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Abstract

The process of modeling recovery procedures implemented remotely in a 5G network for loMT
and wireless Wi-Fi devices is considered. Reactions to the dynamics of the state vector of
Markov chains, as a consequence of deviations in the parameters of the patient state, were
studied. An algorithm that establishes a connection between statistical parameters and the facts
of hidden failures of measurements has been studied, and definitions have been formed that
are suitable for the formation of productive Al rules for the classification of hidden failures.
The suitability of the proposed Al tools: the input and output vector of the state, their relative
increments, and the assessment of the weight coefficient between the two steps to be
information signals of changes in the patient's state was quantitatively investigated. It has been
demonstrated that the ratio of the relative changes of the output vector to the relative changes
of the input vector is the most sensitive and can serve as a signal indicator of the need for
changes in procedures.

Keywords 1
Markov chains, Al tools, classification definitions, relative gains, signal indicators, procedure
changes.

1. Introduction

The automation of remote recovery processes, which is a necessary prerequisite for the spread of 5G
networks and wireless devices used in health care, is becoming a need of the hour [1]. Examples of the
architecture of a successful structure of modules suitable for inclusion in automated control systems
(ACS) demonstrate the successful use of single-board Wi-Fi controllers for monitoring and data
collection [2 4]. It is also predicted that their use in the Internet of Medical Things (IloMT) will spread
[5 6]. In addition, the prevalence of such gadgets as notebooks, doctors' books, nurses' smartphones,
sensor instruments for patient monitoring, and other medical technologies contribute to their widespread
use [7 8].

At the same time, adaptation of auxiliary elements for long-term monitoring, formation of sequence,
and adjustment of the course of procedures as part of a wireless sensor network to restore and maintain
activity creates a new set of problems [9]. The first group is the comfort of use. The second is the
inability of the sensors themselves to work for a long time without supervision for bio-medical non-
invasive research [10]. The third is the unpreparedness of information technologies and ACS for home
support of the patient, which provides correction without the direct presence of a doctor [11]. Under
these conditions, the search for tools and mechanisms, algorithmic and software for the implementation
of methods regulated by the Ministry of Health under the conditions of using socio-economically
available equipment, which will ensure their effective implementation, becomes relevant.
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2. Analysis of recent publications and identification of unsolved problems

One of the works that studied the necessity of implementing monitoring and the technical capabilities
of socially accessible remote medicine suggests the use of GSM modules as a distribution and
replacement or addition in rural and hard-to-reach areas of Internet networks [12]. However, the
limitation of the number of control parameters with means of infrared heartbeat measurement does not
cover all the needs of remote monitoring and recovery. The low cost of devices with functions of an
extended list of sensors, a single-board controller of the Arduino Uno series, and a GSM module will
help to provide a suitable home base for an effective monitoring system [12]. However, its potential
capabilities will still require the development of intellectualized algorithms for the formation of
recommendations and quick remote doctor's prescriptions.

Work [13] considers the problem of the efficiency of wireless local networks as a problem of the
access method. Carrier-Aware Multiple Access with Collision Avoidance (CSMA/CA) is a promising
efficient sharing of the common medium between active stations. On the basis of the predicted
determination of the probability of network elements being in one of the possible states, the distribution
of the environment and transition diagrams are controlled with the involvement of the generated
solutions of the system of differential equations [13].

The synthesis of the properties of Markov chains and the task of improving the model due to the
combined use of artificial neural networks with the properties of express estimation of synaptic weights
has not exhausted its potential properties [14]. The formation of a structure suitable for recurrent
reconfiguration using calibration is formed together with the analytical determination of the coefficients
of synaptic weights and recurrent reconfiguration [14]. However, today there are no known examples of
such a complex neural network application that provides improvement and correction input vector of
Markov chain models.

The work [15] offers evaluations of the functioning and security of critical infrastructure and the
model of functioning of the cyber-physical system by calculating metric criteria. The proposed analytical
approach summarizes the results of the expert evaluation of the system in VPR-metrics and the results
of the statistical processing of information about the operation of the system presented in the parametric
space of the Markov model. Reducing the required amount of empirical way of choosing the required
amount to obtain objective estimates of the system under study [15]. Also, taking into account the
configuration scheme and architecture of the security subsystem of the studied system, the completeness,
compactness, and ease of interpretation of the evaluation results are evaluated when calculating the
metric [15]. However, the question of the analysis of the accuracy of the estimates and the correction of
the structure and stability of the Markov model remained out of consideration.

