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Section 1
Methods for Processing and Analyzing
Biomedical Signals, Data and Images



Peculiarities of Evaluation of Indicators 1n the
"Health" System Based on the Diffusion Equation
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Abstract — The article presents the results of the development
of a method for assessing the level of patient's health taking into
account Fick's first law (diffusion equation) and the telemedicine
system implementing it. The distinctive features of the proposed
method and telemedicine system are the use of zoning of the
territory of residence depending on the quality of the
environment and determination on its basis of the diffusion
coefficient characterizing the dynamism of changes in the
controlled parameters. And also, operative control of controlled
parameters on the basis of analysis of mismatch of planned and
actual values of controlled parameters.

Keywords — telemedicine, population health, health factors,
health indicators, diffusion equation.

I. INTRODUCTION

In the strategic documents of the Russian Federation [1, 2]
the preservation of public health is noted as a strategic task.

The development of health care and the promotion of
public health is the most important area of national security,
for the realisation of which a long-term state policy is being
pursued, ensuring the solution of the following tasks:

— creating conditions for improving the accessibility and
quality of medical care;

— disease prevention;
— ensuring environmental safety.

The development and implementation of telemedicine
systems (TMS) is one of the areas of digital transformation of
medicine. TMCs form a digital ecosystem for collecting,
processing and utilizing data for:

—improving the quality of health care delivery and the
development of scientific medical research,

—monitoring and analysing the use of health system
resources and the provision of medical care to patients.

The aim of the work is to create a system of assessment
and control over the health of the population, including taking
into account the impact of the environmental situation in the
zone of his residence.

The results of the evaluation are intended to be used to:

— zoning of the territory according to the level of health
of the population;
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— when undesirable trends are identified and the elements
of health corresponding to low levels are defined, it is
reasonable to form lists of recommended therapeutic and
preventive measures (TPM), the implementation of which will
improve the level of health both for a specific element of the
health system and in general;

— to develop a plan to conduct control studies for
individual patients (groups of patients) in order to evaluate and
improve the effectiveness of the implemented TPM.

II. MATERIALS AND METHODS

A.«HEALTH» SYSTEM

The authors developed on the basis of [3] TMS "Health",
the block diagram of which is shown in Fig. 1. The proposed
system can be used to assess the level of human health;
planned and operational control of the level of human health
by a set of factors, taking into account the environment and
society, affecting the person, and indicators reflecting human
activity, in order to timely respond to possible changes;
justified formation of the list of TPM; other purposes of
sanitary and epidemiological supervision.

The proposed TMS consists of a telemedicine centre
(TMC) connected via the Internet or radio links to a network
of telemedicine points (TMP).

Each TMP includes several telemedicine stations
specialized for their purpose. These can be specialized stations

of telepathology, telesurgery, telerengenology,
teledermatology, telepsychiatry, telecardiology,
telegynaecology, teleurology, telepediatrics,
telemammography, teleneurology, teleoncology,

teleotolaryngology and others. At these stations, patients are
examined, medical data are collected, accumulated and
primary processed, and transmitted via communication
channels to the TMC for processing and further use.

For the purposes stated by the authors, TMPs collect
aggregate data on each element of the "Health" system (EHS):
health indicators: "disease or developmental defect”, "physical
development", "physiological reserves", '"non-specific
resistance", "health motivation" and health factors: "heredity",
"lifestyle", "external environment", "culture of social
relations", "health care".
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Fig. 1. Block scheme of the «Healthy telemedicine system

These data are obtained when a patient is examined when
they go to the doctor, undergo medical examinations or health
check-ups and are used to assess their health status. On the
basis of quantitative criteria in actual or conditional (point)
units, the patient's condition is determined for each of the EHS
and the overall assessment of the patient's health status,
differentiating them into six health levels (the first is
prohibitive, the second is minimal, the third is low, the fourth
is average, the fifth is high, and the sixth is optimal). On the
basis of the obtained assessment, it is possible to
prognostically assess the dynamics of the health level in
general and of each EHS separately ("positive" when
establishing 5 and 6 health levels, "no change" when
establishing 3 and 4 health levels, "negative" - when
establishing 1 and 2 health levels), as well as to reasonably
develop and propose TPM.

