHDWXUHV��6R��LQ�WRWDO�ZH�KDYH���bLQSXW�IHDWXUHV�IRU�HYHU\�EORFN��,Q�
our case, n = 48 ()LJ�b����ba).

In our task there are three classes, m = 3 ()LJ�b����ba). One of them corresponds to 
FODVV�]HUR������ZKLFK�KHOSV�XV�LGHQWLI\�WKH�EDFNJURXQG�RI�WKH�LPDJH��WKH�QH[W�FODVVb����
for the case where there are no cells affected by the ALL disease, i.e., healthy cells, 
DQG��QDOO\��FODVV�WZR�����ZKHUH�WKHUH�DUH�FHOOV�DIIHFWHG�E\�WKH�$//�GLVHDVH��O\PSKR-
blasts). For each window (input sample) the histograms of brightness, contrast, and 
PLFUR�FRQWRXU�RULHQWDWLRQ�DUH�FRPSXWHG��DIWHU�WKH�ZRUN�RI�EORFNVb�)LJ�b����ba) the 
system has a neural output in each (b1�bð�bbs) block. The vector (b1�bð�bbs) is a binary 
vector that is a code of window for the network structure.

2QFH�WKLV�SURFHVV�LV��QLVKHG��WKH�ê7UDLQLQJë�RSWLRQ�ZLOO�EHJLQ��ZKLFK��DV�PHQ-
tioned above, consists of decreasing all the connections weights of the incorrect 
class and increasing those of the correct class. The objective of the training is to 
correctly recognize the most significant number of patterns. The training process 
is a supervised training (training with a teacher). For this reason, we marked all im-
ages that participate in our experiments for the process of training ()LJ�b����). The 
system has information about which class the considered window belongs to. If the 
window falls on the image area where two or three classes have their representa-
tion, then choose the class that has the largest number of pixels.

Finally, there is the “Recognition” option in which the remaining half of the  im-
ages, which were not used in the training phase, is used. At this stage, we can obtain 
the number of errors, and with these, we can calculate the percentage of recogni-
tion rate of our system. 

It is worth mentioning that we obtain 48 texture characteristics. In )LJ�b���� one 
example of the results of RTC work are demonstrated. The image is green because it 
was scanned with window of green colour. 

We investigated the influence of the window size to the recognition rate. To 
REWDLQ�VWDWLVWLFDOO\�VWDEOH�DQG�FRQ�GHQW�UHVXOWV�ZH�GLG�ZLWK�HYHU\�ZLQGRZ�VL]H��YH�
experiments and calculated the average error number. The results are presented  
in 7DEOHb���.

)LYH�H[SHULPHQWV�IRU�HDFK�ZLQGRZ�VL]H�KHOS�XV�WR�GHFUHDVH�WKH�LQ�XHQFH�RI�WKH�
randomly selected parameter values. 

The best results were obtained for window sizes\ (20×20) and (40×40) pixels. 
Trend of this investigation demonstrates that with large window we can obtain the 
better results.

7DEOHb��� shows a comparison of the different methods employed by various au-
thors, as well as the results obtained using our proposed RTC method.
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)LJ������� Development environment

7DEOH����� ([SHULPHQWV�ZLWK�GLIIHUHQW�ZLQGRZ�VL]H

:LQGRZ�
VL]H

����� ����� ����� �����

Errors

5HFRJ� 
nition  

5DWH����
Errors

5HFRJ� 
nition 

5DWH����
Errors

5HFRJ� 
nition 

5DWH����
Errors

5HFRJ� 
nition 

5DWH����

Run

1 7048 86.13 215 98.24 347 93.33 88 96.87

2 7040 86.14 205 98.32 371 92.87 79 97.19

3 6090 88.01 235 98.07 261 94.98 108 96.15

4 7030 86.16 195 98.4 325 93.75 90 96.79

5 7050 86.12 183 98.5 355 93.18 110 96.08

$YHUDJH ������ ������ ������ ������

Experiments with RTC demonstrate that the results were superior to the best 
UHVXOW�REWDLQHG� LQb >��@�DQG�VLJQL�FDQWO\�VXSHULRU�WR�WKRVH�REWDLQHG�XVLQJ�690�*�
LQb>��@��,W�VKRXOG�EH�QRWHG�WKDW�DOO�PHQWLRQHG�PHWKRGV�XWLOL]H�WKH�$//�,'%�GDWDEDVH��
A detailed description of these methods is beyond the scope of this paper; instead, 
we will compare our outcomes to theirs.
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7DEOH����� 7KH�DYHUDJH�UHFRJQLWLRQ�UDWH�IRU�WKH�$//�,'%�GDWDEDVH����

$XWKRUV *D\DWKULb	�
-\RWKLb>��@

3XW]X��
&DRFFL�� 

'L�5XEHU-

WRb>��@

'L�5XEHUWR��
/RGGR��3XJ-

OLVLVb>��@

6KDNKD-

ZDQ�+DUHV�
:DG\b>��@

$ODJX�	�
%D-

JDQb>��@

&XUWLGRU��
.XVVXO��
%D\G\N��

Mamma-

GRYDb>��@

Methods CNN IPT Deep Learn-
ing

LDNP+M-
WDT

SVM-G RTC

Recogni-
WLRQ����

93 93.2 94.1 97.69 95.3 98.3

As shortcomings of this study we can noted that we used only one image data-
EDVH��)RU�HIIHFWLYH�DSSOLFDWLRQ�RI�QHXUDO�FODVVL�HUV��LW�LV�YHU\�LPSRUWDQW�WR�LQFUHDVH�
the number of images for training process. The time of training may demand hours or 
days. But it is possible to use pre-trained neural networks. 

In the future we can use other image databases for diagnostic not only ALL but 
other diseases where image analysis is important for doctors and they need assis-
tance by computer systems. 

It will be interested to add to texture characteristics the other features, for ex-
ample, the form parameter that can be calculated as perimeter of the cell divi ded to 
the area of the cell.

7R�RXU�RSLQLRQ�WKH�GLI�FXOWLHV�WKDW�ZH�PD\�HQFRXQWHU�LQ�IXWXUH�DUH�FRQQHF�WHG�
with quality of images. Image set quality may include, for example, excessively 
noisy images, mislabeled duplicate images, uneven image resolution, varying class 
sample sizes that can demand special preliminary preparation of image dataset.

���� &RQFOXVLRQV

7KH�QHXUDO�FODVVL�HU�ZLWK�WKH�WLWOH�WKH�5DQGRP�7KUHVKROG�&ODVVL�HU��57&��ZDV�
used to recognize the texture of human blood cells images, with a focus on white 
EORRG� FHOOV� �OHXNRF\WHV��� 7KH� FODVVL�FDWLRQ�RI� KHDOWK\� O\PSKRF\WHV� DQG�GLVHDVHG�
lymphocytes, also known as lymphoblasts was selected as test task. At the input of 
WKH�57&�FODVVL�HU��EULJKWQHVV�KLVWRJUDPV��FRQWUDVW�KLVWRJUDPV��DQG�PLFUR�FRQWRXU�
orientation histograms were calculated for each image from the ALL-IDB database, 
JHQHUDWLQJ�D�FKDUDFWHULVWLFV�YHFWRU�WKDW�ZRXOG�EH�WKH�LQSXW�RI�WKH�QHXUDO�FODVVL�HU��
We developed the specialized program using C++ to extract the characteristics of 
LQWHUHVW�DQG�WR�WUDLQ�DQG�WHVW�WKH�LPDJHV�ZLWK�57&�QHXUDO�FODVVL�HU��7KH�SURJUDP�V\V-
tem permits us to recognize where the healthy or diseased cells are detected. 
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The RTC neural classifier demonstrated a higher recognition percentage of 
����b��FRPSDUHG�ZLWK�����b��RI�WKH�690�*�DQG�RI������b���6R��RXU�QHXUDO�FODVVL-
�HU�PD\�EH�XVHG�WR�LGHQWLI\�WKH�O\PSKREODVWV�XVLQJ�LPDJHV�RI�WKH�KHDOWK\�RU�GLVHDV� 
ed cells.

&RQ�LFW�RI�LQWHUHVW

7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQ�LFW�RI�LQWHUHVW�LQ�UHODWLRQ�WR�WKLV�UH-
VHDUFK��ZKHWKHU��QDQFLDO��SHUVRQDO��DXWKRUVKLS�RU�RWKHUZLVH��WKDW�FRXOG�DIIHFW�WKH�
research and its results presented in this paper.
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Abstract

This chapter explores the opportunities of using the Internet of Things (IoT) to 
ensure the safety of personnel on offshore oil platform. To this end, the IoT appli-
cations and technologies are analyzed for the monitoring of the physiological state 
and location of personnel. The chapter presents the opportunities of using IoT with 
FORXG�WHFKQRORJLHV��%LJ�'DWD�WHFKQRORJLHV��DQG�DUWL�FLDO�LQWHOOLJHQFH�IRU�V\VWHP�GH-
velopment which enables to monitor and, if necessary, to make appropriate decisions 
through systematic monitoring of the state of personnel based on expert assessment 
RI�GHYLDWLRQ�RI�UHDO�WLPH�SDUDPHWHUV
�YDOXHV�IURP�WKH�QRUP��7KH�SUDFWLFDO�WDVNV�UHODW-
HG�WR�WKH�DSSOLFDWLRQ�RI�,R7�WHFKQRORJ\�LQ�YDULRXV��HOGV�RI�KHDOWKFDUH�DUH�H[SORUHG��
,R7�6HUYLFHV�DQG�,R7�$SSOLFDWLRQV�XVHG�LQ�H�KHDOWK�DUH�DQDO\]HG�DQG�FODVVL�HG��7KH�
risks and challenges arising from the implementation of IoT solutions in healthcare 
DQG�SRVLQJ�D�WKUHDW�WR�ERWK�WKH�SK\VLFDO�VDIHW\�RI�SDWLHQWV�DQG�WKH�FRQ�GHQWLDOLW\�RI�
WKHLU�SHUVRQDO�GDWD�DUH�LGHQWL�HG�

.H\ZRUGV
Offshore oil platform, expert assessment, IoT technology, IoT Applications, smart 

wearable sensors, Wireless Sensor Networks, e-health, IoT Services.

���� ,QWURGXFWLRQ

In accordance with the thesis of the Concept of Human Development, "people  
DUH�WKH�UHDO�ZHDOWK�RI�HYHU\�VWDWH��DQG�WKH�GHYHORSPHQW�SROLF\�FRQGXFWHG�LQ�DQ\��HOG�
should serve them precisely", the protection and provision of health of human resources  
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LV�DPRQJ�WKH�SULRULWLHV�LQ�DOO�IDFLOLWLHVb>�@��2IIVKRUH�RLO�SODWIRUPb�223��LV�D�FRPSOH[�HQ-
gineering facility designed for excavation of deposits in the seabed, and in the depth 
RI�RFHDQ�RU�RWKHU�ZDWHU�EDVLQ�DQG�IRU�WKH�H[WUDFWLRQ�RI�K\GURFDUERQ�UDZ�PDWHULDOVb>�@�

Noticeably, the work of oil workers and gas producers is related to health risks. 
Early Preventive Medical checkup, Evaluation, Inspection and Review System is de-
signed to minimize the risks. However, medical examination does not always guaran-
tee that employees will be able to perform their professional activities during their 
shift (usually within two weeks in OOP). Analysis of emergency situations on oil 
platforms shows that most of them occur due to unexpected deterioration of health, 
critical fatigue and loss of consciousness of employees. In this regard, monitoring of 
employees, their health status (temperature, pressure and other physical controls), 
and location (space) are currently of great importance.

7KHUH�DUH�WZR�PDLQ�DVSHFWV�RI�UHGXFLQJ�WKH�QXPEHU�RI�HPHUJHQF\�VLWXDWLRQVb�DF-
cidents, injuries, etc.), i.e., reducing the gravity center of the complications on the 
RLO�SODWIRUP��7KH��UVW�DVSHFW�LQYROYHV�WKH�GHYHORSPHQW�DQG�SHUIHFWLRQ�RI�WHFKQLFDO�
tools and the support of the working environment, the prevention of their wear and, 
thus, the prevention of accidents on OOP. The second aspect is directly related to the 
safety of personnel, especially its physiological and psychological condition, behav-
ior, performance on OOP and their geographical position, and professional activity. 
This means that, in addition to registering the equipment, raw materials and environ-
mental parameters, it is important to ensure the proper evaluation of safety of the 
personnel. Despite the close interrelation between them, both aspects have their 
RZQ�VFLHQWL�F�DQG�WHFKQLFDO�VSHFL�FDWLRQV�

The subject matter of this chapter is the personnel and its physiological safety on 
OOP. The key point here is related to the human factor, the main reason for the trag-
HG\�LV�WKH�SHUVRQQHO
V�LQVXI�FLHQW�LQVWUXFWLRQ�RQ�HPHUJHQF\�VLWXDWLRQV�RQ�WKH�SODW-
IRUPb>�@��2QH�RI�WKH�FKLHI�ZD\V�WR�SUHYHQW�WKH��GDQJHURXV�EHKDYLRU��RI�D�SHUVRQQHO��
or more precisely, the human factor on OOP, is a systematic moni toring of the physi-
ological and psychological state of an employee and his/her geographical position at 
WKH�SODFH��:LWK�UHDO�WLPH�LQIRUPDWLRQ��WKH�OHYHO�RI�ULVN�DQG�VDIHW\�RI�HDFK�HPSOR\HH
V�
health and psychological condition can be determined based on expert assessment. 
The Internet of Things, modern mobile technologies, the Internet of Medical things 
and numerous ICT technologies open up wide opportunities to strengthen security 
measures through the real-time monitoring of the health of personnel on OOP and 
systematic monitoring of the location of each employee.

The exploration of the possibilities of the Internet of Things to ensure the safety 
RI�VWDII�RQ�223�UHTXLUHV��UVW�RI�DOO�WKH�VWXG\�RI�WKH�FRQFHSW�DQG�WKH�HVVHQFH�RI�WKH�
"Internet of Things".
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���� 7KH�FRQFHSW�RI��7KH�,QWHUQHW�RI�7KLQJV�

7KH�FRQFHSW�RI�WKH��,QWHUQHW�RI�7KLQJV��ZDV��UVW�XVHG�E\�WKH�(QJOLVK�LQQRYDWRU�
LQ�WKH��HOG�RI�WHFKQRORJ\�.HYLQ�$VKWRQ�LQ������IRU�WKH�GHVFULSWLRQ�RI�WKH�V\VWHP�
in which the objects of the physical world were connected to the Internet through 
transmitters. In the same year, the Massachusetts Institute of Technology estab-
OLVKHG�WKH�5DGLR�)UHTXHQF\�,GHQWL�FDWLRQ��5),'��DQG�$XWR�,'�&HQWHU��DQG�UHVSHF-
tively, the concept of IoT has gained a wide range.

The simple idea of the Internet is that surrounding objects or things (such as tab-
OHWV��VPDUWSKRQHV���WQHVV�HTXLSPHQW��KRPH�DSSOLDQFHV��FORWKHV��FDUV��PDQXIDFWXU-
ing equipment, medical equipment, medicines, etc.) can be equipped with miniature 
LGHQWL�HUV�DQG�VHQVRUV��VHQVLWLYH�GHYLFHV��DQG�FDQ�EH�FRQQHFWHG�WR�WKH�,QWHUQHW�DQG�
to each other via wired and wireless (satellite, mobile, Wi-Fi and Bluetooth) con-
QHFWLRQVb>����@��$YDLODELOLW\�RI�WKH�QHFHVVDU\�FKDQQHOV�DOORZV�QRW�RQO\�WR�LGHQWLI\�DQG�
monitor the parameters of these objects by space and time, but also to manage them. 
Thus, the "Internet of Things" can be viewed as a global network infrastructure con-
sisting of a large number of devices, interconnected through sensors, communica-
WLRQ��QHWZRUNLQJ�DQG�LQIRUPDWLRQ�WHFKQRORJ\b>�@�

From the information-communication point of view, the Internet of things can be 
W\SLFDOO\�ZULWWHQ�DV�D�V\PEROLF�IRUPXOD�DV�IROORZVb>�@�

IoT = Sensors (Transmitters)+Data+Network+Services.

���� 'H�QLWLRQ�RI��7KH�,QWHUQHW�RI�7KLQJV�

At present, the term "Internet of Things" does not have a single universally ac-
FHSWHG�GH�QLWLRQ�LQ�OLWHUDWXUH��0DQ\�GH�QLWLRQV�RI�,R7�IRFXV�RI�LWV�YDULRXV�DVSHFWV�
DQG�IHDWXUHVb>�å�@��6RPH�RI�WKHP�DUH�OLVWHG�EHORZ�

��b7KH�*DUWQHU�DQDO\WLFDO�FRPSDQ\�LQWHUSUHWV�WKH��,QWHUQHW�RI�7KLQJV��DV�D�QHW-
work of physical objects based on technology that allows measuring the para meters 
representing the position of the physical objects as well as their environment, and 
using and transferring this data. The main aspect of this interpretation is that, de-
spite the notion of "the Internet of Things", the things are often linked via the M2M 
(machine-to-machine) protocols rather than the Internet. In this case, it is focused on 
decisions based on the interactions of transmitters, sensors and other "iron" things 
ZLWKRXW�WKH�SDUWLFLSDWLRQ�RI�SHRSOHb>�@�

��b7KH�,QWHUQHW�RI�7KLQJVbå�3K\VLFDO�GHYLFHV�FRQQHFWHG�WR�WKH�,QWHUQHWbå�D�JOR�EDO�
network of "things" equipped with data transmission facilities that enable sensors, 
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transmitters and data collection and share ("communicate" with each other). These 
facilities are connected with data management, control and processing center  
DFFHVV�WRROVb>��@�

��b7KH�,QWHUQDWLRQDO�7HOHFRPPXQLFDWLRQ�8QLRQ�GH�QHV�WKH�,QWHUQHW�IRU�7KLQJ�
as a global infrastructure for the information society, providing the opportunity to 
deliver more complex services by connecting physical and virtual objects based on 
H[LVWLQJ�DQG�HPHUJLQJ�,&7Vb>��@�

Due to the rapid development of technology, various interpretations of IoT are 
given, however they are all based on the same concept. According to this concept, 
IoT is referred to the group of non-computerized devices, equipment, transmitters, 
and routine tools with computing ability and network access. Most of these devices 
usually referred to as "smart or intelligent devices" can process and utilize, analyze 
and share data with the minimal interference of human.

These things interacting and communicating with each other, and sharing infor-
mation about the environment and responding to environmental processes without 
human intervention are predicted to be the most active participants of business, in-
IRUPDWLRQ�DQG�VRFLDO�SURFHVVHV�LQ�WKH�IXWXUHb>������@�

���� 6PDUW�ZHDUDEOH�,R7�GHYLFHV

At present, the continuously expanding market of health Internet of things have 
been applied in many healthcare sectors. Thus, many health centers around the 
world have been using smart clothes, gadgets for sensing data on key health parame-
ters, climate control platforms in hospitals, applications for transferring health data 
to physician, and so forth. For interconnection of different devices with different 
applications, they are combined with different types of networks over the Internet.

/HW
V�QRWH�WKDW�YDULRXV�W\SHV�RI�KHDOWK�,QWHUQHW�RI�WKLQJV�DUH�UHIHUUHG�WR�WKH�ODUJH�
number of intellectual devices that are easily accessible in our daily lives. They are 
smart wearable Internet of things.

Today, there are numerous body-worn wearable devices that measure human 
SK\VLRORJLFDO�SDUDPHWHUVb>��@��:HDUDEOH�ELRPHGLFDO�WUDQVPLWWHUV�DUH�WKH�VXEVHW�RI�
devices measuring human biological parameters. Wearable IoT technologies are typ-
LFDOO\�ULJLG�RU��H[LEOH��EDVHG�RQ�RUGLQDU\�HOHFWURQLFV��DQG�DUH�GHVLJQHG�IRU�ORZ�SRZHU�
FRQVXPSWLRQ��7KH\�DUH�DEOH�WR�FRQWURO�WKH�SDWLHQW
V�SDUDPHWHUV�LQ�D�QDWXUDO�HQYLURQ-
ment and an arbitrary environment, and to transmit signals and information.

In the market of the health Internet of things presents various wearable tech-
nologies installed on the transmitters that are categorized as "smart clothes" (head 
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covers, space suits, helmets, jackets, trousers, coats, socks, etc.) and "smart things" 
�JODVVHV��ZDWFKHV��ULQJV��EUDFHOHWV��VWLFNV��EDQGDJHV��OHQV�HWF��b>��@��

"Smart Clothes" can be used to sense and analyze the data related to the physical 
activity of a person, to control vital health indicators. They can control the state of 
people working in hazardous conditions, and monitor the location of the patients and 
their place of residence in emergency situations, and to observe fatigue levels of an 
oil man, pilot, driver, etc.

"Intelligent things" (gadgets or devices) may include body-worn transmitters, 
the objects to monitor vital health indicators, to track the location of the staff on SP,  
and the applications or objects (e.g. smart box for ampule/pills) reminding the stuff, 
as well as the healthcare personnel observing their physical state (both physicians), 
smart devices for real-time monitoring of critical health status, transmitters for 
tracking and transmitting geolocation data.

/HW
V�QRWH�WKDW�HDFK�ZHDUDEOH�VPDUW�JDGJHW�KDV�FHUWDLQ�IXQFWLRQDO�FDSDELOLWLHV�
DQG�LV�LQWHQGHG�WR�DGGUHVV�VSHFL�F�LVVXHV��

This allows classifying the wearable IoT for their functional capabilities and rele- 
vant applications.

Essentially, wearable medical IoT can be grouped as follows:
��b,R7�IRU�PRQLWRULQJ��GLDJQRVWLFV��WUHDWPHQW��FDUH�DQG�UHKDELOLWDWLRQ�RI�SHUVRQQHO�
��b,R7�IRU�VXSSRUWLQJ�KHDOWK\�OLIHVW\OH�RI�VWDII��LQFOXGLQJ�WKHLU�GDLO\�SK\VLFDO�DFWL� 

vity and physical condition;
��bWUDQVPLWWHUV�IRU�WUDFNLQJ�VWDII�GLVSODFHPHQW�
First-group devices include measuring and analyzing one or more vital indicators 

and parameters (cardiac frequency, ECG, arterial pressure (smart tono meter), sugar 
rate (smart glucometers), respiratory rate) characterizing the functioning of the car-
diovascular system, and the transmitters for drug control.

Second-class wearable devices are designed for continuous monitoring of the 
level of human agility (SP employee), and shows the data, pulse rate, distance trav-
eled, calories consumed, and so forth sensed from accelerometers. The sensed data 
FDQ�EH�WUDQVPLWWHG�WR�WKH�HPSOR\HH
V�VPDUWSKRQH�RU�FRPSXWHU�DV�ZHOO�DV�WR�WKH�PHG-
LFDO�SHUVRQQHO��SK\VLFLDQV��ZKR�WUHDW�WKHP��7KH�DSSOLFDWLRQV�VSHFL�FDOO\�GHVLJQHG�
for the calculation of various human health indicators provide advice to users when 
they detect abnormalities in these indicators, and notify the healthcare personnel 
in critical situations (insult, heart attack, epilepsy, etc.) and for emergency medical 
intervention.

Third-class mobile devices can be used successfully for tracking the location of 
people at high-risk areas, including people from vulnerable categories (elderly, chil-
dren, people with psychological illnesses).
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���� 6PDUW�,R7�$SSOLFDWLRQV

Success of IoT depends on the applications that improve the daily life of a person. 
The requirement for the use of certain applications is the presence of transmitters 
for the transmission of the relevant data set. IoT applications are software applica-
WLRQV�RU�VRIWZDUH�V\VWHPV�GHVLJQHG�WR�KDQGOH�VSHFL�F�LVVXHVb>��@�

IoT applications play an important role in e-health and are directly used by users 
and patients. In addition, they enable tracking and monitoring the health of people 
ZRUNLQJ�LQ�RWKHU�DUHDV��LQFOXGLQJ�WKRVH�RI�VSHFL�F�ULVNV��,R7�DSSOLFDWLRQV�VXSSRUWLQJ�
one or more health indicators at the same time are shown below.

*OXFRVH�OHYHO�VHQVLQJ� Blood sugar monitoring enables detecting blood glucose 
OHYHO�DQG�QXWULWLRQ�SODQ��DFWLYLW\��DQG�WKH�WLPH�WR�WDNH�PHGLFDWLRQb>��@�

At present, IoT-based health monitoring systems are being successfully imple-
mented. However, modern IoT-based continuous monitoring systems for sugar lev-
HOV�DUH�QRW�QXPHURXV�DQG�H[LVWLQJ�V\VWHPV�DOVR�KDYH�VRPH�UHVWULFWLRQV��,Qb>��@��XVLQJ�
IoT, the architecture for glucose level monitoring system is developed. The system 
provides actual information about the amount of glucose in blood, including body 
temperature and contextual data (e.g. environmental temperature) in realtime mode 
in a timely or affordable format to the users (patients and physicians).

7KH�DXWKRUV�RI�WKH�DUWLFOHb >��@�RIIHU�WKH�FRQ�JXUDWLRQ�IRU Internet of m-health 

(m-IoT) for non-invasive real-time monitoring of glucose providing IPv6-connectivity 
with medical service providers (physicians) based on the transmitters mounted on 
WKH�SDWLHQW
V�GHYLFHV��JDGJHWV��

7KH�DUWLFOHb>��@�LQWURGXFHV�D�PRGHO�IRU�VXJDU�PRQLWRULQJ�V\VWHP�EDVHG�RQ�,R7�
networks comprising the devices for blood collection and glucose level measure-
ment modules, including mobile phones or computers for data transfer.

(OHFWURFDUGLRJUDP�PRQLWRULQJ��(&*�� ECG is one of the methods of simple, pal-
liative and informative diagnostics of heart disease. The method is based on the re-
cording of electrical impulses that occur in the heart and its graphic writing in the 
IRUP�RI�H[WHQVLRQV�RQ�WKH�VSHFLDO�SDSHU��OP��(&*�UH�HFWV�QXPHURXV�YDULDWLRQV�RI�WKH�
FHUWDLQ�SDUWV�RI�KHDUW�LQ�WKH�IRUP�RI�H[WHQVLRQVb>��@�

In recent years, various studies have focused on the use of IoT in ECG monitoring. 
IoT technologies are now thought to be quite promising for the acquisition of maxi-
mum amount of information related to the activities of cardiovascular system, includ-
LQJ�(&*�PRQLWRULQJb>������@��7KH�DUWLFOHb>��@�RIIHUV�,R7�EDVHG�V\VWHP�IRU�UHDO�WLPH�DX-
thentication of heart function. The system records the electrical activity of the heart 
and sends this data to the data analysis center, which detects ECG errors and eval-
XDWHV�WKH�SDWLHQW
V�FRQGLWLRQ��$QRWKHU�DUWLFOHb>��@�GHYHORSV�D�FRPSOH[�RI�DOJRULWKP�
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for practical detection of ECG signals in IoT environment for continuous monitoring  
RI�(&*��,Qb>��@��,R7�EDVHG�DSSOLFDWLRQV�DUH�GHYHORSHG�WR�ZULWH�DQG�PRQLWRU�RI�(&*��
to measure heart rate and provide the graphical description of the heart rhythm, and 
then to send these data to the databases and web servers. ECG collecting devices 
cover the transmission of data on the frequency of heart attacks and Arduino micro-
controllers. The software is written in MATLAB and C++ programming languages in or-
der to process and analyze ECG and download it into the database and Web servers.

A new generation Nuubo, offering a wireless and remote platform for heart mon-
itoring, is of great interest. This Spanish company produces, manufactures and sells 
a wearable medical technology portfolio for the diagnosis and rehabi litation of car-
diovascular diseases. These tools are based on the ECG wireless remote monitoring 
platform and incorporate patented biomedical electronic tissue technology (elec-
tronic smart tissues), which uses digital technology called %OHQG)L[�6HQVRUb>��@�

The advantage of Nuubo series transmitters is that they can be installed on a 
daily basis. Smart Nuubo shirt is equipped with special devices that control the vital 
condition of the patient and his/her movements. The shirt records ECG, transmits 
the sensed data through wireless network to the server for analysis, where special 
VRIWZDUH�FDQ�GH�QH�WKH�DEQRUPDO�SDUDPHWHUV��7KH�WUDQVPLWWHUV�LQVWDOOHG�LQ�WKH�VKLUW�
regularly collect parameters such as heart rate, arterial pressure, and body tempera-
ture. Shirt-mounted transmitters use a GPS network for connectivity and ensure 
UHFRUGLQJ�RI�SHRSOH�RQ�WKH�PRYH��PRYLQJ�WKURXJKRXW�WKH�223�b>��@�

Heart rate. The frequency of heart rates is characterized by the number of rates 
in the same time and measured in bits per minute. The frequency of heart rates is 
substantially dependent on context, i.e., it increases after physical exerci ses and can 
change due to stress, insomnia, illness and drug intake. The frequency of heart rates 
is also affected by age and genetics. IoT-based ECG monitoring systems incorporate 
the measurement of heart rate and pulse rate, as well as the diagnostics of multi-
channel arrhythmias, myocardial infarction, and so forth. In healthy people, the fre-
TXHQF\�RI�KHDUW�UDWHV�DQG�SXOVH�DUH�HTXDOb>������@�

%ORRG�SUHVVXUH�PRQLWRULQJ. Blood pressure is referred to the Withings in the 
arterial vessels. The blood pressure in arteries, veins and capillaries differs and is one 
of the main indicators of the functional status of an organism.

High blood pressure is a risk factor for the development of insidious, cardiovas-
cular, and chronic renal failure; thus, it is important to systematically monitor and 
check the effects of treatment. At present, there are a large number of diffe rent de-
vices, including mobile devices, to measure blood pressure.

The relevance of the problem is that blood pressure-measuring devices and a set of 
mobile phones supported by NFC (Near Field Communication) have to be related so that 
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they will make up a part of blood pressure monitoring on IoT networks. Performance 
of the blood pressure measuring devices depends on the model connecting them with 
a mobile computing device (for example, Apple), which realizes wireless data trans-
PLVVLRQb>��@��7KH�DUWLFOHb>��@�SURSRVHV�D�GHYLFH�HTXLSSHG�ZLWK�WKH�DSSDUDWXV�IRU�EORRG�
pressure measuring with communication modules for collecting and transmitting blood 
SUHVVXUH�GDWD�LQ�,R7�QHWZRUNV��7KH�DUWLFOHb>��@�RIIHUV�,R7�EDVHG�,QWHOOLJHQW�7HUPLQDO��
ZKLFK�LGHQWL�HV�WKH�ORFDWLRQ�RI�WKH�ZHDUDEOH�DSSDUDWXV�IRU�EORRG�SUHVVXUH�PRQLWRULQJ�

%RG\�WHPSHUDWXUH�PRQLWRULQJ. Body temperature monitoring is an integral part 
RI�KHDOWK�FDUH��7KLV�LQGLFDWRU�LV�D�YLWDO�SDUDPHWHU�IRU�KRPHRVWDVLV�VXSSRUWb>��@�

Traditional method of temperature measurement through mercury thermome-
ters has been recently replaced by more reliable and inexpensive wire and wireless 
sensor transmitters for the determination of health status. To determine body tem-
SHUDWXUH��WKH�DUWLFOHb>��@�SURYLGHV�DQ�H[DPSOH�RI�WKH�UHDOL]DWLRQ�RI�P�,R7�FRQFHSW��
which uses transmitters installed on TelosB Mote platform. Another article presents 
,R7�EDVHG�DUFKLWHFWXUH�IRU�WHPSHUDWXUH�FRQWURO�V\VWHPb>��@��),'�PRGXOH�DQG�ERG\�
temperature control module are the key components of the system responsible for 
the temperature recording and its transmission in the system.

6PDUWSKRQHV� IRU� WKH�GHYHORSPHQW�RI� ,R7�6ROXWLRQV� LQ�KHDOWKFDUH. Recently, 
smartphone-driven transmitters have been developed. This enhances the essence 
of smartphones in the development of IoT technologies. Various hardware and soft-
ware products that transform smartphones into a universal health device have been 
GHYHORSHGb>��@��0RGHUQ�VPDUWSKRQHV�VXSSRUW�D�ODUJH�QXPEHU�RI�KHDOWK�DSSOLFDWLRQV�
�GLDJQRVWLF��UHIHUHQFH��FRPPHQWDU\��DQDO\WLFDO��HWF��b>��@��+HDOWK�DSSOLFDWLRQV�DOVR�
XVH�QXPHURXV�ZLUHOHVV�WUDQVPLWWHUV�UXQQLQJ�RQ�DOJRULWKPV�WR�DQDO\]H�LPDJHVb>��@�

6PDUWSKRQHV�LQFOXGH�HIIHFWLYH�GLDJQRVWLFV�RI�DVWKPD��F\VWLF��EURVLV��DOOHUJLF�UKL-
nitis, as well as monitoring of vital indicators as heart rate, blood pressure, respira-
WRU\�UDWH��DQG�VR�RQb>��@��+HDOWK�DSSOLFDWLRQV�IRU�VPDUWSKRQHV�RIIHU�VROXWLRQV�WKDW�
are not too expensive for both the patient and the wide user audience. Today, there 
is a tendency of using multifunctional applications to interact with several sensor 
devices as of ZephyrLIFT�VHULHV��ZKLOH�WKH��UVW�KHDOWK�DSSOLFDWLRQV�ZHUH�GHVLJQHG�WR�
interact with one transmitter.

$SSOLFDWLRQV�IRU�JHRJUDSKLFDO�ORFDWLRQ�WUDFNLQJ. At present, there is a growing 
QHHG�IRU�VROXWLRQV�WKDW�HQDEOH�HDFK�SHUVRQ�WR�WUDFN�WKH�WUDMHFWRU\�RI�WUDI�F�DQG�QRWLI\�
the emergency response service immediately about hazardous situations. Modern 
mobile devices are equipped with information on their geographical location. For 
example, Corvus-Tracker for Android�RSHUDWLQJ�V\VWHP�LV�GHVLJQHG�WR�WUDFN�XVHUV
�PR-
ELOH�GHYLFHV��7KLV�DSSOLFDWLRQ�VHQGV�LQIRUPDWLRQ�DERXW�XVHUV
�JHRJUDSKLF�ORFDWLRQ�WR�
the monitoring system server. The system is also capable to send SOS signals to the 
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VSHFL�HG�SKRQH�QXPEHUV��7KH�FRPSOHPHQWDU\�IXQFWLRQ�RI�WKH�V\VWHP�LV�WR�FUHDWH�D�
geographic area, run within a given time, combine several users in one group, and vi-
VXDOL]H�WKH�V\VWHP�GDWD�IRU�WKH�XVHUb>��@��$SSOLFDWLRQV�IRU��VPDUW��LWHPV
�WUDFNLQJ�DUH�
also widespread. Thus, applications supporting Global Positioning System (GPS) pro-
vides operational information to the relevant medical personnel about the location 
of the users (including those with special risks, as objects, children, elderly people, 
mentally handicapped people, etc.) through pre-installed sim-cards.

1RZDGD\V��PRGHUQ�V\VWHPV�SURYLGLQJ�WKH�LGHQWL�FDWLRQ�RI�UHDO�WLPH�ORFDWLRQ�V\V-
WHP��57/6��DUH�DYDLODEOH��$FWXDOO\��*36�LV�FRQVLGHUHG�WR�EH�WKH�PRVW�LPSRU�WDQWb57/6��
7KLV�VDWHOOLWH�FRQQHFWHG�QDYLJDWLRQ�V\VWHP�LV�DEOH�WR��QG�REMHFWV�DQ\ZKHUH�RQ�WKH�
Earth in different weather conditions. The basic principle of the system is to deter-
mine the geographical location by measuring the time of receipt of synchronized sig-
nals from antenna satellite navigation in any point of the Earth and of the space. This 
IHDWXUH�RI�WKH�*36�FDQ�EH�XVHG�IRU�WKH�LGHQWL�FDWLRQ�RI�WKH�ORFDWLRQ�RI�PHGLFDO�SDUW�RI�
the ambulance, patients, physicians, as well as the staff on OOP, and for the acquisi-
WLRQ�RI�WKH�LQIRUPDWLRQ�RQ�WKH�ORFDWLRQb>��@�

���� 7HFKQRORJLHV�XVHG�LQ�0HGLFDO�,R7

The IoT concept for healthcare is realized through a range of technologies.  
A brief description of these technologies is shown below.

The instruments that constitute the basis of IoT and allow the integration of 
physical devices into the digital world include RFID technologies and Wireless Sensor 

Networks (WSN).
5),'�WHFKQRORJLHV are based on the use of microcircuits that collect information 

from the devices mounted on the machine or chips installed on the devices. RFID 
WHFKQRORJ\�HQDEOHV�WKH�WUDQVPLVVLRQ�RI� LGHQWL�DEOH� LQIRUPDWLRQ�ZLUHOHVVO\�WR�WKH�
PHWHUV�YLD�PLFURFKLSV��5),'�PHWHUV�DOORZ�LGHQWL�FDWLRQ��PRQLWRULQJ�DQG�FRQWURO�RI�
DQ\�REMHFW�DXWRPDWLFDOO\�LQWHJUDWHG�ZLWK�5),'b>��@�

RFID technologies can be used in IoT to track the movement of staff on OOP. By 
integrating IoT technologies with e-Health solutions, it is possible to assign RFID to 
each staff member on OOP and to send data to the center. This allows the staff to 
access electronic health records, and the sent data is stored on the Health Center 
GDWDEDVH��7KH�SK\VLFLDQ�JHWV�DFFHVV�WR�KHDOWK�UHFRUGV�RI�D�VSHFL�F�SHUVRQ�E\�VFDQ-
QLQJ�WKH�5),'�WDJb>������@��5),'�WDJ�FDQ�UHJLVWHU�DQ\�SHUVRQ�RQ�223�RU�WKH�VSHFL�F�
business areas of the platform. This is especially important in extreme situations to 
get accurate information about people on OOP and their location.



75

Analysis of the Internet of Things capabilities in monitoring the physiological 
state and location of personnel on an offshore oil platform

Chapter 3

:LUHOHVV�6HQVRU�1HWZRUNV (WSN) or Ubiquitous Sensor Networks (USN) constitute 
D�WHFKQRORJLFDO�EDVLV�IRU�WKH�UHDOL]DWLRQ�RI�WKH�FRQFHSW�RI�WKH�,QWHUQHW�RI�WKLQJVb>��@��
Wireless Personal Area Network (WPAN) is a distributed network of unserved minia-
ture electronic devices (sensor nodes) that provides collection of data about external 
environment parameters and transfer them to the processing center based on re-
translating them from node to node. All transmitters are linked with interconnected 
radio-channels located in the air, water and water surface, and inside the body.

:LUHOHVV�%RG\�$UHD�1HWZRUN�(WBAN) is a wireless computer network which is 
wearable and wearable on body. These devices can be mounted and implanted into 
WKH�ERG\��PRXQWHG�WR�WKH�ERG\�LQ�FHUWDLQ�FRQGLWLRQV��RU�LQVWDOOHG�LQ�FORWKLQJb�H�J��LQ�D�
pocket) and carried items (e.g., in a bag) that people wear in diffe rent places. WBAN 
system can use wireless network as a gateway to reach greater distances. The wear-
able devices can be interconnected through the Internet via the gateways. Thus, health 
ZRUNHUV�FDQ�DFFHVV�WKH�LQIRUPDWLRQ�RQOLQH�UHJDUGOHVV�RI�WKH�SDWLHQW
V�ORFDWLRQb>��@�

���� ,R7�EDVHG�PHGLFDO�GDWD�WUDQVIHU�WHFKQRORJLHV

At present, networking combinations with different forms and able to operate 
from different distances, and requiring different powers open wide possibilities  
for IoT. They may include wireless personal area networks (WPAN), Wi-Fi networks, 
wireless mesh networks, cellular networks, extremely broad-band networks, and 
satellite-connected networks.

IoT are grouped into near and remote activity segments. The near business seg-
ment mainly covers the devices linked with connection channels through the use of 
unlicensed radio communication technologies (Wi-Fi, ZigBee, Bluetooth) covering 
����PHWHUV�RU��[HG�DV�D�ORFDO�DUHD�QHWZRUN��/$1���3/&��3RZHU�/LQH�&RPPXQLFD-
tion). The remote activity segment covers the devices connected through cellular 
networks, unlicensed low-band radio communications technologies (such as LoRa, 
Sigfox) or satellite technologies.

IoT are assembled into two groups for distant and remote data transfer. Today 
there are various wearable devices that support medical sensors to collect data. 
Most of these devices provide connection at a near distance. This can be a link be-
tween nodes or sensor nodes, or a gateway aggregating the data from sensors.