As shown in the paper [16], the need for intelligent data analysis involves normalization, and the
reduction of the sensitivity of the analysis model by artificial intelligence tools to fluctuations in the
values of the features in the data set is a factor in increasing the stability of the assessment of the
adequacy of the model under study. However, the last statement without specifying the conditions and
circumstances is debatable and subject to further investigation. In addition, the performance of
diagnostic and monitoring tasks cannot deviate from the methods regulated by the Ministry of Health.
The proposal of using a two-stage method of normalization of numerical sets of medical data, based on
the possibility of considering both the interdependencies of each observation from the set and their
absolute values, is obviously able to increase the accuracy of the classifier for decision trees and
additional trees [16]. However, the lack of estimates of the accuracy of indirect measurement will
determine the possibilities of complete metrological evaluations and conclusions.

The combined combination of 5G network and Wi-Fi devices with recovery devices used in medical
technologies opens up innovative opportunities for patients, especially the transition from local clinics
to rehabilitation in their own homes with the support of family and special doctors and an automated
system [17]. Markov chain tools have been improved as a solution to collective description problems. It
is shown that the square of the ratio of the output to the input vector is determined by the ratio of the
next to the previous probability of the states of the process for an arbitrary step of Markov chains.
However, the establishment of the fact of such influence did not determine the causes and connections
with the patient's condition and the actual indicators of the condition for certain groups of diseases and
obviously requires further research. During modeling, it was established that the change in parameters



is observed within 80% of changes in relation to the average value [17]. In addition, it is shown that due
to the coordinated application of the recurrent network, opportunities have been created to improve the
modeling algorithms of the structure of the model of recovery procedures for post-stroke patients.

A development and addition to the above-mentioned works on modeling by means of regression
analysis of a small data set is the work [18], which critically examines the tasks that arise in many
industries. Their analysis of problems in cases where there is insufficient chronological data for effective
intellectual analysis is particularly important for medicine. Furthermore, the practice of using polar
opposite existing tools, which are either very simple, which can lead to erroneous predictions, or
complex, which leads to unnecessary overfitting. In contrast, the authors of [18] consider and propose
tools for universal intragroup methods for combining data augmentation and elements of ensemble
learning, which increases forecast accuracy. Of course, examples of non-linear computational
intelligence tools that are studied for different algorithmic implementations of the proposed method
using both machine learning algorithms and artificial neural networks work on two short data sets from
different fields of medicine. However, the accuracy of predictive solutions requires an increase in the
training time of each of the algorithms due to both a significant increase in the sample size and the need
for time to generate a doubled amount of input data [18]. The latter complicates the application of the
achieved results.

Despite the fact that Markov chains are a powerful tool for evaluating the performance of computer
networks and have been used in telecommunications research for more than 100 years, they do not stop
demonstrating their new properties and new results [19]. Examples of their application to the assessment
of the modern Internet and adaptability when working in network structures successfully implement the
description of complex stochastic models of transmitted flows. The demonstrated features of two
Markov models of an almost self-similar process, when modeling Internet traffic, reveal the practical
correspondence of the obtained results with the data of a known generator of self-similar traffic [19].
The work [20] discusses the problems of successful document circulation, the passage of flows, and
business documentation and tools, the use of which in medical practice significantly accelerates and
improves the process and leads to the development of the service. Methods of effective use of databases,
bank data, and document-oriented storage allow you to make records, make changes to them, perform
data searches, and process them. The client application manages the records, automates the processes of
interaction between the staff and the patient, and provides for the integration of records and genomic
data to achieve better prevention, diagnosis, prognosis, and treatment [20]. In its essence, the global
architectural scheme of a specific medical automated system is implemented. The necessary completion
of such a system could be the generated genomic data and a list of the body's responses to medicinal
actions and prescriptions.