B.  FIRST LAW OF FIC

In order to increase the accuracy of determining the level
of health, it is necessary to take into account the mutual
influence of EHS and the environmental situation in the area
of residence. For this purpose, mathematical modelling is
used.

At present differential equations, in particular, diffusion
equations (Fick's first law), including nonlinear diffusion [4],
Liouville equation [5], Fokker - Planck equation [5] are used
in the models of analysing and forecasting the dynamics of
human health level applied in practice.

When modelling the human state, diffusion processes take
into account internal (mutual influence of systems and organs
of the human organism) and external (state of the
environment) processes and phenomena. The result of
diffusion in this approach is a change in the level of health
when the controlled parameter (CP) changes as a result of
external or internal processes. If external forces act on the
human organism or a gradient of any CP is maintained, then
as a result of diffusion the gradients of all parameters of the
human organism related to the CP are established.

The diffusion equation in the one-dimensional case
p = p(x) is Fick's first law:

= -DVp (1)

—_p¥
p= Ddx
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where p is the change of CP for time t in the direction x
towards its decreasing value, dp/dx =Vp - CP
gradient, D - diffusion coefficient.

The diffusion coefficient acts as a coefficient of
proportionality characterising the dynamism of change of CP
and is determined empirically, as Fick's law also has an
empirical character.

The physical meaning of the diffusion coefficient is that it
is numerically equal to the change in the health level per unit
time at a unit gradient of CP, i.e. the rate of change in the
health level in certain conditions of human habitation [6].

C. AREAZONING

To determine the diffusion coefficient D and the CP
gradient (Vp), the method of territory zoning given in [7] is
used (see Fig. 2). The CP gradient and diffusion coefficient
obtained by this method are used in (1).

The method of zoning the territory according to the level
of population health under the influence of risk factors (RF)
developed by the authors is as follows.

A grid and control points for determining (measuring) CP
values are drawn on the map of the analysed area. As such
parameters can be chosen EHS, environmental quality
parameters, technosphere objects.

Determination of the values of the selected CPs is carried
out during examination of the patient when he/she goes to the
doctor, during medical examinations or dispensary (for
humans), during industrial-ecological control (for the
environment and objects of the technosphere).

The values of the selected controls are plotted on the
terrain map and the control values at the different control
points are compared. After this analysis, control points with
similar and/or identical CP values are combined into clusters
on the map, clusters with identical CP values are connected by
lines on the map, and the area is zoned according to the
selected CP.

Fig. 2 shows an example of zoning of a human habitation
zone by external CP (environmental) depending on the level
of maximum permissible CP values set by regulatory
documents.
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Fig. 2. Zoning of the territory according to the change in the gradient of the
controlled parameter.

For each selected zone empirically set the value of
diffusion coefficient, taking into account that

— )

The obtained results are plotted on the prepared map and
then the CP gradient is determined and the zones with possible
equal level of human health are formed on its basis.

D. PROCESS CONTROL

For people with the first and second levels of health and a
negative prognosis of their change, as well as with the third
and fourth levels of health and a prognosis with no change in
them, it is necessary to develop a plan for conducting control
studies to assess and improve the effectiveness of the
implemented TPMs aimed at improving the dynamics and
increasing the level of health.

To control the effectiveness of their implementation and
prompt correction of deviations, the authors have developed a
method of operational management of CP [8]. The scheme of
the control algorithm in the "Health" system is
shown in Fig. 3.

The proposed method makes it possible to control the
values of EHS, as well as the effectiveness of TPM by: the
values of CP, the time of implementation of measures, their
number.