If the data is required to be transmitted to the nearest distance, the device can 
use a Personal Area Network (PAN), as well as wired USB interface presented with 
wireless data transmission technologies such as BLE (Bluetooth Low Energy), ZigBee, 
and 6LoWPAN.
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LAN can be used when the data is partially transmitted at a far distance (e.g., within 
a clinic or hospital). Wired local networks are often built on Ethernet�DQG�RSWLFDO��EHU�
technologies, while the wireless ones are built on Wi-Fi technology. WiMax, LTE, etc. 
DUH�XVHG�IRU�WKH�RUJDQL]DWLRQ�RI�D�JOREDO�QHWZRUN��:LGH�$UHD�1HWZRUN��:$1�b>��@��

Over the past two years, the technology has been developed to connect low- 
powered devices to LPWANb>��@�

'DWD�WUDQVPLVVLRQ�VSHHG�DQG�HQHUJ\�FRQVXPSWLRQ are the key factors for the 
FKRLFH�RI�FHOOXODU�WHFKQRORJ\�LQ�VSHFL�F�FDVHV��BLE, ZigBee, Z-Wave are used in lim-
ited-powered devices and comprises the use of gateways for data aggregation and 
VHQGLQJ�WKHP�LQ�,3�QHWZRUNb>�@�

IoT uses the BLE and ZigBee technologies for data transfer at a close distance.
%OXHWRRWK�/(�WHFKQRORJLHV. Bluetooth is a wireless technology that provides the 

data transmission between the devices that are not too far away from each other. 
This technology allows the communication between the devices within the coverage 
RI����P��2QH�RI�WKH�VLJQL�FDQW�DGYDQWDJHV�RI�Bluetooth LE is its low power consump-
tion and extreme low power consumption in sleep mode. In other words, the device 
�VOHHSV��DW���b��RI�WKH�WLPH�DQG��DZDNHV��IRU�D�VKRUW�SHULRG�RI�WLPH��VKDUHV�GDWD�DQG�
"re-sleeps" again. In general, BLE is very advantageous in medical applications. It is 
safe and has low bandwidth, low latency, low power consumption and resistant to hin-
drances. This standard is recommended for the design of wearable healthcare systems.

%OXHWRRWK���� is the newest generation of Bluetooth, allowing for data sharing be-
WZHHQ�GHYLFHV�DW�D�GLVWDQFH�RI�XS�WR�����PHWHUV�DQG�DW�D�UDWH�RI��å���PHJDE\WHV�Vb>��@�

:L�)L�WHFKQRORJLHV are designed to provide access to wireless broadband net-
works for high-speed data transfer. The networks can be expanded without inter-
layers and wire through Wi-Fi, with access to network and mobile devices. Within 
the Wi-Fi zone, several users can access the Internet on a computer, laptop, tablet, 
SKRQH��HWF��PD\�EH�LQFOXGHG�LQb>��@�

=LJ%HH���/R:3$1��WHFKQRORJLHV. ZigBee is designed to create wireless personal 
networks (WPANs) using small-size radio transmitters with little power. ZigBee tech-
nology is oriented at the applications capable to operate separately and securely for 
D�ORQJ�WLPH�GXULQJ�KLJK�VSHHG�GDWD�WUDQVPLVVLRQb>������@�

ZigBee is used in bio-transmitters for medical diagnostic devices, medical equip-
ment, and for the monitoring of the condition of athletes, including the personnel 
operating at high-risk sites. In this case the maximum transmission speed accounts 
for 250 kb/s. ZigBee consumes low power operating in sleep mode. Devices can be 
enabled by pressing the button, working with the timer, and so on. "Sleeping" devices 
switch back to "sleep" mode as soon as the data is transmitted and they get the con-
�UPDWLRQ�RQ�WKH�UHFHLSW�RI�WKH�SDFNDJH�E\�WKH�PDLQ�OLQH��7KH�GLVDGYDQWDJH�RI�ZigBee 
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technology is often due to the fact that it is not used on smartphones, although BLE 
LV�XVHG��7KHUHIRUH��WKH�XVH�RI�=LJ%HH�WHFKQRORJLHV�LQ��[HG�ORFDWLRQV�LV�UHFRPPHQGHG�

$17�WHFKQRORJ\ is a wireless communication standard designed to transmit in-
IRUPDWLRQ�EHWZHHQ�$17��VXSSRUWHG�GHYLFHVb>�@��7KLV�VWDQGDUG�XVHV�WKH�IUHTXHQF\�
used by Bluetooth, supports up to 30 meters distance, and is implemented through 
special chips allowing the data transmission between devices. The standard is intend-
ed for house use and medical application. This standard is used by Philips, Samsung, 
Sony, HbbTV, France Televisions. Its main advantages include low energy consumption, 
WKXV�WKH�$17��FRQQHFWLRQ�XVHV���b��OHVV�HQHUJ\�WKDQ�Bluetooth.

�*��*�/7(��/RQJ�7HUP�(YROXWLRQ��DQG��*�WHFKQRORJLHV. 3G is a third-ge neration 
mobile communication technology, providing a set of services combining both high-
speed mobile access technologies with data transmission channels, as well as Inter-
net-based services. 3G networks work within the range of decimeters and centime-
ters, and transmit data at speeds of up to 3.6 mbit/s.

�*�/7( is a fourth-generation mobile communication technology, designed for 
high-speed wireless data transmissions in data-driven mobile devices and other 
equipment. The objective of 4G LTE is to increase speed and transmission capabilities 
using modulation methods and digital signal processing, as well as the reconstruction 
DQG�VLPSOL�FDWLRQ�RI�,3�EDVHG�QHWZRUN�DUFKLWHFWXUH��ZKLFK�ZLOO�VLJQL�FDQWO\�UHGXFH�
delays in data transmission in regard to 3G-architecture networks.

�* is the next generation mobile communication technologies, which involves the 
creation of a network that practically enables connecting almost everything. The tran-
sition to global standard 5G NR (New Radio) will ensure a new mobile broadband con-
nection for smartphones (tablets) in 2019. These devices sense the information from 
WUDQVPLWWHUV�LQ�WKH�KXPDQ�ERG\�DQG�VHQG�WKHP�WR�WKH�QHWZRUN�IRU�JHQHUDO�XVHb>������@�

1)&�WHFKQRORJLHV (Near Field Communication, NFC). ,Q�UHFHQW�\HDUV��QHDU��HOG�KLJK�
VSHHG�ZLUHOHVV�WHFKQRORJ\�KDV�DOVR�LPSURYHG�VLJQL�FDQWO\�DQG�DOORZV�GDWD�H[FKDQJH�
between devices at a distance of about 10 centimeters. NFC technologies were pri-
marily intended for the use on digital mobile devices. This technology is a simple ex-
pansion of contactless standards that connect interface smart cards considering it 
a single device. The NFC device supports the communication with a smart card and 
RWKHU�1)&�GHYLFHV��ZKLFK�FDQ�ZRUN�ZLWK�H[LVWLQJ�FRQWDFWOHVV�FDUG�LQIUDVWUXFWXUHVb>�@�

1%�,R7�WHFKQRORJLHV (Narrow Band IoT) is a new generation of cellular connec-
tion standards for telemetry devices for low-scale data exchange (2016), designed to 
connect a wide spectrum of autonomous devices, including medical devices to digital 
QHWZRUN�FRQQHFWLRQVb>��@��6LQFH�1%�,R7�LV�SURWHFWHG�DQG�VXSSRUWV�D�ODUJH�QXPEHU�
of devices and transmission at a great distance, it is very convenient for health- 
care applications.
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Transmitters. The development of transmitters is one of the main incentives for 
the expansion of the ICT application. Transmitters measure the physical data and 
convert them into raw information. This information is then stored digitally, and use-
ful for analysis and processing.

Miniaturization of sensors has allowed them to integrate into "smart" devices, with 
the latter being able to record data, analyze the data, and allowing them to be transmit-
ted over the Internet. The size of modern transmitters can range from one millimeter 
to tens of centimeters. At present, the work is underway to further reduce the dimen-
sions of transmitters to ensure high comfort within the human body. Transmitters are 
fastened to the body in a variety of ways, and combined with the basic headset (often 
with a smartphone) via wireless technology, such as via Bluetooth, ANT+, ZigBee, etc.

Transmitters have to work perfectly and autonomously for the full realization of 
IoT capabilities, i.e., transmitters must be systematically fed. Solution of the problem 
should be sought from the environment: the methods of generating electricity from 
YLEUDWLRQ��OLJKW�DQG�DLU��RZb>��@��0DQ\�DFKLHYHPHQWV�KDYH�DOUHDG\�EHHQ�GRQH�LQ�WKLV�
DUHD��6FLHQWLVWV�KDYH�DQQRXQFHG�WKH�XWLOL]DWLRQ�RI�FRPPHUFLDO�QDQRJHQHUDWRUVbå�WKH�
FKLSV�WKDW�WUDQVIRUP�WKH�PRYHPHQW�RI�WKH�KXPDQ�ERG\b�HYHQ�RQH��QJHU��LQWR�HOHFWUL-
FDO�HQHUJ\��ZKLFK�DYRLGV�WKH�XVH�RI�EDWWHU\�DQG�HOHFWULFDO�VRFNHWVb>��@�

,R7�SODWIRUPV. An IoT device is interconnected via the Internet protocols for data 
transmission between each other. IoT-platforms provide bridge services between 
sensors and data transmission networks. 

The most popular companies in the IoT platform market may include:
åb$PD]RQ�:HE�6HUYLFHV�
åb0LFURVRIW�$]XUH�
åb7KLQJ:RU[�,R7�3ODWIRUP�
åb,%0
V�:DWVRQ�
åb&LVFR�,R7�&ORXG�&RQQHFW�
åb6DOHVIRUFH�,R7�&ORXG�
åb2UDFOH�,QWHJUDWHG�&ORXG�
åb*(�3UHGL[�

���� ,R7�DQG�RWKHU�WHFKQRORJLHV

The development and use of IoT potential will be possible in its interaction with 
other technologies. 

&ORXG�WHFKQRORJLHV��%LJ�'DWD�WRROV�DQG�WHFKQLTXHV��DUWL�FLDO�LQWHOOLJHQFH�WHFKQRO-
RJLHV�VKRXOG�EH�PHQWLRQHG�KHUH��UVW�
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&ORXG� WHFKQRORJLHV. The IoT system generates a large amount of data to be 
stored, processed and shared. Clouds in the universal architecture of IoT have three 
main functions:

åbGDWD�FROOHFWLRQ�DQG�VWRUDJH� �WUDQVPLWWHUV
� LQGLFDWRUV��� DQG� WKHLU�DFFHVVLELOL-
ty. The devices with transmitters collect giant volumes of data; the latter ones are 
stored in the clouds for further processing and analysis;

åbGDWD�DQDO\VLV��&ORXG�VHUYLFHV�SURYLGH�GDWD�UHYLHZ��FURVV�FRQQHFWLRQV�GHWHFWLRQ��
DQG�LPSRUWDQW�GDWD�H[WUDFWLRQ��LQFOXGLQJ�WUDQVIRUPDWLRQ�RI�WUDQVPLWWHUV
�LQGLFDWRUV�
IRU�UHPRWH�GDWD�H[FKDQJH�DQG�GHFLVLRQ�PDNLQJ��5HDO�WLPH�DQDO\�WLFVb�DQDO\WLF�SUR-
cessing), including the analytics implemented after packet mode data collection in 
wide intervals. In this case, machine learning and data acquisition algorithm and 
technology play an important role;

åbSURYLGLQJ�H[HFXWLRQ�FRPPDQGV��,R7�V\VWHPV�UHIHU�WR�GDWD�LQ�GLIIHUHQW�GLUHF-
WLRQV��DORQJ�ZLWK�WUDQVPLWWLQJ�WKH�WUDQVPLWWHUV
� LQGLFDWRUV��DQG�HQVXULQJ�WKDW�WKH�
commands are securely activated from the cloud.

In addition, cloud solutions perform administrative functions such as managing 
WKH�UHFRUGV�RI�GHYLFH�DQG�XVHUV
�ORJV��SHUIRUPLQJ�WKH�SURWRFROV�RI�XVH��PRQLWRULQJ�RI�
VHUYHU�VWDWXV�DQG�UHSRUWLQJb>��@�

%LJ�'DWD is one of the most important technologies that complements IoT and pro-
vides tools and techniques for large, diverse, different sized and unstructured data 
SURFHVVLQJ��7KH�XVH�RI�,R7�DOVR�LQFUHDVHV�WKH�QXPEHU�RI�ODUJH�GDWD�LQ�H�KHDOWKb>��@��
Anyone in need of regular medical supervision and wearing a transmitter is the gen-
HUDWRU�RI�LQ�QLWH�ODUJH�QXPEHUV�RI�GLJLWDO�DQDPQHVLV��7KXV��RQH�RI�WKH�PRVW�LPSRUW-
ant issues for the development of new medical technologies is the solution of large 
data generated by IoT transmitters. Modern medical techno logy allows scanning a 
body for only a second, whereas the whole human body is scanned for 60 seconds. 
This means that after appropriate examination, 10 GB of data will be sent to disease 
archive in the form of unprocessed images and electronic reports. Moreover, the vol-
ume of data on the electronic health record (EHR) of an adult patient will account for 
more than 2 TB.

7KH�GHYHORSPHQW�RI�VSHFL�F�DQDO\WLFDO�WRROV�DLPHG�DW�ZRUNLQJ�ZLWK�PHGLFDO�GDWD�
is very important for the solution of big data problem in medical IoT. Today Hitachi 

Clinical Repository's�VROXWLRQV�DUH�YHU\�VXFFHVVIXO�LQ�WKH�PDUNHWb>��@��WKHVH�VROXWLRQV�
allow processing the results of the examination and the raw me dical data from vari-
ous sources, and obtaining the necessary information.

$UWL�FLDO�LQWHOOLJHQFH�WHFKQRORJLHV. Several researchers and developers offer cre-
DWLQJ��VHQVLWLYH�,QWHUQHW�REMHFWV��E\�WUDQVIHUULQJ�DUWL�FLDO�LQWHOOLJHQFH�WR�WKH��REMHFWV��
and communications networks. They state that IoT system should have the features 
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RI��VHOI�FRQ�JXUDWLRQ��VHOI�RSWLPL]DWLRQ��VHOI�SURWHFWLRQ�DQG�VHOI�KHDOLQJ��LQ�WKH�IX-
WXUHb>��@��7KH��VPDUW��WKLQJV�DUH�HVWLPDWHG�WR�EH��VPDUWHU��GXH�WR�FRQWH[W�GHSHQGHQFH��
ODUJH�PHPRU\��DQG�H[WHQVLYH�SURFHVVLQJ�FDSDELOLWLHV��DV�ZHOO�DV�DELOLW\�WR�WKLQNb>��@�

The Internet of Things generates a huge amount of data; however, the real prob-
lem is the timely and precise processing and analysis of this data. The analytical capa-
ELOLWLHV�RI�DUWL�FLDO�LQWHOOLJHQFH�DSSOLFDWLRQV�RQ�VHUYHUV�WKDW�KDQGOH�GDWD�REWDLQHG�RU�
served to the IoT networks can provide fast and adaptive data collection. The combi-
QDWLRQ�RI�,R7�DQG�DUWL�FLDO�LQWHOOLJHQFH�WHFKQRORJLHV�ZLOO�HQDEOH�WKH�GHYHORSPHQW�RI�
"smart" and "connected" machines to interact with each other and to make decision 
with the without or minimized participation of a human in general.

���� 7KH�,QWHUQHW�RI�PHGLFDO�7KLQJV

2QH�RI�WKH�PRVW�LPSRUWDQW�DUHDV�ZKHUH�,R7�WHFKQRORJLHV�FDQ�VLJQL�FDQWO\�EHQH�W�
society is e-medicine. Special terms as "the Internet of medical things" (IoMT) or "the 
,QWHUQHW�RI�WKLQJV�LQ�PHGLFLQH��DUH�DOUHDG\�XVHG�IRU�WKLV��HOG��$OPRVW�DOO�VHJPHQWV�RI�
medicine have recently been in the focus of IoT researchers and creators, and these 
technologies are being applied in solving a number of practical issues. As a result, 
many applications and service areas have emerged.

Large-scale research and experiments on the integration of IoT innovations into 
PHGLFDO�SUDFWLFH�GHPRQVWUDWH�WKH�ZLGH�SRWHQWLDO�RI�WKLV�WHFKQRORJ\�LQ�WKH��HOG�RI�
healthcare. Undoubtedly, the prospects for the expansion of the IoT segment are 
FXUUHQWO\�GHWHUPLQHG�E\�WKH�QHHGV�RI�WKH�PHGLFDO��HOG��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�WKH�
possibility for mass and direct interactions between people and electronic devices. 
Consequently, according to Allied Market Research forecasts, the market for medical 
IoT devices (gadgets) and IoT applications is estimated to grow to 136.8 billion USD  
LQ�����b >������@��&XUUHQWO\�� WKH�DYHUDJH�DQQXDO�JURZWK�UDWH�RI� WKH� ,R7�PDUNHW� LV�
����b���DQG�WKH�QXPEHU�RI�KLJK�WHFK�VHUYLFHV��DSSOLFDWLRQV�DQG�V\VWHPV�LQ�WKH��HOG�
of healthcare is predicted to increase in the near future. Market development is also 
driven by increasing availability of medical gadgets and increasing user awareness of 
medical innovations.

,R7�WHFKQRORJLHV�DOORZ�PHGLFDO�LQVWLWXWLRQV�WR�LQFUHDVH�WKH�HI�FLHQF\�RI�ZRUN��
UHGXFH�WKH�WLPH�RI�VWD\�LQ�WKH�VWDWLRQDU\�PRGH��PRQLWRU�WKH�SDWLHQWV
�KHDOWK�E\�SUR-
viding new services, receive and analyze additional information about the course of 
treatment, and get consultations from the best doctors. Remote health monitoring 
provides prompt control of medical indicators, reduces the cost of medical care and 
VLPSOL�HV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�GRFWRU�DQG�WKH�SDWLHQW�
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IoT devices, various sensors and analytical applications working with them are 
involved in solving a number of administrative management, logistics and treat-
ment-diagnostic issues. The global connectivity of the Internet of Things allows col-
lecting, processing and effective use of various types of medical data related to secu-
ULW\��GLDJQRVWLFV��WKHUDS\��WUHDWPHQW��PHGLFLQH��PDQDJHPHQW���QDQFH��GDLO\�DFWLYLWLHV��
DQG�HWF�b>������@�

Below are some practical issues successfully solved in a number of medical sphe- 
UHV�ZLWK�WKH�XVH�RI�,R7�WHFKQRORJLHVb>��å��@�

$GPLQLVWUDWLYH�PDQDJHPHQW. IoT technologies have great potential in solving 
the following problems in the administrative management segment of e-medicine:

åbSDWLHQW�FRQWURO�DQG�PRQLWRULQJ�RI�KLV�KHU�KHDOWK�FRQGLWLRQ��WHPSHUDWXUH��SUHV-
sure and other physical indicators);

åbUHDO�WLPH�PRQLWRULQJ�RI�WKH�ORFDWLRQ�RI�GRFWRUV�DQG�SDWLHQWV�LQ�D�PHGLFDO�LQVWL-
tution (this allows for their urgent call in emergency situations, i.e., an operation or 
a procedure);

åbPRQLWRULQJ�RI�HQYLURQPHQWDO�SDUDPHWHUV��FOLPDWH�FRQWURO�LQ�WKH�PHGLFDO�LQVWL-
tution and wards, monitoring of internal climate conditions in the medical institution 
to warn about exceeding the limits of certain indicators (for example, temperature, 
humidity, oxygen concentration, etc.);

åbPDQDJHPHQW��PRQLWRULQJ�RI�WKH�VWDWXV�DQG�FRQGLWLRQ�RI�PHGLFDO�HTXLSPHQW��
drug stock, used materials, etc. in medical institutions and pharmacies;

åbDXWRPDWLRQ�RI�LQYHQWRU\�ZRUN��DXWRPDWLF�UHSRUWLQJ�RQ�WKH�LQWHQVLW\�RI�XVH�RI�
medical equipment and information technology equipment.

The IoT devices used in solving the problems under consideration are deployed 
in hospital refrigerators, ice chambers, wards, corridors or other places of the medi- 
cal facility.

0HGLFDO�GLDJQRVLV. Medical diagnostics involves various measuring instruments 
DV�WKH�SRWHQWLDO�RI� ,R7� LQ�WKLV��HOG� LV� LQ�QLWH��&XUUHQWO\�� LQ�DGGLWLRQ�WR�WKH��WUDGL-
tional" visualization (for example, ultrasound, magnetic resonance and computer 
WRPRJUDSK\��DQG�ODERUDWRU\�GLDJQRVWLF�PHWKRGV��WKH��HOG�RI�FOLQLFDO�GLDJQRVWLFV�LV�
widely applying transmitters for measuring many clinical indicators (for example, 
heart rate, arterial pressure, pulse, brain activity), as well as micro-transducers and 
nano-sensors for the assessment of clinical biomarkers. Today, nano-sized biochips 
are already being used in laboratory conditions, which allow ultra-sensitive analysis  

in vivo (lat. "in living"���RU�UDWKHU���LQVLGH�D�OLYLQJ�RUJDQLVP�RU�LQVLGH�D�FHOO�b>��@��6LJ-
nificant progress identifies cancer biomar kers and infectious microorganisms 
WKURXJK�PROHFXODU�GLDJQRVWLFV��)RU�H[DPSOH��DbXQLTXH�ELRVHQVRU�GHYHORSHG�E\�6ZLVV�
researchers, which is only one centimeter long, is implanted under the skin and  
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measures glucose, cholesterol, toxins, etc. in the blood. By transmitting the informa-
WLRQ�DERXW�WKH�DPRXQW�RI�DERYH�OLVWHG�WR�WKH�SDWLHQW
V�SKRQH��LW�DOORZV�SDWLHQW�WR�PRQ-
itor this amount conti nuously. The device is charged with a special patch attached to 
WKH�SDWLHQW
V�VNLQ��:HDUDEOH��LPSODQWDEOH�DQG�DEVRUEDEOH�VHQVRUV�PRQLWRULQJ�YDULRXV�
YLWDO�VLJQV�DUH�FRQQHF�WHG�WR�WKH�SDWLHQW
V�VPDUWSKRQHV�DQG�FDQ�DOVR�GLUHFWO\��FRPPX-
nicate" with the treating physician.

5HPRWH�PRQLWRULQJ. Remote monitoring through IoT is an integral component 
of modern telemedicine systems and telemetry. Thus, wearable transmitters allow 
GRFWRUV�WR�UHPRWHO\�PRQLWRU�WKH�SDWLHQW
V�LPSRUWDQW�YLWDO�IXQFWLRQV��DQDO\]H�WKH�UHDO�
time data and predict changes in their health conditions. At present, diag nostic com-
plexes are available with transmitters for remote monitoring of heart rate, body tem-
perature, blood pressure, blood sugar level in diabetics, and for real time processing 
of breathing functions.

7KH�VLJQDOV�IURP�WKH�WUDQVPLWWHUV�DUH�VHQW�WR�WKH�SDWLHQW
V�PRELOH�GHYLFH��WR�WKH�
monitors of the staff and treating doctors. The analysis is performed and conditions 
related to life-threatening situations are formed being supervised by a doctor. The 
patient himself/herself can send an alarm signal about his/her condition to the server  
IURP�WKH�SKRQH�LQWHUIDFHb>��@�

The use of IoT technologies enables remote monitoring of the physical condi-
tion of workers in hazardous facilities and making decision regarding the provision 
of appropriate and immediate medical assistance. Vests with a set of transmitters 
already recording the electrocardiogram (ECG), arterial pressure and a number of 
other parameters, with the ability to record the ECG and transmit it to the medi-
cal center using General Packet Radio Service (GPRS), as well as diagnostic complexes 
composed of mobile phones identifying the coordinates of the employee (patient) in 
D�OLIH�WKUHDWHQLQJ�VLWXDWLRQ�KDYH�DOUHDG\�EHHQ�GHYHORSHG�DQG�WHVWHGb>��@��7KH�SUR-
cessing of received data by specialists enables the real time monitoring the situation 
of workers in dangerous zones, assessing the situation and responding to it immedi-
DWHO\��5DGLR�)UHTXHQF\�,GHQWL�FDWLRQ��5),'��WHFKQRORJLHV��5),'�WDJV�WUDFN�WKH�PRYH-
ment of employees, determine their location in special risk facilities and warn about 
entering a prohibited zone.

'UXJ�WKHUDS\. Drug therapy is one of the medical spheres where the use of IoT 
ZLOO�EULQJ�JUHDW�EHQH�WV��7RGD\��PLFUR�WUDQVPLWWHUV�HPEHGGHG�LQ�SLOOV�KDYH�DOUHDG\�
proven themselves to be effective in the monitoring of medication intake, helping 
to control medication intake and compliance with the prescribed schedule. Such 
LPSODQWV�FDQ��FRQQHFW�GLUHFWO\��WR�ERWK�WKH�SDWLHQW
V�VPDUWSKRQH�DQG�WKH�WUHDWLQJ�
doctor. Currently, devices monitoring the correct use of drugs and making reminders 
about their regular intake are widespread in the market.
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Proteus Biomedical (USA) develops miniature microchips that are part of the 
SLOOb>��@��:KHQ�WKH�SLOO�LV�VZDOORZHG��WKH�PLFURFKLS�HQWHULQJ�WKH�ERG\�FUHDWHV�HQRXJK�
SRWHQWLDO�WR�WUDQVPLW�WKH�VLJQDOV�RI�WKH�SHUVRQ
V�PRYHPHQW�WR�WKH�(&*�DQG�WKURXJK�
radio channels to a small receiver attached to the abdominal wall.

The receiver collects the signals from the swallowed pills and then transmits 
WKHP�WR�WKH�VHUYHU�RU�WKH�GRFWRU
V�FRPSXWHU��'HWDLOHG�LQIRUPDWLRQ�RQ�WKH�XVH�RI�VXFK�
D�FKLS�SLOO�LV�SURYLGHG�LQb>��@�

Philips develops an "intelligent pill" (iPill), which is a tiny device composed of a 
PLFURSURFHVVRU��EDWWHU\��UDGLR�UHFHLYHU��SXPS��DQG�D�FRQWDLQHU�IRU�PHGLFLQHVb>������@��
This device "releases" the drug exactly where it is required.

When an "intelligent pill" enters a human body, it determines the necessary dose 
by minimizing the harmful effects of the drug. The "electronic brain" in the iPill con-
sists of control chips and transmitters, as well as a tiny pump regulating the tem-
perature and acidity. The microprocessor processes the sensed data and transmits 
a voltage to the "pump" releasing the necessary amount of medicine at the current 
moment. The iPill can be programmed to deliver medication at set intervals.

Treatment and care. IoT has a great potential in treating and caring for patients 
both in the healthcare facility and at home. The expansion of the IoT segment in 
KHDOWKFDUH��DQG�UHJXODUO\�VHQGLQJ�WKH�SDWLHQW
V�KHDOWK�LQGLFDWRUV�WR�WKH�WUHDWLQJ�SK\-
VLFLDQ�UHVSRQVLEOH�IRU�WKH�PRQLWRULQJ�WKH�SDWLHQW
V�KHDOWK�VWDWXV�WKURXJK�WUDQVPLW-
WHUV��KDV�PDGH�LW�SRVVLEOH�IRU�PDQ\�SHRSOH�WR�OLYH�PRUH�FRPIRUWDEO\��7KH�FOL�QLF
V�VWDII�
DQDO\]HV�HDFK�SDWLHQW
V�KHDOWK�EDVHG�RQ�WKH�UHTXLUHPHQWV�RI�WKH�UHOHYDQW�WHFKQROR-
gy, determines his/her needs and teaches him/her how to use IoT-enabled devices. 
7KH�DSSOLFDWLRQ�RI�,R7�LQ�WKH��HOG�RI�SDWLHQW�PRQLWRULQJ�LQ�RSHUDWLQJ�URRPV��RWKHU�
emergency rooms, separate intensive care and post-operative care units has a great 
potential. In this case, transmitters can be used to measure a wide range of clinical 
indicators (heart rate, arterial pressure, pulse, brain activity, etc.). Customized IoT 
platforms with health data analytics enable medical personnel to monitor the condi-
tion and alert them to the need for medical intervention.

IoT solutions focus more on preventative care at home rather than emergency 
care. The use of appropriate technologies reduces the cost of medical services by 
reducing the demand for emergency services and visits to hospitals.

����� ,R7�6HUYLFHV�DQG�$SSOLFDWLRQV�LQ�PHGLFLQH

Currently, IoT technologies open up wide opportunities for the development of 
the following services and applications in the medical segment:



84

Expert assessments in decision making: risks and safety

��bWR�LQFUHDVH�WKH�TXDOLW\�DQG�HI�FLHQF\�RI�PHGLFDO�DVVLVWDQFH�VHUYLFH�
��bWR�SHUIRUP�FROOHFWLRQ��DQDO\VLV�DQG�LQWHUSUHWDWLRQ�RI�YDULRXV�W\SHV�RI�GDWD�
��bWR�LPSURYH�UHDO�WLPH�GHFLVLRQ�PDNLQJ�
��bWR�FRQVWDQWO\�PRQLWRU�WKH�KHDOWK�VWDWXV�RI�SDWLHQWV�ZLWK�GHPHQWLD�DQG�FKURQLF�

diseases or preventive intervention;
��bWR�FUHDWH�IDYRUDEOH�FRQGLWLRQV�IRU�WKH�GHYHORSPHQW�RI�FXVWRPL]HG�DQG�SHUVRQ-

alized medicine, etc.
5HVHDUFK�VKRZV�WKDW�WKHUH�LV�QR�VWDQGDUG�GH�QLWLRQ�RI�DQ�,R7�VHUYLFH�LQ�WKH�PHG-

ical context. IoT technologies are expected to proliferate, each providing a large 
number of medical solutions, providing a variety of medical services. However, in 
H[FHSWLRQDO�FDVHV��WKH�VHUYLFH�PD\�EH�REMHFWLYHO\�VHSDUDWHG�IURP�D�VSHFL�F�VROXWLRQ�
RU�DSSOLFDWLRQb>��@��,Q�DGGLWLRQ��LW�VKRXOG�EH�QRWHG�WKDW�WKH�FRPPRQ�VHUYLFHV�DQG�SUR-
tocols essential to the IoT infrastructure may require minor changes in the function-
alization of the healthcare scenarios which they belong to. These include alerting 
service, shared resource access service, Internet service, cross-switching protocols 
for heterogeneous devices, and aggregation protocols for basic connectivity. Note 
that services are aimed at their creators, whereas the applications are used directly 
by users and patients.

)LJ�b��� presents IoT-based medical services and applications that are currently 
more available and widespread.

,R7�VHUYLFHV�LQ�PHGLFLQH�DUH�GH�QHG�E\�
��b3XEOLF�KHDOWKFDUH� The rapid growth of healthcare expenditure has been a chal-

lenge for most countries of the world. In many developed and developing countries, 
the trend of population aging, “lifestyle diseases” (obesity and diabetes, memory prob-
OHPV��DUWKULWLV��HWF����D�VLJQL�FDQW�LQFUHDVH�LQ�SDWLHQWV�ZLWK�FKURQLF�GLVHDVHV�DUH�FRQVLG-
HUHG�WKH�PDLQ�IDFWRUV�RI�WKH�H[WHQVLYH�GHYHORSPHQW�RI�WKH�PHGLFDO�FDUH�V\VWHPb>��@�

%HFDXVH�RI�WKH�SROLF\� LQ�WKH��HOG�RI�SXEOLF�KHDOWK�� L�H��� WKH�WUDGLWLRQDO�UHDFWLYH�
health care model is now giving way to a preventive one. The latter involves moni-
toring the health status of people and predicting its change, preventing the develop-
ment of diseases. The e-medicine technologies referred to in this model, especially 
IoT-based technological solutions, provide remote diagnosis, remote monitoring of 
chronic patients, monitoring of health status and, as a whole, achieve cost reduction 
LQ�WKH�KHDOWKFDUH�V\VWHPb>��@�

��b0RELOH�KHDOWKFDUH�,QWHUQHW� The mobile health (m-Health) industry comprises the 
medical data generation, collection and sharing through mobile and wireless devices.

$FFRUGLQJ�WRb>������@��m-Health consists of mobile computing complex, wearable 
transmitters and communication technologies for providing medical services. The 
theoretical foundation of the mobile Internet of Things (m-IoT) is a new model of 
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healthcare connectivity. According to this model, 6LoWPAN will be integrated into 
the advanced 4G network for future m-Health Internet services. At this time, atten-
WLRQ�VKRXOG�EH�SDLG�WR�WKH�VSHFL�F�DVSHFWV�GHWHUPLQLQJ�WKH�LPSRUWDQFH�RI�GLUHFW�LQ-
teraction with people in the course of monitoring, diagnosis and treatment of m-IoT. 
These aspects should be considered in m-IoT architecture designing for e-medicine, 
solving context-dependent problems and ecosystems.

)LJ������ IoT services and applications in e-medicine

��b,R7�WHFKQRORJLHV�IRU�VXSSRUWLQJ�WKH�HOGHUO\��IoT technologies supporting the 
living environment it covers are designed to provide special services to the elderly 
and disabled. The essence of this technology is to ensure the independent life of the 
relevant category of people through modern technologies, especially IoT. Remote 
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monitoring systems and transmission of alarms are designed to prevent potential 
dangers as falls, illness, etc. GPS transmitters installed in "smart" vehicles track the 
movement route of patients with limited mobility, activate the warning system in 
case of falls and exceeding the location boundaries, and the information panel shows 
WKHLU�ORFDWLRQ��$Q�RSHQ��VHFXUH�DQG��H[LEOH�SODWIRUP�EDVHG�RQ�,R7�DQG�FORXG�FRPSXW-
LQJ��ZKLFK�VXSSRUWV�WKH�VXUURXQGLQJ�HQYLURQPHQW��LV�GHVFULEHG�LQb>��@�

��b'UXJV
�VLGH�HIIHFWV� The World Health Organization concludes that the side 
effects of drugs are harmful to the body, dangerous, unintended reactions when tak-
ing certain doses of drugs used by a person for the prevention, diagnosis and (or) 
WUHDWPHQW�RI�D�GLVHDVH��DV�ZHOO�DV�IRU�WKH�FRUUHFWLRQ�DQG�PRGL�FDWLRQ�RI�SK\VLRORJLFDO�
IXQFWLRQVb>��@�

Side effects of drugs are revealed in the following cases:
��bDIWHU�WDNLQJ�WKH��UVW�GUXJ�
��bDV�D�UHVXOW�RI�ORQJ�WHUP�GUXJ�LQWDNH�
��bLQ�WKH�SURFHVV�RI�WDNLQJ�WZR�RU�PRUH�GUXJV�WRJHWKHUbå�LQ�WKLV�FDVH��WKH�UHOH-

YDQFH�RI�WKH�HIIHFWV�RI�HDFK�GUXJ�WR�VSHFL�F�FOLQLFDO�VLWXDWLRQV�VKRXOG�EH�HYDOXDWHG�
$�SHUVRQDOL]HG�V\VWHP�IRU�GUXJ�DYDLODELOLW\�YHUL�FDWLRQ�XVLQJ� ,R7� LV�SURSRVHG�

LQb>��@��0RELOH�GHYLFHV�LGHQWLI\�PHGLFDWLRQV�GLUHFWO\�WKURXJK�FRQWDFWOHVV�FRQQHF-
tions or barcodes. The suitability of the drug for the patient is checked with the help 
of an intelligent pharmaceutical information system organized from a database (de-
VFULSWLRQ�RI�GUXJV��DFWLYH�LQJUHGLHQWV��VLGH�HIIHFWV��DQG�D�NQRZOHGJH�EDVHb�UXOHV�IRU�
detecting allergies or adverse reactions to the drug).

7KLV�V\VWHP�FKHFNV�WKH�GUXJ�FRPSDWLELOLW\�ZLWK�WKH�SDWLHQW
V�HOHFWURQLF�PHGL-
FDO�KLVWRU\��LQ�SDUWLFXODU�ZLWK�WKH�DOOHUJLF�SUR�OHV�RI�FHUWDLQ�GUXJV��7KH�XVH�RI�VXFK���
system in special risk facilities, including OOP, is of great importance for checking 
whether the drugs to be taken by the employees during the early elimination of 
health problems are useful or not.

��b$YDLODELOLW\�RI�ZHDUDEOH�IDFLOLWLHV� Ensuring IoT excellence is a complex task. 
Thus, its solution practically requires a revision of all issues, from the ge neral ar-
FKLWHFWXUDO�SULQFLSOHV�RI�WKH�H[LVWLQJ�LGHQWL�FDWLRQ�WHFKQRORJLHV�WKDW�PDNH�XS�WKH�
modern Internet, the management of networks, to the provision of human rights 
and security. Today, a large number of different wearable transmitters have been 
developed for a wide range of medical applications, especially medical care based 
on wireless sensor networks. These transmitters are promising enough to provide 
relevant services in the IoT environment. Wearable devices can provide a set of 
functions realized based on the architectural principles of IoT. This necessitates the 
integration of existing transmitters into wearable IoT products. Researchers and de-
velopers dealing with the integration problem face many challenges related to the 
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heterogeneous character of medical transmitters. In this context, mobile devices 
require a special service called accessibility. Already today, due to such a service, 
there are many applications for IoT based on wireless sensor networks scenarios. 
Thus, the IoT environment proposes solutions based on the use of mobile and wear-
able devices such as smartphones, tablets, smart-watches, wristbands to monitor a 
SHUVRQ
V�SK\VLRORJLFDO�VWDWH��V\VWHPDWLFDOO\�FRQWURO�WKH�SK\VLFDO�DFWLYLW\��HWF�b>������@��
The listed aspects make it necessary to use the latter on OOP.

��b&RQWH[W�UHFRJQLWLRQ��2QH�RI�WKH�ZD\V�WR�LPSURYH�WKH�HI�FLHQF\�RI�,R7�DSSOLFD-
WLRQV�LV�WR�LPSOHPHQW�D�FRQWH[W�UHFRJQLWLRQ�VHUYLFH��7KH�GHYLFH
V�NQRZOHGJH�RI�LWV�HQ-
vironment, its users, as well as the application context (for example, gene rating a lo-
FDWLRQ�PDS�WR�DXWRPDWLFDOO\�GLVSOD\�WKH�XVHU
V�FXUUHQW�ORFDWLRQ���OWHU�GDWD�DQG�DGDSW�
to the application. The more contextual information an IoT device has, the more 
probably the necessary information will be automatically presented to the user.