Another problem that arises during the formation of a mathematical model and needs to be solved is
the need to estimate the methodological and instrumental error [21]. Its comprehensive examination, as
the magnitude of multifactorial influence, is a solution that ensures the informational completeness of
the data of direct and indirect measurements [21]. The estimation of tolerances and representation in the
form of a quantitative interval for problems of estimating the parameters of radio electronic circuits and
by the method of ellipsoidal estimation is presented in the work [22]. However, despite the advantages
of parallelization [22], they cannot be implemented due to problems of discontinuities due to
guantization. No less important is the problem of determining sensor failures, which is caused by their
aging and structural changes in semiconductors, as a result of which changes in characteristics occur and
noise is generated [23]. The search and selection of modern methods for early detection of such
malfunctions together with the use of differential processing schemes partially solves this problem.
However, its solution requires duplication, which increases the cost of the system as a whole [23].

In this regard, as shown in [24], the problem of structuring and assessing the reliability of the
hardware part used for processing experimental data during model formation requires duplication, for
the formation of several samples and timely identification of hidden failures.

An equally important role in the reliability problems can be played by the created mathematical
models of the development of functional quality indicators combined in the metric, in the conditions of
asynchronous or synchronous changes in the spatial location relative to the base station of the end
devices in the 5G-1oT system [25].

Thus, for the further development of the potential possibilities of modeling methods, there are
unsolved problems that need to be solved for the further formation of intellectualized algorithms and the



formation of recommendations for fast remote doctor's prescriptions. In addition, the range of combined
problems that also require their solution includes the problem of accuracy estimates and accounting and
structure correction, control, and ensuring the stability of the Markov model. In particular, their solution
must take into account the methods recommended by the Ministry of Health and data from the analysis
of the condition of the equipment and hidden failures.

3. Purpose and objectives of the research

The purpose of the study is to improve the processing data algorithms based on the dynamics
components control of the vector input from the list and according to the methods recommended by the
Ministry of Health, by forming evaluation samples and accounting for the accuracy, stability of the
Markov model, and correction of the operating modes of the equipment with insufficient accuracy and
hidden failures.

To achieve the goal, the following tasks were formulated:

e to establish a connection between the components of the input vector and the dynamic

properties of monitoring parameters, which are regulated by the Ministry of Health for a group of

diseases and are measured directly or indirectly by continuous monitoring devices;

e build an algorithm and establish a connection between statistical parameters and the facts of

hidden failures of duplicated or control measurements;

e toinvestigate the suitability of the initial state vector for two consecutive steps, which is defined

and ordered by the system time and the evaluation of the weight coefficient between the two steps,

to be information signals of changes in the patient state.

4. Improvement of algorithms for preparation of the input vector components
based on control of dynamics according to the list recommended by the
Ministry of Health. Accuracy and stability in failure conditions

4.1. Algorithms for preparation of components of the input vector based on

dynamics control according to the list recommended by the Ministry of Health

Let's assume that for recovery in the post-treatment period (after a certain disease) a list of n indicators
and a range of values are specified for the safe conduct of m procedures according to the methodology

of the Ministry of Health. Under these conditions, let's also assume that the initial vector of states R is
set by a special doctor treating the disease and approved by a family doctor. The list of procedures
together with the probability of their suctioning is written in n steps, which tells the number of

parameters. As shown in [17], the output state vector L for two consecutive steps, which is defined and
ordered by the system time 4¢ and the estimation of the weight coefficient d(z) between the two steps, is
calculated as follows:

C=(r7[ol) "
and

q Pl
M AP]

A comparative analysis of the dynamics of the values of the modules of the input and output vectors
and the range of values of the weight coefficient, especially as an indicator of changes in its upper limit,
shows that their deviations, as expected, exceed the limits of permissible errors. The generalized scheme
of the post-infarction and post-stroke recovery device was considered [1, 17], which is presented in fig.
1.

5(t) (2)
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Figure 1. Block schema of the structure of remote rehabilitative ACS, which is integrated into the
system of the family doctor [17].