The purpose of operational control is to adjust the TPM
implementation process in real time, if necessary, by
managing the control during the event (see Fig. 4).
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To effectively monitor and control CP in real time and
adjust the progress of TPM, the authors propose to divide the
normative flow time of the event, t,,,,m, into N time intervals
using the formula:

t
norm’ (3)
tmon

N =

where t,,,-n - normative flow time of the event, t,,,,,, - time
interval of the event monitoring. In this case, setting the time
of modelling the change of CP during the event is carried out
taking into account the condition t,,,,q < ton cycle from 1
to N control in real time of the CP value of the event.

C )
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!
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!
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e l

e Modelling of the CP value of the
‘ TPM control mismatch value at the
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. o the moment of interval end time tmon
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expected value 1

i=it+]
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!
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!
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control mismatch

!

End

C )

Fig. 3. Scheme of the control algorithm in the "Health" system.

In case the condition i < N is fulfilled, the CP is modelled
at the end of the current time interval t;,,,y,.

Measurement of the CP value at the moment of the end of
the interval t},,, will allow to determine the discrepancy
between the actual CP value and its expected value. And also

to correct the TPM stroke at each interval t¥L .

Analysis of the discrepancy between the actual value of CP
and its expected value allows to form and implement a control



action depending on the value of the discrepancy between the
actual value of CP and its expected value.
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Fig. 4. Comparison diagram of therapeutic and preventive measures flow
time with correction (1) and without correction (2) controlled parameters.

The developed method makes it possible to detect the
mismatch of the actual CP value during the current TPM and
to exert a control action before its end, at each of the intervals

trlnon-
III. RESULTS AND DISCUSSION

As part of the implementation of the proposed ways and
means, the authors have developed an algorithm for assessing
indicators in the "Health" system based on Fick's first law. The
scheme of the algorithm is shown in Fig. 5.

A distinctive feature of the algorithm is the predictive
evaluation of the dynamics of the human health level.

Indeed, the example of patient S., a 28-year-old man,
showed the following. During examination and collection of
EHS data it was revealed that he has poor heredity (no relatives
have cases of surviving more than 60 years), low physical
activity (less than 1 hour a day), diagnosis (type 1 diabetes
mellitus, decompensated, ketoacidosis), disease history (3-4
years), living in an ecologically unfavourable area (maximum
permissible concentration more than 100), low reserve
capabilities of the organism (according to bicycle
energetometry data, the volume of work performed
was 1800 kgm/min, low level of non-specific resistance
(blood content of immunoglobulin "j" was 910 mg/l
and T liphocytes - 51%).

Translating this data into an aggregate EHS expressed in
scores yields the results presented in Table 1 and Fig. 6.
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Fig. 5. Scheme of the algorithm for evaluation of indicators in the "Health"
system based on Fick's first law.

TABLE L VALUES OF THE ELEMENTS OF THE "HEALTH"
SYSTEM FOR PATIENT WITH.
«Health» system element
Ne Value,
Name
score
1 | Heredity 2
Lifestyle:
2 | physical activity 1,40
3 intestinal function 0,60
4 | sleep duration 1,40
5 | duration of labour activity (daily) 1,40
6 | presence of bad habits and occupational hazards 0,60
7 | literacy and physical development 1
8 | functional state of the body 2
9 | level of non-specific resistance and immune defence 1
10 | level of motivational health attitudes 1
11 | disease or developmental defect 2
12 | level of culture of social relations 34
13 | external environment 8
14 | level of accessible health care 4
Total points 29,8

The obtained result, in accordance with the algorithm
shown in Figure 5, corresponds to the minimum level of



health, hence the prognostic assessment - negative dynamics
of health development.
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Fig. 6. Diagram of the elements of the "Health" system.

Obviously, it is necessary to conduct TPM in relation to
patient S, the list and frequency of which is determined in
accordance with the relevant standards and procedures of
medical care, as well as clinical recommendations and control
of TPM effectiveness according to formula (3).

IV. CONCLUSIONS

The proposed ways and means in the "Health" system
provide real-time monitoring of a person's health status taking
into account his/her zone of residence and thus justify the
choice of TPM in case of necessity.
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