When collecting contextual data through clinical transmitters, it is important to 
consider relevant temporal and spatial characteristics. If these characteristics do not 
coincide, the data reading can be confusing. Context can also play an important role 
LQ�GHWHUPLQLQJ�WKH�VHFXULW\��FRQ�GHQWLDOLW\��SHUIRUPDQFH��DQG�DYDLODELOLW\�UHTXLUH-
PHQWV�RI�WUDQVPLWWHUV
�QHWZRUNV��7KLV�FRQWLQXHV�WR�EH�DQ�DUHD�RI�DFWLYH�UHVHDUFKb>��@�

Over time, the Internet of Things will enable us to receive more information from 
web services and nearby physical transmitters and share them with other devic-
es. Consequently, the accuracy of received data and made decisions will increase. 
Future devices will be "smarter". The development of context-dependent systems, 
which operate in different ways depending on the context, provides an opportunity 
WR�UHVSRQG�DGHTXDWHO\�WR�WKH�VLWXDWLRQb>��@��'HYHORSHUV�RI�FRQWH[W�GHSHQGHQW�PHGL-
cal systems in the IoT network base require the context prediction service to provide 
possible contexts. A predictive context framework for providing medical services is 
GHYHORSHG�LQb>��@��DQG�DQ�DSSOLFDWLRQ�RI�SUHGLFWLYH�FRQWH[W�IRU�UHPRWH�PHGLFDO�PRQL-
WRULQJ�LQ�WKH�,R7�HQYLURQPHQW�LV�SUHVHQWHG�LQb>��@�

��b,R7�$SSOLFDWLRQV�LQ�PHGLFLQH. The success of IoT depends on applications im-
SURYLQJ�SHRSOH
V�GDLO\�OLYHV��$�SUHUHTXLVLWH�IRU�WKH�SURFHVVLQJ�RI�FHUWDLQ�DSSOLFDWLRQV�
is the availability of transmitters for sending the appropriate data set. IoT applica-
WLRQV�DUH�WKH�SURJUDPV�RU�VRIWZDUH�V\VWHPV�GHVLJQHG�WR�VROYH�D�VSHFL�F�SUREOHPb>��@�

IoT applications play an important role in e-medicine, directly used by users and 
patients. They track the location and health of people in other spheres, including spe-
cial risk facilities. Below are the IoT applications supporting the vital medical indica-
tors of a person, in this regard, to monitor the health status of employees on OOP, 
to detect their health problems up to the point of "emergency care" and to eliminate 
them by providing early assistance:
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åbdetermining the amount of sugar. Blood sugar monitoring detects the patterns 
RI�EORRG�OHYHO�FKDQJHV�DQG�SODQQLQJ�QXWULWLRQ��DFWLYLW\��DQG�PHGLFDWLRQ�WLPLQJb>��@�

åbECG monitoring. By recording the electrical activity of the heart in real time, an IoT-
EDVHG�V\VWHP�IRU�LGHQWLI\LQJ�WKH�KHDUW
V�DFWLYLW\�LV�SURSRVHG��ZKLFK�DVVHV�VHV�WKH�SDWLHQW
V�
FRQGLWLRQ�LQ�WLPH�DQG�WUDQVPLWV�WKH�GHWHFWHG�(&*�HUURUV�WR�WKH�GDWD�DQDO\VLV�FHQWHUb>��@��
$Q�DOJRULWKP�FRPSOH[�IRU�GHWHFWLQJ�(&*�VLJQDOV�DW�DbSUDFWLFDO�OHYHO�IRU�FRQWLQXRXV�(&*�
PRQLWRULQJ�LQ�WKH�,R7�HQYLURQPHQW�LV�GHYHORSHG�LQb>��@��$SSOLFDWLRQV�GHVLJQHG�IRU�(&*�
recording and monitoring, heart rate measurement and heart rhythm graphic represen-
WDWLRQ��DQG�VXEVHTXHQW�GDWD�WUDQVIHU�WR�GDWDEDVHV�DQG�ZHE�VHUYHUV�DUH�SURSRVHG�LQb>��@�

åbheart rate. Heart rate is characterized and measured by the number of heart 
EHDWV�SHU�PLQXWH��7KH�IUHTXHQF\�RI�KHDUW�FRQWUDFWLRQV�GHSHQGV�VLJQL�FDQWO\�RQ�WKH�
context, i.e., it increases after physical exercises, and changes by stress, lack of sleep, 
LOOQHVV�DQG�GUXJ�LQWDNHb>������@�

åbarterial pressure monitoring. Arterial pressure is a blood pressure measured in 
the arteries. The threshold of blood pressure in arteries, veins and capillaries is dif-
ferent and one of the main indicators of the functional state of the body;

åbbody temperature monitoring. Body temperature monitoring is an integral part 
RI�PHGLFDO�FDUH��7KLV�LQGLFDWRU�LV�D�YLWDO�SDUDPHWHU�IRU�PDLQWDLQLQJ�KRPHRVWDVLVb>��@�

åbsmartphones in the development of IoT solutions in medicine. Transmitters con-
trolled by smartphones have appeared in recent years. This increases the impor-
tance of smartphones in the development of IoT technologies. Medical applications 
for smartphones offer inexpensive solutions for both patients and a wide user audi-
ence. Early medical applications were developed for interaction with one transmit-
ter, whereas now, there is a trend to develop multifunctional applications interacting 
with several sensor devices.

Smartphones are a successful tool for monitoring the health status and location 
tracking of employees on OOP and transmitting alert information to the employees 
DQG�UHOHYDQW�RI�FLDOV�RQ�223�

��b$SSOLFDWLRQV�IRU�JHRORFDWLRQ�WUDFNLQJ. Currently, there are mobile devices 
WKDW�PRQLWRU� WKH�SDWLHQW
V�PRYHPHQW� WUDMHFWRU\�DQG�DOHUWLQJ� WKH�HPHUJHQF\� UH-
sponse service in case of dangerous situations, and they are equipped with infor-
mation about their geolocation. For example, Corvus-Tracker application of the An-

droid�RSHUDWLQJ�V\VWHP��GHVLJQHG�IRU�WUDFNLQJ�XVHUV
�PRELOH�GHYLFHV��$SSOLFDWLRQV�IRU�
tracking "smart" things are becoming more widespread.

Modern systems for real time reporting geographic location in make it pos sible 
WR��QG�UHOHYDQW�REMHFWV��7KLV�IHDWXUH�QHFHVVLWDWHV�WKH�XVH�RI�WKRVH�V\VWHPV�WR�ORFDWH�
personnel on OOP and to alert people when they enter (or attempt to enter) restrict-
ed facilities.
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����� ,R7�LQ�PHGLFLQH��ULVNV�DQG�FKDOOHQJHV

Analysts believe that medicine and healthcare will be the most widespread seg-
ment of IoT�LQ�WKH�IROORZLQJ��YH�\HDUV��7KH�PDLQ�GHPDQG�IDFWRU�IRU�WKLV�WHFKQRORJ\�
is the ability to establish direct contact with patients in the process of diagnosis and 
treatment. However, this factor directly connecting the IoT to the human body cre-
ates threats to his/her health, sometimes even fatal consequences, and conditions 
VSHFL�F�ULVNV��2Q�WKH�RWKHU�KDQG��WKH�JOREDO�FRQQHFWLRQ��ZKLFK�FROOHFWV��SURFHVVHV�
and automatically links a large amount of personal information, makes high demands 
RQ�GDWD�VHFXULW\�DQG�SURWHFWLRQ�RI�SHUVRQDO�GDWD��FRQ�GHQWLDOLW\b>��å��@�

Below are some of the risks and challenges arising during the implementation of 
PHGLFDO�,R7��ZKLFK�SRVH�D�WKUHDW�WR�ERWK�WKH�SK\VLFDO�VDIHW\�RI�SDWLHQWV�DQG�WKH�FRQ�-
dentiality of their personal information:

åbWKH�ULVN�RI�EUHDNLQJ�WKH�V\VWHP�GHOLYHULQJ�GUXJV�LQVWDOOHG�LQ�WKH�KXPDQ�ERG\��
injecting a fatal dose for the patient into the system, not introducing the drug into 
the body in time;

åbDWWDFNV�RQ�WKH�WUDQVPLVVLRQ�RI�WKH�SDWLHQW
V�YLWDO�KHDOWK�GDWD�FROOHFWHG�RQ�WKH�
PRQLWRU�WR�WKH�GRFWRU
V�RI�FH�YLD�WKH�QHWZRUN��WKH�ULVNV�RI�V\VWHP�KDFNLQJ��LQIRUPD-
tion theft;

åbDWWDFNV�RQ�SHUVRQDO�JDGJHWV�FRQQHFWHG�WR�,R7��UHPRWH�FRQWURO�RI�FDUGLDF�SDFH-
PDNHUV��GLDEHWHV�VXSSRUW�V\VWHP��FRQWDFW�OHQVHV�VXSSRUWLQJ�LQIUDUHG�YLVLRQ�bHWF���

åbWKH�SUREOHP�RI�SURWHFWLQJ�GDWD�VHFXULW\�DQG�FRQ�GHQWLDOLW\�DV�D�UHVXOW�RI�WKH�
mobility and complexity of IoT;

åbSUREOHPV�DQG�UHTXLUHPHQWV�RI�SHUVRQDO�GDWD�SURWHFWLRQ�LQ�WKH�,R7�HQYLURQPHQW�
capable of tracking and automatically linking a large amount of personal and individ-
ual data;

åbKLJK�UHTXLUHPHQWV�IRU�WKH�JXDUDQWHH�RI�LQIRUPDWLRQ�VHFXULW\�DQG�FRQ�GHQWLD�OLW\�
of patient data for IoT solution providers in healthcare (this leads to the increase in 
the price of IoT products and a decrease in their availability in the market);

åbLPSRUWDQFH�RI�LGHQWLI\LQJ�UHVHDUFK�RQ�WKH�VHFXULW\�DQG�FRQ�GHQWLDOLW\�RI�,R7�
solutions for healthcare and proposing a more reliable security model;

åbQHFHVVLW\�RI�FDUHIXO�DQDO\VLV�RI�HQFU\SWLRQ�WHFKQRORJLHV�EHIRUH�XVLQJ�LQIRUPD-
tion received from wireless sensor networks or other networks in order to protect 
information during IoT implementation;

åbXQFHUWDLQW\�RI�GDWD�VHFXULW\�DQG�FRQ�GHQWLDOLW\�LVVXHV�LQ�,R7��WKHLU�OHJDO�LQWHU-
pretations;

åbODFN�RI�XQLTXH�VWDQGDUGV�DQG�SURWRFROV�RI�GDWD�WUDQVIHU��ZKLFK�FRPSOLFDWHV�WKH�
integration and cooperation of devices of different manufacturers in the IoT industry;
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åbWHFKQRORJLFDO�FKDOOHQJHV�UHODWHG�WR�WKH�WUDQVLWLRQ�WR�WKH�IPv6 protocol in the 
development of IoT and the energy supply of billions of new transmitters;

åbSUHVHQFH�RI�D�SV\FKRORJLFDO�EDUULHU�VXFK�DV�SDWLHQWV��GRFWRUV�DQG�RWKHU�PHGLFDO�
professionals not trusting the machine providing IoT services in making important 
decisions;

åbJHQHUDWLRQ�RI�WKH�KXJH�YROXPH�RI�GDWD�LQ�WKH�EDVH�RI�,R7�VROXWLRQV�H[FHHGLQJ�WKH�
volume characteristic of big data;

åbWUDGLWLRQDO�FRQVHUYDWLVP�RI�SDWLHQWV�DQG�PHGLFDO�SURIHVVLRQDOV��ZKLFK�LV�RQH�RI�
the main obstacles for the application of modern technologies.

These risks and challenges make it necessary to adopt appropriate programs 
and develop procedural rules and take security measures for the implementation of  
IoT solutions.

����� &RQFOXVLRQ

IoT technologies allow collecting and processing relevant data, analyzing them, and 
detecting potential problems along with the monitoring of the health and location of 
the personnel on OOP. Thus, the data received from smart devices during a certain pe-
riod of time allows building the behavioral patterns of the personnel on OOP and pro-
viding the staff with clinical information based on the discrepancies recorded through 
expert assessment by the health monitoring results. One of the trends promoting the 
realization of these capabilities is the gradual reduction of the size of the connecting 
devices, which enhances the capability of wearable devices to be implanted to the hu-
man body. In this case, microscopic transmitters installed in the human body (inside) 
and body-worn devices allow the collection of objective information and the control 
of the treatment process (at any point of the world). This increases the probability 
of the provision of medical care before undesirable and unpleasant situations occur.

Today, many countries recognize that IoT is capable to radically change human 
resources management in the world as a whole, as well as in certain areas, particular-
ly those at risky sites. Unquestionably, many countries are developing the strategies 
DQG�JXLGHOLQHV�IRU�LQVWDOOLQJ�,R7�WHFKQRORJLHV�DW�VSHFLDO�ULVN�VLWHVb�FRDO�PLQHV��PLQHV��
oil platforms, etc.), and conducting research on different segments of IoT. Based on 
IoT applications and services, monitoring the health of people on OOP and tracking 
their location will detect the problems arisen in their condition before "emergency 
care", eliminate them with early medical intervention, and prevent undesirable situ-
ations that may occur due to the human factor. Therefore, the use of IoT to protect 
the health of employees on OOP requires a deep understanding of the essence of 
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WKHVH�WHFKQRORJLHV��FKDQJLQJ�WKH�YLHZV�RI�FRQVXPHUV��UHOHYDQW�RI�FLDOV��DQG�PHGLFDO�
SURIHVVLRQDOV�UHJDUGLQJ�LWV�EHQH�WV��DQG�SUHYHQWLQJ�WKHLU�WUDGLWLRQDO�FRQVHUYDWLVP��
DQG�WKH�SUHVHQWHG�DUWLFOH�ZLOO�EH�EHQH�FLDO�LQ�WKLV��HOG�

&RQ�LFW�RI�LQWHUHVW

7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQ�LFW�RI�LQWHUHVW�LQ�UHODWLRQ�WR�WKLV�UH-
VHDUFK��ZKHWKHU��QDQFLDO��SHUVRQDO��DXWKRUVKLS�RU�RWKHUZLVH��WKDW�FRXOG�DIIHFW�WKH�
research and its results presented in this paper.
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Abstract

7KLV�FKDSWHU�RYHUYLHZV�WKH�SUREOHPV�RI� LQFUHDVLQJ�WKH�HI�FLHQF\�RI�VDIHW\�DQG�
health management of shift workers in offshore oil and gas industry through the prism 
RI�WKH�KXPDQ�IDFWRU��,W�VWXGLHV�WKH�VSHFL�F�IHDWXUHV�RI�WKH�HQYLURQPHQW��KD]DUGV�DQG�
ULVNV��ZRUNLQJ�FRQGLWLRQV�DQG�SURIHVVLRQDO�DFWLYLWLHV�LQ�WKH�RIIVKRUH�VHFWRU��7KH��HOGV�
of safety and health management of personnel employed on offshore oil platforms 
DUH�KLJKOLJKWHG��,W�LV�VKRZQ�WKDW��GHVSLWH�WKH�VXI�FLHQW�HODERUDWLRQ�RI�WKH�NQRZOHGJH�
base on health hazards and mechanisms for their elimination in the traditional sys-
tem of occupational safety and health protection, the safety and health issues relat-
ed directly to the human factor have not explored so far. The state-of-the-art of the 
problem of personnel safety and health in the context of the human factor is inves-
tigated. The concept of a human-centered approach to personnel safety and health 
management is proposed, implying the inclusion of employees in the control loop as 
the main component in their contextual environment. This involves continuous remote 
monitoring of vital health indicators of employees and, at the same time, parameters 
of the context-dependent environment of each of them, and an expert assessment 
of the deviation of these parameters from the norm. Based on IoT technologies and 
e-health solutions, a functional model of a system for continuous remote monitoring 
of the health of workers during the period of their shift on offshore oil platforms is 
developed. The architecture and principles of functioning of a distributed intelligent 
health management system for shift workers in the offshore industry are proposed.

.H\ZRUGV
Offshore oil and gas industry, human-centered approach, IoT, continuous remote 

monitoring, expert assessment, intelligent health management system.
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���� ,QWURGXFWLRQ

The offshore oil and gas industry is one of the leading sectors in the industry and 
plays a key role in the global oil and gas supply. The growing demand for oil amongst 
WKH�GHSOHWLRQ�RI�RQVKRUH�K\GURFDUERQ�UHVHUYHV�KDV�FRQWULEXWHG�WR�WKH�LQWHQVL�FD-
tion of work on the exploration of hydrocarbon deposits and their production on sea 
VKHOI��&XUUHQWO\��RIIVKRUH��HOGV�SURGXFH�DERXW���b��RI�RLO�DQG���b��RI�JDV��$FFRUGLQJ�
WR�WKH�DJUHHG�H[SHUWVè�HVWLPDWHV��LQ�WKH�QH[W���å���\HDUV��WKH�GHHSZDWHU��HOGV��IURP�
���bP�WR����bNP��DQG�XOWUD�GHHSZDWHU��IURP����bNP�DQG�PRUH���HOGV�ZLOO�EHFRPH�WKH�
PDLQ�VRXUFH�RI�H[SDQVLRQ�RI�K\GURFDUERQ�SURGXFWLRQb>�@��2LO�DQG�JDV�FRUSRUDWLRQV�
DUH�LQWHUHVWHG�LQ�WKH�GHYHORSPHQW�RI�VXFK��HOGV��,W�LQFUHDVHV�WKH�UHOHYDQFH�RI�WKH�
task of implementing deep-water projects for the exploration and production of hy-
GURFDUERQV�RQ�D�JOREDO�VFDOHb>�@�

Meanwhile, as the depth of production increases, the distance of the offshore 
structure from the coast, the hardness and thickness of the rock, the exploration 
DQG�GHYHORSPHQW�RI�QHZ�RLO�DQG�JDV��HOGV�DUH�EHFRPLQJ�PRUH�FDSLWDO�LQWHQVLYH�DQG�
science-intensive processes. A steady trend towards the development of hydrocar-
ERQ�UHVRXUFHV�LQ�PRUH�êGLI�FXOWë�FRQGLWLRQV�UHTXLUHV�WKH�XVH�RI�KLJK�WHFK�HTXLSPHQW��
new innovative methods for collecting, transmitting and processing a large amount 
RI�LQIRUPDWLRQ�UHFHLYHG�IURP�JHRJUDSKLFDOO\�GLVWULEXWHG�RIIVKRUH�REMHFWVb>����@��7KH�
use of Internet of Things (IoT) solutions can contribute to the formation of effective 
VWUDWHJLHV�IRU�WKH�GHYHORSPHQW�RI�RIIVKRUH��HOGV�IRU�UHGXFLQJ�RSHUDWLQJ�FRVWV�DQG�
increasing the level of hydrocarbon production. Currently, large oil and gas corpora-
tions are beginning to implement IoT for continuous monitoring and control of explo-
ration, production and transportation of hydrocarbons, ensuring the safety of special 
RIIVKRUH�GULOOLQJ�IDFLOLWLHVb>����@�

+RZHYHU��DFKLHYLQJ�SURGXFWLRQ�HI�FLHQF\�RQO\�RQ�WKH�EDVLV�RI�GLJLWDOL]DWLRQ�RI�YDUL-
ous operational processes does not seem realistic. Today, a large number of skilled work-
ers and specialists are involved in many of the operational processes of the oil and gas 
industry, whose functional duties and work activities are associated with potential haz-
DUGV�DQG�KHDOWK�ULVNV��7KHUHIRUH��WKH�WDVN�RI�LPSURYLQJ�WKH�HI�FLHQF\�RI�PDQDJHPHQW�RI�
safety and health of workers is an essential part of the oil and gas industry at all stages 
of the life cycle of the oil and gas business. At the same time, the problem of health man-
agement of workers is becoming especially relevant in the offshore oil and gas indus-
WU\��ZKLFK�LV�FODVVL�HG�DV�D�VHJPHQW�RI�LQFUHDVHG�GDQJHU�WR�WKH�KHDOWK�RI�ZRUNHUVb>����@�

According to experts, the use of IoT technology is one of the challenges for the 
IXWXUH�GHYHORSPHQW�RI�WKH�RIIVKRUH�RLO�DQG�JDV�LQGXVWU\b>�@��0RUHRYHU��WKH�FRQFHSW�
and tools of Industry 4.0 provide an opportunity for the development of IoT-based 



101

Methodological approaches to the intelligent human factor management  
on an offshore oil and gas platforms

Chapter 4

F\EHU�SK\VLFDO�V\VWHPVb>�@��DOORZLQJ�LQ�WKH�IXWXUH�WR�SDUWLDOO\�RU�FRPSOHWHO\�GHSHU-
sonalize the operational processes implemented in the offshore oil and gas segment 
�22*6��RI�WKH�LQGXVWU\b>�@��0RUHRYHU��ZH�VKDUH�WKH�RSLQLRQ�RI�WKH�DXWKRUV�ZKR�EH-
lieve that a person will be present in the management circuit of the oil and gas indus-
try for a long time, and, in particular, in the OOGS. Therefore, digital transformation, 
�UVW�RI�DOO��VKRXOG�EH�DLPHG�DW�FUHDWLQJ�DQ�$PELHQW�LQWHOOLJHQFH�IRU�WKH�SURIHVVLRQDO�
DFWLYLWLHV�DQG�GDLO\�OLIH�RI�RLO�ZRUNHUVb>������@�

This chapter explores the problems of managing the safety and health of workers 
employed on offshore oil platforms, based on modern digital technologies.

���� 3UREOHP�VWDWHPHQW

Currently, there is a tendency towards wide digitalization of the oil and gas indus-
try. The digital transformation of the industry is stimulated by the emergence of such 
technological innovations as communication networks for the machine-to-machine 
�0�0��GDWD�VKDULQJb>��@��ZLUHOHVV�VHQVRU�QHWZRUNV��:61���,R7�WHFKQRORJLHVb>��å��@��
as well as a large number of IoT applications and industrial services (Industrial IoT, 
,,R7�b>��@��0RUHRYHU��PDQ\�W\SHV�RI�HTXLSPHQW�LQ�WKH�RLO�DQG�JDV�LQGXVWU\�DUH�DOUHDG\�
supplied with smart sensors for various purposes, which, at various stages of the de-
YHORSPHQW�RI�RLO�DQG�JDV��HOGV��FROOHFW�ODUJH�DPRXQWV�RI�SUHYLRXVO\�LQDFFHVVLEOH�LQ-
IRUPDWLRQ�RQOLQH��VKDUH�WKH�FROOHFWHG�GDWD�DQG�WUDQVPLW�LW�IRU�SURFHVVLQJb>��å��@��([-
panding the capabilities of IoT and its scope through integration with WSN, modern 
storage tools, analytical processing of a large amount of heterogeneous data (cloud 
computing, big data, real-time decision support systems) allows data acquisition to 
VXSSRUW�LQIRUPHG�GHFLVLRQVb>��å��@�

$QDO\VLV�RI�HOHFWURQLF�VRXUFHV�GHPRQVWUDWHV�D�VLJQL�FDQW�LQFUHDVH�LQ�WKH�LQWHUHVW�
of researchers and developers in solving industrial safety problems in the oil and gas 
industry using the potential of IoT. The growing awareness of oil companies about 
the wide possibilities of the IoT in supporting industrial safety and decision-making in 
WKH�SURFHVVHV�RI�VHDUFK��H[SORUDWLRQ�DQG�GHYHORSPHQW�RI��HOGV��SURGXFWLRQ�DFWLYLWLHV��
asset management and remote monitoring have stimulated large-scale investments 
LQ�WKLV�VHFWRUb>��å��@��,Q�������WRWDO�,R7�LQYHVWPHQW�DQG�IXQGLQJ�LQ�WKH�RLO�DQG�JDV�
industry accounted for 284 million USD, with a particular focus on the development 
of IoT analytic platforms and cloud services for oil and gas supply chain applications. 
According to experts, by 2024 investments in the global IoT in the oil and gas market 
DUH�HVWLPDWHG�WR�DFFRXQW�IRU�������ELOOLRQ�86'��LQFUHDVLQJ�E\�DQ�DYHUDJH�RI������b��
DQQXDOO\�RYHU�WKH�SHULRG�����å����b>������@�
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However, it should be noted that the development and application of IoT solutions 
WR�VXSSRUW�WKH�VDIHW\�DQG�KHDOWK�RI�ZRUNHUV��SHUVRQQHO��DUH�QRW�GLVFXVVHG�VXI�FLHQW-
O\b>��å��@��$W�WKH�VDPH�WLPH��WKH�GHYHORSPHQW�RI�WHFKQRORJLHV�DQG�WKH�HPHUJHQFH�RI�
intelligent wearable, body-worn and implant sensors (smart watches, bracelets, ban-
dages, patches, sensors placed under the skin or inside body), Wireless Body Area 
1HWZRUNV��:%$1�b>��å��@��*36�DQG�PRELOH�GHYLFHV��VPDUWSKRQHV��WDEOHWV�b>��å��@�
have opened up unprecedented opportunities for remote monitoring of the health 
status of workers, including those employed in industries with an increased health 
ULVN�IRU�D�ORQJ�WLPH�ZLWKRXW�UHVWULFWLRQV�RQ�WKHLU�SURIHVVLRQDO�DFWLYLW\b>��å��@�

7KH�UHOHYDQFH�RI�WKH�SUREOHP�LV�FRQ�UPHG�E\�VWDWLVWLFDO�GDWD��DFFRUGLQJ�WR�ZKLFK�
WKH�ZRUNHUV�LQ�WKH�RLO�DQG�JDV�LQGXVWU\�DUH���WLPHV�PRUH�OLNHO\�WR�EH�LQMXUHGb>������@��
Thus, according to the US Bureau of Labor Statistics, in 2016, 300 fatal and more 
than 410 thousand non-fatal industrial injuries were registered in the private sec-
WRU�RI�WKH�RLO�UH�QLQJ�LQGXVWU\b>��@��$FFRUGLQJ�WR�WKH�VWDWLVWLFV�IURP�WKH�8.�+HDOWK�
and Safety Executive (HSE), in 2016–2017, 19 fatal and 60 thousand non-fatal ac-
cidents were registered. Moreover, the total cost of payments accounted for more 
WKDQ�����PLOOLRQ�86'b>��@��$FFRUGLQJ�WR�WKH�VWDWLVWLFV�SURYLGHG�E\�WKH�&HQWHUV�IRU�
Disease Control and Prevention (CDC), from January 2015 to January 2017, oil and 
gas workers were involved in 602 incidents, 481 hospitalizations and 166 amputa-
WLRQVb>��@��$FFRUGLQJ�WR�WKH�VWDWLVWLFV�RI�WKH�6WDWH�2LO�&RPSDQ\�RI�WKH�$]HUEDLMDQ�
5HSXEOLF��62&$5�b>��@��LQ�����å��������bDFFLGHQWV�ZHUH�UHJLVWHUHG�����RXW�RI�ZKLFK�
were fatal.

7KH�DERYH�GDWD�RQ�LQFLGHQWV��IDWDO�LQFLGHQWV�DQG�DFFLGHQWV��FRQ�UP�WKH�QHHG�WR�
develop an effective safety and health management system for human resources in 
WKH�RLO�DQG�JDV�LQGXVWU\b>����������@�

���� 7KH�KXPDQ�IDFWRU�LQ�WKH�RIIVKRUH�RLO�DQG�JDV�VHJPHQW

The oil and gas industry is inherently hazardous to the health and safety of work-
ers. OOGS of the industry refers to the objects of increased danger.

2EYLRXVO\��RLO�H[WUDFWLRQ�IURP�RIIVKRUH��HOGV�LV�SHUIRUPHG�XVLQJ�YDULRXV�W\SHV�
RI�VSHFLDO�RLO�GULOOLQJ�IDFLOLWLHV��7KHVH�VWUXFWXUHV�UHSUHVHQW�D�FRPSOH[�RLO�DQG�JDV��HOG�
engineering and technical complex designed for drilling and development of wells, 
oil and gas production, lying in the depth of the sea, ocean or other water environ-
ment. At the same time, one platform can accommodate up to 80 wells and, as a rule, 
LV�DWWDFKHG�WR�WKH�ERWWRP�ZLWK�WRQV�RI�WHWKHUHG�FDEOHV��7R�GDWH��D�VLJQL�FDQW�SDUW�
of offshore oil facilities (hereinafter we will use the term “offshore oil platforms”)  
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DUH�HTXLSSHG�IRU�WKH�UHVLGHQFH�DQG�ZRUN�RI�SHUVRQQHOb>��@��7KH�WHFKQRORJLFDO�F\FOH�
of work on offshore oil platforms (OOP), associated with drilling, production, trans-
portation, storage of oil and oil products, repair and maintenance of equipment and 
SXPSV��LV�UDWKHU�FRPSOLFDWHG�DQG��UH�KD]DUGRXVb>������@�

������ 6SHFL�F�IHDWXUHV�RI�223�WKURXJK�WKH�SULVP�RI�KXPDQ�IDFWRU

2IIVKRUH�GHYHORSPHQW�DQG�RSHUDWLRQ�RI�RLO�DQG�JDV��HOGV�WDNHV�SODFH�LQ�GLI�FXOW�
and often extreme working and living conditions. Analysis of literary sources through 
WKH�SULVP�RI�WKH�KXPDQ�IDFWRU�DOORZV�WR�LGHQWLI\�WKH�IROORZLQJ�VSHFL�F�IDFWRUV�

��b$WWUDFWLQJ�D�VLJQL�FDQW�QXPEHU�RI�KXPDQ�UHVRXUFHV�WR�YDULRXV�RSHUDWLRQV�DQG�
production processes at geographically distributed offshore facilities and structures 
RI�223b>����������@�

��b&RPSOH[LW\�RI�H[SORUDWLRQ�DQG�SURGXFWLRQ�RI�QHZ�K\GURFDUERQ�UHVHUYHV�LQ�RII-
VKRUH�]RQH��ZKLFK�DUH�LPSOHPHQWHG�LQ�KD]DUGRXV�DQG�KDUG�WR�UHDFK�SODFHVb>����@�

��b([SRVXUH�RI�KXPDQ�UHVRXUFHV�WR�ULVN�IDFWRUV�RI�YDULRXV�QDWXUH��DIIHFWLQJ�WKHLU�
physiological state and behavior, increasing the probability of making mistakes and 
LQYROYHPHQW�LQ�HPHUJHQF\�VLWXDWLRQVb>����������@�

��b5LVNV�RI�UHOHDVH�RI�UDGLRDFWLYH�VXEVWDQFHV��WKH�SUHVHQFH�LQ�FUXGH�RLO�RI�KD]DUG-
ous contaminants that pose a threat to life and health of human resources employed 
LQ�RIIVKRUH�RLO�DQG�JDV�LQGXVWU\b>������@�

��b'HWHULRUDWLRQ�RI�HTXLSPHQW��RLO�DQG�JDV�OHDNV�GXULQJ�WKHLU�GHYHORSPHQW��WUDQV-
portation and processing, endangering the safety and health of workers.

��b6HULRXV�FRQVHTXHQFHV�RI�DFFLGHQWV��GHDWK�DQG�LQMXU\�RI�SHRSOH��GDPDJH�WR�HQ-
vironment, etc.), necessitating the need to improve monitoring and control methods 
IRU�WKH�VDIHW\�DQG�KHDOWK�RI�ZRUNHUVb>������@�

������ )HDWXUHV�RI�ZRUNLQJ�FRQGLWLRQV�DQG�SURIHVVLRQDO�DFWLYLWLHV�RI 
ZRUNHUV�DW�223

The study of the activities of shift workers engaged in offshore development and 
RSHUDWLRQ�RI�RLO�DQG�JDV��HOGV��WKURXJK�WKH�SULVP�RI�WKH�LPSDFW�RI�ZRUNLQJ�FRQGLWLRQV��
daily life and external factors on their health, makes it possible to systematize fol-
lowing features:

��b:RUN�DQG�OLYLQJ�LQ�FRQ�QHG�VSDFHV�DQG�SROOXWHG�HQYLURQPHQWV�WKDW�LQFUHDVH�
WKH�ULVN�RI�LQIHFWLRXV�GLVHDVHV�DQG�WKH�GDQJHU�WR�WKH�OLIH�RI�ZRUNHUVb>��@�
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��b$�WZHOYH�KRXU�VKLIW�ZRUN�VFKHGXOH�GXULQJ�D�FHUWDLQ�WLPH�LQWHUYDO��RIWHQ�WZR�
ZHHNV���ZKLFK�LV�D�VRXUFH�RI�SV\FKRVRFLDO�ULVNV��VWUHVVb>��@��GHSUHVVLRQb>��@�

��b)DWLJXH�RI�HPSOR\HHV�DV�D�UHVXOW�RI�LUUHJXODU�ZRUNLQJ�KRXUV�DQG�VWUHVVIXO�ZRUN-
ing conditions, assessed as one of the most dangerous risks of making mistakes and 
DFFLGHQWVb>��å��@�

��b([SRVXUH�RI�HPSOR\HHV�WR�KD]DUGRXV�DQG�KDUPIXO�IDFWRUV��LQGXVWULDO�QRLVH��YL-
EUDWLRQ��H[SRVXUH�WR�RLO�DQG�LWV�FRPSRQHQWV��WKDW�WKUHDWHQ�KHDOWK�DQG�OLIHb>��b��@�

��b8QIDYRUDEOH�H[WHUQDO�IDFWRUV��FROG��ZLQG��IRJ��GXVW��UDLQ��VWRUP��WKDW�DIIHFW�WKH�
SK\VLFDO�FRQGLWLRQ��ZRUN�FDSDFLW\�DQG�ODERU�SURGXFWLYLW\b>��@�

“Unsafe” behavior of offshore workers, which is one of the main causes of emer-
JHQFLHVb>��@�

��b/HDGLQJ�SRVLWLRQV�LQ�WKH�VWUXFWXUH�RI�RFFXSDWLRQDO�GLVHDVHV�RI�RLO�ZRUNHUV��ZKLFK�
are diseases of the cardiovascular system, disorders of the musculoskeletal system, 
K\SHUWHQVLRQ��GLDEHWHV��VNLQ�SUREOHPV��KHDULQJ�ORVV�GXH�WR�LQGXVWULDO�QRLVHb>������å��@�

������ 6DIHW\�DQG�KHDOWK�PDQDJHPHQW�RI�KXPDQ�UHVRXUFHV�HPSOR\HG�LQ�
SXEOLF�KHDOWK�VHUYLFHV

The management of safety and health of human resources in the oil and gas in-
dustry is implemented in two interrelated and interdependent areas:

��bVDIHW\�RI�ZRUNLQJ�FRQGLWLRQV��ZRUNSODFHV�DQG�WKH�HQYLURQPHQW�DVVRFLDWHG�ZLWK�
the elimination of hazards and risks to the health of personnel;

��bKHDOWK�SURWHFWLRQ�DQG�HOLPLQDWLRQ�RI�GDQJHUV�RI�GLVHDVHVb>������@��/LNHZLVH��WKH�
safety and health issues of shift workers employed by OOP can also be considered 
in two main ways.

7KH��UVW�DUHD involves reducing the risks to health of employees by:
D�bSUHYHQWLQJ�SRWHQWLDO�KD]DUGV�DQG�PLQLPL]LQJ�WKH�ULVNV�WR� OLIH�DQG�KHDOWK�RI� 

personnel;
E�bLPSURYLQJ�WKH�ZRUNLQJ�FRQGLWLRQV�DQG�VDIHW\�RI�ZRUNSODFHV�E\�WUDFNLQJ�WKH�

parameters of raw materials and the environment (exceeded temperatures, noise 
and dust, hazardous chemicals, etc.);

F�bGHYHORSLQJ�WKH�PHWKRGV�IRU�LQFUHDVLQJ�WKH�UHOLDELOLW\�RI�HTXLSPHQW�DQG�VDIHW\�
of traumatic agents (machines, mechanisms, devices, etc.);

G�bV\VWHPDWLF�WUDLQLQJ�RI�SHUVRQQHO�LQ�PDVWHULQJ�QHZ�WHFKQRORJLHV��ODERU�VDIHW\�
rules and regulations, etc.

Today, relatively stable knowledge basis has been formed about health hazards in 
WKH�RLO�DQG�JDV�LQGXVWU\��LQFOXGLQJ�RQ�WKH�VKHOIb>�����������������@�



105

Methodological approaches to the intelligent human factor management  
on an offshore oil and gas platforms

Chapter 4

Traditionally, experienced specialists (experts) are involved in oil and gas produc-
tion to prevent emergency situations and minimize hazards. However, against the 
EDFNJURXQG�RI�D�VKRUWDJH�RI�TXDOL�HG�ZRUNHUV��DJLQJ�SURFHVVHV�DQG�D�QDWXUDO�RXW-
�RZ�RI�H[SHULHQFHG�VSHFLDOLVWV��WKH�FRQVWDQW�FRPSOLFDWLRQ�RI�WHFKQRORJLHV��NHHSLQJ�
H[SHUWV�DW�HDFK�ORFDO�VLWH�EHFRPHV�DQ�DOPRVW�LPSRVVLEOH�WDVN�IRU�FRPSDQLHVb>��å��@��
$W�WKH�VDPH�WLPH��H[LVWLQJ�UXOHV�DQG�VWDQGDUGV�RI� ODERU�VDIHW\���[HG�LQ�UHJXODWRU\�
documents, mainly represent the requirements for the safety of workplaces, the 
environment, and equipment. However, despite the constant improvement of reg-
ulatory documents that take into account technological innovations, the number of 
LQFLGHQWV�FDXVHG�E\�WKH�KXPDQ�IDFWRU�UHPDLQV�TXLWH�KLJK��PRUH�WKDQ���b��RI�FUDVKHV�
and accidents in the oil and gas industry). This fact, recognized in recent years by 
large oil and gas companies, prompts those companies to pay more attention to the 
role of the human component in ensuring safety and health at all stages of the life 
cycle of industry:

��b8SVWUHDP�å�([SORUDWLRQ�DQG�3URGXFWLRQ�
��b0LGVWUHDP�å�7UDQVSRUWDWLRQ��6WRUDJH�DQG�0DUNHWLQJ�
��b'RZQVWUHDP�å�5H�QLQJ��6DOHV�DQG�'LVWULEXWLRQb>����������������������@�
To date, the issues of the manifestation of the human factor in the system of safety 

DQG�KHDOWK�RI�ZRUNHUV�RI�22*6�DUH�QRW�JLYHQ�VXI�FLHQW�DWWHQWLRQ�LQ�WKH�VFLHQWL�F�OLW-
erature. This determines the relevance of the choice and research of the second area.

7KH�VHFRQG�DUHD�is directly related to a person who is the most important par-
ticipant in production processes in the oil and gas complex. The multifaceted na-
ture of the representation of the human factor, the serious and often unforeseen 
consequences of human erroneous decisions at high-risk facilities, as well as poor 
knowledge of the nature and causes of this phenomenon predetermine the need to 
develop new approaches to its study.

6FLHQWL�F�VWXGLHVb>���������������������@�GR�QRW�LQFOXGH�XQDPELJXRXV�LQWHUSUH-
WDWLRQ�RI�WKH�FRQFHSW�RI�êKXPDQ�IDFWRUë��$QDO\VLV�RI�WKH�H[LVWLQJ�GH�QLWLRQV�RI�WKLV�
phrase shows that the content of each of them is attributed to the characteristics of 
the object under study, the role of a person in hazardous production, the goal and the 
tasks to be solved.

,Q�WKLV�FDVH��WKH�VSHFL�F�object of research is shift workers, whose activities are as-
sociated with various production processes on OOP, equipped for human living and 
work. The task of research is the development of modern technologies for managing 
the health and safety of shift workers, allowing to minimize the impact of the human 
factor. The human factor on OOP is referred to the possibility of committing errone-
ous actions by a person under current circumstances, i.e. making wrong decisions 
that caused this or that incident.
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Let’s assume that the probability of making erroneous decisions by any mem-
ber of the personnel directly depends on the psychophysiological state of its health, 
which determines its behavior, activity during the shift on OOP. Therefore, the state 
of health, as the most important characteristic and the main component of human 
UHVRXUFHV��GLUHFWO\�DIIHFWV�DOO� LWV�SURIHVVLRQDO�DFWLYLWLHVb>��@��7KXV��DQDO\VLV�RI�WKH�
causes of accidents on offshore oil platforms shows that most of them are associated 
with an unforeseen deterioration of the health of employees, loss of consciousness, 
exhaustion, “unsafe” behavior, inadequate response and making wrong decisions in 
emergency situations, etc. The deterioration of the health of employees in the peri-
od they perform their functional duties and reside on OOP can affect their actions 
and decisions made, cause a violation of standards of conduct and safety measures, 
and lead to incidents. Therefore, the preservation and strengthening of health at the 
ZRUNSODFH��WKH�WLPHO\�LGHQWL�FDWLRQ�RI�WKH�UHDVRQV�IRU�WKH�GHWHULRUDWLRQ�RI�WKH�VWDWH�
of health make it possible to successfully cope with physiological, psychological and 
VRFLDO�VWUHVV�DQG�LPSURYH�WKH�IXQFWLRQDO�FDSDELOLWLHV�RI�ZRUNHUVb>��@�

This actualizes the need for systematic remote monitoring of the health and safe-
ty of workers in the environment of their work and life. Continuous remote monitor-
LQJ�RI�WKH�KHDOWK�DQG�VDIHW\�RI�ZRUNHUV�GXULQJ�WKH�VKLIW��ZLOO�DOORZ�WLPHO\�LGHQWL�FD-
tion of the causes of deterioration in health of workers on OOP and elimination of 
WKH�LPSDFW�RI�KXPDQ�IDFWRUb>������@�

Despite the close interaction of the above two areas for ensuring the safety and 
KHDOWK�RI�ZRUNHUV��HDFK�RI�WKHP�KDV�LWV�RZQ�VFLHQWL�F�DQG�PHWKRGRORJLFDO�VSHFL�FV��
However, with the development and implementation of modern intelligent technol-
ogies in the processes of ensuring safety and health, and, in particular, the IoT and 
supporting technologies, there is a gradual integration of these two areas within the 
concept of a “connected” worker. For example, the introduction of appropriate IoT 
solutions can provide continuous remote access of OOP personnel (authorized per-
sons, individual employees) to the knowledge and advice of experienced specialists 
(supervisors, drilling engineers, labor safety inspectors, medical workers, etc.). More-
over, through feedback received from OOP, IoT technology will provide experts with 
UHDO�LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�VLWXDWLRQ��VSHFL�F�ZRUNSODFHV��ORFDWLRQ�DQG�KHDOWK�
status of workers in various geo-zones of OOP, the dynamics of the development of 
a particular hazard, etc. Collection and mining of the data continuously generated by 
VHQVRUV�LQVWDOOHG�LQ�ZHOOV��HTXLSPHQW�DQG�RWKHU�RLO�DQG�JDV��HOGV�FDQ�SOD\�DQ�LPSRUWDQW�
role in improving models for supporting workplace safety. Sensors designed for con-
tinuous monitoring of personnel health indicators in their contextual environment, i.e. 
position of posture, availability of personal protective equipment taking into account 
WKH�ORFDWLRQ��ZLOO�KHOS�UHGXFH�WKH�ULVN�RI�DFFLGHQWV�DQG�LQGXVWULDO�LQMXULHVb>����������@�
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���� 'LJLWDO�WUDQVIRUPDWLRQ�RI�WKH�RLO�DQG�JDV�LQGXVWU\�DV�D�NH\�IDFWRU�LQ�
LPSURYLQJ�WKH�VDIHW\�DQG�KHDOWK�RI�SHUVRQQHO�RQ�223

Currently, the work on the implementation of IoT, wireless technologies and in-
telligent analytical tools in a wide range of production processes and operations of 
the oil and gas industry and its offshore segment have not been widely implemented 
\HWb>��å��@��7KH�PDLQ�UHDVRQ�IRU�WKLV�LV�WKH�ODFN�RI�VXI�FLHQW�GDWD��ZKLFK�LV�DVVRFLDWHG�
ZLWK�EDUULHUV�RI�D�WHFKQRORJLFDO�DQG�LQIUDVWUXFWXUDO��DV�ZHOO�DV�PDQDJHULDO�DQG��QDQFLDO�
nature. For example, sensors and measuring instruments that record diagnostic and 
operational information are connected by cable wires mainly with the dispatch center 
on OOP. As a result of the lack of the necessary infrastructure, the information record-
ed by the sensors cannot be transferred to the shore to the situational centers respon-
sible for the safety and health of personnel on OOGS facilities. This is due to both the 
VSHFL�FLW\�RI�WKH�VWDQGDUGV�RI�LQFRPLQJ�VLJQDOV�DQG�WKH�LQDELOLW\�RI�WUDGLWLRQDO�FDEOH�
technologies to remote data transmission. Meanwhile, modern infrastructure for col-
lecting, transferring and processing large amounts of data through digital technologies 
RI�,QGXVWU\������,R7��FORXG�FRPSXWLQJ��DUWL�FLDO�LQWHOOLJHQFH��%LJ�'DWD��EORFNFKDLQ��HWF���
UHTXLUHV�VLJQL�FDQW��QDQFLDO�DQG�WHPSRUDU\�UHVRXUFHV��1HZ�GDWD�JRYHUQDQFH�PRGHOV�
are needed to create effective tools for data handling and generating value from it.