The process of simulating the operation of such a generalized scheme shows that it is not suitable for
accounting for the influence of state and well-being parameters, therefore, for further application, it was
accepted that it needs clarification. In this regard, it was considered as the main hypothesis that the factor
of discrepancies is the lack of accounting for the differential impact of data to the considered as the

patient indicators of state on the values of the initial state input vector R . As an additional hypothesis,
the method of expert analysis of special and family doctors was adopted for continuous step-by-step
verification, as well as verification every five or ten steps giving samples with clarification of the forecast
trends of the output vector and weight coefficient. The review of the process of attracting input
information of the results of the measurement of the parameters that determine the state was presented
as the process of the structure of the function belonging to a fuzzy expert assessment. Thus, in the range
of permissible changes of the parameter (from the lower to the upper boundary), which is measured
guantitatively, quantitative assessments of various experts were formed. On the basis of statistical
processing, mathematical expectations of the membership function are formed, which, in accordance
with the values of the state parameters, determines the sequence and probability of the need to apply the
procedure. The independence of such processes and incoherence of actions does not ensure an orderly
transfer of data. The data of the mobile electrocardiograph, tonometer, pulse oximeter and paramedical
indicators for the comprehensive assessment of the patient's readiness for procedures with physical loads
differ both in terms of the values of the limits and in the type of presentation (quantitative and
gualitative). In this regard, they need to be brought to a defined quantitative unified range [0,1]. On the

basis of what has been said on a formal example, for the i-th component of the input vector R as a
function of the corresponding i-th component of the vector of patient parameters X , we present:
Xi = Ximin P (3)

g = ——>m i=1n
|Ximax_ Ximin|

Under the conditions of the accumulated data obtained according to the regulated methods of the
Ministry of Health in the form of connected sets:



Rij:fj(Xi) (4)

then their transformation taking into account the new variables (3), after statistical processing, allows
you to find the mathematical expectation m; and the mean square deviation to construct the normal

distribution law, and calculate the value of the probability that it will become the so-and-so i — th
component of the input vector:

(5)

Obtaining the value of the components constructed in this way requires combining them with
gualitative indicators. Suppose qualitative components are represented by experts using the apparatus of
fuzzy sets by membership functions:

(%)= f (%)

Their processing according to the algorithm (5) reduces all components of the input vector to a
defined quantitative unified range [0,1] with a defined mathematical expectation, mean squared
deviation. Under the assumption of a normal distribution, according to the algorithm (5), the probability
of applying each of the procedures is found. The latter allows finding the sum of the components of the
input vector to normalize them and ensure the requirement that their sum is equal to one.

4.2. Relationship between statistical parameters and control of hidden
failure facts by means of duplicate or control measurements

An automated system was considered, in which the division into continuous monitoring modules and
periodic control modules was applied [1]. A five-point measurement scheme was used to ensure the
advantages of the principle of system separation and the justification of lossless compression. It ensured
the determination of four first-order derivatives, two second-order derivatives, and one third-order
derivative at four points. In the fifth point, the predicted value is calculated and compared with the
measured value. For further application and expansion of the possibilities of establishing a connection
between statistical parameters and control of the facts of hidden failures and i- that component of the
vector of patient parameters of the j-th dimension of channel c, we will present:

, j=1m (6)

The use of internal memory and definition (6) allows you to calculate the deviation between readings
measured at one system time by different channels:

Agit = (55— %5) (7)

Under these designations and conditions, the comparison of deviations with the error, which is
calculated according to the class of accuracy and the amount of the forecast error, allows the formation
of productive rules.



Definition 1. If two samples of five values measured by two channels are not statistically different,
and the relative difference at the fifth point is less than the accuracy class of measurement device, then
such measurement channels for which the relative difference at the fifth point is less than the accuracy
class have been five measurements done in normal mode.

Definition 2. If two samples of five values measured by two channels are statistically different, and
the relative difference at the fifth point is greater than the accuracy class, then the measurement channel
for which the relative difference at the fifth point is greater operates in the hidden failure mode.

4.3. Suitability of the output vector of the state and the estimation of the
coefficient of weights to be information signals

A new feature, the weight coefficient o(t), which was introduced in [17] and its evaluation in two
steps, serves as an upper limit and estimates the growth limitation. Of course, its properties are not
obvious and therefore subject to investigation. The main idea of such a numerical experiment is to

simulate the effect of changes in the patient's condition indicators on the values of the initial vector R,
It was expected that the simultaneous changes of successive steps' output state vector and the weight
coefficient o(t) estimation between two steps would demonstrate stable repetitive properties.
Representation of the corresponding i-th component of the wvector of patient parameters, j-th
measurement of channel ¢ according to (6) allows to present the initial data and results of the experiment
in Table 1.

Table 1
Parameters determining the patient's condition
J X1j s X2j K3j s X4j,% s X6 X7
mmHg mmHg  beats/min degree. C
Art. Art.
1 125 68 63 95 36,7 0,87 0,91
2 128 69 60 96 36,6 0,89 0,94
3 124 67 60 95 36,6 0,89 0,93
4 123 65 59 94 36,5 0,86 0,92
5 123 65 59 94 36,5 0,85 0,92

Column 1 shows the measurement number of the parameters that determine the patient state, and
columns two through six show the upper and lower pressure, pulse, oxygen concentration, and
temperature, respectively. The seventh represents the sensation itself, and the eighth represents muscle
fatigue as felt by the patient.

Table 2

Markov network parameters
: R)| AlRuyl/|Ry 5(t))
1 0,621879 -0,02594 1,23438
2 0,631526 -0,01083 1,227412
3 0,638384 -8,6E-05 0,120325
4 0,643063 0,007243 1,220166
5 0,657342 0,029609 1,208286

Calculations of the input values of the vector R were carried out for each j-th dimension presented
in tables 2 and 3. The second table used the parameters of the dimensions of table 1. The latter allows
monitoring the influence of state parameters on the input vector and relative changes. As can be seen
from the analysis data of Table 2, the state parameters have a slight effect on the input vector and the



estimation of the weight coefficient, but they significantly affect the relative changes of the input vector,
showing a jump of several orders of magnitude.

It should be noted that the output vector also changes relatively monotonously depending on changes
in the patient's condition. However, the ratio of the relative change of the output vector (tab. 3, column
3) and the ratio of the relative changes of the output to the relative changes of the input changes (column
4) by two and three orders of magnitude.

Thus, as a result of modeling, it was established that the ratio of relative changes of the output vector
to relative changes of the input is the most sensitive and can serve as a signal indicator of changes.

Table 3
Markov network parameters
: i AL/ ALy Rul/AlR L.
1 0,602139 -9,2329E-05 0,00356
2 0,602321 0,0002099 -0,01939
3 0,603039 0,0014022 -16,2175
4 0,603474 0,00212456 0,293343
5 0,6 -0,00364434 -0,12308

5. Modeling and discussion of the results

Modeling of the process of choosing the sequence of procedures, demonstrated the properties of the

analysis tools of the components of the input R and output L vector (1) and the estimation of the
weight coefficient d(z) between the two steps (2).

Due to the Euclidean norm and the statistical data processing algorithm (5), the quantitative and
qualitative data were reduced to a single range [0,1] and the relationship between the static and dynamic
properties of the monitoring parameters (6) and their deviation according to the duplicated measurement
(7) was established. The obtained results became the basis for forming of definitions as the basis of
productive rules of intellectual analysis and failure fixation. In addition, the proposed modeling and its
analysis in two consecutive steps, ordered by system time, leads to the conclusion that the ratio of
relative changes of the output vector to relative changes of the input is the most sensitive and can serve
as a signal indicator of the need for changes in procedures.

The implementation of research results in the work algorithms of post-treatment recovery modules
requires taking into account the patient's reaction and opinion and ensuring the comfort of use. Such a
requirement will need to expand further research taking into account the socio-psychological aspects of
the perception of the nature of patient interaction and the course of the process. It is obvious that the
above, together with preparation for the required level of knowledge of information technologies for
home support of the patient, to ensure the correction of procedures without the direct presence of a
doctor, is an equally important task.

6. Conclusions

1. The synchronous and duplicated measurements of the parameters of the patient's conditions can
be the basis of the information support of the algorithm of dynamic correction rehabilitative procedures,
which are regulated by the standard of the Ministry of Health for a group of diseases. The algorithm of
measurement of the deviation output state vector and of estimation of the weight coefficient between
the two steps should be needed to ensure for study of it as the reason in dynamic changes the input
vector.

2. The connection and determination of correspondence between statistical parameters and facts of
hidden failures of duplicated or control measurements establish a comparison of the relations of three
features: accuracy class, statistical discrepancy of samples and absolute difference of two synchronous
measurements.



3 The highest sensitivity between the output vector of the state for two consecutive steps, which is
determined and ordered by system time and weight coefficient estimation, is demonstrated by the ratio
of relative changes of the output vector to relative changes of the input, which is the most sensitive
among them and can serve as a signal indicator of changes. The changes in the modulus and sign of the
value of the ratio of the relative changes of the output vector to the relative changes of the input vector
can be used to physically correct an actuated signal in the automated control system for initialization
start of correction during of rehabilitative procedure.