Today, digital transformation is taking place in oil and gas companies located on 
almost all continents of the world. The portfolio of many leading oil and gas companies 
KDV�QRW�RQO\�VWUDWHJLHV�RU�SURJUDPV��EXW�VSHFL�F�GLJLWDO�VHUYLFHV�KDYH�DOUHDG\�EHHQ�FUH-
ated and are being implemented to solve some production and operational problems 
of oil and gas. These companies aim at full coverage of all links of the value chain (explo-
UDWLRQ�DQG�SURGXFWLRQ��WUDQVSRUWDWLRQ�DQG�VWRUDJH��SURFHVVLQJ�DQG�PDUNHWLQJ�b>��å��@�

Let’s note that the decline in oil prices has contributed to traditionally conserva-
tive oil and gas companies to perform more moderate assessment of the possibilities 
RI�QHZ�GLJLWDO�WHFKQRORJLHV�LQ�LQFUHDVLQJ�WKH�HI�FLHQF\�RI�EDVLF�SURFHVVHV�DQG�GH-
FLVLRQ�PDNLQJ��7KLV�KDV�OHG�WR�D�VLJQL�FDQW�JURZWK�RI�FRPSDQLHV�WKDW�KDYH�UHFHQWO\�
begun to develop strategies and programs for the development of the industry and 
FDUU\�RXW�UHIRUPV�LQ�WKH�IUDPHZRUN�RI�SLORW�SURMHFWVb>��������������å��@�

The analysis of electronic sources shows that today the human factor in the sys-
tem of ensuring the health of workers in the oil and gas industry and, in particular, 
shift workers on OOP, have been poorly studied. The development of technologies 
and the complication of production processes determine the multidimensional na-
ture of possible representation of human factor in the emergence of the threat of 
incidents. This, in turn, causes an urgent need to develop new approaches to pre-
vent or minimize the impact of human factor at high-risk facilities and, in particular,  
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RQ�223b>����������@��)URP�RXU�SRLQW�RI�YLHZ��FRQWLQXRXV�UHPRWH�PRQLWRULQJ�RI�KHDOWK�
of OOP personnel through IoT solutions can be an effective solution to minimize 
the human factor. In this case, remote monitoring of the health of OOP personnel 
involves ()LJ�����):

åbFRQWLQXRXV�WUDFNLQJ�RI�YLWDO� LQGLFDWRUV�RI�WKH�SK\VLRORJLFDO�VWDWH�RI�ZRUNHUV�
during the shift on OOP;

åbUHDO�WLPH�WUDFNLQJ�RI�DFWLYLW\��PRYHPHQW��RI�LQGLYLGXDOV��LGHQWL�FDWLRQ�RI�HDFK�
employee and determination of its exact location (geolocation) on OOP, including in 
dangerous, obscure and prohibited areas;

åbUHPRWH�FRQWURO�RI�WKH�XVH�RI�PDQGDWRU\�SHUVRQDO�SURWHFWLYH�HTXLSPHQW�E\�HDFK�
employee, as well as continuous monitoring of the state of environment surrounding 
an individual employee;

åbRQOLQH�FROOHFWLRQ��WUDQVPLVVLRQ�DQG�RSHUDWLRQDO�SURFHVVLQJ�RI�LQIRUPDWLRQ�DERXW�
the physical condition (position) of workers (falling, loss of consciousness, etc.), their 
behavior (actions), ensuring timely decision-making to eliminate dangerous situation;

åbV\VWHPDWLF�FROOHFWLRQ�DQG�DFFXPXODWLRQ�RI�GDWD�RQ�WKH�G\QDPLFV�RI�YLWDO�LQGL-
cators of the health of employees, necessary for a systematic analysis of the state of 
health taking into account the demographic parameters and the prognosis of early 
symptoms of a particular disease;

åbIRUPDWLRQ�RI�D�GDWD�EDVH�FRQWDLQLQJ�UHWURVSHFWLYH�LQIRUPDWLRQ�RQ�WKH�G\QDPLFV�
of vital health indicators of personnel during the shift, data on the results of regular 
pre-shift examinations and appointments, information on adopted medical and diag-
nostic decisions, prescribed medications, updated with current data from systemat-
ically conducted monitoring, etc.;

åbDFFHVV�WR�GDWD�DERXW�WKH�KHDOWK�RI�HDFK�HPSOR\HH�XVLQJ�HOHFWURQLF�KHDOWK�FDUGV��
which are regularly updated electronic analogues of the medical history of certain 
individuals, containing demographic indicators (age, gender, residential information, 
education, professional skills, etc.) and data collected from all medical organizations 
WKDW�WKH�HPSOR\HH�KDV�FRQWDFWHG�WKURXJKRXW�LWV�OLIHb>��å��@�

åbGHYHORSPHQW�RI�D�VLQJOH�GLJLWDO�LQWHJUDWLRQ�SODWIRUP��ZKLFK�FRXOG�
��bFRQVROLGDWH�D�VHW�RI� LVRODWHG�KHWHURJHQHRXV�GDWD�FKDUDFWHUL]LQJ�VDIHW\�DQG�

health taking into account the demographic parameters;
��b LGHQWLI\� WKUHDWV�DQG�ULVNV�RI� LQFLGHQWV�DQG� LQMXULHV�DVVRFLDWHG�ZLWK�WKH�KX� 

man factor;
��bFRQGXFW�D�FRPSUHKHQVLYH�DQDO\VLV�RI�DOO�PRQLWRUHG�GDWD�WR�JHQHUDWH�UHOLDEOH�

analytics that support operational decisions on the management of safety and health 
of workers, which track the health status of personnel and their environment during 
the work shift on OOP.
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)LJ������Human-centered approach to health and safety management

The lack of reliable information about the health status of workers in the con-
text-related environment of the latter (geolocation, activity, behavior, level of gas 
SROOXWLRQ��PDNHV�LW�GLI�FXOW�WR�PDNH�LQIRUPHG�H[SHUW�GHFLVLRQV�RQ�WDNLQJ�PHDVXUHV�
to prevent incidents on OOP adequate to the current situation. The development of 
IoT solutions for continuous remote monitoring of the health status of personnel and 
context-dependent parameters and characteristics that directly affect vital health 
indicators during the shift work on OOP can reduce the risks of emergency situa-
tions associated with the human factor.

Taking into account the above, the goal of this study is to develop IoT-based con-
cept and methodological approaches to the synthesis of architecture of an intelligent 
health management system for shift workers employed in OOGS.

���� &RQFHSWXDO�SUREOHP�VWDWHPHQW

The main idea of the proposed concept is a human-centered approach to person-
nel safety and health management, which implies inclusion of employees themselves 
as one of the most important components in the management loop. In this case, a 
human-centered approach to safety and health management involves continuous 
remote monitoring of vital health indicators of workers and, at the same time, the pa-
rameters of context-dependent environment of each of them. Address geolocation  
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coordinates, behavioral models (including those related to the observance of labor 
safety standards by each employee), activity, state of posture, gas pollution of the en-
vironment, etc., can be taken as the parameters of the context-dependent environ-
ment. At its core, the IoT platform in the personnel safety and health management 
system as a tool for continuous remote monitoring of various context-dependent 
parameters, which directly or indirectly affect the values of vital physiological in-
dicators of workers, provides a “snapshot” of the health status of the latter in their 
immediate surroundings.

IoT system detects the facts of deviation of certain indicators and parameters 
from the norm and, in typical situations, automatically develops solutions that ex-
clude human factor. In non-standard situations, all relevant information and re-
al-time solutions offered by IoT system are provided to interested services and their 
authorized persons (supervisors, doctors, occupational safety specialists, experts), 
HQDEOH�WKH�ODWWHU�WR��QG�RXW�WKH�UHDVRQV�IRU�GHYLDWLRQV�RI�LQGLFDWRUV�IURP�VWDQGDUG�
values and make appropriate decisions.

The concept of a human-centered approach to the synthesis of an intelligent 
health management system for shift workers in OOGS involves the development of:

��bPHWKRGRORJLFDO�DSSURDFKHV�WR�FRQWLQXRXV�UHPRWH�PRQLWRULQJ�RI�WKH�SK\VLR-
logical state of shift workers based on IoT technologies and e-health solutions, taking 
into account context-related information;

��bDUFKLWHFWXUH�RI�WKH�LQWHOOLJHQW�KHDOWK�PDQDJHPHQW�V\VWHP�IRU�VKLIW�ZRUNHUV�
��bQHWZRUN�DUFKLWHFWXUH�WKDW�VXSSRUWV�WKH�SURFHVVHV�RI�UHPRWH�PRQLWRULQJ�DQG�

control of the safety and health of personnel during the shift on OOP.
The strategic goal of continuous monitoring of the health and safety of personnel 

working on OOP is the interaction with each employee, the systematic collection and 
DFFXPXODWLRQ�RI�SHUVRQDOL]HG�LQIRUPDWLRQ��WKH�IRUPDWLRQ�RI�D�VXI�FLHQWO\�UHSUHVHQWDWLYH�
and regularly updated database on the dynamics of their health status after a certain 
time. Embedding this base into the architecture of an intelligent personnel health man-
agement system as a module of a dynamic database and joint analytical processing of 
current and retrospective data will allow to objectively assess the trends of changes in 
the health status of each employee, make informed and objective decisions to eliminate 
problems that adversely affect the health of personnel in a short, medium and long term.

IoT technologies, as the basis for a personalized remote monitoring system, will 
enable to:

��bFROOHFW�XS�WR�GDWH�LQIRUPDWLRQ�DERXW�YLWDO�KHDOWK�LQGLFDWRUV�RI�SHUVRQQHO�DQG�
parameters of surrounding environment;

��bLGHQWLI\�WKH�GHYLDWLRQ�RI�WKH�PRQLWRUHG�LQGLFDWRUV�DQG�SDUDPHWHUV�IURP�WKH�
typical values and standards;
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��bFUHDWH�D�G\QDPLF�GDWDEDVH�RQ�GHYLDWLRQV�RI�KHDOWK�VWDWXV�DQG�FRQWH[W�GHSHQ-
dent parameters from norms and standards during the entire shift on OOP;

��bLGHQWLI\�WKH�FRUUHODWLRQ�EHWZHHQ�WKH�VWDWH�RI�KHDOWK��êXQVDIHë�EHKDYLRU�RI�HP-
ployee and production factors on the basis of analytical processing of the accumulat-
ed information. 

Conceptually, a human-centered approach to the management of the health of 
shift workers on OOP can be divided into three main stages (subtasks) ()LJ�����).

Continuous remote 

tracking of a set of 

indicators and collection 

of up-to-date data on: 

personnel health, 

geolocation of 

employees, behavior 

and activity, 

environment, etc.

Comparison of 

monitored indicators 

and parameters for 

compliance with norms, 

criteria, standards and 

rules of conduct on OOP 

within the framework of 

medical and technological 

requirements, accepted 

restrictions

Data processing and 

analytics for: immediate, 

operational, tactical, 

strategic decision 

support

Monitoring Control and evaluation Analytics

)LJ������Functional model of health management of OOP personnel

Based on a three-stage functional model of the personnel health management 
process, the architecture of the “Digital Health” system is developed, which is a multi- 
level intelligent information system for the health management of OOP personnel.

���� $UFKLWHFWXUH�DQG�SULQFLSOHV�RI�IXQFWLRQLQJ�RI�LQWHOOLJHQW�KHDOWK� 
PDQDJHPHQW�V\VWHP

Before proceeding to the exploration of IoT possibilities in ensuring the safety and 
health of personnel employed in the oil and gas industry, and in particular in the offshore 
RLO�DQG�JDV�VHFWRU�� OHWèV�EULH�\�RXWOLQH�WKH�HVVHQFH�RI�WKH�FRQFHSW�RI�WKLV�WHFKQRORJ\�

������ ,R7�DUFKLWHFWXUH

IoT is a network of physical devices with built-in sensors, detectors, electron-
LFV��ZKLFK�DUH�XQLTXHO\�LGHQWL�HG��DUH�FDSDEOH�WR�FRQQHFW�WR�WKH�QHWZRUN��FROOHFW�DQG�
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VKDUH�GDWD�YLD�ZLUHG�DQG�ZLUHOHVV�QHWZRUNV�ZLWKRXW�KXPDQ�LQWHUYHQWLRQb>��@��7KH�
,R7�SODWIRUP�RSHUDWHV�RQ�WKUHH�OHYHOVb>������å��@�

��b 6HQVRU� OHYHO� UHSUHVHQWV� YDULRXV� REMHFWV�� H[WHQGHG� E\� HPEHGGHG� V\VWHPV�
and smart sensors. The purpose of the sensor level is to collect the necessary data 
through sensors, process it and transfer it to the network level.

��b1HWZRUN�OD\HU�LV�LQWHQGHG�IRU�URXWLQJ��UHFHLYHV�LQIRUPDWLRQ�IURP�VHQVRUV�DQG�
transfers it to IoT devices or applications through data transmission channels with-
RXW�KXPDQ�LQWHUYHQWLRQb>��@��3K\VLFDO�REMHFWV�DQG�GHYLFHV��WKLQJV��FRQQHFW�WR�HDFK�
other, to the Internet (cloud) through Gateways using wireless communication (Wi-Fi, 
Bluetooth, LPWAN, etc.).

��b$SSOLFDWLRQ�OHYHO��FRQWURO�FHQWHU��UHFHLYHV�GDWD�IURP�WKH�QHWZRUN�OHYHO��IURP�
gateways), stores, processes and accumulates it to search for knowledge and then 
form decisions on its basis. Control Center consists of only two levels, i.e. network 
and application levels. Technically, application layer is a server with software that ana-
lyzes different data sets based on special algorithms for decisions. This level contains 
PDQ\�GLIIHUHQW�DSSOLFDWLRQV�WKDW�DUH�DFWLYDWHG�GHSHQGLQJ�RQ�WKH�WDVNV�DVVLJQHGb>��@�

������ $UFKLWHFWXUH�RI�VKLIW�ZRUNHU�KHDOWK�PDQDJHPHQW�V\VWHP�

In accordance with the conceptual approach and functional model described 
above, the architecture of an intelligent health management system for shift work-
ers in OOGS, which we call “Digital Health”, is proposed. The system has a hierarchi-
cal structure, in which each of the three levels is geographically distributed, is a tar-
get intelligent information system with its own purpose and functions. At the same 
time, each of the systems is integrated into a single decision process for managing 
the health of shift workers in OOGS. In this case, OOP personnel acts as a biological 
object, which is equipped with body-worn and/or wearable devices that generate 
different data varying for purposes. Body-worn and wearable devices (mono- and 
multi-functional gadgets in the form of bracelets or watches, bandages, etc.) are per-
sonal portable electronic devices (biosensors, trackers) with built-in wireless com-
munication elements that can interact with the environment and the user, record, 
accumulate, process and transmit data. Smart sensors, RFID-tags (issued to each 
employee), GPS-trackers built into wearable devices continuously monitor physi-
ological health indicators (temperature, heart rate, blood pressure, etc.), parame-
ters, characteristics and coordinates of geolocation, activity and behavior of each 
employee. Additionally, special sensors can be attached to the personnel’s clothing 
to detect gas concentration in the air. The use of IoT technology based on wearable 
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WHFKQRORJLHV�DQG�DGGUHVV�LGHQWL�FDWLRQ�RI�WKH�QHFHVVDU\�SDUDPHWHUV�DOORZV�WR�DF-
tually obtain context-related information about the health status of each employee 
WDNLQJ�LQWR�DFFRXQW�WKH�GHPRJUDSKLF�SDUDPHWHUV�DQG�UHIHUULQJ�WR�D�VSHFL�F�REMHFW��
date and time. This information is reliably and securely transmitted in real time to 
appropriate services, from the position of geographical location and environmental 
condition (dispatch center on OOP, doctors and security specialists onshore).

7KH�FRQ�JXUDWLRQ�RI�VHQVRUV�DQG�VHWWLQJV�LQ�,R7�SODWIRUP�FDQ�EH�FKDQJHG�DQG�
H[SDQGHG�GHSHQGLQJ�RQ�WKH�VSHFL�F�WDVNV�DQG�QHHGV�RI�XVHU��7DEOH�����shows a set 
RI�PRVW�LQIRUPDWLYH�WUDFNHG�SDUDPHWHUV�LQFOXGHG�LQ�WKH�IXQFWLRQDOLW\�FRQ�JXUDWLRQ�
of Industrial IoT applications.�7DEOH���� presents the types of the most informative 
monitored parameters.

IoT system is capable of simultaneously transmitting sensed data to various con-
trol centers (servers) located both in the horizontal plane (at one level) and hierarchi-
cally distributed over many levels.

7DEOH�����7\SHV�RI�PRQLWRUHG�SDUDPHWHUV

Parameters &RPSRQHQW

Vital health 
indicators

– temperature;
– pulse;
– pressure;
– heart rate (based on cardiogram recording);
– complete blood count;
– blood oxygen level;
– blood sugar level;
– galvanic skin reaction, etc.

Geolocation, 
activity,  

behavior

– location determination (using GPS and RFID systems) on platform;
– being in a recreation area, incl. rest control;
– being in the working area, incl. control of working hours and compliance 
with labor safety;
– monitoring the approach to the energized zone/equipment;
– control of going beyond the perimeter and entering prohibited, blind 
areas (danger of falling overboard), etc.

Condition and 
posture

– control of the availability of personal protective equipment and the nec-
essary portable equipment;
– control of falls/slips (with the provision of automatic signals about an 
employee’s falling);
å�SHUVRQDO�LGHQWL�FDWLRQ�
– alarm button;
– (SOS);
– alarm signaling (warning);
– presence of voice communication and instant messages;
– video surveillance (photo/video camera) capable to interpret collected 
indicators for a quick assessment of the general condition
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)LJ����� shows the architecture of the intelligent health management system 
“Digital Health” for shift workers.

)LJ������Conceptual model of the “Digital Health” intelligent system

As WKH��UVW�OHYHO of “Digital Health” system, an IoT solution implemented at the 
place of residence of the staff, i.e. on OOP, is proposed. When it is possible to include 
the proposed health management system of shift workers of separate level on OOP 
LQWR�WKH�DUFKLWHFWXUH��ZH�ZHUH�JXLGHG�E\�WKH�FRQVLGHUDWLRQ�WKDW���UVW�RI�DOO��XUJHQW�
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decisions related to the elimination of health hazards and the provision of immedi-
DWH��UVW�DLG�KDYH�WR�EH�VXSSRUWHG�DW�WKH�SODFH�RI�DFFLGHQW��'DWD�FROOHFWLRQ��SURFHVV-
ing and analysis is implemented through Dew computing, which provides real-time 
decision making ensuring low latency in data processing. Targeted data of workers 
recorded by sensors and RFID through wearable device and smartphone used as a 
gateway is transmitted via wireless or wired communication to the Local Situation 
Center for Emergency Response (LSCER) on OOP. LSCER is a computerized work-
place of persons responsible for health and safety of workers on OOP. Physically, this 
is a local computer (Dew data center) designed to receive and analyze incoming data 
streams on health and safety of workers during the shift. IoT continuously compares 
the normative (reference), initial (pre-shift) and current (real) values of monitored 
health indicators and parameters of the contextual environment of workers. As long 
as all data of workers and their environments is within acceptable limits, nothing is 
transferred to local computer (Dew data center). As soon as the values of any health 
indicators and/or coordinates and parameters recorded by sensors go beyond the 
typical range, these data are sent to local IoT application for processing, analysis and 
decision-making. IoT application (IIS), equipped with special analytical tools and intel-
OLJHQW�DOJRULWKPV��LGHQWL�HV�FKDQJHV�LQ�WKH�KHDOWK�RI�HDFK�HPSOR\HH�DQG�GHYLDWLRQV�RI�
environmental parameters from standards and offers solutions for their elimination.

7KH�VHFRQG�OHYHO�of the structure of “Digital Health” system supports the remote 
monitoring management processes in the onshore Specialized Medical Unit through 
IoT solutions. The need for continuous remote monitoring is due to a number of sig-
QL�FDQW�IDFWRUV��7KXV��WKH�SHUVRQQHO�ZRUN�RQ�223��ZKLFK�DUH�ORFDWHG�DW�D�GLVWDQFH�
from several hundred meters to several tens of kilometers from specialized medical 
services. Often, in the event of critical situations related to the health of workers, 
decision makers responsible for making immediate decisions on OOP do not have 
VXI�FLHQW�NQRZOHGJH�DQG�TXDOL�FDWLRQV�ERWK�WR�LQWHUSUHW�DQG�LPSOHPHQW�WKH�UHFRP-
mendations generated by the IoT system on OOP, and to provide adequate medical 
assistance to the current situation. Therefore, communication with “onshore” team 
RI�PHGLFDO�DQG�VDIHW\�VSHFLDOLVWV�LV�D�SUHUHTXLVLWH�IRU�WLPHO\�TXDOL�HG�PHGLFDO�LQWHU-
vention and taking control actions. However, in this case, medical specialists must 
have real and reliable information about the dynamics of the vital health indicators of 
the victims and the circumstances that provoked the deterioration of their condition.

7KH�WKLUG�OHYHO of the architecture of “Digital Health” system is designed to man-
age the personal health trajectory of shift workers based on IoT solutions. The im-
portance of this module lies in the fact that the results of processing of continuously 
recorded data on the current state of health of shift workers in long term, systemati-
cally accumulated in the database, will make it possible to trace change trends in the 
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state of health of shift workers. The obtained analytical data as an evidence base will 
make it possible to make informed strategic decisions to improve the management of 
health, safety and career paths of each employee.

In the proposed architecture of the personnel health management system, all the 
working functions of the IoT system (data collection, processing, solution synthesis, 
data storage) are integrated into the following hierarchically distributed comput- 
ing levels:

��bDew computing is intended for continuous data recording by sensors, pro-
cessing of the latter, and synthesis of local solutions, primarily in the smallest local 
network (Dew���L�H��WKH�GDWD�LV�SURFHVVHG�DQG�DQDO\]HG�RI�LQH�ZKHUH�LW�LV�FROOHFWHG��
This allows for data processing with low latency and making urgent decisions (almost 
LQ�UHDO�WLPH��WR�HQVXUH�WKH�FUHZ�VDIHW\�RQ�223��IRU�H[DPSOH��LGHQWL�FDWLRQ�RI�DQ�HP-
SOR\HH�DSSURDFKLQJ�D�SURKLELWHG�]RQH���[LQJ�D�IDOO��YRLFH�FRPPXQLFDWLRQ�RU�D�VLJQDO�
to immediately withdraw from a dangerous zone, emergency decisions to eliminate 
critical situation or provide medical assistance at place). At the same time, it opens up 
DQ�RSSRUWXQLW\�IRU�PRUH�HI�FLHQW�XVH�RI�ORFDO�GHYLFHV��WKURXJK�ZKLFK�Dew computing 
FDQ�SURYLGH�VHUYLFHV�DQG�IXQFWLRQV�RQ�223�LQ�RQOLQH�DQG�RI�LQH�PRGHV��Dew Comput-

ing makes up for the main disadvantage of cloud computing that is the requirement 
for a stable Internet connection, which is not always possible to ensure on remote 
OOP. However, in the latter case, the length of time increases during which the cloud 
ZLOO�EH�XQDYDLODEOH�DQG�WKHUH�ZLOO�EH�D�QHHG�WR�SURYLGH�TXDOL�HG�PHGLFDO�VXSSRUW�DQG�
decision-making at a higher level. To overcome this problem, an additional layer – fog 
FRPSXWLQJ�LV�LQWURGXFHG��ZKLFK�LV�D�OD\HU�EHWZHHQ�FORXG�DQG�GHZ�FRPSXWLQJb>��@�

��bFog computing is designed for making operational decisions synthesized by 
an IoT application in specialized data centers and directed both to the lower com-
puting level (Dew) to take operational control actions, and to the upper level (Cloud) 
for more detailed analysis. The main advantage of Fog computing is data processing 
without the need to transfer it to large Cloud data centers, which reduces the load on 
the latter. Further, mobility of Fog technologies and possibility of geographic location 
of data centers (Fog servers) in the most convenient locations close to the user accel-
erates the processing and analysis of data from wearable sensors and making opera-
tional decisions in accordance with the current situation at Dew level. Fog computing 

is often performed on low-power and dispersed computers that do not unnecessarily 
communicate with cloud. The integration of Fog computing into IoT applications con-
WULEXWHV�WR�WKH�HI�FLHQF\�RI�UHPRWH�KHDOWK�PRQLWRULQJb>��@�

��bCloud computing intended for a thorough and comprehensive analysis of:
a) data accumulated from the Fog level (IoT gateway), recorded on the fact of de-

viations of various health indicators, context-related information and decisions made;
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b) targeted retrospective, pre-shift, initial and starting medical data of workers;
c) electronic medical records of workers using powerful modern analytical tools 

(Big Data, ML, Soft computing, etc.). 
The purpose of such a comprehensive coverage of employee data for analysis is 

to increase the validity of decisions made, to reveal hidden dependencies between 
different indicators for the synthesis of decisions in critical situations. They are de-
livered to the lower levels of Fog and Dew computing (for example, making decisions 
about the urgent evacuation of an injured employee).

������ 3ULQFLSOHV�RI�IXQFWLRQLQJ�RI�GLVWULEXWHG�LQWHOOLJHQW�V\VWHP� 
'LJLWDO�+HDOWK

The general principles of functioning of DIS Digital Health in the context of struc-
tural layers, proposed in the work, are as follows:

��b$OO�WKUHH�OD\HUV�RI�',6�'LJLWDO�+HDOWK�DORQJ�ZLWK�PDQ\�VSHFL�F�DSSOLFDWLRQV�DUH�
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 man-
agement of personnel employed on OOP ()LJ�b���).

��b0RGXOHV�RI�,,6�GDWDEDVH�LQFOXGH�GLJLWL]HG�UDQJHV�RI�FKDQJHV�LQ�QRUPDWLYH��HGJH�
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.

��b,,6�NQRZOHGJH�EDVH�FRQWDLQV�FRJQLWLYH�LQIRUPDWLRQ�OLQNLQJ�WKH�H[SHUW�DVVHVV-
ments and decisions with granules of possible values of various indicators and pa-
rameters, including critical ones, provoking the emergency situations on OOP.

��b7KH�SURFHVV�RI�FRQWLQXRXV�KHDOWK�DQG�VDIHW\�PRQLWRULQJ�RI�ZRUNHUV�HPSOR\HG�
on OOP generates a huge amount of data, which is problematic to analyze through 
traditional methods. This leads to the inclusion of high-performance algorithms and 
analytical tools into the analytical unit of computing platforms DIS Digital Health.

��b ,R7�PRQLWRUV� LQ�SDUDOOHO�WKH�VWUHDPV�RI�VHQVHG�GDWD�RI�DOO�ZRUNHUV�RQ�223��
compares them with the normative (reference) health status templates, behavioral 
patterns, geolocation and environmental parameters pre-recorded in IIS databases 
DQG�NQRZOHGJH�EDVHV��DQG�LGHQWL�HV�WKH�GHYLDWLRQ�UDWH�RI�D�SDUWLFXODU�LQGLFDWRU�DQG�
parameter in real time.
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��b,R7��LQVWDQWO\�DQDO\]LQJ�WKH�FXUUHQW�VLWXDWLRQ��UHYHDOV�WKH�GHYLDWLRQ�RI�FHUWDLQ�
indicators and parameters from the norm and analyzes the current situation. De-
pending on the criticality of the situation, the degree of its compliance with already 
NQRZQ��W\SLFDO��PRGHOV��RU�WKH�LGHQWL�FDWLRQ�RI�QHZ�SDWWHUQV��GHFLVLRQ�FDQ�EH�PDGH�
according to two scenarios:

��bDXWRPDWLF�IRUPDWLRQ�RI�D�FRQWURO�DFWLRQ�E\�WKH�V\VWHP�
��bUHDO�WLPH�GDWD�UHGLUHFWLQJ�WR�HPHUJHQF\�UHVSRQVH�VHUYLFHV�WR�PDNH�DQ�RSHUD-

tional decision.

������ 6FHQDULR�IRU�LPSOHPHQWLQJ�D�GLVWULEXWHG�LQWHOOLJHQW�V\VWHP�IRU� 
PDQDJLQJ�WKH�SHUVRQQHOèV�KHDOWK�RQ�223

An IoT system based on intelligent algorithms automatically (without human in-
tervention) analyzes data and synthesizes a diagnostic solution that can be imple-
mented in accordance with two scenarios ()LJ�����).

6FHQDULR���bD�GHFLVLRQ�DXWRPDWLFDOO\�PDGH�E\�WKH�,R7�V\VWHP�DV�D�UHVSRQVH�WR�
a critical situation instantly acts as a control effect in the local situational center 
IRUbHPHUJHQF\�UHVSRQVH��/6&(5��RQ�223��,Q�WKLV�VFHQDULR��DQ�,R7�V\VWHP�IRU�FRQWLQ-
uous remote monitoring of the health status of personnel employed on OOP can be 
considered as a platform that ensures the integration of the real physical world with 
the virtual world of computing processes, i.e., as a cyber-physical system (CPS), func-
WLRQLQJ�ZLWKRXW�KXPDQ�LQWHUYHQWLRQ�LQ�WKH�FRQWURO�ORRS��KXPDQ�RXW�RI�ORRS�b>��@��,Q�
WKLV�FDVH��WKH�FRQQHFWHG�REMHFW�LV�DQ�HPSOR\HH�HTXLSSHG�ZLWK�XQLTXH�LGHQWL�HUV�DQG�
sensors to track the health status of the latter in their environment. Sensors interact 
with the virtual world, i.e., transmit collected data wirelessly online to a computer 
(Fog and Cloud data centers) for analysis and development of analytics. Automati-
cally made decisions to eliminate health risks based on the analytics results are sent 
for execution to the LSCER on OOP.

6FHQDULR���bWKH�GHFLVLRQ�DXWRPDWLFDOO\�V\QWKHVL]HG�E\�WKH�,R7�V\VWHP�LV�WUDQVIHUUHG�
WR�WKH�UHVSRQVLEOH�FOLQLFLDQ��H[SHUW��IRU�HYDOXDWLRQ�DQG�FRQ�UPDWLRQ��7KH�GRFWRU�HYDOX-
DWHV�WKH�UHVXOWV�RI�WKH�GDWD�DQDO\VLV��LQYROYLQJ��LI�QHFHVVDU\��VSHFLDOLVWV�LQ�WKH��HOG��DQG�
PDNHV�D��QDO�GHFLVLRQ��ZKLFK��ZLWKLQ�D�JLYHQ�SHULRG�RI�WLPH��LV�WUDQVIHUUHG�WR�223�IRU�
execution. The cyber-physical model of this scenario assumes maintaining a human 
expert (clinician, supervisor, safety engineer, etc.) in the control loop for remote mon-
LWRULQJ�RI�WKH�KHDOWK�DQG�VDIHW\�RI�HPSOR\HHV�RQ�223��KXPDQ�LQ�WKH�ORRS�b>������@�

Currently, the designed IoT platforms mainly provide the stage of redirecting 
HOHFWURQLF�GLDJQRVWLF�GDWD�E\�D�êVPDUWë�V\VWHP�WR�WKH�UHVSRQVLEOH�FOLQLFLDQ�IRU�D��QDO�
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GHFLVLRQ��7KLV�LV�GXH�WR�WKH�VSHFL�FV�RI�WKH�PRQLWRULQJ�REMHFW��SHUVRQ���WKH�KLJK�FRVW�RI�
an error (threat to human health and life), as well as the psychological factor. More-
over, the system provides clinicians with the necessary contextual and background 
LQIRUPDWLRQ�WR�UHGXFH�GLDJQRVWLF�HUURUV�DQG�TXLFNO\�PDNH�LQIRUPHG�GHFLVLRQVb>��@��
The results of real-time remote data analysis enable specialists to identify early 
symptoms of certain pathologies and risks in the nearest onshore Fog data center 
and warn employees and decision-makers on OOP about this.

���� 'LVFXVVLRQ

The issues of increasing the level of industrial safety, improving working condi-
tions aimed at reducing the rate of accidents, industrial injuries and occupational 
diseases of employees are the main priorities of companies producing oil and gas 
RQVKRUH�DQG�RIIVKRUH��7KHVH�LVVXHV�DUH�DVVRFLDWHG���UVW�RI�DOO��ZLWK�WKH�FRPSOH[LW\�RI�
technical devices and technological processes, the danger of oil and gas operations, 
DQG�WKH�VSHFL�FV�RI�SURIHVVLRQDO�DFWLYLWLHV�RQ�223�HVSHFLDOO\�LQ�RIIVKRUH�VHJPHQW��
As shown above, when solving the problems of supporting labor safety and health 
protection of workers on OOP, it is also possible to take into account the physical 
nature of workers and the multifaceted manifestations of human factor, which in ex-
treme situations can cause incidents. Today, oil and gas companies are experiencing 
an acute need for technologies that could provide them with real-time complete and 
correct information about the actual state of safety and health of personnel work-
ing on remote OOPs. The availability of such information will allow them to get a 
holistic picture of the situation on OOP and control it by making timely decisions 
to eliminate potential threats, including those related to human factor. The digital 
transformation of the industry, including the offshore segment, allows oil and gas 
companies to create a fundamentally new IoT-based infrastructure for collecting, 
remote transmission and processing of heterogeneous data on the safety and health 
of workers during the shift on OOP. The proposed concept of a person-centered ap-
proach to industrial safety, which implies the inclusion of an employee (person) in 
the control loop as the main component in the environment of its professional and 
daily activities on OOP, can contribute to improving the management of safety and 
health of employees. In accordance with the concept, the possibility of making er-
roneous decisions by an individual employee directly depends on the physiological 
state of health and determines the behavior and activity of the latter during the shift 
on OOP. Thus, the deterioration of the health status of workers during the period of 
their functional duties and residence on OOP can affect their actions and decisions 
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made, cause a violation of standards of behavior and safety measures, and lead to 
incidents. IoT solutions take into account human nature in hazardous production. 
Continuous remote tracking of workers’ health and context-dependent information, 
instant advanced analytical processing of a huge stream of consolidated real data 
provide an opportunity to timely identify changes in the health status of workers, 
establish the reasons provoking unsafe behavior, make timely informed decisions in 
emergency situations that eliminate or minimize the human factor.

Based on the proposed concept and functional model of the personnel health 
management process, we develop architecture and principles of functioning of an in-
telligent health management system for shift workers in OOGS based on IoT infra-
structure and e-health solutions. Geographically distributed over three layers, IoT 
monitoring system based on wearable devices and smart sensors constantly monitors 
an individual worker and its surroundings. Moreover, each level in the management 
hierarchy is an intelligent information decision support system that has its own pur-
pose and functions. At the same time, all three systems are logically integrated into 
a single decision support process for managing the health of shift workers in OOGS.

���� &RQFOXVLRQV

A human being is the most valuable and at the same time the most vulnerable link 
in the chain of the life cycle of the oil and gas industry, which is fraught with danger 
to the health and safety of workers. The challenge of continuously improving the 
HI�FLHQF\�RI�HPSOR\HHèV�VDIHW\�DQG�KHDOWK�PDQDJHPHQW��SDUWLFXODUO\�LQ�RIIVKRUH�LQ-
GXVWU\��LV�D�FULWLFDO�SDUW�RI�WKH�RLO�DQG�JDV�LQGXVWU\��7KH�VWXG\�RI�WKH�VSHFL�FV�RI�SURIHV-
VLRQDO�DFWLYLW\�VKRZV�WKDW�RIIVKRUH�GHYHORSPHQW�DQG�RSHUDWLRQ�RI�RLO�DQG�JDV��HOGV�
RFFXU�LQ�GLI�FXOW�DQG�RIWHQ�H[WUHPH�ZRUNLQJ�DQG�OLYLQJ�FRQGLWLRQV��7KLV�RIWHQ�OHDGV�
to an unforeseen deterioration of the health of employees, fatigue, “unsafe” behav-
ior and actions that provoke the emergency situations which require the immediate 
intervention of decision maker. However, the lack of real and reliable information 
about both the health status of workers and the situation at places, the collection 
DQG�DQDO\VLV�RI�ZKLFK�WDNHV�VRPH�WLPH��PDNHV�LW�GLI�FXOW�WR�WDNH�DFFHSWDEOH�PHDVXUHV�
to prevent an incident.

In this article, as an effective solution to this problem, we proposed conceptual 
approaches to the development of a system for continuous remote monitoring of 
the health status of personnel working on OOP in its immediate contextual environ-
ment based on IoT and e-health solutions. Immediate analytical processing of con-
stantly generated data on vital health indicators of workers and context-dependent  
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LQIRUPDWLRQ�UHIHUUHG�WR�D�VSHFL�F�GDWH�DQG�WLPH�ZLOO�UHGXFH�WKH�ULVNV�RI�HPHUJHQF\�
situations associated with the human factor.

&RQ�LFW�RI�LQWHUHVW

7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQ�LFW�RI�LQWHUHVW�LQ�UHODWLRQ�WR�WKLV�UH-
VHDUFK��ZKHWKHU��QDQFLDO��SHUVRQDO��DXWKRUVKLS�RU�RWKHUZLVH��WKDW�FRXOG�DIIHFW�WKH�
research and its results presented in this paper.
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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.

.H\ZRUGV
Offshore oil platforms, Internet of things, distributed intelligent health manage-

ment system, expert assessment, decision making.
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on an offshore oil platform

���� ,QWURGXFWLRQ

The oil and gas companies are interested in developing technologies and tools 
WR�PRQLWRU�WKH�KHDOWK�VWDWXV�DQG�HQYLURQPHQW�RI�HPSOR\HHV�GXULQJ�WKHLU�ZRUNb>����@�� 
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-
RJLHVb>����@��+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�WKH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI�,R7�
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 
LQGXVWU\�KDV�EHHQ�SRRUO\�VWXGLHG�\HWb>����@��DOWKRXJK�LQ�D�QXPEHU�RI�LQFUHDVHG�ULVN�
IDFLOLWLHV��VXFK�VWXGLHV�DUH�DOUHDG\�EHLQJ�FDUULHG�RXW��7KXV�b>�@�KLJKOLJKWV�WKH�SRVVL-
bilities of modern network platforms and applications for solving healthcare prob-
OHPV�EDVHG�RQ�,R7��7KH�DSSURDFK�WR�UHPRWH�KHDOWK�PRQLWRULQJ�SURSRVHG�LQb>�@�EDVHG�
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 
IURP�UHPRWH�IDFLOLWLHV��7KH�SDSHUb>�@�VKRZV�WKH�SRVVLELOLWLHV�RI�XVLQJ�,R7�DSSOLFDWLRQV�
in healthcare, in particular for the physiological monitoring of personnel involved in 
�UH�JKWLQJ��>��@�UHYLHZV�SXEOLVKHG�UHVHDUFK�UHODWHG�WR�WKH�LPSOHPHQWDWLRQ�RI�,R7�
in high-risk industries focusing on various areas of healthcare, food logistics (FSC), 
mining and energy industries.