7. References

[1] Trunov A., Beglytsia V., Gryshchenko G., Ziuzin V., Koshovyi, V. Methods And Tools Of
Formation Of General Indexes For Automation Of Devices In Rehabilitative Medicine For
Poststroke Patients. Eastern-European Journal of Enterprise Technologies, 2021, 4(2-112), pp. 35—
46.

[2] Gay V, Leijdekkers P. A health monitoring system using smartphones and wearable sensors. Int J
ARM. 2007;8(2):29-35.

[3] Otto CA, Jovanov E, Milenkovic A. A WBAN-based system for health monitoring at home. In:
Proceedings of 3rd IEEE/EMBS International Summer School on Medical Devices and
Biosensors, pp. 20-23, 2006.

[4] Baraka A, Shokry A, Omar I, Kamel S, Fouad T, EI-Nasr MA, Shaban H. A WBAN for human
movement kinematics and ECG measurements. E-Health Telecommunication Systems and
Networks, 2012;1(02):19.

[5] Rosu M, Pasca S. A WBAN-ECG approach for real-time long-term monitoring. In: Proc. of 8th
International symposium on advanced topics in Electrical Engineering (ATEE). IEEE, pp 1-6,
2013.

[6] Al Rasyid M., Lee B.H., Sudarsono A. Implementation of body temperature and pulse oximeter
sensors for wireless body area network. Sens Mater. 2015; 27(8):727-732.

[7] Kommey B., Kotey S.D., Opoku D. Patient medical emergency alert system, 2018.

[8] Saha R, Biswas S Analytical study on data transmission in WBAN with user mobility support. In
Proc. of International Conference on Wireless Communications, 2018, Signal Processing and
Networking (WiSPNET), pp. 1- 5.

[9] Lee Y.D., Chung W.Y. Wireless sensor network based wearable smart shirt for ubiquitous health
and activity monitoring. Sensors and Actuators B: Chemical, 2009;140(2):390-395.

[10] Burns A., Greene B.R., McGrath M.J., O’Shea T.J., Kuris B., Ayer S.M., Cionca V.
SHIMMERTM—a wireless sensor platform for noninvasive biomedical research. IEEE Sensors
Journal, 2010;10(9):1527-1534.

[11] Chen C.M. Web-based remote human pulse monitoring system with intelligent data analysis for
home health care. Expert Systems Application, 2011;38(3):2011-2019.

[12] Pawar P.A. Heart rate monitoring system using IR base sensor and Arduino Uno. In: 2014
Conference on IT in Business, Industry and Government (CSIBIG), IEEE. pp. 1-3.

[13] Auzinger W., Obelovska K., Dronyuk I., Pelekh K., Stolyarchuk R. (2022) A Continuous Model
for States in CSMA/CA-Based Wireless Local Networks Derived from State Transition Diagrams.
Lecture Notes in Networks and Systems, vol 287. Springer, Singapore. doi:10.1007/978-981-16-
5348-3_45

[14] Trunov A.. Recurrent approximation as the tool for expansion of functions and modes of operation
of neural network. Eastern-European J. of Enterprise Tech., 5/4 (83) 2016, pp. 41-48. DOI:
10.15587/1729-4061.2016.81298

[15] Kovtun, V., Izonin, 1., & Gregus, M. The functional safety assessment of cyber-physical system
operation process described by Markov chain. Scientific Reports, 2022, 12(1) doi:10.1038/s41598-
022-11193-w

[16] Tolstyak Y.and M. Havryliuk, An Assessment of the Transplant’s Survival Level for Recipients
after Kidney Transplantations using Cox Proportional-Hazards Model, CEUR-WS.org, vol. 3302,
pp. 260-265, 2022.


https://www.scopus.com/authid/detail.uri?authorId=57103066500
https://www.scopus.com/authid/detail.uri?authorId=57204567490
https://www.scopus.com/authid/detail.uri?authorId=57328071000
https://www.scopus.com/authid/detail.uri?authorId=57225011159
https://www.scopus.com/authid/detail.uri?authorId=57219354238
https://www.scopus.com/authid/detail.uri?authorId=57103066500#disabled
https://doi.org/10.1007/978-981-16-5348-3_45
https://doi.org/10.1007/978-981-16-5348-3_45
https://www.scopus.com/authid/detail.uri?authorId=57103066500#disabled

[17] Trunov, A.N., Dronyuk, I.M., Martynenko, V.S., Maltsev, S.I., Skopenko, 1.V., Skoroid, M.Y.
(2023). Formation of a Recurrent Neural Network for the Description of IoMT Processes in
Restorative Medicine for Post-stroke Patients. In: Bhushan, B., Sangaiah, A.K., Nguyen, T.N. (eds)
Al Models for Blockchain-Based Intelligent Networks in loT Systems. Engineering Cyber-
Physical Systems and Critical Infrastructures, vol 6, pp 185-202, Springer, Cham.
https://doi.org/10.1007/978-3-031-31952-5 9

[18] Tolstyak Y., V. Chopyak, and M. Havryliuk, An investigation of the primary immunosuppressive
therapy’s influence on kidney transplant survival at one month after transplantation, Transplant
Immunology, vol. 78, p. 101832, Jun. 2023, doi: 10.1016/j.trim.2023.101832.

[19] Domanski, A., Domanska, J., Filus, K., Szyguta, J., & Czachoérski, T. (2020). Self-similar
Markovian sources. Applied Sciences (Switzerland), 10(11) doi:10.3390/app10113727

[20] Sheketa, V., Pasieka, M., Chupakhina, S., Pasieka, N., Ketsyk-Zinchenko, U., Romanyshyn, Y.,
& Yanyshyn, O. (2021). Information system for screening and automation of document
management in  oncological clinics. Open  Bioinformatics Journal, 14(1), 39-50.
doi:10.2174/1875036202114010039

[21] M. Dyvak, A. Pukas and O. Kozak, "Tolerance estimation of parameters set of models created on
experimental data," 2008 International Conference on "Modern Problems of Radio Engineering,
Telecommunications and Computer Science” (TCSET), Lviv, UKraine, 2008, pp. 24-26.

[22] M. Dyvak, Algorithms of parallel calculations in task of tolerance ellipsoidal estimation of interval
model parameters [Electronicresource] / M. Dyvak, P. Stakhiv, A. Pukas // Bulletin of the Polish
Academy of Sciences: Technical Sciences. — 2012. — Ne 1. — P. 159-164. DOI: 10.2478/v10175-
012-0022-9

[23] T. Toosi, M. Sirola, J. Laukkanen, , M. van Heeswijk, J. Karhunen, (2019). Method for detecting
aging-related failures of process sensors via noise signal measurement. International Journal of
Computing, 18(2), 135-146. https://doi.org/10.47839/ijc.18.2.1412

[24] Herman Fesenko, Vyacheslav Kharchenko, Anatoliy Sachenko, Robert Hiromoto and VVolodymyr
Kochan. An Internet of Drone-based Multi-Version Post-severe Accident Monitoring System:
Structures and Reliability. In: Dependable 10T for Human and Industry - Modeling, Architecting,
Implementation. Editors: Vyacheslav Kharchenko, Ah Lian Kor and Anrzej Rucinski. River
Publishers, 2018, Pp.197-217. https://doi.org/10.1201/9781003337843-12

[25] Kovtun V., Izonin I., Gregus M. Mathematical models of the information interaction process in
5G-10T ecosystem: Different functional scenarios,(2023) ICT Express, 9 (2), pp. 264 - 269, DOI:
10.1016/j.icte.2021.11.008


http://dx.doi.org/10.2478/v10175-012-0022-9
http://dx.doi.org/10.2478/v10175-012-0022-9
https://doi.org/10.47839/ijc.18.2.1412
https://doi.org/10.1201/9781003337843-12

	1. Introduction
	2. Analysis of recent publications and identification of unsolved problems
	3. Purpose and objectives of the research
	4. Improvement of algorithms for preparation of the input vector components based on control of dynamics according to the list recommended by the Ministry of Health. Accuracy and stability in failure conditions
	4.1. Algorithms for preparation of components of the input vector based on dynamics control according to the list recommended by the Ministry of Health
	4.2. Relationship between statistical parameters and control of hidden failure facts by means of duplicate or control measurements
	4.3. Suitability of the output vector of the state and the estimation of the coefficient of weights to be information signals

	5. Modeling and discussion of the results
	6. Conclusions
	7. References