,Q�SDSHUb >��@�� WKH�DXWKRUV�KLJKOLJKW� WKH�SUREOHP�RI�HIIHFWLYH�PDQDJHPHQW�RI�
the health and safety of shift workers on an offshore oil platform (OOP) from the 
SHUVSHFWLYH�RI�KXPDQ�IDFWRUV��7KH�VSHFL�F�DVSHFWV�RI�WKH�HQYLURQPHQW��GDQJHUV�DQG�
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 
LQ�GHWDLO��7KH�SRVVLELOLWLHV�RI�LQWHJUDWLQJ�,R7V�ZLWK�FORXG��%LJ�'DWD��DUWL�FLDO�LQWHOOL-
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’ 
KHDOWK�DQG�VDIHW\b>������@��7KH�PDLQ�LGHD�RI�WKH�FRQFHSW�LV�WR�LPSURYH�WKH�VDIHW\�RI�RLO�
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.

,Q�SDSHUb>������@��EDVHG�RQ�LQIRUPDWLYH�SDUDPHWHUV�RI�KHDOWK�VWDWXV�RI�ZRUNHUV�
employed in OOP, a decision-making technique is proposed to identify the current 
health status of workers using fuzzy pattern recognition methods.

���� 0DWHULDOV�DQG�PHWKRGV

An analysis of the professional activities of workers involved in the offshore 
GHYHORSPHQW�DQG�RSHUDWLRQ�RI�RLO�DQG�JDV��HOGV��WKURXJK�WKH�SULVP�RI�WKH�LPSDFW�RI�
working conditions, everyday life and external factors on their health, shows that  
RIIVKRUH�GHYHORSPHQW�DQG�RSHUDWLRQ�RI�RLO�DQG�JDV��HOGV�WDNH�SODFH�LQ�GLI�FXOW�DQG�
RIWHQ�H[WUHPH�ZRUNLQJ�DQG�OLYLQJ�FRQGLWLRQVb>�å�@��$Q�DQDO\VLV�RI�WKH�FDXVHV�RI�DF-
cidents shows that many of them are associated with an unforeseen health dete-
ULRUDWLRQ�RI�ZRUNHUVb>������@��$YDLODEOH�UXOHV�DQG�VWDQGDUGV�RI�ODERU�VDIHW\��[HG�LQ�
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-
GHQWV�FDXVHG�E\�WKH�KXPDQ�IDFWRU�UHPDLQV�TXLWH�KLJK��PRUH�WKDQ���b��RI�DFFLGHQWV�
DQG�LQFLGHQWV�LQ�WKH�RLO�DQG�JDV�LQGXVWU\�b>������@�

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-
WLFV�RI�D�SHUVRQ�DUH�PDQLIHVWHGb>��@��7KHUHIRUH��WKH�KXPDQ�IDFWRU�LQ�KD]DUGRXV�SUR-
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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%DVLQJ�RQ�,R7�DQG�H�KHDOWK�VROXWLRQV��WKH�ZRUNVb>������@�GHYHORS�DUFKLWHFWXUH�RI�
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 ()LJ�����). All three layers are integrated into a single decision 
support process and ensure the functioning of system as a whole. 

)LJ������The architecture of an intelligent health management system for  
workers employed on OOP

$W�WKLV�VWDJH�RI�UHVHDUFKb>������@��ZH�UHYLHZ�WKH�PHFKDQLVP�IRU�UHPRWH�PRQLWRU-
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:

åbWR�GHYHORS�WKH�SULQFLSOHV�RI�IXQFWLRQLQJ�RI�GLVWULEXWHG�LQWHOOLJHQW�V\VWHP�GHWHU-
mining the approaches to the implementation of decision-making processes;

åbWR�GHYHORS�DQ�DOJRULWKP�IRU�DVVHVVLQJ�WKH�FXUUHQW�VLWXDWLRQ�RQ�WKH�KHDOWK�VWDWXV�
of an employee;

åbWR�PDNH�GHFLVLRQV�RQ�WKH�KHDOWK�VWDWXV�RI�DQ�HPSOR\HH�
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.

���� 5HVXOWV

������ 3ULQFLSOHV�RI�IXQFWLRQLQJ�RI�GLVWULEXWHG�LQWHOOLJHQW�V\VWHP� 
GHWHUPLQLQJ�DSSURDFKHV�WR�WKH�LPSOHPHQWDWLRQ�RI� 
GHFLVLRQ�PDNLQJ�SURFHVVHV

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 
FRPSOLDQFH�ZLWK�VWDQGDUGV�LQ�WHUPV�RI�PHGLFDO�UHTXLUHPHQWV�DQG�VSHFL�HG�UHVWULFWLRQV�

– 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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���$OO�WKUHH�OD\HUV�RI�',6�DORQJ�ZLWK�PDQ\�VSHFL�F�DSSOLFDWLRQV�DUH�HTXLSSHG�ZLWK�
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 ()LJ�����).

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 
DQG�NQRZOHGJH�EDVHV��DQG�LGHQWL�HV�WKH�GHYLDWLRQ�UDWH�RI�D�SDUWLFXODU�LQGLFDWRU�DQG�
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 
DOUHDG\�NQRZQ��W\SLFDO��PRGHOV��RU�WKH�LGHQWL�FDWLRQ�RI�QHZ�SDWWHUQV��GHFLVLRQ�FDQ�EH�
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.

������ $VVHVVLQJ�WKH�FXUUHQW�VLWXDWLRQ�RQ�WKH�KHDOWK�VWDWXV�RI�HPSOR\HHV

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 
DV�FULWLFDO�DQG�WKH�PRQLWRULQJ�V\VWHP�GHFLGHV�RQ�WKH�H[HFXWLRQ�RI�VSHFL�F�DFWLRQV�GH-
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 
EHWZHHQ�WKH�GHYLDWLRQ�YDOXHV�DQG�WKHLU�H[SHUW�HVWLPDWHVb>��@��'HSHQGLQJ�RQ�WKH�WDVN��
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 
LPDJHVb>��@��7KLV�QHFHVVLWDWHV�

åbWKH�GHYHORSPHQW�RI�PRGHOV�RI�D�IX]]\�LGHDO�LPDJH�DQG�IX]]\�UHDO�LPDJHV�RI�WKH�
health status of an employee located on the OOP;

åbWKH�GHYHORSPHQW�RI�DQ�DOJRULWKP�IRU�DVVHVVLQJ�WKH�GHYLDWLRQ�RI�JHQHUDWHG�PHG-
ical parameters from the ideal.

�������� 'HYHORSPHQW�RI�PRGHOV�RI�D�IX]]\�LGHDO�LPDJH�DQG�IX]]\�UHDO� 
LPDJHV�RI�WKH�KHDOWK�VWDWXV�RI�DQ�HPSOR\HH

Let:

A A A A
k

� � �1 2
, ,...,

or 

A A i k
i

� �� �, ,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 x
n

� � �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-
HUHQFH�DQG�UHJXODWRU\�UHTXLUHPHQWV��VSHFL�HG�UHVWULFWLRQV�RQ�VSHFL�F�PHGLFDO�LQGL-
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 k
i
( , ) 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 Di  and the actual health status of an individual employee B

i

i  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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�������� $OJRULWKP�IRU�DVVHVVLQJ�WKH�GHYLDWLRQ�RI�JHQHUDWHG�PHGLFDO� 
SDUDPHWHUV�IURP�WKH�LGHDO�FRQGLWLRQ

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�DQG�WKH�FKRLFH�RI�WKH�DI�O-
iation function ϕ(x). The following requirements are applied to the choice of the scale:

��b3RVVLELOLW\�RI�GHVFULELQJ�QXPHULFDO�DQG�GLPHQVLRQOHVV�LQIRUPDWLRQ�WR�HQVXUH�
comparability of parameters of different physical nature.

��b8QLYHUVDOLW\��DSSOLFDELOLW\�WR�SDUDPHWULF�DQG�QRQ�SDUDPHWULF�LQSXW�LQIRUPDWLRQ�
��b3RVVLELOLW\�RI�GHVFULELQJ�WKH�GH�QLWLRQ�DUHD�IRU�DQ\�YDOXHV�RI�DOO�PHGLFDO�SDUDP-

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

LQJV�DUH�WDNHQ�LQWR�DFFRXQWb>��@�
��b4XDOLWDWLYH�FKDUDFWHU�RI�HVWLPDWHV�
��b$SSUR[LPDWH�HVWLPDWHV�
��b6\PPHWU\�RI�JUDGDWLRQV�RI�RSSRVLWH�HVWLPDWHV�GHSHQGLQJ�RQ�WKH�LGHDO�YDOXH�RI�

the medical parameter.
��b7KH�XVH�RI��¹��JUDGDWLRQ�LQ�SDUDPHWHU�HVWLPDWLRQ�
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-
WLF�YDULDEOHVb>��@��

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@�ZLWKLQ�WKH�QRUP��D�FHUWDLQ�YDOXH�LV�DVVLJQHG�IURP�WKH�LQWHUYDOb>����@��IRU�H[DP-
ple, 0.7, and it is assumed � �( ) ( ) .x x

ll ul
� � 0 7  (for example, the range of temperature 

SDUDPHWHU�FKDQJH�FDQ�EH�WDNHQb>�����°; 38.0 °@���,Q�RWKHU�FDVHV��L�H���IRU�SDUDPHWHU�YDO-
XHV�IURP�WKH�UDQJHb>xmin; xll@��WKH�SDUDPHWHU�YDOXH�LV�EHORZ�WKH�QRUP��DQGb>xul; xmax@�
�WKH�SDUDPHWHU�YDOXH�LV�DERYH�WKH�QRUP��FRUUHVSRQG�WR�WKH�DI�OLDWLRQ�IXQFWLRQ�ZLWK�D�
YDOXH�IURP�WKH�LQWHUYDOb>��b���@��WDNLQJ�LQWR�DFFRXQW�WKDW� � �( ) ( ) ;min maxx x� � 0

���VHJPHQWVb>xmin; xid@�DQGb>xid; xmax@�DUH�GLYLGHG�LQWR�VHYHUDO�SDUWV��IRU�H[DPSOH��
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 
OHYHO� LV� DVVLJQHG� D� IX]]\� DUHD� IURP� WKH� LQWHUYDOb >����@�� UHSUHVHQWLQJ� WKH� FKDQJH� 
DUHD�RI�WKH�DI�OLDWLRQ�IXQFWLRQV�RI�IX]]\�VHWV�RI�YHUEDO�JUDGDWLRQV�RI�WKH�OLQJXLVWLF�
variable (7DEOH����).

)LJ����� provides a visual description of the proposed universal scale.

7DEOH�����5DQJH�RI�PHPEHUVKLS�IXQFWLRQV�RI�IX]]\�VHWV�RI�YHUEDO�JUDGDWLRQV�êGHYLDWLRQV�RI�
WKH�UHDO�YDOXHV�RI�PHGLFDO�SDUDPHWHUV�IURP�WKH�LGHDOë
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)LJ������Universal fuzzy scale showing the correspondence of the medical parameters’ value 
with the ideal value
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)RU�HDFK�VLWXDWLRQ�� WKH�DI�OLDWLRQ� IXQFWLRQ� LQ�D� IX]]\�VHW�GH�QHG� LQ� WKH� LQWHU-
YDOb>����@�FDQ�EH�VHOHFWHG�EDVHG�RQ�WKH�H[SHUW�DVVHVVPHQW��7KHUH�DUH�GLIIHUHQW�DS-
proaches to the formation of a single collective value based on individual experts’ 
DVVHVVPHQWb>������@��

$FFRUGLQJ�WRb>��@��WKH�VRXJKW�FROOHFWLYH�YDOXH�RI�WKH�VLWXDWLRQ�XQGHU�FRQVLGHU-
ation is perceived as the intersection of the individual values of individual experts in 
the same fuzzy set. 

>��@�DFFHSWV�WKH�YDOXH�RFFXS\LQJ�WKH�êPLGGOH�SRVLWLRQë�LQ�UHODWLRQ�WR�H[WHUQDO�YDO-
ues in the set of individual values as the collective single value of the individual val-
XHV�LQFOXGHG�LQ�WKH�VDPH�IX]]\�VHW��7KXV��DFFRUGLQJ�WR�WKH�DSSURDFK�SURSRVHG�LQb>��@��
WKH�DI�OLDWLRQ�IXQFWLRQ�YDOXH�LQ�IX]]\�VHWV�LV�GHWHUPLQHG��

%DVHG�RQ�WKHVH�UHVXOWV��WKH�UXOHV�IRU�H[SUHVVLQJ�WKH�DI�OLDWLRQ�IXQFWLRQ�UHSUHVHQW-
ing the compliance of the current values of medical parameters with the ideal one, 
are as follows:
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������ 'HFLVLRQ�PDNLQJ�RQ�WKH�KHDOWK�VWDWXV�RI�DQ�HPSOR\HH

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 
SURFHGXUHV�DUH�GLVFXVVHG�LQb>��@�

In the present work, the degree of fuzzy inclusion of situation �B
i
 into situation 

�D  and the degree of fuzzy equality �B
i
 and �D  were used as the measures of estima-

tion of the degree of proximity of fuzzy real and ideal situations.
���$FFRUGLQJ�WRb>��@��WKH�GHJUHH�RI�IX]]\�LQFOXVLRQ�RI�VLWXDWLRQ� �B

i
 into situation 

�D �LV�GH�QHG�DV�IROORZV�

� � � � � �( , ) & ( ( ), ( )) & (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 �B
i
 is considered fuzzily included into situation D B D

i

i i i( )�  if the de-
gree of inclusion of �B

i
 into �D  is not less than some threshold of inclusion � � [ . ; ]0 7 1  

GH�QHG�E\�WKH�PDQDJHPHQW�FRQGLWLRQV��L�H�� � �( , ) .B D
i

i i �

In other words, the situation �B
i
 is fuzzy included in the situation �D  if the fuzzy 

values of the indicators �B
i
 (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 D

i

� �

ɶ
�  and D B i k

i

� �

ɶ
� �, , , 1  (

�
�  is the sign 

of a fuzzy inclusion), then situations �B
i
 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

i i i i i i� � � �

�
�

((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 �B
i
 and �D  are considered fuzzily equal B D

i

i i|  if: 

� � �( , ) , . ; ,� �B D
i

� � �� ��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 7DEOH����, 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  

   

( , ) . ; .

" '

ɶ ɶ 0 75 0 80

ss is very critical   ";

If B D

then employee s health statu

i  

   

( , ) . ); .

" '

ɶ ɶ 0 70 0 75

ss is extre me ly critical   ".

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

���� 6\VWHPDWLF�PRQLWRULQJ�RI�HPSOR\HHV�RQ�223�DQG�LGHQWL�FDWLRQ�RI�
SV\FKRORJLFDO�KHDOWK�FRQGLWLRQV�DQG�GHYLDWLRQV

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.

,W�LV�SRVVLEOH�WR�UHIHU�WR�YDULRXV�SV\FKRORJLFDO�WHVWV�IRU�PRQLWRULQJ�b>��@�MXVWL�HV�
the emphasis on the Cattell test to assess the professional qualities of seafarers in 
WKH�UHFUXLWPHQW�SURFHVV�b>��@�RIIHUV�WR�GHYHORS�DQ�LQWHOOLJHQW�V\VWHP�IRU�PRQLWRULQJ�
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-
UDWXV�LV�XVHG�WR�DVVHVV�WKH�PHPEHU�RQ�223�VHDIDUHUVè�SURIHVVLRQDO�TXDOLWLHVb>��@��
Problem solution starts with: 

– linguistic variables;
– term-sets of linguistic variables;
å�GHWHUPLQDWLRQ�RI�DI�OLDWLRQ�IXQFWLRQV�
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 
��OHYHO�XQL�HG�TXDOLW\�PHDVXUHPHQW�VFDOH��8406���ZKLFK�JHQHUDWH�WKH�WHUP�VHWV�RI�
linguistic variables (7DEOH����).

7DEOH�����/LQJXLVWLF�YDULDEOHV�RI�WKH�&DWWHOO�WHVW�DQG�WKHLU�WHUP�VHWV

9DULDEOHV 1DPHV�RI�OLQJXLVWLF�YDULDEOHV Term-sets

� � �

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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&RQWLQXDWLRQ�RI�7DEOH����

� � �

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 &RQ�GHQW�XQFRQ�GHQW &RQ�GHQW��XQFRQ�GHQW��DQ[LRXV

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

7KH�WHUP�VHWV�DUH�H[SUHVVHG�E\�WKH�DI�OLDWLRQ�IXQFWLRQ�FRUUHVSRQGLQJ�WR�WKH�TXDOLW\�
levels of UQMS. Therefore, fuzzy sets are allocated for term-set elements (7DEOH����). 

7DEOH�����0DWKHPDWLFDO�GHVFULSWLRQ�RI�OLQJXLVWLF�YDULDEOHV�EDVHG�RQ���GLPHQVLRQDO�8406

,QWHQVLW\�OHYHOV�RI�
OLQJXLVWLF�YDULDEOH�
êXQVRFLDEOH��� 
VRFLDEOHë�

/LQJXLVWLF�
evaluation 

�8406�

)X]]\�VHW�LQ�
WKH�UDQJH�
>����@

(� (� (� &ROOHFWLYH�
YDOXH��/HYLQ�

Unsociable Weak >���–����@ 0.45 0.40 0.35 0.40

Less sociable Medium >����–����@ 0.55 0.60 0.65 0.60

Sociable Strong >����–����@ 0.95 0.90 0.85 0.90

For each quality level, an individual fuzzy value is assigned from the set allocated 
ZLWKLQ�WKH�LQWHUYDOb>����@��)RU�WKLV�SXUSRVH��WKH��QDO�IX]]\�YDOXH�LV�GHWHUPLQHG�DV�D�
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 
YDOXHb>��@�

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 
FUHZ�PHPEHUV�ZLWK�WKHLU�SRVLWLRQV�LV�EURXJKW�WR�WKH�SDWWHUQ�UHFRJQLWLRQ�LVVXHb>��@��
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 i
i

� � � �, ,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

$FFRUGLQJ�WR�WKH�PHWKRGRORJ\�GHYHORSHG�LQb>��@��WKH�UHIHUHQFH�SDWWHUQ�RI�SRVL-
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 
T( , )� �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.

$VVXPH� WKDW�� LQ�DFFRUGDQFH�ZLWK� WKH�PDQDJHPHQW� WHUPV�� >������@� LV�DFFHSWHG�
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 �V

i
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 �V

i
 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 �V
i

 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:

���6RPH�RI�WKH����FULWHULD�LQ�WKH�&DWWHOO�WHVW�PD\�EH�FRQVLGHUHG�VLJQL�FDQW��ZKLOH�
WKH�UHVW�PD\�EH�FRQVLGHUHG�GHVLUDEOH�RU�HYHQ�LQVLJQL�FDQW��LQ�DFFRUGDQFH�ZLWK�WKH�FRQ-
ditions of personnel management on OOP. In this case, the issue under consideration 
FDQ�EH�VROYHG�E\�EULQJLQJ�LW�WR�IX]]\�PXOWL�VFHQDULR�GHFLVLRQ�PDNLQJ�PHWKRGVb>��@�

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 
PXOWL�FULWHULD�GHFLVLRQ�PDNLQJ�PHWKRGV��WDNLQJ�LQWR�DFFRXQW�WKH�LPSRUWDQFH�FRHI�-
FLHQWV�RI�WKH�FULWHULDb>��@�

3. Monitoring of the health status of the crew members on OOP through IoT 
WHFKQRORJLHVb>������@��HWF�

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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���� 'LVFXVVLRQ

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 
DOORZHG�WR�HYDOXDWH�YDULRXV�PHGLFDO�GDWD�LQ�D�VLQJOH�PHDVXUH��DQG�WKHLU�IX]]L�FDWLRQ�ZDV�
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-
DFWHUL]LQJ�WKH�FXUUHQW�VWDWH�RI�WKH�HPSOR\HH�ZHUH�PRGHOHGb>��@��)RU�IX]]\�LPDJHV�
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 
XVHG�WR�PDNH�GHFLVLRQV�DFFRUGLQJ�WR�WKH�REWDLQHG�UHVXOWVb>��@�

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:

��b'HFLVLRQ�DXWRPDWLFDOO\�PDGH�E\�WKH�,R7�DSSOLFDWLRQ��DV�D�UHVSRQVH�WR�WKH�FULWL-
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.

��b'HFLVLRQ�DXWRPDWLFDOO\�V\QWKHVL]HG�E\�WKH�,R7�SODWIRUP�LV�VHQW�WR�WKH�UHVSRQVL-
EOH�FOLQLFLDQ�IRU�FRQ�UPDWLRQ��&36�KXPDQ�LQ�WKH�ORRS���7KH�FOLQLFLDQ�HYDOXDWHV�WKH�UH-
sults of the data analysis, involving, if necessary, the relevant specialists, and makes 
WKH��QDO�GHFLVLRQ��ZKLFK�LV�WUDQVIHUUHG�WR�WKH�+3)�IRU�H[HFXWLRQ�ZLWKLQ�D�VSHFL�HG�
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 
�QG�RXW�WKH�UHDVRQV�IRU�GHYLDWLRQV�RI�LQGLFDWRUV�IURP�WKH�VWDQGDUG�YDOXHV�DQG�PDNH�LQ-
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:

åbREMHFWLYHO\�DVVHVV�WKH�FKDQJHVè�WHQGHQF\�LQ�WKH�KHDOWK�VWDWXV�RI�HDFK�HPSOR\HH�
åbPDNH�LQIRUPHG�DQG�REMHFWLYH�GHFLVLRQV�WR�HOLPLQDWH�SUREOHPV�QHJDWLYHO\�DI-

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 
,R7�DSSOLFDWLRQV��DQG�IX]]\�LPDJH�UHFRJQLWLRQ�DV�DUWL�FLDO�LQWHOOLJHQFH�PHWKRGV��DQG�
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, 
DQG�PDFKLQH�OHDUQLQJ�PHWKRGV��LQ�DGGLWLRQ�WR�WKH�PHWKRGV�RI�DUWL�FLDO�LQWHOOLJHQFH� 
used above.

���� &RQFOXVLRQV

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 
HPSOR\HH��,Q�WKLV�UHJDUG��OHWèV�LQWURGXFH�WKH�FRQFHSWV�RI�mIX]]\�LPDJH�RI�WKH�FXUUHQW�
KHDOWK�VWDWXV�RI�DQ�HPSOR\HH}�DQG�mIX]]\�LPDJH�RI�WKH�LGHDO�KHDOWK�VWDWXV�RI�DQ�HP� 
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 
DW�WKH�OHYHO�RI�WKH�NQRZOHGJH�UHSUHVHQWDWLRQ�PRGHO��WKH�mLI�WKHQ}�PRGHO�LV�FKRVHQ��
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.

$�IX]]\�XQLYHUVDO�VFDOH�LV�GHYHORSHG�IRU�WKH�LGHQWL�FDWLRQ�RI�PHGLFDO�SDUDPHWHUV��
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 
DQG�QRQ�SDUDPHWULF�LQSXW�LQIRUPDWLRQ��WKH�SRVVLELOLW\�RI�GHVFULELQJ�WKH�GH�QLWLRQ�GR-
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.

&RQ�LFW�RI�LQWHUHVW

7KH�DXWKRUV�GHFODUH�WKDW�WKH\�KDYH�QR�FRQ�LFW�RI�LQWHUHVW�LQ�UHODWLRQ�WR�WKLV�UH-
VHDUFK��ZKHWKHU��QDQFLDO��SHUVRQDO��DXWKRUVKLS�RU�RWKHUZLVH��WKDW�FRXOG�DIIHFW�WKH�
research and its results presented in this paper.
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Abstract

7KH�DLP�RI�UHVHDUFK, based on the results of which this article was prepared, is 
the analysis of the main methodological provisions of providing an expert assess-
ment (audit) of engineering and planning decisions, organizational and ma nagement 
measures to ensure URDG�VDIHW\��56� for vulnerable road users, as well as determining 
ZD\V�WR�LPSURYH�LW�LQ�8NUDLQH�WDNLQJ�LQWR�DFFRXQW�WKH�VSHFL�F�IHDWXUHV�RI�WKH�PRYH-
PHQW�RI�WKH�VSHFL�HG�FDWHJRULHV�RI�WKH�SRSXODWLRQ�DQG�SURJUHVVLYH�ZRUOG�SUDFWLFHV�

Since the current level of mortality and injuries due to WUDI�F�DFFLGHQWV��7$� in 
8NUDLQH�VLJQL�FDQWO\�H[FHHGV�WKH�DYHUDJH�(XURSHDQ�LQGLFDWRUV��DQG�WKH�OHYHO�RI�HI-
IHFWLYHQHVV�RI�VFLHQWL�F�DQG�PHWKRGRORJLFDO�VXSSRUW�RI�DFWLYLWLHV�LQ�WKH��HOG�RI�URDG�
VDIHW\� LV� LQVXI�FLHQW�� WKH� UHOHYDQFH�DQG� VRFLDO� VLJQL�FDQFH�RI� WKH� UHVHDUFK� WRSLF� 
are obvious.

7KH�UHVHDUFK�UHVXOWV�DUH�SUHVHQWHG�LQ�WKH�IRUP�RI�WKH�DXWKRUV
�RSLQLRQV�UHJDUGLQJ�
WKH�IROORZLQJ�SUREOHPV��DUHDV�RI�DFWLYLW\��LQ�WKH�56��HOG��ZKLFK�VKRXOG�EH�VXEMHFW�WR�
expert assessment:

åbWKH�DFWXDO�OHYHO�RI�WUDI�F�DFFLGHQWV�DPRQJ�WKH�PDLQ�FDWHJRULHV�RI�YXOQHUDEOH�
road users in Ukraine;

åbPRGHUQ�GRPHVWLF�DQG�IRUHLJQ�VFLHQWL�F�PHWKRGLFDO�DQG�HQJLQHHULQJ�SODQQLQJ�
approaches to the formation of individual elements of an effective and safe tran sport 
infrastructure, as well as progressive WUDI�F�PDQDJHPHQW�V\VWHPV��76�;
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åbWKH�SRVVLELOLWLHV�DQG�H[SHGLHQF\�RI� LPSOHPHQWLQJ�HQJLQHHULQJ�DQG�SODQQLQJ�
solutions, organizational and management measures to improve RS in Ukraine in 
accordance with the principles of sustainable mobility, taking into account the in-
WHUHVWV�RI�FHUWDLQ�W\SHV�RI�YXOQHUDEOH�WUDI�F�SDUWLFLSDQWV��SHGHVWULDQV��ORZ�PRELOLW\�
population groups, children, cyclists).

.H\ZRUGV
([SHUW�DVVHVVPHQW��URDG�WUDI�F��VDIHW\��HPHUJHQF\��LQIUDVWUXFWXUH��YHKLFOHV��PDQ-

agement, mobility, pedestrians, groups with reduced mobility, children, cyclists, mea-
sures, solutions.

���� ,QWURGXFWLRQ

56�LV�D�NH\�HOHPHQW�LQ�WKH�GHYHORSPHQW�RI�DQ\�PRGHUQ�VRFLHW\��7KHUHIRUH��VLJQL�-
cant attention is now being paid worldwide to the development and implementation 
RI�SUDFWLFDO�PHDVXUHV�DLPHG�DW�SUHYHQWLQJ�URDG�WUDI�F�LQMXULHV�

In Ukraine, this concept refers to the state of the TS process (system), which de-
termines the degree (level) of protection of its participants from road accidents and 
WKHLU�FRQVHTXHQFHVb>�@�

The current level of mortality and injuries due to road accidents in Ukraine is 
quite high, and the level of RS management remains low, as the experts of the WHO, 
the World Bank and other international institutions have repeatedly emphasized in 
their reports. To solve this problem, in 2020, the "Strategy for increasing the level of 
URDG�VDIHW\�LQ�8NUDLQH�IRU�WKH�SHULRG�XQWLO�������ZDV�DGRSWHGb>�@�

7KH�SXUSRVH�RI�WKLV�6WUDWHJ\�LV�WR�UHGXFH�WKH�GHDWK�UDWH�GXH�WR�5$�E\�DW�OHDVW���b��
by 2024, to reduce the severity of the consequences of such accidents for RA partic-
LSDQWV�DQG�WR�UHGXFH�VRFLR�HFRQRPLF�ORVVHV�IURP�URDG�WUDI�F�LQMXULHV��DV�ZHOO�DV�WR�LQ-
troduce an effective RS management system to ensure the protection of life and pub-
lic health. In the future, it is predicted that the number of dead and seriously injured 
SHUVRQV�GXH�WR�5$�ZLOO�GHFUHDVH�E\���b��E\������FRPSDUHG�WR�������DV�ZHOO�DV�WKH�
approximation of national indicators of road accidents to the average European level.

During the development of this Strategy, considerable attention was paid to the 
issues of improving the safety of vulnerable�URDG�XVHUVbå�SHGHVWULDQV��F\FOLVWV��SHR-
ple driving on two-wheeled mopeds or motorcycles, children, the elderly, and people 
ZLWK�GLVDELOLWLHVb>�@��/HW
V�QRWH�WKDW�LQ�QRUPDWLYH�DQG�VSHFLDO�OLWHUDWXUH��WKH�FRQFHSW�RI�
ORZ-PRELOLW\�SRSXODWLRQ�JURXSV�LV�DOVR�XVHGbå�SHUVRQV�ZKR�H[SHULHQFH�GLI�FXOWLHV�LQ�
independent movement, receiving services, necessary information, or orientation in 
VSDFHb>�@��7KLV�FDWHJRU\�LQFOXGHV�D�UDWKHU�ODUJH�VKDUH�RI�WKH�SRSXODWLRQ��DFFRUGLQJ�WR�
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GDWD�IURP�YDULRXV�VRXUFHV��LW�LV�IURP���bWR���b��bå�SUHJQDQW�ZRPHQ��FKLOGUHQ�XS�WR� 
7 years old; persons who accompany minor children; people of respectable age; peo-
ple with disabilities; people with permanent and/or temporary functional impair-
ments (physical, sensory, mental, mental); people who have received a temporary 
LQMXU\�RU�DUH�LOO��SHRSOH�ZLWK�QRQ�VWDQGDUG�ERG\�VL]HV��VLJQL�FDQWO\�PRUH�RU�OHVV�WKDQ�
the average body weight, short or too tall); people who may be inattentive for some 
WLPH��IRU�H[DPSOH��XQGHU�WKH�LQ�XHQFH�RI�VWUHVV��

$FFRUGLQJ�WR�WKH�REOLJDWLRQV��JRDOV��RI�WKH�6WRFNKROP�'HFODUDWLRQb>�@��ZKLFK�ZDV�
adopted as a result of the III Global Ministerial Conference on RS, among the main 
GLUHFWLRQV�RI�WKH�LPSOHPHQWDWLRQ�RI�WKH�QDWLRQDO�6WUDWHJ\�DUHb>�@�

åbHQVXULQJ�WKDW�WKH�LQWHUHVWV�RI�76�SDUWLFLSDQWV�DUH�SULRULWL]HG�GXULQJ�WKH�GHYHO-
opment of measures to increase RS in accordance with the approaches of sustain-
able urban mobility, namely, taking into account their interests in the following se-
quence: pedestrians (primarily low-mobility population groups), cyclists and other 
vulnerable TS participants, public transport and transport emergency and communal 
services, cargo vehicles, passenger vehicles;

åbLPSOHPHQWDWLRQ�RI�SURJUDPV�DQG�LPSOHPHQWDWLRQ�RI�PHDVXUHV�DLPHG�DW�VLJQL�-
cantly improving the safety of pedestrians, including persons with disabilities and 
other groups of the population with reduced mobility (sidewalk of sidewalks, speed 
limits of vehicles, installation of pedestrian fences, renewal of pedestrian infrastruc-
ture, lighting of roads and streets);

åbFRQVWUXFWLRQ�RI�VHSDUDWH�ELF\FOH�ODQHV�LQ�FLWLHV�DQG�RWKHU�VHWWOHPHQWV��RQ�VXEXU-
ban roads, development of bicycle infrastructure;

åbSURYLVLRQ�GXULQJ�WKH�GHVLJQ�RI�URDG�FRQVWUXFWLRQ�RI�D�IXOO�VHW�RI�URDG�VDIHW\�PHD-
sures, in particular pedestrian safety, including persons with disabilities and other 
groups of the population with reduced mobility;

åb LQVWDOODWLRQ�RI� DSSURSULDWH� URDG� VLJQV��PDUNLQJV�� SHGHVWULDQ� IHQFHV�� IRUFHG�
speed reduction elements, external lighting, etc. near educational institutions;

åbDUUDQJHPHQW�RI�WUDQVSRUW�LQIUDVWUXFWXUH�LQ�VHWWOHPHQWV�WDNLQJ�LQWR�DFFRXQW�WKH�
needs of persons with disabilities and other groups of the population with limited 
mobility.

,W�VKRXOG�EH�QRWHG�WKDW�WKH�VSHFL�HG�DUHDV�RI�DFWLYLW\�DUH�SDUWLFXODUO\�UHOHYDQW�
LQ�FRQQHFWLRQ�ZLWK�WKH�H[SHFWHG�VLJQL�FDQW�LQFUHDVH�LQ�WKH�QXPEHU�RI�SHRSOH�ZLWK�
disabilities and various functional disorders, as well as the destruction and damage 
to the transport infrastructure as a result of aggressive hostilities on the territory of 
Ukraine after the full-scale military invasion of Russia.

Expert assessment of the RS level in the general case involves the study of a set 
of means, structures, devices, structures, characteristics and indicators (including  
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engineering, design, technical, design, architectural, technological and other solu- 
WLRQV��DQG�LV�D�EDVLF�HOHPHQW�RI�D�VHFXULW\�DXGLWbå�DQ�LQGHSHQGHQW��V\VWHPLF��WHFKQLFDO�
DQG�GHWDLOHG�DVVHVVPHQW�RI�WKH�LPSDFW�RI�SURMHFW�GHFLVLRQV�RQ�56b>�@�

7KH�UHOHYDQFH�DQG�LPSRUWDQFH�RI�WKH�VSHFL�HG�H[SHUW�DVVHVVPHQW��DXGLW��LV�DOVR�
taken into account in the national strategy for increasing the RS level, for the imple-
PHQWDWLRQ�RI�ZKLFK�LW�LV�SURYLGHGb>�@�

åbSUHSDUDWLRQ��WUDLQLQJ��RI�VSHFLDOLVWV�LQ�PDWWHUV�RI�URDG�VDIHW\��LQFOXGLQJ�URDG�
safety audits;

åbGHYHORSPHQW�RI�PHFKDQLVPV�IRU�VWLPXODWLQJ�WKH�LQYROYHPHQW�RI�56�H[SHUWV�LQ�
the development and examination of urban planning documentation at the local level 
in terms of planning, formation and improvement of the street and road network;

åbSURYLGLQJ�IRU�WKH�DXGLW�DQG�DVVHVVPHQW�RI�WUDI�F�VDIHW\�LQ�DOO�GHFLVLRQV�UHJDUG-
ing the planning and development of cities and on public roads during major repairs, 
reconstruction and/or new construction, meeting the needs for safe mobility, ensur-
ing the development of parking infrastructure;

åbGHWHUPLQDWLRQ�RI�LQIUDVWUXFWXUDO�IDFWRUV�LQ�WKH�SODFHV�RI�7$�FRQFHQWUDWLRQ��FDU-
rying out a safety assessment of the existing road infrastructure and introducing en-
gineering solutions to improve safety indicators, designing roads taking into account 
speed regimes.

$Q�DXGLWRU��H[SHUW��LQ�8NUDLQH�FDQ�EH�D�QDWXUDO�SHUVRQ�ZKR�KDV�SDVVHG�TXDOL�FD-
WLRQ�FRQ�UPDWLRQ��UHFHLYHG�D�FHUWL�FDWH�IRU�WKH�ULJKW�WR�FRQGXFW�D�VDIHW\�DXGLW�IURP�
D�SHUVRQQHO�FHUWL�FDWLRQ�ERG\�DFFUHGLWHG�LQ�WKH�UHOHYDQW��HOG��DQG�LV�LQFOXGHG�LQ�WKH�
UHJLVWHU�RI�URDG�VDIHW\�DXGLWRUVb>�@�

���� 7UDI�F�DFFLGHQWV

In order to make a general assessment of the actual RS state for vulnerable road 
users, D�VWDWLVWLFDO�DQDO\VLV�RI�WUDI�F�DFFLGHQWV�DQG�LQMXULHV�LQ�8NUDLQH�over the past 
�b\HDUV� �����å������ZDV�FRQGXFWHG��WKH�VRXUFH�GDWD�IRU�ZKLFK�ZDV� LQIRUPDWLRQ�
IURP�WKH�DQQXDO�UHSRUWV�RI�WKH�1DWLRQDO�3ROLFH�RI�8NUDLQHb>�@��

7DEOHb��� shows the indicators that are most important from the point of view of 
BDR management:

åbWKH�QXPEHU�RI�5$�ZLWK�YLFWLPV�
åbWKH�QXPEHU�RI�SHUVRQV�NLOOHG�LQ�5$�
åbWKH�QXPEHU�RI�SHUVRQV�LQMXUHG�LQ�5$�
åbWKH�VKDUH�RI�WKH�PDLQ�FDWHJRULHV�RI�YXOQHUDEOH�URDG�XVHUV��SHGHVWULDQV��F\FOLVWV��

children) according to each of the indicated indicators.
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7DEOH����� 7UDI�F�DFFLGHQWV�LQ�8NUDLQHb>�@

<HDU ,Q�JHQHUDO��LQ�
Ukraine

+LWWLQJ� 
D�SHGHVWULDQ

+LWWLQJ� 
D�F\FOLVW

5$�LQYROYLQJ�
FKLOGUHQ

Total 6KDUH�b� Total 6KDUH�b� Total 6KDUH�b�

5$�ZLWK�YLFWLPV

2015 25493 8734 34.3 1732 6.8 3577 14.0

2016 26782 9103 34.0 1661 6.2 3757 14.0

2017 27220 9338 34.3 1668 6.1 4135 15.2

2018 24294 8190 33.7 1496 6.2 3739 15.4

2019 26052 8612 33.1 1526 5.9 3903 15.0

2020 26140 7641 29.2 1768 6.8 3574 13.7

2021 24521 7509 30.6 1355 5.5 3691 15.1

2022 18628 5284 28.4 1196 6.4 2625 14.1

2023 
��bPRQWKV�

17394 4435 25.5 1123 6.5 3115 17.9

7KH�QXPEHU�RI�SHUVRQV�NLOOHG�LQ�5$

2015 4003 1449 36.2 270 6.7 216 5.4

2016 3410 1261 37.0 239 7.0 181 5.3

2017 3432 1274 37.1 241 7.0 175 5.1

2018 3350 1237 36.9 218 6.5 176 5.3

2019 3454 1261 36.5 223 6.5 164 4.7

2020 3541 1198 33.8 235 6.6 168 4.7

2021 3238 1148 35.5 195 6.0 193 6.0

2022 2791 874 31.3 148 5.3 125 4.5

2023 
��bPRQWKV�

2157 601 27.9 146 6.8 139 6.4

7KH�QXPEHU�RI�SHUVRQV�LQMXUHG�LQ�5$

2015 31600 8067 25.5 1569 5.0 3907 12.4

2016 33613 8546 25.4 1500 4.5 3998 11.9

2017 34677 8787 25.3 1495 4.3 4483 12.9

2018 30884 7591 24.6 1347 4.4 4059 13.1

2019 32736 8005 24.5 1392 4.3 4435 13.5

2020 31974 6959 21.8 1610 5.0 3957 12.4

2021 29738 6849 23.0 1208 4.1 4160 14.0

2022 23145 4799 20.7 1119 4.8 2978 12.9

2023 
��bPRQWKV�

21888 4143 18.9 1030 4.7 3567 16.7
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As it is possible to see, WKH�VKDUH�RI�URDG�DFFLGHQWV�LQYROYLQJ�YXOQHUDEOH�URDG�XV-

ers��FROOLVLRQV�ZLWK�SHGHVWULDQV�DQG�F\FOLVWV��LQ�RXU�FRXQWU\�RYHU�WKH�SDVW��b\HDUV�UH-
PDLQV�VLJQL�FDQW����¹��b����WKH�VHYHULW\�OHYHO of such RAs is characterized in a simi-
ODU�ZD\���UVW�RI�DOO��ZLWK�UHJDUG�WR�IDWDOLWLHV��WKH�VKDUH�RI�ZKLFK�LQ�UHFHQW�\HDUV��EHIRUH�
5XVVLD
V�IXOO�VFDOH�PLOLWDU\�DJJUHVVLRQ��LW�FRQVLVWHQWO\�H[FHHGHG���b����)LJ�b���).

)LJ������ Relative RA indicators with the participation of the main categories of vulnerable 
participants in the movement in Ukraine (2015–2023): abå�URDG�DFFLGHQW�ZLWK�YLFWLPV�� 

bbå�GHDG��Ge– injured
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For comparison ()LJ�b���):
åbLQ�*HUPDQ\��LQ�������WKH�5$�VKDUH�LQYROYLQJ�SHGHVWULDQV�DQG�F\FOLVWV�ZDV�����b��

����b��DQG�����b���UHVSHFWLYHO\���WKH�VKDUH�RI�WKRVH�NLOOHG�DQG�LQMXUHG�DV�D�UHVXOW�RI�
WKHVH�DFFLGHQWV�ZDV�����b�������b��DQG�����b���DQG�����b������b��DQG�����b���RI�WKHLU�
WRWDO�QXPEHUb>�@�

åbLQ�3RODQG��LQ�������SHGHVWULDQV�DQG�F\FOLVWV�ZHUH�LQYROYHG�LQ�DERXW�D�WKLUG�RI�DOO�
5$V��WKH�VKDUH�RI�VXFK�DFFLGHQWV�ZDV�����b��DQG�����b���UHVSHFWLYHO\���WKH�VKDUH�RI�
WKRVH�NLOOHG�LQ�WKHVH�DFFLGHQWV�ZDV�����b�������b��DQG����b����LQMXUHGbå�����b�������b��
DQG����b���RI�WKHLU�WRWDO�QXPEHUb>�@�

)LJ������ 5HODWLYH�LQGLFDWRUV�RI�WUDI�F�DFFLGHQWV�E\�SDUWLFLSDWLRQ�RI�SHGHVWULDQV�DQG�F\FOLVWV�
�8NUDLQHbå�������*HUPDQ\��3RODQGbå������

&KLOGUHQ
V�DFFLGHQWV�DUH�DOVR�DQ�DFWXDO�SUREOHP�LQ�8NUDLQHbå�WKH�UHODWLYH�LQGLFD-
tors of the severity of the RA consequences among children under the age of 18 also 
VLJQL�FDQWO\�H[FHHG�VLPLODU�LQGLFDWRUV�LQ�*HUPDQ\�DQG�3RODQG��LQ�SDUWLFXODU��E\�WKH�
QXPEHU�RI�IDWDOLWLHV�E\���b��DQG���b���UHVSHFWLYHO\bå�)LJ�b���).

Thus, in recent years, DERXW�KDOI�RI�DOO�5$V�with victims have involved vulnerable 
road users (pedestrians, cyclists, children), and there is no steady tendency to de-
crease this share. At the same time, WKH�VLJQL�FDQW�PRUWDOLW\�DPRQJ�SHGHVWULDQV�DQG�
FKLOGUHQ��ZKLFK�VLJQL�FDQWO\�H[FHHGV�WKH�FRUUHVSRQGLQJ�OHYHO�LQ�(XURSHDQ�FRXQWULHV��
is of particular concern. Therefore, the task of increasing the level of security for this 
category of RS participants LV�FXUUHQWO\�UHOHYDQW�DQG�VRFLDOO\�LPSRUWDQW.
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)LJ������ Relative indicators of the severity of the RA consequences involving children 
�8NUDLQHbå�������*HUPDQ\��3RODQGbå������

���� 3HGHVWULDQ�WUDI�F

Walking is the main and most common type of mobility for all social groups in all 
countries of the world, since even any use of vehicle (trip) begins and ends with walk-
ing. It is also important that this type of movement is good for both human health and 
the environment.

According to the results of a study by the Institute for Applied Social Science 
GmbH (Germany), which was carried out for the Federal Ministry for Digital and 
7UDQVSRUWb>�@��)LJ�b���):

åbSHGHVWULDQ�WUDI�F�LV�WKH�VHFRQG�PRVW�SRSXODU�W\SH�RI�PRELOLW\�LQ�WKH�FRXQWU\bå�
SHGHVWULDQ�WULSV�ZLWK�D�VKDUH�RI���b��DUH�WZLFH�DV�ODUJH�DV�ELF\FOH�WULSV����b���DQG�
WKRVH�PDGH�E\�SXEOLF�WUDQVSRUW����b���

åbLQ�PHJDFLWLHV, as well as in ELJ�FLWLHV and central cities in rural areas, pedestrian 
PRYHPHQWV�DUH�HYHQ�PRUH�PDVVLYH�ZLWK�D�VKDUH�RI���b��DQG���b���UHVSHFWLYHO\�

(QVXULQJ�WKH�FRQYHQLHQFH�DQG�VDIHW\�RI�SHGHVWULDQ�WUDI�F�LV�RQH�RI�WKH�PRVW�UH-
sponsible directions of the RS management. Collisions with pedestrians, like other 
types of road accidents, are not fatal events, as they can be both predicted and pre-
vented. The main risk factors for pedestrians are well known: GDQJHURXV�EHKDYLRU�RI�
drivers (primarily, in terms of speeding and driving while intoxicated); XQVDWLVIDFWRU\�
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FRQGLWLRQ�RI�SHGHVWULDQ�LQIUDVWUXFWXUH (for example, lack of sidewalks, crossings or 
their proper arrangement); VKRUWFRPLQJV�RI�WKH�YHKLFOH�GHVLJQ in terms of their pas-
sive safety. The problem of XQWLPHO\��ORZ�TXDOLW\��SURYLVLRQ�RI�HPHUJHQF\�PHGLFDO�
care to injured pedestrians is also relevant for Ukraine. An additional internal risk 

factorbå�WKH�DFWLRQV�RI�SHGHVWULDQV�DUH�PRUH�GLI�FXOW�WR�UHJXODWH�WKDQ�WKH�DFWLRQV�RI�
PRWRU�YHKLFOH�GULYHUV��DQG�ZKHQ�FDOFXODWLQJ�FRQWURO�PRGHV��LW�LV�GLI�FXOW�WR�UHOLDEO\�
take into account the psychophysiological factors of pedestrian behavior with all the 
deviations inherent in their individual groups.

)LJ������ 'LVWULEXWLRQ�RI�PRELOLW\�LQ�*HUPDQ\�E\�W\SHV�RI�WUDYHO�������b>�@

Therefore, a necessary condition for safe pedestrian movement is taking into ac-
count psychophysiological features (for example, the desire of people to move along 
the shortest path, while saving effort and time) and physical capabilities of people (in 
SDUWLFXODU��JHQHUDO�IHDWXUHV�RI�YLVLRQ�DQG�D�VLJQL�FDQW�GHWHULRUDWLRQ�RI�LWV�HI�FLHQF\�
in the dark) when developing appropriate technical solutions. So, for example, the 
JHQHUDO�VSHHG�OLPLW�IRU�FDUV�LQ�WKH�FLWLHV�RI�*UHDW�%ULWDLQ�LV���bPSK����bNP�K��DQG�LV�
based on the fact that the average speed of a pedestrian is 3 mph, and more than 10 
WLPHV�H[FHHGLQJ�WKLV��JXUH�E\�D�PRYLQJ�REMHFW�RI�VLJQL�FDQW�PDVV�FDQ�EH�GDQJHURXV�
IRU�WKH�KXPDQ�SV\FKH��SV\FKRSK\VLFDO�ODZ�RI�:HEHUå)HFKQHU�b>��@�

6ROYLQJ�WKH�SUREOHP�RI�SHGHVWULDQ�WUDI�F�LQYROYHV�D�VSDWLDO�RUJDQL]DWLRQ�DQG�D�
planning solution of pedestrian movement routes, which must be supplemented 
ZLWK�WKH�QHFHVVDU\�PHDVXUHV�IRU�LWV�PDQDJHPHQW��/HW
V�QRWH�WKDW�GXH�WR�WKH�VSHFL�F� 
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FRQGLWLRQV�RI�SHGHVWULDQ�WUDI�F��LW�LV�QHFHVVDU\���UVW�RI�DOO��WR�SURFHHG�IURP�D�KLJK�TXDO-
ity planning solution, since management measures, which provide for certain prohi-
bitions, are applied in cities only to a limited extent, namely:

åbSURKLELWLRQ�RI�SHGHVWULDQ�WUDI�F�RQ�FLW\�H[SUHVVZD\V�
åbPDQGDWRU\�XVH�E\�SHGHVWULDQV�IRU�PRYHPHQW�RI�VLGHZDONV�RU�WKH�OHIW�VKRXOGHU��

LQ�DQ�H[FHSWLRQDO�FDVHbå�WKH�OHIW�HGJH�RI�WKH�FDUULDJHZD\�
åbPDQGDWRU\�XVH�E\�SHGHVWULDQV�RI�FURVVLQJV�DFURVV�WKH�FDUULDJHZD\��VWUHHW��XQ-

derground or above-ground) if they are available. In other places, they must cross 
WKH�FDUULDJHZD\�SHUSHQGLFXODUO\��WKH\�PXVW�QRW�GHOD\�RU�VWRS�RQ�LW�ZLWKRXW�VLJQL�FDQW�
reasons.

The most obvious and simple way to ensure the safety of longitudinal pedestrian 
WUDI�F�LV�WKH�DUUDQJHPHQW�RI�VHSDUDWHG�SDWKV��URXWHV���WKDW�LV��LWV�VHSDUDWLRQ�IURP�WUDI-
�F��DFFRUGLQJ�WR�WKH�FRQFOXVLRQV�RI�WKH�86�)HGHUDO�+LJKZD\�$GPLQLVWUDWLRQb�)+:$���
on roads without sidewalks, the probability of a vehicle hitting a pedestrian increases  
E\����å�bWLPHVb>��@��

Pedestrian routes include street sidewalks, pedestrian paths on inter-street and 
intra-object territories, alleys, boulevards, pedestrian areas, squares, streets and 
SDWKV��JURXQG��RYHUJURXQG�DQG�XQGHUJURXQG�SHGHVWULDQ�FURVVLQJVb>��@��7KH�PDLQ�
norms regarding the conditions of their use, constructive parameters and arrange-
PHQW�LQ�8NUDLQH�DUH�GHWHUPLQHG�E\�WKH�UHTXLUHPHQWVb>���b��@�� LQ�SDUWLFXODU��foot-

SDWKV��VLGHZDONV�:
åbRXWVLGH�WKH�SRSXODWLRQ�FHQWHUV��LW�LV�QHFHVVDU\�WR�DFFRPPRGDWH�WKH�LQWHQVLW\�RI�

SHGHVWULDQ�WUDI�F�RI�PRUH�WKDQ�����SHRSOH�SHU�GD\��WKHLU�ZLGWK�VKRXOG�EH�DW�OHDVW�����P�
åbDORQJ�KLJKZD\V�RI�WKH�,�D�FDWHJRU\�VKRXOG�EH�DUUDQJHG�EHKLQG�D�PHVK�IHQFH�RQ�

a separate ground;
åbUDLOZD\�FURVVLQJV�ORFDWHG�LQ�SRSXODWHG�DUHDV�PXVW�EH�HTXLSSHG�ZLWK�SHGHVWULDQ�

SDWKV��VLGHZDONV�DQG�VRXQG�VLJQDOLQJ��UHJDUGOHVV�RI�WKH�LQWHQVLW\�RI�SHGHVWULDQ�WUDI�F�
åbLW�LV�QRW�DOORZHG�WR�LQVWDOO�URDG�IHQFHV��VXSSRUWV��DGYHUWLVLQJ�VWUXFWXUHV��WHPSRUDU\�

structures, pits from hatches and rain receivers, stairs and porches of buildings, etc.;
åbWKHLU�ORQJLWXGLQDO�VORSHV�VKRXOG�EH�QR�PRUH�WKDQ���b���IRU�ODUJHU�VORSHV��VLGH-

ZDONV�DQG�ZDONZD\V�VKRXOG�KDYH�KDQGUDLOV�DQG�PD\�KDYH�VWDLUV��IURP���WR���bVWHSV�LQ�
RQH�PDUFK���WKH�KHLJKW�RI�WKH�VWHS�VKRXOG�EH�QR�PRUH�WKDQ���bFP��WKH�ZLGWK�VKRXOG�
QRW�EH�OHVV�WKDQ����FP��DIWHU�HDFK�PDUFK����å��bVWHSV��LW�LV�QHFHVVDU\�WR�DUUDQJH�SODW-
forms with a length of at least 1.5 m; sidewalks and pedestrian paths with longitudi-
QDO�VORSHV�RI�PRUH�WKDQ���b��FDQ�EH�HTXLSSHG�ZLWK�V\VWHPV�IRU�KHDWLQJ�WKH�VXUIDFH�RI�
the sidewalk or other systems that prevent the formation of ice on them;

åbIRU�HPEDQNPHQW�KHLJKWV�RI�PRUH�WKDQ��bP��D�EDUULHU�PXVW�EH�LQVWDOOHG�RQ�WKH�
sidewalks on the side of the carriageway;
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åbWKH�FRYHULQJ�RI�WKH�SHGHVWULDQ�DUHD�RI�WKH�VLGHZDON�PXVW�EH�VPRRWK�ZLWKRXW�
gaps, the surface of the covering must not be slippery; it should, if possible, differ 
from the covering of other areas of the sidewalk in color and/or material.

Pedestrian comfort and safety issues are particularly important from the point of 
view of sustainable urban mobility, and therefore should be prioritized as a central com-

SRQHQW�RI�WKH�KXPDQ-FHQWHUHG�GHVLJQ�RI�VWUHHW�VSDFH�LQ�DQ\�FLW\. Thus, specialists of 
the World Resources Institute Ross Center for Sustainable Cities suggest building (re-
constructing) and arranging sidewalks taking into account the following SULQFLSOHVb>��@�

��b3URSHU�6L]LQJ. Sidewalks consist of three functional areas: the pedestrian, 
along which people actually move; furnishing areas where the so-called street furni-
ture (benches, garbage cans); frontage, which gives access from the sidewalk to the 
street building ()LJ�b���).

)LJ������ )XQFWLRQDO�]RQHV�RI�WKH�VLGHZDONb>��@

��b+LJK�TXDOLW\�VXUIDFH�FRDWLQJV. The materials used for the construction of the 
sidewalk must be strong and resistant to slipping.

��b(IIHFWLYH�GUDLQDJH. The transverse slope of the sidewalk must ensure effective 
drainage, and the presence of the so-called green infrastructure should contribute 
to this.

��b8QLYHUVDO�DFFHVVLELOLW\. The sidewalk is a public space that should be accessible 
to a wide range of users, including people with reduced mobility ()LJ�b���).

��bSecure connections. Pedestrians not only move along the sidewalk, but also 
visit various objects in the city. Therefore, the pedestrian network of the city should 
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integrate safe and accessible connections between such objects (stops, crossings, 
alleys, stairs), which involves the design of shorter blocks and pedestrian crossings, 
HOHYDWHG�FURVVLQJV��WUDI�F�OLJKW�UHJXODWLRQ�WDNLQJ�LQWR�DFFRXQW�WKH�DYHUDJH�VSHHG�RI�
pedestrian movement, etc.

��b$WWUDFWLYHQHVV�RI�VWUHHW�VSDFH. Sidewalks can play an important role in making 
urban environments more pleasant. Interesting and bright sidewalks can appeal to 
people and make walking more attractive.

��b3HUPDQHQW�SURYLVLRQ. Sidewalks “work” around the clock, but during certain 
periods of the day and week, the number of people decreases, which can lead to po-
tentially dangerous situations. External electric lighting and transparent facades of 
EXLOGLQJV�RQ�WKH��UVW��RRU�HQFRXUDJH�PRUH�SHGHVWULDQ�DFWLYLW\�DW�DQ\�WLPH�RI�WKH�GD\�

��b&OHDU�6LJQDJH. Like drivers, pedestrians also need clear information to navi-
gate the city, as well as understanding recommendations for individual street objects 
located nearby ()LJ�b���).

)LJ������ (OHPHQWV�IRUPLQJ�WKH�XQLYHUVDO�DFFHVVLELOLW\�RI�WKH�VLGHZDONb>��@

3HGHVWULDQ�WUDI�F�LV�RIWHQ�DVVRFLDWHG�ZLWK�WKH�QHHG�WR�FURVV�WKH�FDUULDJHZD\��SUL-
PDULO\�LQ�FLWLHV���IRU�ZKLFK�LW�LV�DGYLVDEOH�WR�XVH�VSHFLDO�SODFHVbå�FURVVLQJV. They can be 
on the same level (ground level) or on different levels with the carriageway; in turn, in 
WHUPV�RI�SHGHVWULDQ�WUDI�F�FRQWURO��RYHUSDVVHV�PD\�EH�XQUHJXODWHG��ZLWK�LQFRPSOHWH�
DQG�FRPSOHWH�WUDI�F�OLJKW�UHJXODWLRQ�

8QUHJXODWHG�FURVVLQJV�are the most numerous. The obvious purpose of arrang-
ing such crossings is to eliminate the chaotic movement of pedestrians across the 
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FDUULDJHZD\�DQG�GLUHFW�WKHP�WR�SRWHQWLDOO\�VDIHU�SODFHV���UVW�RI�DOO��IURP�WKH�SRLQW�RI�
view of visibility). So, at crossings in populated areas, in the absence of buildings, the 
so-called YLVLELOLW\�WULDQJOH�RI�QRW�OHVV�WKDQ������bP��RQ�VXEXUEDQ�KLJKZD\V��WKH�YLV-
ibility distance of the crossing zone in the direction of the vehicle approach depends 
RQ�WKH�FDWHJRU\�RI�WKH�URDG�DQG�VKRXOG�EH�IURP���bP�WR����bPb>��@�

)LJ������ (OHPHQWV�RI�LQIRUPDWLRQ�VXSSRUW�IRU�SHGHVWULDQVb>��@

The main task of PDQDJHPHQW�DW�VXFK�FURVVLQJV�LV�WR�LQIRUP�SHGHVWULDQV�DV�HI�-
ciently as possible about the exact location of the crossing area of the carriageway 
by marking them with various technical means (road signs and markings, directional 
devices, etc.).

The following requirements must be met in order WR�LQFUHDVH�56�DW�SHGHVWULDQ�
FURVVLQJV�LQ�SRSXODWHG�DUHDV�RI�8NUDLQHb>��@�

2Q�VWUHHWV�ZLWK���RU�PRUH�WUDI�F�ODQHV�LQ�RQH�GLUHFWLRQ��FHQWUDO�UHIXJH�LVODQGV�
must be installed at unregulated pedestrian crossings. If it is impossible to arrange 
such refuge islands, the pedestrian crossing should only be adjustable.

7KH�PLQLPXP�ZLGWK�RI�WKH�UHIXJH�LVODQG�LV����bP��WKH�PLQLPXP�OHQJWK�LV����bP��,W�
can be arranged on a dividing lane or by narrowing the lanes of the carriageway to 
����bP�DQG�EHQGLQJ�WKH�D[LV�RI�WKH�WUDI�F�ODQH��)LJ�b���).

The central refuge islands should differ in the type of covering, structure or 
color, preferably be raised above the roadway with the possibility of unhindered 
pedestrian movement, marked with markings or have a zigzag appearance with a 
barrier-type fence ()LJ�b����ba). For elevated islands, it is necessary to provide for 
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the lowering of the curb to the level of the carriageway or the absence of its central 
part to ensure the unhindered movement of groups of people with low mobility and  
cyclists ()LJ�b����bb).

)LJ������ 5HIXJH�LVODQG�DW�D�SHGHVWULDQ�FURVVLQJb>��@

a

b

)LJ������ $UUDQJHPHQW�RI�D�UHIXJH�LVODQG�DW�D�SHGHVWULDQ�FURVVLQJb>��@��abå�XVH�RI�URDG�EDUULHUV�
of the barrier type; bbå�DEVHQFH�RI�WKH�FHQWUDO�SDUW�RI�WKH�LVODQG
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The width of the area for the movement of pedestrians on refuge islands should 
not be less than the width of the pedestrian crossing. At crossings near educational 
LQVWLWXWLRQV��DV�ZHOO�DV�LQ�RWKHU�SODFHV�RI�LQWHQVH�SHGHVWULDQ�WUDI�F��WKH�FDUULDJHZD\�
can be raised to the level of sidewalks, including with the help of decking.

From the point of view of improving the methods of expert assessment of pedes-
trian safety in Ukraine, the requirements and recommendations for WKH�GHVLJQ�RI�
XQUHJXODWHG�SHGHVWULDQ�FURVVLQJV�LQ�*HUPDQ\b>��@�FDQ�EH�XVHIXO��LQ�DFFRUGDQFH�ZLWK�
which such crossings can be organized exclusively:

åbRQ�WKH�WHUULWRU\�RI�FLWLHV�DQG�UXUDO�VHWWOHPHQWV��EHFDXVH�TXLWH�KLJK�VSHHGV�RI�
motor vehicles are often observed outside the city, which do not allow drivers to 
react in time to the appearance of a pedestrian on the roadway) with the intensity of 
SHGHVWULDQ�WUDI�F�GXULQJ�WKH�SHDN�KRXUV�RI�WKH�ZRUNLQJ�GD\�DW�OHDVW����bS�S�K��DQG�WKH�
LQWHQVLW\�WUDI�F�LQ�D�PRUH�FRQJHVWHG�GLUHFWLRQ�RYHU����bYHKLFOHV�SHU�KRXU�

åbLQ�SODFHV�ZKHUH�D�SHGHVWULDQ�PXVW�FURVV�RQO\�RQH�WUDI�F�ODQH�LQ�HDFK�GLUHFWLRQ�
(this requirement is related to ensuring mutual visibility of the pedestrian and the 
vehicle; parked cars and cars moving in the adjacent lane limit visibility, which is po-
tentially dangerous);

åbLQ�SODFHV�ZKHUH�WKHUH�LV�D�VLGHZDON�RU�D�VHSDUDWH�SHGHVWULDQ�SDWK�RQ�ERWK�VLGHV�
of the street behind the carriageway (it is considered that in the absence of such spe-
cial paths for the longitudinal movement of pedestrians, the intensity of their trans-
YHUVH�PRYHPHQW�LV�LQVLJQL�FDQW���

In turn, such crossings cannot be arranged:
åbQHDU�DUHDV�ZLWK�WUDI�F�OLJKW�UHJXODWLRQ�
åbLQ�DUHDV�ZLWK�FRRUGLQDWHG�WUDI�F�OLJKW�UHJXODWLRQ�
åbRQ�VHSDUDWH�ODQHV�IRU�FLW\�SXEOLF�WUDQVSRUW�
åbRQ�VWUHHWV�ZLWK�WUDP�WUDI�F�QRW�RQ�D�VHSDUDWH�WUDFN�
åbDW�FURVVLQJV�ZKHUH�WKH�PDLQ�VWUHHW�FKDQJHV�LWV�GLUHFWLRQ�
åbRQ�D�VKDUHG�ELF\FOH�SHGHVWULDQ�SDWK�
:KHQ�WKH�LQWHQVLW\�RI�SHGHVWULDQ�WUDI�F�GXULQJ�WKH�SHDN�KRXUV�RI�WKH�ZRUNLQJ�

GD\�LV�XS�WR���bSHGHVWULDQV�KRXU�DQG�WKH�LQWHQVLW\�RI�WUDI�F�LQ�WKH�EXVLHU�GLUHFWLRQ�LV�
XS�WR����bYHKLFOHV�KRXU��DQ�XQUHJXODWHG�SHGHVWULDQ�FURVVLQJ�LV�QRW�UHTXLUHG��,W�LV�DOVR�
not mandatory to organize such a crossing in areas with a permitted speed of less 
WKDQ���bNP�K��QRWH�WKDW�WKLV�FRQGLWLRQ�LQ�8NUDLQH�LV�PHW�E\�UHVLGHQWLDO�DQG�SHGHVWULDQ�
]RQHV�ZLWK�D�FXUUHQW�PD[LPXP�VSHHG�OLPLW�RI���bNP�Kb>��@��

The installation of a central refuge island for pedestrians is recommended on ar-
HDV�ZKHUH�WKH�ZLGWK�RI�WKH�FDUULDJHZD\�H[FHHGV����bP��

Pedestrian crossings are located in front of the bus stop (in the direction of traf-
�F�bå�VR�WKDW�WKH�EXV�VWRSSHG� LQ�WKH�HQWUDQFH�SRFNHW�GRHV�QRW� LQWHUIHUH�ZLWK�WKH� 
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visibility of pedestrians and cars. If the bus stops on the carriageway, then an unregu-
lated pedestrian crossing is arranged in front of it (at the same time, it is necessary to 
reliably prohibit other vehicles from bypassing the stopped bus (due to the arrange-
ment of a dividing lane and (or) the installation of a fence)).

If the above recommendations are followed, DQ�XQUHJXODWHG�SHGHVWULDQ�FURVVLQJ�
ZLOO�EH�VDIHU�WKDQ�D�FURVVLQJ�ZLWK�WUDI�F�OLJKW�UHJXODWLRQ. This is explained by the 
improvement of the conditions of mutual visibility of pedestrians and vehicles and 
the reduction of the probability of cars moving at high speed.

To assess the safety of pedestrians at FRQWUROOHG�FURVVLQJV, the length of time they 
WDNH�WR�FURVV�WKH�URDGZD\�LV��UVW�DQDO\]HG��7KH�PRVW�LPSRUWDQW�LV�VXFK�DQ�DQDO\VLV�DW�
FURVVLQJV�ZLWK�WUDI�F�OLJKW�UHJXODWLRQ��ZKHQ�WKH�SHUPLVVLRQ�VLJQDOV�IRU�SHGHVWULDQV�DQG�
vehicles are turned on in one phase (since the durations of these signals are taken as 
the basis to ensure the passage of vehicles, which are calculated for other reasons).

The minimum value of WKH�GXUDWLRQ�RI�WKH�SHUPLVVLRQ�VLJQDO�IRU�SHGHVWULDQV (the 
WLPH�UHTXLUHG�IRU�WKHP�WR�FURVV�WKH�URDGZD\��LV�GHWHUPLQHG�E\�WKH�IRUPXODb>��@�bV�

t
B

V
ped

ped

= + 5, (6.1)

where B is the width of the carriageway at the crossing point, m; Vped is the movement 
VSHHG�RI�SHGHVWULDQV�DW�WKH�FURVVLQJ��P�V�����bP�V��

Since this formula does not take into account the time required for several groups 
(rows) of pedestrians to enter the roadway, which may accumulate before crossing 
ZKLOH�ZDLWLQJ�IRU�WKH�SHUPLVVLRQ�VLJQDO��ZLWK�D�VLJQL�FDQW�LQWHQVLW\�RI�SHGHVWULDQV�� 
D�ORQJHU�WLPH�IRU�FURVVLQJ�WKH�URDGZD\�VKRXOG�EH�DVVXPHGb>��@�bV�
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where tdm LV�WKH�GXUDWLRQ�RI�UHDFWLRQ�DQG�GHOD\�EHIRUH�WKH�PRYHPHQW�RI�WKH��UVW�URZ�
RI�SHGHVWULDQV��UHFRPPHQGHG����bV���dped is distance between rows of pedestrians 
�UHFRPPHQGHG����bP���n is the number of rows of pedestrians.

The application of the proposed approach for evaluating (correcting) the ele-
PHQWV�RI�WKH�F\FOH�RI�WUDI�F�OLJKW�UHJXODWLRQ�ZLOO�PDNH�LW�SRVVLEOH�QRW�RQO\�WR�LQFUHDVH�
the safety level of pedestrians in conditions of high intensity of their movement, 
but also to determine the conditions under which it is expedient to use a signboard 
counting down the time of the permission signal for pedestrians at regulated cross-
ings as in intersection zones, as well as on street races.
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Summarizing all the above considerations, it can be concluded that WKH�EDVLV�RI�D�
TXDOLWDWLYH�H[SHUW�DVVHVVPHQW�RI�WKH�OHYHO�RI�SHGHVWULDQ�VDIHW\�VKRXOG�EH�WKH�DQDO-
\VLV�RI�WKH�FRPSOLDQFH�RI�HQJLQHHULQJ�DQG�SODQQLQJ�GHFLVLRQV�UHJDUGLQJ�SHGHVWULDQ�
PRYHPHQW�URXWHV��ZKLFK�DUH�SURMHFWHG�RU�H[LVW��ZLWK�WKH�UHTXLUHPHQWV�RI�FXUUHQW�
UHJXODWRU\�GRFXPHQWDWLRQ��'%1��'678�. In turn, for a similar assessment of mea-
sures regarding arrangement and management, it is necessary to additionally take 
into account WKH�IHDWXUHV�RI�WKH�FRPELQHG�PRYHPHQW�RI�SHGHVWULDQV�DQG�PRWRU�
YHKLFOHV�LQ�SRWHQWLDOO\�GDQJHURXV�DUHDV�(primarily at street crossings).

���� 0RYHPHQW�RI�ORZ�PRELOLW\�PRELOH�SRSXODWLRQ�JURXSV

7KH�VSHFLDO�QHHGV�RI�SHGHVWULDQV��ZKR�DUH�FODVVL�HG�DV�ORZ�PRELOLW\�SRSXODWLRQ�
JURXSV, must be given undisputed priority when planning measures to ensure their 
mobility.

$JH�OHDYHV�DQ�LPSULQW�RQ�SHRSOH
V�EHKDYLRU�DQG�KDELWV��DQG�WKHUHIRUH�DIIHFWV�WKH�
ULVN�RI�URDG�WUDI�F�LQMXULHV��6R��IRU�H[DPSOH��LQ�*HUPDQ\��LQ�������HYHU\�WKLUG�GHDWK�
LQ�D�URDG�DFFLGHQW������b���RFFXUUHG�LQ�WKH�HOGHUO\��RYHU����\HDUV�ROG���WZLFH�DV�PDQ\�
such cases per 1 million residents of this age group were recorded as for residents 
DJHG����WR��������DQG����GHDWKV��UHVSHFWLYHO\�b>�@�

Among the main factors that increase such a risk for elderly pedestrians, the fol-
ORZLQJ�DUH�GLVWLQJXLVKHGb>��@�

��b'HWHULRUDWLRQ�RI�YLVXDO�DFXLW\��ZKLFK�FDQ�KDYH�D�QHJDWLYH�LPSDFW�RQ�SHRSOH
V�
ability to move safely on the street and road network. In addition, elderly pedestri-
ans are less attentive to the environment.

��b,PSDLUHG�RULHQWDWLRQ�LQ�UHODWLRQ�WR�RQH
V�RZQ�ORFDWLRQ�UHODWLYH�WR�HOHPHQWV�RI�
the street (road).

��b&RPSOLFDWLQJ�WKH�DGHTXDWH�SHUFHSWLRQ�RI�D�GLI�FXOW�URDG�VLWXDWLRQ��DQG��DV�D�
result, a slower reaction when responding to the danger that has arisen.

��b&RPSOLFDWLRQV�ZKHQ�FURVVLQJ�WKH�VWUHHW�FDXVHG�E\�WKH�QHHG�WR�UHRULHQW�EHIRUH�
crossing the middle of the carriageway.

��b3RVVLEOH�FROOLVLRQV�ZLWK�RWKHU�SHGHVWULDQV�LQ�SODFHV�ZLWK�KHDY\�WUDI�F�
��b3UREOHPV�FDXVHG�E\�DQ�LQVXI�FLHQW�OHYHO�RI�DWWHQWLRQ�GXULQJ�PRYHPHQW��IRU�

H[DPSOH��REVHUYLQJ�WUDI�F�OLJKWV�WR�WKH�GHWULPHQW�RI�REVHUYLQJ�FDUV�RU�ODFN�RI�FRQFHQ-
WUDWLRQ�RI�DWWHQWLRQ�RQ�UHWXUQLQJ�WUDI�F��

��b$SSHDUDQFH�RI�SRWHQWLDOO\�GDQJHURXV�VLWXDWLRQV�FDXVHG�E\�WKH�LQFRUUHFW��LQ-
FRUUHFW��XQWLPHO\��LQWHUSUHWDWLRQ�RI�LQIRUPDWLRQ�DERXW�WKH�WUDI�F�UHJLPH�LQ�WKLV�DUHD�
�IRU�H[DPSOH��LQVHFXULW\�RU�LQGHFLVLRQ�LQ�RQH
V�RZQ�DFWLRQV��PLVXQGHUVWDQGLQJ�RI�WKH�
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EHKDYLRU�RI�RWKHU�WUDI�F�SDUWLFLSDQWV��VORZLQJ�GRZQ�WKH�FRPSOHWLRQ�RI�WKH�WUDQVLWLRQ�
DW�WKH�WLPH�RI�VZLWFKLQJ�WKH�WUDI�F�OLJKW�VLJQDOV�IURP�\HOORZ�OLJKW�RQ�UHG��

��b&HUWDLQ�GLI�FXOWLHV�LQ�PXWXDO�XQGHUVWDQGLQJ�ZLWK�RWKHU�WUDI�F�SDUWLFLSDQWV�DQG�
D�PRUH�VLJQL�FDQW�SUREDEOH�LQ�XHQFH�RI�SURYRFDWLYH�DFWLRQV�RI�RWKHU�SHGHVWULDQV�

��b&RQFRPLWDQW�GLVHDVHV�DQG�SK\VLFDO�YXOQHUDELOLW\�WKDW�OHDG�WR�JUHDWHU�VHYHULW\�
of injuries in road accidents.

(YHQ�PRUH�GLI�FXOW�DUH�WKH�WDVNV�RI�HQVXULQJ�PRELOLW\�DQG�LWV�VDIHW\�IRU�SHRSOH�
ZLWK�GLVDELOLWLHV��ZLWK�OLPLWHG�KHDOWK�RSSRUWXQLWLHV�bå�SHRSOH�ZLWK�D�SHUVLVWHQW�GLVRU-
GHU�RI�WKH�ERG\
V�IXQFWLRQV��ZKLFK��ZKHQ�LQWHUDFWLQJ�ZLWK�WKH�H[WHUQDO�HQYLURQPHQW��
FDQ�OHDG�WR�D�OLPLWDWLRQ�RI�LWV�YLWDO�DFWLYLWLHVb>��@�

$FFRUGLQJ� WR�RI�FLDO� VWDWLVWLFV�� DV�RI� -DQXDU\���������� WKHUH�ZHUH�PRUH� WKDQ�
���bPLOOLRQ�SHRSOH�ZLWK�GLVDELOLWLHV�LQ�8NUDLQHb>��@��KRZHYHU��DFFRUGLQJ�WR�H[SHUWV��VXFK�
data were incomplete (that is, the actual number of such people was much higher).  
The correctness of such an assumption is evidenced, in particular,  by EUROSTAT 
VWDWLVWLFDO�GDWDbå�LI�LQ�8NUDLQH��b��RI�WKH�SRSXODWLRQ�ZDV�RI�FLDOO\�DVVLJQHG�WR�WKLV�FDW-
HJRU\��WKHQ�LQ�(XURSHDQ�FRXQWULHV��SHUVRQV�ZLWK�GLVDELOLWLHV�PDNH�XS�PRUH�WKDQ���b��
of the population ()LJ�b����). In addition, it is obvious that after the full-scale military 
invasion of Russia as a result of aggressive hostilities on the territory of Ukraine, the 
number of people with disabilities and various functional disorders has increased 
VLJQL�FDQWO\�DQG��XQIRUWXQDWHO\��ZLOO�FRQWLQXH�WR�LQFUHDVH�LQ�WKH�IXWXUH�

)LJ������� 6KDUH�RI�SHRSOH�ZLWK�GLVDELOLWLHV�LQ�(XURSHDQ�FRXQWULHVb>��@
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7KH�LQFUHDVHG�GHJUHH�RI�ULVN�RI�FRPPLWWLQJ�D�URDG�DFFLGHQW for pedestrians with 
limited health opportunities is explained by the following reasons.

��b3HRSOH�ZLWK�PRELOLW\�LPSDLUPHQWV�FDQ�FURVV�WKH�URDG�PXFK�VORZHU�WKDQ�RWKHU�
pedestrians, and can also fall on the sidewalk if its surface is slippery or uneven.

��b3HRSOH�XVLQJ�ZKHHOFKDLUV�PD\�H[SHULHQFH�GLI�FXOWLHV�LI�WKHUH�DUH�QR�JHQWOH�H[-
LWV�IURP�WKH�VLGHZDONV�RU�DFFHVVLEOH�URXWHV��,W�LV�PXFK�PRUH�GLI�FXOW�IRU�WKHVH�SHRSOH�
to react to the sudden appearance of vehicle, not to mention the possibility of avoid-
ing a collision with them.

��b3HRSOH�ZLWK�YLVXDO��KHDULQJ��LPSDLUPHQWV�PD\�QRW�VHH��FDQQRW�KHDU��RWKHU�URDG�
users, that is, they do not have an objective opportunity to detect danger to their 
movement in a timely manner.

��b3HRSOH�ZLWK�PHQWDO�GLVRUGHUV�PD\�QRW�EH�DZDUH�RI�H[LVWLQJ�GDQJHUV��IRU�H[-
ample, before crossing the roadway or during its implementation) or perform other 
unpredictable actions.

The basic normative provisions regarding the provision of convenience and 
safety of the ways of movement of low-mobility population groups in the cities of 
8NUDLQH�DUH�GH�QHG�E\� WKH�UHTXLUHPHQWVb >��@��/HW
V�FRQVLGHU� WKRVH�RI� WKHP�WKDW�
directly relate to the arrangement of elements of the street and road network and 
transport infrastructure, and therefore are most often considered in the process of 
expert assessment of the RA level.

:D\V�RI�PRYHPHQW for people with reduced mobility should be combined with 
external (in relation to the site) transport and pedestrian communications, special-
ized parking spaces, public transport stops. When crossing the vehicle of such cross-
ings, LQIRUPDWLRQDO�HOHPHQWV�IRU�HDUO\�ZDUQLQJ�RI�GULYHUV should be provided.

0HDQV�RI�RULHQWDWLRQ�DQG�LQIRUPDWLRQ�VXSSRUW (tactile and visual elements of ac-
cessibility, means of sound information) must be provided on all paths of movement of 
groups of the population with limited mobility for the entire period of their operation.

7KH�ZLGWK�RI�SHGHVWULDQ�SDWKV�ZLWK�RQFRPLQJ�WUDI�F�VKRXOG�EH�DW� OHDVW����bP�
()LJ�b�������WKHLU�ORQJLWXGLQDO�VORSH�VKRXOG�QRW�H[FHHG��b����������2Q�DUHDV�ZLWK�D�
greater slope, it is necessary to arrange external stairs and ramps.

If it is impossible to organize ground (street) pedestrian crossings for people with 
low mobility, it is necessary to design XQGHUJURXQG�DQG�DERYH�JURXQG�FURVVLQJV, 
which should be equipped with UDPSV with a gentle descent or OLIWLQJ�GHYLFHV (eleva-
tor, lift) ()LJ�b����).

7KH�UDPS�VORSH�DW�WKH�H[LW�IURP�WKH�VLGHZDON�WR�WKH�FDUULDJHZD\�LV���b����������
WKH�PD[LPXP�KHLJKW�RI�RQH�ULVH�VKRXOG�QRW�H[FHHG����bP��7KH�ZLGWK�RI�WKH�UDPS�
IRU�RQH�ZD\�WUDI�F�VKRXOG�EH����bP��IRU�WZR�ZD\�WUDI�F�å����bP��$IWHU�HDFK�ULVH��LW�
LV�QHFHVVDU\�WR�DUUDQJH�KRUL]RQWDO�SODWIRUPV�ZLWK�D�GHSWK�RI�DW�OHDVW����bP��([WHUQDO�
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ramps must have a double-sided fence with handrails. For a lifting height of more 
WKDQ����bP��UDPSV�VKRXOG�EH�UHSODFHG�ZLWK�OLIWLQJ�GHYLFHV�

)LJ������� Dimensions of sidewalks and paths for the movement of low-mobility 
SRSXODWLRQ�JURXSVb>��@

)LJ������� Means of barrier-free access for people with reduced mobility on underground and 
DERYH�JURXQG�SHGHVWULDQ�FURVVLQJVb>��@
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In open individual parking lots near service facilities, QR�OHVV�WKDQ���b��RI�VSDF-

HV�VKRXOG�EH�DOORFDWHG�IRU�WKH�WUDQVSRUW�RI�SHUVRQV�ZLWK�GLVDELOLWLHV. These places 
should be marked with road signs and markings, as well as icons of the international 
symbol of accessibility. Places for parking such vehicles, as well as stopping areas for 
the boarding (disembarkation) of their passengers, should be provided at a distance 
of no more than 50 m from the entrances to public buildings.

The width of the zone for parking a car of a person with a disability must be at 
OHDVW����bP��7KH�GLPHQVLRQV�RI�SDUNLQJ�VSDFHV��ZKLFK�DUH�ORFDWHG�SDUDOOHO�WR�WKH�FXUE��
must provide access to the rear of the car to use a ramp or a lifting device.

7DFWLOH�HOHPHQWV�RI�DFFHVVLELOLW\ should provide people with visual impairments 
ZLWK�WKH�QHFHVVDU\�DQG�VXI�FLHQW�LQIRUPDWLRQ�WKDW�FRQWULEXWHV�WR�WKHLU�LQGHSHQGHQW�
orientation. The main of such elements for use in the infrastructure (including on the 
street and road network) are tactile systems, which should warn about various types 
of danger (obstacles), as well as provide information about the beginning and end of 
WUDI�F��FKDQJHV�LQ�WKH�GLUHFWLRQ�RI�WUDI�F��ERDUGLQJ�SODFHV�IRU�YHKLFOHV��HWF�

6WDQGDUG�H[WHUQDO�WDFWLOH�V\VWHPV are a curb stone, a lawn, a footpath (which 
has on one or two sides a surface with a texture different from standard materials), 
a combined surface (different types of paving slabs, cobblestones, etc., which dif-
fer in texture and color are laid). Special tactile systems are surfaces that are made 
of special tactile indicators (for example, reefs of longitudinal or truncated cones 
�����å�����bP�KLJK��

:DUQLQJ�WDFWLOH�V\VWHPV�PXVW�EH�LQVWDOOHG�SDUDOOHO�WR�WKH�EDUULHU��REVWDFOH�bå�LQ�
places where the curbstone is lowered before people enter the roadway (at a pe-
destrian crossing), before an overpass or underpass, along the edge of the landing 
platform (at tram, subway stops), at the beginning and at the end of lowering/raising 
the pedestrian path ()LJ�b�������6XFK�D�V\VWHP�VKRXOG�EH�DW�OHDVW����å���bP�ZLGH��KDYH�
D�UHOLHI�LQ�WKH�IRUP�RI�WUXQFDWHG�FRQHV��DQG�LWV�EHJLQQLQJ�VKRXOG�EH�DW�OHDVW����bP�IURP�
the obstacle.

7KH�JXLGLQJ�WDFWLOH�V\VWHP��VWULS��VKRXOG�SURYLGH�IUHH�RULHQWDWLRQ�IRU��QGLQJ�WKH�
necessary and safe direction of movement of persons with visual impairments and 
other categories of low-mobility population groups; they are arranged, for example, 
WR�LQGLFDWH�WKH�URXWH�WR�D�VSHFL�F�REMHFW�RI�WUDQVSRUW�RU�WUDQVSRUW�LQIUDVWUXFWXUH��7KH�
VWULS�RI�VXFK�D�V\VWHP�VKRXOG�EH�DW�OHDVW����bP�ZLGH�DQG�KDYH�D�UHOLHI�DSSHDUDQFH�RI�
ORQJLWXGLQDO��SDUDOOHO��UHHIV�ULEV������å�����bP�KLJK�

7KH�LQIRUPDWLRQ�WDFWLOH�V\VWHP indicates the beginning and end, as well as the 
place of change in the direction of movement of the guiding system; for this, a strip 
RI�ZLGWK�RI�DW�OHDVW����bP�ZLWK�FXW�FRQHV�LV�XVHG��$W�WKH�EHJLQQLQJ�RI�WKH�JURXQG�SH-
destrian crossing (or before the intersection), such a strip is arranged perpendicular 
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to the tactile warning system along the entire width of the pedestrian path. Under-
ground passages, boundaries of public transport stops and boarding places, ramps, 
stairs, etc. are similarly marked ()LJ�b����).

In order to improve the orientation of people with reduced mobility, various 
types of tactile systems should be applied in a�FRPSOH[ manner ()LJ�b����).

)LJ������� $Q�H[DPSOH�RI�WKH�XVH�RI�WDFWLOH�V\VWHPV�LQ�IURQW�RI�SHGHVWULDQ�FURVVLQJVb>��@�� 
�bå�ZDUQLQJ���bå�LQIRUPDWLYH

)LJ������� $Q�H[DPSOH�RI�DUUDQJLQJ�WUDI�F�URXWHV�RI�SHRSOH�ZLWK�UHGXFHG�PRELOLW\�XVLQJ�WDFWLOH�
V\VWHPVb>��@���bå�ZDUQLQJ���bå�JXLGH���bå�LQIRUPDWLRQDO��SODFH�RI�WXUQLQJ��GLYHUJHQFH��RI�WKH�

JXLGLQJ�V\VWHP����bå�LQIRUPDWLRQDO��SODFH�RI�ERDUGLQJ�SXEOLF�WUDQVSRUW�
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���� 7UDQVSRUW�VSHHG�DV�D�IDFWRU�RI�WUDI�F�VDIHW\

One of the most effective ways to increase the safety of vulnerable road users is 
WR�UHGXFH�WKH�VSHHG�RI�PRWRU�YHKLFOHV (it is a key factor not only in the risk of hitting 
them, but also in the severity of the consequences of such RAs). Therefore, simulta-
QHRXVO\�ZLWK�PHDVXUHV�WKDW�UHGXFH�WKH�SUREDELOLW\�RI�FRQWDFW�RI�VXFK�WUDI�F�SDUWLFL-
pants with moving vehicles, it is also necessary to control the speed mode of the latter.

Numerous studies by many European and American specialists have proven that 
WKH�ULVN�RI�IDWDO�LQMXU\�WR�D�SHGHVWULDQ�ZKHQ�KLW�E\�D�KHDY\�YHKLFOH directly depends 
on the speed of the latter; in addition, the indicated risk is higher for the elderly and 
pedestrians who have been in contact with trucks and other large vehicles. For an 
H[SHUW�DVVHVVPHQW�RI�VXFK�D�ULVN��WKH�DQDO\WLFDO�GHSHQGHQFH�SURSRVHG�E\�(�b5RV«Q�	�
8�b6DQGHU�EDVHG�RQ�WKH�UHVXOWV�RI�GDWD�PRGHOLQJ�RI�7KH�*HUPDQ�,Q�'HSWK�$FFLGHQW�
6WXG\��*,'$6��LQ�WKH�SHULRG�����å�����FDQ�EH�XVHGb>��@�

P v
v

( )
exp( . . )

,=

+ −

1

1 6 9 0 09
 (6.3)

where P(v�bLV�WKH�SUREDELOLW\�RI�D�SHGHVWULDQ�GHDWK�ZKHQ�KLW�E\�D�YHKLFOH�DW�D�VSHHG�
of v (km/h).

$FFRUGLQJ�WR�WKH�UHVXOWV�RI�WKH�FRQGXFWHG�UHVHDUFK��LI�DW�D�VSHHG�RI���bNP�K�WKH�
SUREDELOLW\�RI�VXFK�DQ�LQMXU\�LV��b���WKHQ�DW�D�VSHHG�RI���bNP�K�LW� LQFUHDVHV�WKUHH� 
WLPHV����b����DQG�DW�D�VSHHG�RI����NP�K�LW�LQFUHDVHV�WR���b���)LJ�b����).

)LJ������� 3HGHVWULDQ�IDWDOLW\�ULVNb>��@
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7KH�HQJLQHHULQJ�DQG�WHFKQLFDO�DSSURDFK�WR�YHKLFOH�VSHHG�PDQDJHPHQW involves 
PDQ\�PHDVXUHV��VROXWLRQV��DLPHG�DW�OLPLWLQJ�LW���UVW�RI�DOO��UHJXODWLRQ�RI�PD[LPXP�
values and WUDI�F�FDOPLQJ measures���DV�ZHOO�DV�PHDVXUHV�RI�SV\FKRORJLFDO�LQ�XHQFH��
All of them should not only ensure an appropriate speed limit, but also contribute to 
D�FHUWDLQ�UHGXFWLRQ�LQ�WKH�LQWHQVLW\�RI�WUDI�F��7UDI�F�FDOPLQJ�PHDQV structural ele-
ments of the road (street) or technical means designed to reduce the speed of road 
YHKLFOHV�DQG�LQFUHDVH�WKH�DWWHQWLYHQHVV�RI�DOO�WUDI�F�SDUWLFLSDQWVb>��@�

The scope of implementing measures (decisions) to limit the speed of motor vehi-
cles can vary from local improvements on local streets to large-scale reconstruction 
DQG�PRGL�FDWLRQV�LQ�D�ODUJH�DUHD��7KH�UHVXOWV�RI�QXPHURXV�VWXGLHV�VKRZ�D�GHFUHDVH�
in the number of road accidents involving pedestrians after the implementation of 
WUDI�F�FDOPLQJ�PHDVXUHV��FRQVWUXFWLRQ�RI�UHIXJH�LVODQGV��DUUDQJHPHQW�RI�HOHYDWHG�
SHGHVWULDQ�FURVVLQJV�DQG�QDUURZLQJ�RI�WKH�URDGZD\�LQ�IURQW�RI�WKHP��XVH�RI�DUWL�FLDO�
obstacles and surface irregularities), as well as FRPSOH[�PRGL�FDWLRQ of intersec-
WLRQVb>��@��7KH�JUHDWHVW�HIIHFW�LV�JLYHQ�E\�D�combination of several types of measures 
(they should be applied on different streets throughout the district).

%\�WKHPVHOYHV��PHDVXUHV��GHFLVLRQV��WR�OLPLW�WKH�VSHHG�DQG�LQWHQVLW\�RI�WUDI�F�GR�
not improve conditions for its vulnerable participants. It is necessary to solve other 
tasks at the same time (for example, to strengthen the control of compliance with 
ODZV�DQG�5RDG�7UDI�F�5XOHV��575���WR�HQVXUH�HIIHFWLYH�H[WHUQDO�OLJKWLQJ�RI�DUHDV�LQ�WKH�
dark, etc.). General recommendations regarding the conditions and consequences of 
applying such measures are given in 7DEOHb���.

7DEOH����� 0HDVXUHV��VROXWLRQV��WR�UHGXFH�WKH�VSHHG�DQG�LQWHQVLW\�RI�WUDI�F��WKHLU�XVH�DQG�
OLNHO\�UHVXOWVb>��@

0HDVXUH�QDPH��GHFLVLRQ�

&DQ�EH�XVHG�WR�UHGXFH�
VSHHG ,Q�XHQFH�

RQ�WUDI�F�
LQWHQVLW\

main streets
local 

streets

� � � �

$UWL�FLDO�URDG�VXUIDFH�LUUHJXODULWLHV��URDG�KLOOV� No <HV Possible

Local elevation of roadway level (including in the 
intersection area)

With caution <HV Possible

Raised pedestrian crossings <HV <HV Possible

Tactile elements on sidewalks <HV <HV Possible

Noise strips on the sidewalk in front of  
pedestrian crossings

<HV <HV Absent
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&RQWLQXDWLRQ�RI�7DEOH����

� � � �

Replacement of adjustment at intersections with 
circular movement (mini-rings)

No <HV Possible

Roundabouts are on the same level <HV <HV Absent

Replanning of T-shaped intersections <HV <HV Possible

Reducing the turning radius at the intersection <HV <HV Possible

Arrangement of the central refuge island 
at the pedestrian crossing

<HV <HV Possible

Reducing the length of the pedestrian crossing 
(arrangement of chokers)

<HV <HV Possible

Narrowing of the carriageway (reducing the 
number of lanes or their width)

<HV <HV Available

Speed limit <HV <HV Absent

Designing a section of the street (road) taking 
into account its perception by the driver  
(perceptual design)

<HV <HV Possible

Installation of warning road signs <HV <HV Absent

%ORFNDJH�RI�WUDI�F�RQ�KDOI�RI�WKH�FDUULDJHZD\ <HV <HV Available

Diagonal division of the intersection zone by an 
impassable barrier

<HV <HV Available

&UHDWLRQ�RI�DUWL�FLDO�WXUQV��FKLFDQH� <HV <HV Absent

Barriers along the dividing line <HV No Available

Differentiation of the speed regime on separate 
sections of the network

<HV No Absent

&RRUGLQDWHG�WUDI�F�PDQDJHPHQW <HV No Absent

$UWLILFLDO� XQHYHQQHVV� RI� WKH� URDG� VXUIDFH (transverse hills of insignificant 
KHLJKWbå��UHFXPEHQW�SROLFHPHQ���PDNH�LW�SRVVLEOH�WR�VORZ�GRZQ�WKH�PRYHPHQW�RI�
motor vehicles in the necessary places quite simply and effectively. A properly de-
signed hill allows drivers traveling at a low (safe) speed to negotiate it easily without 
having to slow down or accelerate sharply. According to research, it is precisely such 
hills that in practice most reliably ensure compliance by drivers with the speed limit.

,QWHUVHFWLRQV�ZLWK�D�UDLVHG�URDGZD\�OHYHO (the sidewalk in the intersection area 
is raised to the level of sidewalks ()LJ�b����). At the same time, each pedestrian cross-
ing can also be raised, so that pedestrians do not have to descend from the level of 
the sidewalk. In cities, such intersections are constructed using special construction 
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materials. For pedestrians with visual impairments, it is necessary to arrange con-
trasting warning stripes on the border between the sidewalk and the carriageway.

)LJ������� &URVVURDGV�ZLWK�D�UDLVHG�URDGZD\�OHYHOb>��@

5DLVLQJ�WKH�KHLJKW�RI�SHGHVWULDQ�FURVVLQJV not only creates an anti-speed hill, 
but also increases the visibility of pedestrians to drivers, increasing their chances 
of being seen within the crossing at night or in crowded areas. The presence of such 
a crossing structure clearly indicates that pedestrians have priority. When such 
transitions are at the same level as the sidewalk, conditions are created for smooth 
movement (primarily for people with disabilities, people with injuries, parents with 
strollers, etc.).

Mini-ULQJV are round refuge islands with curb stones, which are arranged in the 
FHQWUDO�SDUW�RI�VPDOO�LQWHUVHFWLRQV�ZLWKRXW�KHDY\�WUDI�F�RQ�VWUHHWV�LQ�UHVLGHQWLDO�DU-
eas of the city ()LJ�b�������7UDI�F�OLJKW�UHJXODWLRQ�RI�SHGHVWULDQ�WUDI�F�XQGHU�FHUWDLQ�
circumstances can become a prerequisite for a road accident (people tend to hurry, 
VRPHWLPHV�LJQRULQJ�WKH�SURKLELWLRQ�VLJQDOV�RI�WUDI�F�OLJKWV���VR�VXFK�PLQL�ULQJV�FRQ-
tribute to reducing the speed of cars (since drivers are forced to brake when transi-
tioning from a straight section to a curved one). Mini-rings, divided into two "islands", 
also make it easier for pedestrians to cross the street (especially those in wheelchairs).

Traditional roundabouts at one level involve the arrangement of a large central 
dividing island in the center of the intersection of several streets ()LJ�b����). Such in-
tersections can be quite convenient for pedestrians, if they are equipped with guide 
refuge islands at each entrance to the ring (they can be used by pedestrians as refuge 
islands), and also provide for a reduction in speed before entering the intersection. 
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)RU�SHGHVWULDQV�ZLWK�YLVXDO�LPSDLUPHQWV�ZKR�KDYH�GLI�FXOW\�FKRRVLQJ�WKH�GLUHFWLRQ�
of movement, these islands can be equipped with special signals and also have a coat-
ing with tactile elements.

)LJ������� 5RXQGDERXW�DW�D�FLW\�LQWHUVHFWLRQ��PLQL�ULQJ�b>��@

)LJ������� &LUFXODU�LQWHUVHFWLRQ�DW�WKH�VDPH�OHYHOb>��@

5HGXFLQJ�WKH�WXUQLQJ�UDGLXV� A typical road accident involving pedestrians is a 
vehicle running into them, which is making a right turn at an intersection (joining). 
:LWK�D�VLJQL�FDQW�UDGLXV�RI�URXQGLQJ�RI�WKH�FXUE�VWRQH��GULYHUV�RIWHQ�GR�QRW�UHGXFH�
their speed, which increases the risk for pedestrians. Reducing the turning radius 
forces drivers to take a turn more carefully and at a lower speed. Another advantage 
is the reduction of the distance that a pedestrian must cover at the crossing, as well 
DV�WKH�LPSURYHPHQW�RI�YLVLELOLW\�FRQGLWLRQV�IRU�DOO�WUDI�F�SDUWLFLSDQWV�
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Refuge islands at pedestrian crossings or dividing lanes, which are raised above 
the carriageway (such infrastructure objects are also called "central islands" or "pe-
destrian islands") allow to reduce the zones of theoretically possible contact of pe-
destrians with vehicles, as they become a safe place for pedestrians to stop during 
road crossing ()LJ�b����). Landscaping may take place on such islands, but shrubs and 
trees must be selected taking into account the requirements for ensuring visibility (in-
cluding for children and people in wheelchairs). In addition, the design of the islands 
should take into account the needs of pedestrians with visual impairments (a warning 
WDFWLOH�VWULS�LV�LQVWDOOHG�DW�WKH�ERUGHU�EHWZHHQ�WKH�SHGHVWULDQ�DQG�WUDI�F�SDUWV�RI�WKH�
street), and ramps or through passages should be provided for people in wheelchairs.

)LJ������� 6HSDUDWLQJ�ODQHV�WKDW�DUH�UDLVHG�DERYH�WKH�FDUULDJHZD\b>��@

&KRNHU is a means of pacifying RS, which is a lateral horizontal extension of a 
sidewalk, curb or refuge island onto the carriageway, which leads to the narrowing 
of the width of the latter on one or both sides at the same time to one or two lanes 
()LJ�b����). Drivers of mechanical vehicles must reduce speed and, if there is only one 
ODQH��VWRS�WR�OHW�RQFRPLQJ�WUDI�F�SDVV��&KRNHUV�VKRXOG�EH�ZLGH�HQRXJK�WR�DOORZ�WKH�
passage of emergency vehicles and utility vehicles.

$UWL�FLDO�WXUQV�RI�WKH�FDUULDJHZD\��FKLFDQHV� are most often used in residential 
DUHDV��7KH�LPSRVVLELOLW\�RI�ORQJ�WHUP�VWUDLJKW�OLQH�PRYHPHQW�RI�WUDI�F�LV�DFKLHYHG�
by creating additional local expansions (protrusions) of the sidewalk, creating stag-
gered parking spaces on the outer lanes of the carriageway, or the location of pe-
destrian-friendly infrastructure (“pocket parks” or urban furniture) ()LJ�b����). The 
need to constantly adjust the trajectory of movement forces the driver to increase 
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vigilance when driving through such areas and reduce the speed of the vehicle he/
she is driving.

)LJ������� &KRNHUVb>��@

)LJ������� $UWL�FLDO�WXUQV��FKLFDQHV�b>��@

Most often, two main factors should be considered for the engineering and tech-
QLFDO�DVVHVVPHQW�RI�WKH�56�OHYHO�RQ�D�VSHFL�F�VHFWLRQ�RI�WKH�VWUHHW�DQG�URDG�QHWZRUN�
from the point of view of the high-speed mode of transport:

åbOLPLWDWLRQ�RI�WKH�PD[LPXP�VSHHG�RI�WKH�YHKLFOH�ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�
implementation of the adopted management option;
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åbWKH�SUHVHQFH��DEVHQFH��RI�WUDI�F�FDOPLQJ�PHDQV�DQG�WKH�HIIHFWLYHQHVV�RI�WKHLU�XVH�
'HWHUPLQDQW�IURP�WKH�SRLQW�RI�YLHZ�RI�HQVXULQJ�WKH�REMHFWLYLW\�RI�WKH�VSHFL�HG�

DVVHVVPHQW�LV�WKH�DQDO\VLV�RI�WUDI�F�FRQGLWLRQV��ZKLFK�WDNHV�LQWR�DFFRXQW�WZR�PDLQ�
IDFWRUVb>��@�

��b&RQ�LFW��WKDW�LV��KRZ�RIWHQ�VLJQL�FDQW�GDQJHUV�DULVH�LQ�WKH�VWXGLHG�DUHD��7KH�
ODWWHU�RFFXU�ZKHQ�D�FHUWDLQ�WUDI�F�VLWXDWLRQ��IRU�H[DPSOH��D�SHGHVWULDQ�FURVVLQJ�WKH�
road during a car turn) is characterized by their mutual approach and such a speed of 
the vehicle that could cause a collision if the driver did not take emergency actions to 
change its driving mode. In urban conditions, this indicator usually depends on how 
GLYLGHG�WKH�SRWHQWLDOO\�FRQ�LFWLQJ�WUDI�F�LV�DQG�ZKDW�LWV�LQWHQVLW\�LV�IRU�HDFK�FDWHJRU\�
of participants (vehicles, pedestrians, cyclists, etc.).

��b$FWLYLW\��L�H��WKH�FXUUHQW�OHYHO�RI�ORDGLQJ�RI�WKH�VLWH�E\�WUDI�F�RI�DOO�FDWHJRULHV�
of participants and prospects for its growth. RAs with serious consequences are, as 
D�UXOH��WKH�UHVXOW�RI�QHJDWLYH�UHDOL]DWLRQ�RI�FRQ�LFWV�ZKHQ�YHKLFOHV�DUH�PRYLQJ�DW�KLJK�
speeds. Therefore, on sections of the street-road network with more potentially se-
ULRXV�FRQ�LFWV�DQG�D�KLJKHU�OHYHO�RI�DFWLYLW\��VWULFWHU��ORZHU��VSHHG�OLPLWV�VKRXOG�EH�
LQWURGXFHG�DQG�RU�WUDI�F�FDOPLQJ�PHDVXUHV�VKRXOG�EH�DSSOLHG�

���� 7UDQVSRUW�VDIHW\�RI�FKLOGUHQ

$FFRUGLQJ�WR�WKH�:+2��XS�WR����bFKLOGUHQ�GLH�LQ�URDG�DFFLGHQWV�HYHU\�GD\�LQ�WKH�
world; even more of them suffer ERGLO\�LQMXULHV�DQG�SV\FKRORJLFDO�WUDXPDV as a re-
sult of collisions with motor vehicles, the consequences of which can be felt for years. 
Due to potential dangers (including on the street and road network), many children 
in modern automobile cities experience a serious GHFUHDVH�LQ�SK\VLFDO�DQG�PHQWDO�
KHDOWK due to limited access to socialization and activity.

When determining appropriate engineering and planning solutions to improve 
WKH�FRQYHQLHQFH�DQG�VDIHW\�RI�FKLOGUHQ
V�PRELOLW\�LQ�WKH�FLWLHV�RI�8NUDLQH��WKH�IROORZ-
ing UHFRPPHQGDWLRQV�RI�H[SHUWV from the World Resources Institute Ross Center 
IRU�6XVWDLQDEOH�&LWLHV�FDQ�EH�XVHIXOb>��@�

&UHDWLQJ� LQIUDVWUXFWXUH�IRU�VDIH�ZDONLQJ�DQG�F\FOLQJ, primarily near schools. 
Pedestrian and bicycle-oriented spaces support and encourage active mobility for 
everyone, but especially for children. Safe access for children to strategic locations 
such as schools, parks and community centers is vital. Safe streets not only prevent 
WUDI�F� LQMXULHV��EXW�DOVR�DOORZ�FKLOGUHQ� WR� IHHO� FRPIRUWDEOH�DQG�HQFRXUDJH�DFWLYH�
independent travel. The creation of safe pedestrian infrastructure (crossings, ref-
uge islands, fences, etc.) in relatively simple ways makes it possible to reduce the  
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duration of crossing the roadway, limit the speed of vehicles when turning, and re-
WXUQ�VLJQL�FDQW�DUHDV�RI�VWUHHW�VSDFH�IRU�SHGHVWULDQV��)LJ�b����).

)LJ������� An example of arranging safe pedestrian and bicycle paths at an unregulated 
LQWHUVHFWLRQb>��@

&UHDWLRQ�RI�ORZ�VSHHG�]RQHV� Ensuring the low speed of cars on the street net-
work is crucial for the safety of all pedestrians, but it is especially important for chil-
GUHQ��DV�WKH�VSHHG�RI�WKH�YHKLFOH�LQFUHDVHV��WKH�GULYHU
V��HOG�RI�YLVLRQ�QDUURZV��PDN-
LQJ�LW�GLI�FXOW�IRU�WKHP�WR�GHWHFW�VPDOO�FKLOGUHQ�LQ�WLPH�RU�UHVSRQG�WR�WKHLU�VXGGHQ�
exit carriageway).

7DNLQJ� LQWR�DFFRXQW�WKH�SHFXOLDULWLHV�RI�FKLOGUHQ
V�SV\FKRSK\VLRORJ\��Due to 
their short stature, limited cognitive skills and vision, children perceive elements 
of the road environment differently than adults. Therefore, it is advisable to use 
()LJ�b����,�������IRU�WUDQVSRUW�PDLQWHQDQFH�RI�SODFHV�ZLWK�LQWHQVLYH�FKLOGUHQ
V�WUDI�F�
(for example, at the approaches to schools and on school grounds):

åbEULJKW�UDLVHG�WUDQVLWLRQV�GHVLJQHG�WR�FRQWURO� WKH�VSHHG�RI� WUDI�F��ZKLFK�DUH� 
HDVLO\�YLVLEOH�DW�WKH�OHYHO�RI�D�FKLOG
V�H\HV�

åbZLGH��SDVVDEOH�DQG�EDUULHU�IUHH�VLGHZDONV�DFFRUGLQJ�WR�WKHLU�OHYHO�RI�FRPIRUW�
and coordination;

åbWDFWLOH�JXLGH�HOHPHQWV��VWULSV��RI�WKH�FRDWLQJ�WKDW�ZLOO�KHOS�FKLOGUHQ�ZDON�VDIHO\�
on the sidewalk;

åbZDUQLQJ�VLJQV�DQG�LQWHUDFWLYH�PDUNLQJV�RQ�WKH�VLGHZDON�IRU�WKH�JDPH�
åbVSHFLDO�ZDLWLQJ�DUHDV�QHDU�WKH�HQWUDQFH�JDWH�RI�WKH�VFKRRO�
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)LJ������� 6WUHHW�GHVLJQ�IRU�FKLOGUHQ�LQ�0LODQ��,WDO\�b>��@

&UHDWLRQ�RI�FOHDQ�DLU�]RQHV��&KLOGUHQ�DUH�SDUWLFXODUO\�YXOQHUDEOH�WR�DLU�SROOXWLRQbå�
IRU�H[DPSOH��GXH�WR�WKHLU�KHLJKW��\RXQJ�FKLOGUHQ� LQKDOH���b��PRUH�FDUERQ�PRQR� 
xide (CO) from car exhaust than adults. According to the WHO, almost one in ten 
GHDWKV�IURP�DLU�SROOXWLRQ�DUH�FKLOGUHQ�XQGHU�WKH�DJH�RI��YH��&OHDQ�DLU�]RQHV�FDQ�VLJ-
QL�FDQWO\�LPSURYH�DLU�TXDOLW\�DURXQG�VFKRROV�RU�UHVLGHQWLDO�QHLJKERUKRRGV�E\�SUR-
hibiting the entry of "dirty" vehicles and reducing engine idling, as well as encourag-
ing environmentally safe modes of transport and infrastructure.

&UHDWLRQ�RI�VSHFLDO�URXWHV (i.e. "walking school buses"). The path from home to 
school is a place of intensive contact of children with RS and, accordingly, risks. There 
are many reasons for this risk: often they cannot understand the difference between 
a dangerous and a safe place to cross the street, they are often distracted or talking 
on a mobile phone.

2QH�RI�WKH�VWUDWHJLHV�IRU�HQVXULQJ�WKH�VDIHW\�RI�FKLOGUHQ
V�PRYHPHQW�LQ�VXFK�VLWX-
ations is the use of the so-called "walking school buses". This model was developed in 
Australia and it involves parents (or other adults) accompanying groups of children 
on the way from their places of residence to school (one of the adults is in front, the 
other goes at the end of the group). Such a "bus" moves around the territory of the 
community, picking up children from their homes, according to the "schedule", which 
determines the time of its "arrival" at each "stop" on the way. Only safe and appro-
priately equipped routes are used for movement. After the classes, the "bus" moves 
in the opposite direction.

,Q�DGGLWLRQ�WR�LPSURYLQJ�FKLOGUHQ
V�KHDOWK�DQG�UHGXFLQJ�WKH�OHYHO�RI�PRWRUL]HG�
WUDI�F�DQG�HQYLURQPHQWDO�SROOXWLRQ���SHGHVWULDQ�EXVHV��WHDFK�FKLOGUHQ�VDIH�EHKDYLRU�
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on the street and road network, promote an active lifestyle and strengthen social ties 
between children of different age groups.

7KH�JHQHUDO�PHWKRG�RI�H[SHUW�DVVHVVPHQW�RI�WKH�VDIHW\�OHYHO�RI�FKLOGUHQ
V�PRYH-
ment on the routes of their mass movement also includes an analysis of the compli-
ance of engineering and planning solutions, which are projected or exist, with the 
requirements of current regulatory documentation (DBN, DSTU). Special attention 
should be paid to the presence of elements of safe pedestrian infrastructure (for ex-
ample, road fences in front of crossings) and effective means of forced reduction of 
vehicle speed in places of potential danger for children.

���� %LF\FOH�WUDI�F

,Q�������WKH�(XURSHDQ�&RPPLVVLRQ�IRU�WKH��UVW�WLPH�DSSOLHG�LQ�WUDQVSRUW�SROLF\�
the new concept of "MRLQW�XVH�RI�PRGHV�RI�WUDQVSRUWbå�FR�PRGDOLW\", which meant 
the independent and combined use of different modes of transport with the aim of 
RSWLPDO�DQG�VXVWDLQDEOH�XVH�RI�UHVRXUFHVb>��@��7KH�FR�PRGDOLW\�FRQFHSW involves the 
construction of transport systems that combine priority development and shared 
use of public transport, systems of collective use of passenger transport, as well as 
various types of DFWLYH�PRELOLW\��LQFOXGLQJ�ELF\FOH�DQG�SHGHVWULDQ�WUDI�F��VFRRWHUV��
skates, roller skates, etc.). 

The implementation of the latter has two positive aspects:
��b5HGXFWLRQ�LQ�WKH�IUHTXHQF\�RI�XVH�RI�RWKHU�W\SHV�RI�WUDQVSRUW���UVW�RI�DOO��LQGL-

vidual motor vehicles), due to which the load on the network is reduced and pollutant 
HPLVVLRQV��QRLVH�OHYHO��HWF��DUH�UHGXFHG��)RU�H[DPSOH��LQ�*HUPDQ\bå�RQH�RI�WKH�PRVW�
�DXWRPRWLYH��FRXQWULHV�LQ�(XURSHbå�ELF\FOH�WULSV�ZLWK�D�VKDUH�RI���b��DUH�WKH�IRXUWK�
most popular type of mobility; it is also indicative that in all types of territories (ex-
cept megacities) cycling is more popular than local public transport ()LJ�b���).

��b,QFUHDVLQJ�WKH�SK\VLFDO�DFWLYLW\�RI�WKH�SRSXODWLRQ, which leads to a probable 
decrease in the level of morbidity and mortality of residents.

$FWLYH�ELF\FOH�PRELOLW\�FDQ�EH�XVHG�ERWK�LQGHSHQGHQWO\��IRU�WUDYHO�XS�WR��å�bNP��
and as part of FRPELQHG��FR�PRGDO��WUDQVSRUW�FKDLQV�

&\FOLQJ�is an excellent way of transporting passengers to public transport sta-
tions (stops). The key advantage of such a combination is that they jointly ensure 
the VXVWDLQDELOLW\�RI��GRRU�WR�GRRU��WUDQVSRUWDWLRQ�RYHU�FRQVLGHUDEOH�GLVWDQFHV 
(for many users of public transport, this allows them to reduce the time to cover 
WKH�VR�FDOOHG��UVW�DQG�ODVW�PLOHV�WR�DQG�IURP�VWDWLRQV��VWRSV��DQG�WUDQVIHU�QRGHV���$W�
the same time, it is extremely important to ensure the connection of these stations 
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(stops) with the entire network of bicycle routes, as well as to create bicycle parking 
lots at key points of connection with the public transport network.

$W�WKH�VDPH�WLPH��WKH�PRYHPHQW�RI�F\FOLVWV�LQ�FRQGLWLRQV�RI�LQWHQVH�WUDI�F��RZV�
(for example, on main city streets) can also be potentially dangerous, both from the 
point of view of the possibility of road accidents, and in connection with the signif-
LFDQW�OHYHO�RI�DWPRVSKHULF�DLU�SROOXWLRQ�LQ�DUHDV�RI�VLPXOWDQHRXV�WUDI�F��7KHUHIRUH��
the UDWLRQDO�RUJDQL]DWLRQ�RI�ELF\FOH�WUDI�F�LQ�WKH�FLW\ in general involves solving the 
following PDLQ�SUREOHPVb>��@�

åbFUHDWLRQ�RI�FRQGLWLRQV�IRU�QHFHVVDU\�VHSDUDWLRQ�DQG�SURWHFWLRQ�IURP�DXWRPR-
ELOH�WUDI�F�

åbSURYLVLRQ�RI�VXI�FLHQW�FDSDFLW\�RI�ELF\FOH�ODQHV��WUDFNV���VLQFH�WKH��RZ�RI�F\-
clists in terms of the nature of movement is similar to vehicles in many respects, for 
theoretical analysis it is quite reasonable to apply the concepts of dynamic size and 
capacity; the theoretical capacity of a bicycle lane in conditions of continuous col-
XPQ�WUDI�F�FDQ�EH�WDNHQ�DV�HTXDO�WR�����bXQLW�KRXU��

åbDUUDQJHPHQW�RI�VDIH�FURVVLQJV�ZLWK�WUDI�F��RZV�DW�OHYHO�FURVVLQJV�DQG�LQWHUVHFWLRQV�
åbSURYLGLQJ�F\FOLVWV�ZLWK� LQIRUPDWLRQ�DERXW�WKH�GLUHFWLRQV�DQG�PRGHV�RI�WKHLU�

movement;
åbDOORFDWLRQ�DQG�DUUDQJHPHQW�RI�SODFHV�IRU�WHPSRUDU\�VWRUDJH�RI�ELF\FOHV�QHDU�DW-

tractions (this is important, because every cyclist must be guaranteed the safety and 
ability to quickly identify its bicycle; for this, special devices are needed that allow 
for compact and reliable storage of bicycles, as well as to ensure convenient access 
to them by owners).

The conditions for cycling in the city are being modernized with the use of inno-

YDWLYH�WUDQVSRUW�SODQQLQJ�WRROV, as well as thanks to the implementation of numer-
ous GHPDQG�RULHQWHG�RUJDQL]DWLRQDO�PHDVXUHV��WKH\�LQFOXGHb>��@�

åbFRQVWDQW�DVVHVVPHQW�RI�FXUUHQW�FRQGLWLRQV�IRU�F\FOLVWV�WKURXJK�UHOHYDQW�VXU-
veys and their analysis;

åbH[SDQGLQJ�WKH�QHWZRUN�RI�ELF\FOH�URXWHV�E\�FUHDWLQJ�DGGLWLRQDO�HOHPHQWV�RI�EL-
cycle paths and modernizing existing areas;

åbH[SDQGLQJ�WKH�WKH�FDSDFLW\�RI�ELF\FOH�ODQHV�LQ�DFFRUGDQFH�ZLWK�WKH�DFWXDO�DQG�
projected needs of bicycle transport;

åbLQFUHDVLQJ�WKH�DYHUDJH�VSHHG�RI�ELF\FOH�WUDI�F�LQ�RUGHU�WR�PLQLPL]H�WKH�WUDYHO�WLPH�
(for example, joining it to the so-called "greenways", introducing the right of priority 
SDVVDJH�DW�LQWHUVHFWLRQV��RUJDQL]LQJ�FRRUGLQDWHG�WUDI�F�OLJKW�UHJXODWLRQ�IRU�F\FOLVWV��

åbFUHDWLRQ�RI�ELF\FOH�SDUNLQJ�LQIUDVWUXFWXUH��RI�FH�EXLOGLQJVbå����bVSDFHV�SHU�HP-
SOR\HH��UHVLGHQWLDO�EXLOGLQJVbå����bVSDFHV�SHU����bP2);

åbLQFUHDVLQJ�WKH�FRQYHQLHQFH�RI�LQWHUPRGDO�WULSV�
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åbLPSOHPHQWDWLRQ�RI�DGGLWLRQDO�VHUYLFHV�DQG�LQQRYDWLRQV�WR�SURPRWH�F\FOLQJ��IRU�
H[DPSOH��/('�ZDUQLQJ�VHQVRUV�DW�LQWHUVHFWLRQV��IRRWERDUGV�LQ�IURQW�RI�WUDI�F�OLJKWV��
air pumping stations).

In Ukraine, in the process of implementing the principles of co-modality and the 
spread of bicycle mobility, the main attention is currently being paid to the formation 

RI�ELF\FOH�LQIUDVWUXFWXUH, since it practically did not exist until recently.
7KH�PDLQ�ZD\V�RI�PRYHPHQW�IRU�F\FOLVWV�DUHb>��@�
åbELF\FOH�SDWKbå�D�FRYHUHG�DUHD�RXWVLGH�WKH�FDUULDJHZD\�RI�D�VWUHHW�DQG�RU�URDG��

located separately or adjacent to a sidewalk or pedestrian path, intended for move-
ment by bicycles, wheelchairs, non-motorized vehicles and marked with appropriate 
road signs and markings;

åbELF\FOH�ODQHbå�D�ODQH�LQWHQGHG�IRU�WKH�PRYHPHQW�RI�F\FOLVWV�ZLWKLQ�WKH�FDUULDJH-
way of a street and/or road, which is designated by means of road markings or struc-
turally.

%LF\FOH�SDWKV should be arranged mainly one-way on both sides of the street. 
,I�WKHUH�LV�D�EXLOGLQJ�RQ�RQH�VLGH�RI�WKH�VWUHHW��D�WZR�ZD\�WUDI�F�ODQH�VKRXOG�EH�DU-
ranged on that side (7DEOHb���). %LF\FOH�ODQHV�DUH�GHVLJQHG�IRU�RQH�ZD\�WUDI�F�RQO\��
2Q�VWUHHWV�ZLWK�RQH�ZD\�WUDI�F��ELF\FOH�WUDI�F�VKRXOG�EH�SURYLGHG�LQ�ERWK�GLUHFWLRQV�

7DEOH����� )RUPV�RI�ELF\FOH�WUDI�F�RUJDQL]DWLRQb>��@

6WUHHW�FDWHJRU\ 3DWK Lane

%LF\FOH�DQG�
SHGHVWULDQ�

SDWK

7UDI�F�RQ�WKH�
FDUULDJHZD\

Main roads X

Main streets of city-
ZLGH�VLJQL�FDQFH

Continuous movement X X

Regulated movement X X X

Main streets of re-
JLRQDO�VLJQL�FDQFH

Regulated movement X X

Streets and roads of 
local importance

Residential streets X X X

6WUHHWV�LQ�VFLHQWL�F� 
and industrial, industrial 
and communal ware-
house zones

X X X

Pedestrian streets X X

Passages X

Note.�$�VKDUHG�ELF\FOH�DQG�SHGHVWULDQ�SDWK�LV�DUUDQJHG�ZLWK�D�WRWDO�WUDI�F�LQWHQVLW\�RI�QR�PRUH�WKDQ�
75 units/hour
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'HVLJQ�SDUDPHWHUV of bicycle lanes and paths are determined taking into ac-
FRXQW�WKH�LQWHQVLW\�RI�WUDI�F�RI�F\FOLVWV��FDUV��IUHLJKW�WUDQVSRUW��SHGHVWULDQV��DV�ZHOO�DV�
the width of the carriageway and VLGH�VSDFH (lawns, sidewalks, technical sidewalks, 
green areas) (7DEOHb���).

3DUNLQJ�VSDFHV�IRU�VKRUW�WHUP (up to 1 hour) and ORQJ�WHUP (several hours, all 
day or night) VWRUDJH�RI�ELF\FOHV��PHDVXULQJ��������bP�HDFK��VHSDUDWHG�E\�ULVHUV�
�FODPSV������bP�KLJK�DQG�����P�ORQJ��DUUDQJH�QHDU�REMHFWV�RI�PDVV�DWWHQGDQFH��DV�ZHOO�
as near subway stations and stops of suburban electric trains, at terminus stops and 
at nodes of transfer from street urban to suburban transport.

%LF\FOH�FURVVLQJV�DW�WKH�VDPH�OHYHO�DV�WKH�FDUULDJHZD\ are, as a rule, arranged 
across streets (roads) at a distance from each other of not less than:

åbRQ�PDLQ�VWUHHWV��URDGV��RI�FLW\�ZLGH�LPSRUWDQFH�ZLWK�UHJXODWHG�WUDI�Fbå����bP�
åbRQ�PDLQ�VWUHHWV�RI�GLVWULFW�VLJQL�FDQFHbå����bP�
åbRQ�VWUHHWV�DQG�URDGV�RI�ORFDO�VLJQL�FDQFH�
D�bRQ�UHVLGHQWLDO�VWUHHWVbå����bP�
E�bRQ�WKH�URDGV�RI�LQGXVWULDO�DQG�FRPPXQDO�ZDUHKRXVH�]RQHVbå����bP�

7DEOH����� 0LQLPXP�ZLGWK�RI�ELF\FOH�ODQHV�DQG�SDWKVb>��@

)RUP�RI�ELF\FOH�WUDI�F�RUJDQL]DWLRQ
0LQLPXP�ZLGWK��P

1HZ�FRQVWUXFWLRQ Reconstruction

Bicycle lane 1.85 1.5

One-way bicycle lane 1.85 1.5

Two-way bicycle lane on both sides of the street 2.5 2.0

Two-way bicycle lane on one side of the street 3.0 2.5

Shared bicycle and pedestrian path 3.0 2.5

5HIXJH�LVODQGV�IRU�F\FOLVWV should be arranged at unregulated and (if possible) 
regulated crossings. The width of the section for the movement of cyclists on them 
should not be less than the width of the crossing. Central refuge islands must differ 
in type of coating, structure or color. For elevated refuge islands, it is necessary to 
provide for the lowering of the curb to the level of the carriageway or the absence of 
the central part of the island ()LJ�b����bb).

Based on the analysis of the best practices of countries (cities) with greater expe-
rience in the implementation of bicycle networks within the framework of the devel-
opment of the PRESTO (Promoting Cycling for Everyone as a Daily Transport Mode) 
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program of the EU Intelligent Energy project, it was determined that VDIHW\�LV�WKH�
EDVLF�UHTXLUHPHQW�DQG�WKH�GHWHUPLQLQJ�IDFWRU�RI�WKH�TXDOLW\�RI�ELF\FOH�RUJDQL]DWLRQ�
movementb>��@�

Cyclists pose almost no threat to others, but they themselves are vulnerable 
when they move in the same space as motor vehicles. Therefore, in real conditions, 
the VDIHW\�RI�F\FOLVWV can most often be guaranteed in three ZD\V:

åbVHSDUDWLRQ�RI�ELF\FOH�WUDI�F�LQ�WLPH�DQG�VSDFH from fast and large vehicles (reg-
ulated bicycle crossings, separated bicycle lanes);

åbUHGXFLQJ�WKH�LQWHQVLW\�RI�PRWRU�YHKLFOH�WUDI�F DQG�UHGXFLQJ�LWV�VSHHG�WR���bNP�K�
(mixed use of roads, arrangement of bicycle lanes);

åbFOHDU�information and clear UHJXODWLRQ�of the necessary actions of all road users 
LQ�SODFHV�ZKHUH�D�FRQ�LFW�EHWZHHQ�F\FOLVWV�DQG�PRWRU�YHKLFOHV�FDQQRW�EH�DYRLGHG�
��UVW�RI�DOO��DW�LQWHUVHFWLRQV��

*HQHUDO�LQIRUPDWLRQ�RQ�VSHFL�F�PHDVXUHV��VROXWLRQV��WR�LPSURYH�WKH�VDIHW\�DQG�
quality of cycling is given in 7DEOHb���.

7DEOH����� 7\SLFDO�PHDVXUHV��VROXWLRQV��WR�LPSURYH�F\FOLQJ�VDIHW\b>��@

Problem $SSURSULDWH�PHDVXUHV��VROXWLRQV�

� �

��b6LJQL�FDQW�VSHHG�GLIIHUHQFH�EHWZHHQ�
cyclists and motor vehicles

9HKLFOH�VSHHG�OLPLW�XS�WR����NP�K��DUWL�FLDO�
bumps, etc.
Control of compliance with such restrictions

��b&RPSOLFDWLRQV�LQ�FRQGLWLRQV�RI�PL[HG�VSDFH�
IRU�WUDI�F�DQG�ELF\FOH�WUDI�F�
åbLQVXI�FLHQW�LQWHUYDOV�EHWZHHQ�WKH�YHKL-
cle and the edge of the carriageway (other 
vehicles);
åbWKH�SRVVLELOLW\�RI�PDQHXYHULQJ�DQG�RSHQLQJ�
the doors of parked cars

Provision of a specially designated space for 
cyclists (separate or shared with other types 
RI�WUDI�F��
Alternative parallel cycling routes.
Arrangement of a dividing strip with a relief 
surface

��b3ODQQLQJ�DQG�WUDI�F�PDQDJHPHQW�DW�WKH�
intersection:
åbVLJQL�FDQW�GLVWDQFH�IRU�FURVVLQJ�WKH�LQWHU-
section zone;
åbKLJK�YHKLFOH�WUDYHO�VSHHGV�
åbLUUDWLRQDO��LQFRQYHQLHQW�IRU�F\FOLVWV��PRGHV�
RI�WUDI�F�OLJKW�UHJXODWLRQ

Reconstruction of the intersection (often 
with a reduction in its size).
Implementation of speed limits for mo-
torized vehicles on all approaches to the 
intersection.
$GMXVWPHQW�RI�WUDI�F�OLJKW�UHJXODWLRQ�PRGHV�
taking into account the needs of cyclists

��b3UHVHQFH�RI�GLI�FXOW�DQG�GDQJHURXV�PDQHX-
vers for cyclists:
åbD�OHIW�WXUQ�ZLWK�WKH�LQWHUVHFWLRQ�RI�WUDI�F�ODQHV�
åbVWUDLJKW�OLQH�PRYHPHQW�LQ�DUHDV�ZKHUH�
other vehicles turn left or right

Specially designed intersections, convenient 
for cyclists.
Reducing the speed of motor vehicles in 
zones of simultaneous movement with 
cyclists
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&RQWLQXDWLRQ�RI�7DEOH����

� �

��b0RYHPHQW�RI�RYHUVL]HG�YHKLFOHV�LQ�WKH�
immediate vicinity of cyclists:
åbSUREOHPV�ZKHQ�PDNLQJ�WXUQV�
åbIRUPDWLRQ�RI�DLU�YRUWLFHV�
åbFRPSOLFDWLRQV�ZKHQ�GULYLQJ�WKURXJK�VWRSV�
(passenger boarding and disembarking 
places)

Special lanes for trucks and buses.
Ensuring the minimum required width of 
bicycle and bus lanes.
Improving the construction of bus stops

��b)RUFHG�GHWRXUV�RI�JDSV�LQ�H[LVWLQJ�ELF\FOH�
paths

/DQHV�IRU�WZR�ZD\�ELF\FOH�WUDI�F�RQ�VWUHHWV�
ZLWK�RQH�ZD\�YHKLFOH�WUDI�F�
Proper arrangement of bicycle crossings

��b1RQ�FRPSOLDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�
WUDI�F�UXOHV�E\�RWKHU�WUDI�F�SDUWLFLSDQWV�
åbGULYLQJ�WKURXJK�D�WUDI�F�OLJKW�SURKLELWLQJ�
signal;
åbVSHHGLQJ��HVSHFLDOO\�E\�PRWRUF\FOLVWV��
åbXVH�RI�ELF\FOH�ODQHV�E\�FDUV��LQ�FDVH�RI�FRP-
SOLFDWLRQV��WUDI�F�MDPV���IRU�SDUNLQJ�RU�ORDGLQJ�
trucks);
åbSURKLELWHG�DFWLRQV�RI�SHGHVWULDQV

Improvement of normative and legal docu-
PHQWV��LQFOXGLQJ�WUDI�F�UHJXODWLRQV��
Improving the quality of knowledge of these 
Rules by all its participants and strengthening 
control over compliance with their requirements.
Separation of bicycle paths from motor 
vehicle lanes.
Arrangement of additional "pockets" for 
parking and loading.
Increase in the duration of permission sig-
nals for pedestrians

��b8QVDWLVIDFWRU\�FRQGLWLRQV�IRU�GHWHFWLQJ�
cyclists by other road users

Ensuring the proper level of outdoor lighting.
%LF\FOHV�PXVW�KDYH�UH�HFWRUV��UH�HFWRUV��DQG�
bells.
Creation of a waiting area for cyclists in front 
of the intersection.
Changing the layout of the intersection to 
make it impossible for cyclists to stop out-
side the visibility (visibility) zone of motor 
vehicle drivers

��b8QVDWLVIDFWRU\�FRQGLWLRQ�RI�HOHPHQWV�RI�WKH�
street and road network:
åbGHIHFWV�DQG�GDPDJH�WR�WKH�URDG�VXUIDFH�
åbODFN�RI�PDLQWHQDQFH�RU�SUHVHQFH�RI�FRQWDP-
ination (snow, ice, wet leaves, broken glass, 
etc.);
åbREVWDFOHV�WR�ELF\FOH�WUDI�F��VXSSRUWV�IRU�URDG�
signs and electric lighting, road equipment 
(fences, signal posts), urban furniture, etc.)

Regular monitoring of the state of the 
network, prompt elimination of damage and 
high-quality maintenance.
Elimination of elements of road equipment in 
places where they interfere with cyclists.
Location of supports outside the boundaries 
RI�ELF\FOH�DQG�SHGHVWULDQ�URXWHV��LI�SRVVLEOHbå�
cabling of electrical networks and reduction 
of the number of ground equipment)

7KH�H[SHUW�DVVHVVPHQW�RI�WKH�VDIHW\�OHYHO�RI�ELF\FOH�WUDI�F�LQYROYHV���UVW�RI�DOO��WKH�
analysis of the corresponding infrastructure, which is designed or exists, according 
to the requirements of the current regulatory documentation (DBN, DSTU). For ex-
DPSOH��OHW
V�FRQVLGHU�WKH�IHDWXUHV�RI�WKH�LPSOHPHQWDWLRQ�RI�W\SLFDO�HQJLQHHULQJ�DQG�
SODQQLQJ�VROXWLRQV�IRU�LQIUDVWUXFWXUH�HOHPHQWV�DFFRUGLQJ�WR�WKH�UHTXLUHPHQWVb>��@�
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If it is possible to choose several IRUPV�RI�F\FOLQJ (7DEOHb���), the choice of an 
acceptable form should be made taking into account the maximum values of the in-
WHQVLW\�DQG�VSHHG�RI�WKH�WUDI�F��RZ��)LJ�b����, 7DEOHb���). At the same time, a combi-
QDWLRQ�RI�FURVV�VHFWLRQ�HOHPHQWV��WUDI�F�ODQHV��ELF\FOH�ODQHV�RU�SDWKV��VLGHZDONV��GL-
viding strips, etc.) should be avoided when the width of all these elements is minimal.

)LJ������� 1RPRJUDPV�IRU�FKRRVLQJ�WKH�F\FOLQJ�IRUPb>��@�� 
abå�VWUHHWV�ZLWK�WZR�WUDI�F�ODQHV; bbå�VWUHHWV�ZLWK�IRXU�RU�PRUH�WUDI�F�ODQHV

7DEOH����� )RUPV�RI�F\FOLQJ�GHSHQGLQJ�RQ�WUDI�F�FRQGLWLRQVb>��@

5DQJH� Recommended form $FFHSWDEOH�IRUP

I 0L[HG�WUDI�F�RQ�WKH�
carriageway

Bicycle or bicycle-pedestrian path on steep climbs;
Recommended bicycle corridor

II Recommended bicycle 
corridor;
Bicycle lane

0L[HG�WUDI�F�RQ�WKH�FDUULDJHZD\�ZLWK�DQ�LQVLJQL�FDQW�
share of freight transport, on slopes with a longitudinal 
VORSH�RI�PRUH�WKDQ���b��
$�ELF\FOH�SDWK�IRU�D�VLJQL�FDQW�VKDUH�RI�IUHLJKW�WUDI�F��RU�
for a formed cross-section of the street;
Bicycle and pedestrian path

III, IV Bicycle lane;
Bicycle path;
Shared bicycle and 
pedestrian path

Recommended bicycle corridor in load range III with an 
LQVLJQL�FDQW�VKDUH�RI�IUHLJKW�WUDQVSRUW

%LF\FOH�WUDI�F�RQ�D�URDGZD\�ZLWK�D�ZLGWK�RI�PRUH�WKDQ����bP�LV�DOORZHG�WR�EH�SUR-
vided WRJHWKHU�ZLWK�D�YHKLFOH�DW�D�WUDI�F��RZ�LQWHQVLW\�RI�QR�PRUH�WKDQ�����YHKLFOHV�
per hour.

a b
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,Q�FDVH�RI�DUUDQJHPHQW�RI�ELF\FOH�WUDI�F�RQ�D�VHSDUDWH�ODQH�IRU�URXWH�YHKLFOHV, the 
ZLGWK�RI�VXFK�ODQH�VKRXOG�QRW�H[FHHG����bP��DW�WKH�LQWHQVLW\�RI�ELF\FOH�WUDI�F�QR�PRUH�
WKDQ����bXQLWV�KRXU���$W�WKH�VDPH�WLPH��WKH�GLVWDQFH�EHWZHHQ�SXEOLF�WUDQVSRUW�VWRSV�
RU�LQWHUVHFWLRQV�VKRXOG�QRW�H[FHHG����bP��DQG�WKH�PD[LPXP�SHUPLWWHG�VSHHG�LV�QRW�
PRUH�WKDQ���bNP�K��,W�LV�DOVR�QHFHVVDU\�WR�SURYLGH�IRU�WKH�XVH�RI�WHFKQLFDO�PHDQV�RI�
76�PDQDJHPHQW�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWVb>����������@�

It is permissible to arrange VKDUHG�ELF\FOH�DQG�SHGHVWULDQ�SDWKV, taking into ac-
count the intensity of the movement of pedestrians and cyclists and the width of the 
space allowed for movement ()LJ�b����); at the same time, the share of cyclists should 
QRW�H[FHHG���b��

It is forbidden to plan (design) the joint movement of cyclists on separated lanes 
IRU�URXWH�YHKLFOHV�ZLWK�D�ZLGWK�RI�PRUH�WKDQ����bP��DV�ZHOO�DV�LI�WKHUH�LV�D�ODQH�IRU�
SDVVLQJ�PRWRU�WUDI�F�WR�WKH�ULJKW�RI�VXFK�D�ODQH��WKLV�UHTXLUHPHQW�GRHV�QRW�DSSO\�WR�
areas in front of intersections where separate turning lanes are arranged in different 
directions).

)LJ������� /LPLWV�RI�DGPLVVLEOH�XVH�RI�D�MRLQW�ELF\FOH�DQG�SHGHVWULDQ�SDWKb>��@

%LF\FOH�FRUULGRUV (mixed movement of cyclists on the carriageway together with 
FDUV�LQ�WKH�SDVVLQJ�GLUHFWLRQ��DUH�DOORZHG�WR�EH�SURYLGHG�IRU�WKH�LQWHQVLW\�RI�WUDI�F�
RI�WUXFNV�QR�PRUH�WKDQ������bFDUV�GD\��7KH�ZLGWK�RI�WKH�FRUUHVSRQGLQJ�WUDI�F�ODQH�
VKRXOG�EH�DW�OHDVW�����bP��DQG�WKH�ZLGWK�RI�WKH�SDVVDJH�EHWZHHQ�WKH�UHFRPPHQGHG�
FRUULGRUV�VKRXOG�EH�DW�OHDVW����bP��,I�WKHUH�LV�SDUNLQJ, a safety lane of at least 0.5 m 
�IRU�SDUDOOHO�SDUNLQJ��DQG�����bP��IRU�SDUNLQJ�DW�DQ�DQJOH�WR�WKH�FDUULDJHZD\�RU�SHU-
pendicular parking) ()LJ�b����).
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)LJ������� 3DUDPHWHUV�RI�D�ELF\FOH�FRUULGRU�QHDU�VWUHHW�SDUNLQJb>��@

2Q�PDLQ�VWUHHWV�ZLWK�RQH�ZD\�WUDI�F, bicycle paths or bicycle lanes (recommended 
VWUXFWXUDOO\�VHSDUDWHG��VKRXOG�EH�DUUDQJHG�IRU�ELF\FOH�WUDI�F�IDFLQJ�WKH��RZ�RI�WUDI�F�

2Q�UHVLGHQWLDO�VWUHHWV��GULYHZD\V��ZLWK�RQH�ZD\�YHKLFOH�WUDI�F and a maximum 
speed of 30 km/h, it is allowed to arrange WZR�ZD\�WUDI�F�RI�F\FOLVWV through recom-
PHQGHG�ELF\FOH�FRUULGRUV��$W�WKH�VDPH�WLPH��WKHUH�VKRXOG�EH�DW�OHDVW����bP�RI�VSDFH�
for movement between parked cars and the curb ()LJ�b����). In order to improve the 
VDIHW\�RI�F\FOLVWV�ZKR�DUH�PRYLQJ�WRZDUGV�WKH��RZ�RI�WUDI�F��LW�LV�QHFHVVDU\�WR�SUR-
vide markings and, if necessary, refuge islands.

)LJ������� Parameters of a bicycle corridor on residential streets (driveways)  
ZLWK�RQH�ZD\�PRYHPHQW�RI�YHKLFOHVb>��@

7KH�VWDUWLQJ�DQG�HQGLQJ�SRLQWV�RI�WKH�ELF\FOH�SDWK must be arranged so that 
when entering or exiting it, cyclists can move as straight as possible without unneces-
sary maneuvers. In the case of the start of a bicycle path at or outside intersections, 
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D�UDPS�ZLWK�D�ORQJLWXGLQDO�VORSH�RI�QR�PRUH�WKDQ���b��DQG�D�OHQJWK�RI�DW�OHDVW����bP�
must be arranged. The width of the ramp must be at least the width of the bicycle 
path and the dividing strip. If the bicycle path turns into a ELF\FOH�ODQH�ZLWK�D�VLPXO-
WDQHRXV�QDUURZLQJ�RI�WKH�ZLGWK�RI�WUDI�F�ODQHV, it is necessary to provide for the 
DUUDQJHPHQW�RI�D�WUDQVLWLRQ�VHFWLRQ�RI�DW�OHDVW���bP�LQ�OHQJWK��SURWHFWHG�E\�D�GLYLGLQJ�
strip or curb ()LJ�b����).

)LJ������� 3DUDPHWHUV�RI�WKH�WUDQVLWLRQ�RI�D�ELF\FOH�SDWK�LQWR�D�ELF\FOH�ODQHb>��@

In the presence of UHIXJH�LVODQGV�RU�D�FHQWUDO�PHGLDQ�VWULS, the width between 
WKHP�DQG�WKH�UHFRPPHQGHG�ELF\FOH�FRUULGRU�VKRXOG�EH�DW�OHDVW�����bP��7KH�WUDQVLWLRQ�
of the bicycle lane to such a corridor should take place at a distance of at least 10 m 
to the narrowed place ()LJ�b����).

)LJ������� ,QWHUUXSWLRQ�RI�WKH�ELF\FOH�ODQH�QHDU�WKH�UHIXJH�LVODQGb>��@

During the DSSURDFK�RI�WKH�ELF\FOH�SDWK�WR�WKH�SHGHVWULDQ�FURVVLQJ, measures 
must be taken to ensure the safety and comfort of pedestrian movement, and at 
WKH�SRLQW�RI�H[LW�WR�WKH�FURVVLQJ��D�VSDFH�RI�DW�OHDVW����bP�ZLGH�VKRXOG�EH�SURYLGHG�� 
in particular:
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åbWR�FKDQJH�WKH�WUDMHFWRU\�RI�WKH�ELF\FOH�SDWK�ZKLOH�HQVXULQJ�WKH�QRUPDWLYH�ZLGWK�
of the pedestrian zone of the sidewalk;

åb FRQYHUW� WKH� ELF\FOH� SDWK� LQWR� D� ELF\FOH� ODQH� RU� D� ELF\FOH�SHGHVWULDQ� SDWK�
()LJ�b����).

)LJ������� 3DUDPHWHUV�RI�D�ELF\FOH�SDWK�QHDU�D�SHGHVWULDQ�FURVVLQJb>��@

%LF\FOH�FURVVLQJV�RXWVLGH�LQWHUVHFWLRQV are arranged by:
åbDW�WKH�EHJLQQLQJ�DQG�HQG�RI�WKH�WZR�ZD\�ELF\FOH�SDWK�
åbDW�WKH�FURVVLQJ�SRLQWV�RI�WKH�PDLQ�F\FOLQJ�URXWHV�
åbLQ�SODFHV�ZKHUH�D�ELF\FOH�SDWK��ODLG�RXWVLGH�WKH�ERXQGDULHV�RI�KLJKZD\V��FURVVHV�

the carriageway;
åbQHDU�SODFHV�RI�JHQHUDWLRQ�RU�DEVRUSWLRQ�RI�WULSV��HGXFDWLRQDO�LQVWLWXWLRQV��VKRS-

ping centers, public transport stops with bicycle parking, etc.).
%HIRUH�D ELF\FOH�FURVVLQJ��WKH�ELF\FOH�SDWK�DW�D�GLVWDQFH�RI�DW�OHDVW����bP�IURP�WKH�

curb must be straight in plan from the side of the approaching cyclists. Adjoining the 
bicycle path to the bicycle crossing must be at the same level.

$W�QRQ�UHJXODWHG�ELF\FOH�FURVVLQJV through a carriageway with two or more traf-
�F�ODQHV��LW�LV�UHFRPPHQGHG�WR�SURYLGH�IRU�WKH�LQVWDOODWLRQ�RI�UHIXJH�LVODQGV�ZLWK�D�
ZLGWK�RI�DW�OHDVW����bP��DW�OHDVW����bP�LQ�WKH�FDVH�RI�PDMRU�UHSDLUV�DQG�UHFRQVWUXFWLRQ���
If a two-way bicycle path turns into one-way bicycle lanes or lanes, measures must 
be taken to improve the safety of cyclists moving from one side of the street to the 
other ()LJ�b����).

When setting up WUDIILF� OLJKW�UHJXODWLRQ�DW�ELF\FOH�FURVVLQJV�RXWVLGH�LQWHU-

sections, it is recommended to use the DGDSWLYH�UHJXODWLRQ�PRGH, using cyclist 
detectors. 

Controlled zones of detectors should be located in such a way as to minimize the 
waiting time of cyclists for the prohibition signal or to avoid this waiting.

At XQUHJXODWHG�LQWHUVHFWLRQV�ZLWKRXW�PDUNHG�SULRULW\, it is recommended to 
provide for the movement of cyclists along the carriageway together with cars.

In turn, DW�LQWHUVHFWLRQV�ZLWK�PDUNHG�SULRULW\���UVW�RI�DOO��PHDVXUHV�VKRXOG�EH�
WDNHQ�WR�HQVXUH�WKH�PRYHPHQW�RI�F\FOLVWV�PRYLQJ�VWUDLJKW�DQG�WR�WKH�OHIW (7DEOHb���).
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)LJ������� $Q�H[DPSOH�RI�DUUDQJLQJ�D�ELF\FOH�FURVVLQJ�RXWVLGH�WKH�LQWHUVHFWLRQb>��@�� 
abå�ZLWK�ELF\FOH�ODQHV��Fbå�ZLWK�ELF\FOH�ODQHV

7DEOH����� (OHPHQWV�RI�SODQQLQJ�WKH�PRYHPHQW�RI�F\FOLVWV�DW�XQUHJXODWHG�LQWHUVHFWLRQVb>��@

'LUHFWLRQ�RI�
movement

0RYLQJ�VWUDLJKW 0RYLQJ�OHIW

Main street or 
turning lane

åbFRQWLQXH�ELF\FOH�ODQHV�DORQJ�WKH�PDLQ�VWUHHW��PDUNLQJ�
WKHP�ZLWK�PDUNLQJ����b>��@�
åbWR�PDUN�WKH�UHFRPPHQGHG�ELF\FOH�FRUULGRUV�RQ�H[LWV�
from the main street to the secondary street;
åbFRQYHUW�ELF\FOH�SDWKV�LQWR�UHFRPPHQGHG�ELF\FOH�
corridors or bicycle lanes;
åbEULQJ�ELF\FOH�SDWKV�WR�D�GLVWDQFH�RI�QR�PRUH�WKDQ�
����bP�WR�WKH�FDUULDJHZD\�DQG�HQVXUH�WKH�FRQVWDQW�
SUHVHQFH�RI�F\FOLVWV�LQ�WKH�GULYHU
V�OLQH�RI�VLJKW��)LJ�b����) 
or arrange bicycle crossings at a distance of no less than 
�bP�IURP�WKH�HGJH�RI�WKH�ULJKW�ODQH�RI�WKH�PDLQ�VWUHHW�
åbLQ�WKH�SUHVHQFH�RI�ELF\FOH�DQG�ELF\FOH�SHGHVWULDQ�
paths, mark a bicycle crossing, and if possible arrange 
an elevated bicycle crossing next to an elevated pedes-
trian crossing

åbZDLWLQJ�VSDFH�IRU�
left turns in two 
steps ()LJ�b����);
åbELF\FOH�ODQH�
for turning left 
()LJ�b����);
åb�VSOLW��FHQWUDO�
islands as waiting 
areas for cyclists 
turning left

Secondary 
street or  
turning lane

åbXVXDOO\�PL[HG�WUDI�F�RQ�WKH�FDUULDJHZD\�ZLWK�D�OHIW�WXUQ�LQ�RQH�JR�
åbFHQWUDO�GLYLGLQJ�VWULS��VHSDUDWLQJ�LVODQGV�RU�UHIXJH�LVODQGV��DV�DQ�DX[LOLDU\�
factor when crossing the main street

a

b
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)LJ������� &URVVLQJ�RI�D�ELF\FOH�SDWK�ZLWK�D�VHFRQGDU\�VWUHHWb>��@

)LJ������� &\FOLVWV�FURVVLQJ�WKH�PDLQ�VWUHHW�ZLWK�D�WZR�ZD\�WXUQb>��@

)LJ������� /HIW�WXUQ�ODQH�IRU�F\FOLVWV�RQO\b>��@

&\FOLVWV�WXUQ�OHIW�LQ�RQH�VWHS go either together with cars (if there is no more than 
RQH�WUDI�F�ODQH��RU�IURP�D�OHIW�WXUQ�ODQH�VSHFLDOO\�DOORFDWHG�IRU�F\FOLVWV��6XFK�D�GHFL-
VLRQ�LV�SHUPLVVLEOH�DW�WKH�PD[LPXP�SHUPLWWHG�VSHHG�RI���bNP�K�DQG�WKH�LQWHQVLW\�RI�
WKH�WUDI�F��RZ�RQ�WKH�PDLQ�URDG�QR�PRUH�WKDQ����bYHKLFOHV�K�

To organize a ELF\FOH�WXUQ�WR�WKH�OHIW�LQ�WZR�VWHSV, it is necessary to shift the tra-
MHFWRU\�RI�ELF\FOH�WUDI�F��DQG�PDUN�WKH�ZDLWLQJ�]RQH�RQ�WKH�URDGZD\�WR�WKH�OHIW�RI�WKH�
bicycle crossing. If the secondary street has bicycle infrastructure, waiting areas can 
be placed along it.

If space is available, the safety of cyclists turning left and those crossing the main 
street can be improved by installing a refuge island (which can be combined with a 
left turn lane) or a VSOLW�ODQH.
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$W�QRQ�UHJXODWHG�LQWHUVHFWLRQV�ZKHUH�WKH�PDLQ�VWUHHW�FKDQJHV�GLUHFWLRQ, mea-
sures must be taken to improve the safety of cyclists who travel on the outer arc and 
turn left from the main street.

For this, in particular, refuge islands are arranged; form a curvilinear trajectory 
for cars turning onto a secondary street; additionally protect cyclists who turn onto 
a secondary street, etc. ()LJ�b����).

)LJ������� Example of bicycle infrastructure planning at the intersection with  
D�FKDQJH�LQ�WKH�GLUHFWLRQ�RI�WKH�PDLQ�VWUHHWb>��@

At UHJXODWHG�LQWHUVHFWLRQV, measures must also be taken to ensure the move-
ment of cyclists moving straight and left (7DEOHb���).

On directions with a VLJQL�FDQW�GXUDWLRQ�RI�WKH�SURKLELWLRQ�VLJQDO�IRU�F\FOLVWV, 
it is necessary to provide for the expansion of the waiting zone by drawing a stop 
OLQH�IRU�F\FOLVWV�RYHU�WKH�HQWLUH�ZLGWK�RI�WKH�WUDI�F�ODQH�IRU�PRWRU�YHKLFOHV�DQG�DW�D�
GLVWDQFH�RI�DW�OHDVW����bP�EHKLQG�LW��)LJ�b�����bb).

In the case of arranging D�OHIW�WXUQ�IRU�F\FOLVWV�LQ�RQH�VWHS during heavy oncoming 
WUDI�F��LW�LV�UHFRPPHQGHG�WR�SURYLGH�IRU�WKH�DUUDQJHPHQW�RI�D�VHSDUDWH�DGMXVWPHQW�
SKDVH for turning left.

In the case of arranging D�OHIW�WXUQ�IRU�F\FOLVWV�LQ�WZR�VWHSV, it is permissible to ar-
range a waiting area within the intersection. At the same time, it is necessary to provide:

åbPDUNLQJV�DW�WKH�SRLQW�RI�VHSDUDWLRQ�IRU�VWUDLJKW�DQG�OHIW�PRYHPHQW�
åbPDUNLQJ�WKH�SODFH�ZKHUH�F\FOLVWV�VWRS�
åbYLVLELOLW\�RI�WUDI�F�OLJKW�VLJQDOV��ZKLFK�UHJXODWHV�WKH�PRYHPHQW�RI�F\FOLVWV�WXUQ-

ing left.
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7DEOH����� (OHPHQWV�RI�ELF\FOH�LQIUDVWUXFWXUH�DW�UHJXODWHG�LQWHUVHFWLRQVb>��@

&\FOLVW�PRYHPHQW�
direction

0RYLQJ�VWUDLJKW 0RYLQJ�OHIW

Main street or turning 
lane (approach with 
longer resolution signal 
duration)

åbUHFRPPHQGHG�ELF\FOH�FRUULGRUV��ODQHV��
tracks) for passing cars that have stopped at 
D�WUDI�F�OLJKW�
åbFRQWLQXDWLRQ�RI�WKH�VSHFL�HG�FRUULGRU�
(lanes, tracks) within the intersection;
åbELF\FOH�ODQHV�FRQWLQXH�DORQJ�WKH�PDLQ�VWUHHW�
�PDUNHG�ZLWK�PDUNLQJ����b>��@��
åbIRUZDUG��QRW�OHVV�WKDQ�����P��VWRS�OLQHV�
�PDUNLQJ�����b>��@��IRU�F\FOLVWV��)LJ�b����);
åbUHMHFWLRQ�RI�D�VHSDUDWH�FDU�ODQH�IRU�WXUQLQJ�
to the right;
åbWXUQLQJ�RQ�WKH�SHUPLVVLRQ�VLJQDO�IRU�F\FOLVWV�
earlier than for cars;
åbPDUNLQJ�DW�ELF\FOH�FURVVLQJV�
åbWKH�XVH�RI�WUDI�F�OLJKWV�RI�W\SH��b>��@�IRU�
drivers who turn in the presence of an offset 
ELF\FOH�FURVVLQJ�RU�WZR�å�ZD\�ELF\FOH�WUDI�F

åbZDLWLQJ�DUHD�IRU�
turns in two steps;
åbELF\FOH�ODQH�IRU�
turning left;
åbUHFRPPHQGHG�
bicycle corridor on 
the car lane for left 
turns;
åbDQ�DGGLWLRQDO�
place for stopping 
ELF\FOHV�DW�D�WUDI�F�
light

Secondary street or 
lane for turning (ap-
proach with a shorter 
duration of the permis-
sion signal)

åbXVXDOO\�WXUQ�OHIW�LQ�RQH�JR�
åbUHFRPPHQGHG�ELF\FOH�FRUULGRUV��ODQHV��WUDFNV��IRU�SDVVLQJ�FDUV�
WKDW�KDYH�VWRSSHG�DW�D�WUDI�F�OLJKW�
åbH[WHQGHG�ELF\FOH�ODQHV�IRU�ZDLWLQJ

)LJ������� $UUDQJHPHQW�RI�D�VWRS�OLQH�IRU�F\FOLVWVb>��@�� 
abå�RQ�WKH�ZLGWK�RI�WKH�ELF\FOH�ODQH��bbå�ZLWK�DQ�H[WHQGHG�ZDLWLQJ�DUHD

In the case of arranging such a turn at a T-shaped intersection, if there is space, 
VKRUW�ELF\FOH�ODQHV for turning left can be provided ()LJ�b����).

To regulate the movement of cyclists, it is necessary to use:
åb7\SHV������DQG���WUDI�F�OLJKWVb>��@��ZKLFK�DOVR�UHJXODWH�WKH�PRYHPHQW�RI�FDUV�

()LJ�b����, ����);
åbW\SH���WUDI�F�OLJKWVb>��@�ZLWK�ELF\FOH�V\PEROV��ZKLFK�UHJXODWH�WKH�PRYHPHQW�RI�

cyclists only ()LJ�b����);
åbSHGHVWULDQ�WUDI�F�OLJKWVb>��@�ZLWK�ELF\FOH�V\PEROV�

a b
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)LJ������� 7ZR�VWHS�OHIW�WXUQ�DW�D�7�LQWHUVHFWLRQb>��@

)LJ������� 8VH�RI�W\SH���DQG���WUDI�F�OLJKWV�WR�UHJXODWH�WKH�PRYHPHQW�RI�F\FOLVWVb>��@

)LJ������� 8VH�RI�W\SH���WUDI�F�OLJKWVb>��@�WR�UHJXODWH�WKH�PRYHPHQW�RI�F\FOLVWV�� 
abå�RQ�ELF\FOH�ODQHV��bbå�RQ�ELF\FOH�SDWKV

a

b
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Preference should be given to the use of W\SH���WUDI�F�OLJKWV�with ELF\FOH�V\P-

bols. They are used in the presence of a VHSDUDWH�UHJXODWLRQ�GLUHFWLRQ�IRU�F\FOLVWV 
(the duration of the permission signal differs from the duration of the permission sig-
nal for cars moving in the same direction, cyclists are passed twice during the cycle, 
a separate regulation phase is arranged for cyclists, in which the movement of cars is 
prohibited, etc.). Their use is also allowed (even in the absence of a separate direction 
of regulation for cyclists) if the latter move along bicycle lanes or bicycle paths.

���� &RQFOXVLRQV

The current level of mortality and injuries due to road accidents in Ukraine is 
TXLWH�KLJK��DQG�WKH�OHYHO�RI�HIIHFWLYHQHVV�RI�VFLHQWL�F�DQG�PHWKRGRORJLFDO�VXSSRUW�RI�
DFWLYLWLHV�LQ�WKH��HOG�RI�URDG�VDIHW\�LV�LQVXI�FLHQW��2QH�RI�WKH�UHDO�ZD\V�WR�VROYH�WKLV�
problem is to improve the quality of expert assessment of the RS level, which is the 
basis of a general security audit.

The study examines the main methodological provisions for providing such an 
assessment using the example of a study of engineering planning solutions and man-
agement measures that determine the level of mobility and safety of vulnerable road 
users. Such activities become especially relevant in connection with the expected 
VLJQL�FDQW�LQFUHDVH�LQ�WKH�QXPEHU�RI�SHRSOH�ZLWK�GLVDELOLWLHV�DQG�YDULRXV�IXQFWLRQDO�
disorders, as well as destruction and damage to the transport infrastructure as a re-
sult of aggressive hostilities on the territory of Ukraine after the full-scale military 
invasion of Russia.

,Q�UHFHQW�\HDUV��DERXW�KDOI�RI�DOO�WUDI�F�DFFLGHQWV�LQYROYLQJ�YLFWLPV�LQ�8NUDLQH�KDYH�
involved vulnerable participants in road accidents, and there is no steady tendency 
WR�GHFUHDVH�WKLV�VKDUH��$W�WKH�VDPH�WLPH��WKH�VLJQL�FDQW�PRUWDOLW\�DPRQJ�SHGHVWULDQV�
DQG�FKLOGUHQ��ZKLFK�VLJQL�FDQWO\�H[FHHGV�WKH�FRUUHVSRQGLQJ�OHYHO�LQ�(XURSHDQ�FRXQ-
tries, is of particular concern.

,Q�RUGHU�WR�DVVHVV�WKH�VDIHW\�RI�SHGHVWULDQ�WUDI�F�LQ�8NUDLQH��LW�LV�QHFHVVDU\�WR�
analyze the spatial structure and planning decisions of pedestrian movement routes, 
which must be supplemented with the necessary management measures. The central 
component of the human-oriented design of street space should be the construction 
(reconstruction) and arrangement of sidewalks taking into account the principles of 
sustainable urban mobility. The arrangement of pedestrian crossings should provide 
for complex safety measures aimed at improving the conditions of mutual visibil-
ity of pedestrians and vehicles and reducing the likelihood of the latter moving at  
high speed.
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7KH�VSHFLDO�QHHGV�RI�SHUVRQV�FODVVL�HG�DV�ORZ�PRELOLW\�SRSXODWLRQ�JURXSV�PXVW�EH�
given undisputed priority in the formation of any transport mobility and safety systems. 

An expert assessment of the RS level most often involves an analysis of the de-
sign parameters and the quality of the arrangement of the ways of their movement 
as elements of the street and road network and transport infrastructure. At the same 
time, special attention should be paid to the availability and condition of means of 
orientation and information support (tactile and visual elements of accessibility, 
means of sound information).

Vehicle speed is a key factor not only in the risk of road accidents involving vulner-
able road users, but also in the severity of their consequences. Management of this 
speed to increase the RS level involves, in particular, regulation of maximum values and 
FDOPLQJ�RI�76��FRPSOH[�PRGL�FDWLRQ�RI�LQWHUVHFWLRQV��DV�ZHOO�DV�PHDVXUHV�RI�SV\FKRORJ-
ical impact. An important element of the engineering and technical assessment of the 
RS level from the point of view of the high-speed mode of transport is the analysis of 
WUDI�F�FRQGLWLRQV��EDVHG�RQ�WKH�VWXG\�RI�LQGLFDWRUV�RI�FRQ�LFW�DQG�DFWLYLW\�LQ�WKH�DUHD�

When carrying out an expert assessment of the convenience and safety of chil-
GUHQ
V�PRELOLW\��LQ�DGGLWLRQ�WR�WKH�DQDO\VLV�RI�PHDVXUHV��VROXWLRQV��RI�D�JHQHUDO�QDWXUH��
it is recommended to pay attention to the formation of appropriate infrastructure 
IRU�VDIH�ZDONLQJ�DQG�F\FOLQJ�RI�FKLOGUHQ��SULPDULO\bå�QHDU�VFKRROV��DQG�WKH�QHHG�WR�
WDNH�LQWR�DFFRXQW�WKH�SHFXOLDULWLHV�RI�FKLOGUHQ
V�SV\FKRSK\VLRORJ\�ZKHQ�DUUDQJLQJ�
HOHPHQWV�RI�WUDQVSRUW�PDLQWHQDQFH�RI�SODFHV�ZLWK�LQWHQVLYH�FKLOGUHQ
V�WUDI�F�

In the process of implementing the principles of co-modality and the spread of 
bicycle mobility in Ukraine, the formation of bicycle infrastructure is an urgent task, 
since until recently it practically did not exist. In addition, further development and 
improvement is required for regulatory and methodological support for the organi-
zation of such a movement.

Safety is a basic requirement and a determining factor of the quality of bicycle 
WUDI�F�RUJDQL]DWLRQ��,Q�UHDO�FRQGLWLRQV��LW�FDQ�PRVW�RIWHQ�EH�JXDUDQWHHG�GXH�WR�WKH�
VHSDUDWLRQ�RI�ELF\FOH�WUDI�F�LQ�WLPH�DQG�VSDFH�IURP�IDVW�DQG�ODUJH�YHKLFOHV��UHGXFLQJ�
WKH�LQWHQVLW\�RI�PRWRU�WUDI�F�DQG�UHGXFLQJ�LWV�VSHHG�WR���bNP�K��FOHDU�LQIRUPDWLRQ�
DQG�FOHDU�UHJXODWLRQ�RI�WKH�QHFHVVDU\�DFWLRQV�RI�DOO�WUDI�F�SDUWLFLSDQWV�LQ�SODFHV�SRVVL-
EOH�FRQ�LFW�EHWZHHQ�F\FOLVWV�DQG�PRWRU�YHKLFOHV�

$Q�H[SHUW�DVVHVVPHQW�RI�WKH�OHYHO�RI�F\FOLQJ�VDIHW\�LQYROYHV���UVW�RI�DOO��DQ�DQDO\VLV�
of the corresponding infrastructure, which is being designed or exists, in accordance 
with the requirements of current regulatory documentation. For example, the paper 
considers the peculiarities of the implementation of typical engineering and planning 
solutions for bicycle infrastructure elements in accordance with the requirements of 
'678b����������
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&RQ�LFW�RI�LQWHUHVW

7KH�DXWKRUV�GHFODUH�WKDW�WKHUH�LV�QR�FRQ�LFW�RI�LQWHUHVW�LQ�UHODWLRQ�WR�WKLV�SDSHU��DV�
ZHOO�DV�WKH�SXEOLVKHG�UHVHDUFK�UHVXOWV��LQFOXGLQJ�WKH��QDQFLDO�DVSHFWV�RI�FRQGXFWLQJ�
WKH�UHVHDUFK��REWDLQLQJ�DQG�XVLQJ�LWV�UHVXOWV��DV�ZHOO�DV�DQ\�QRQ��QDQFLDO�SHUVRQDO�
relationships.
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