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CURRENT STATE AND PROSPECTS FOR THE DEVELOPMENT
OF DIGITAL MEDICINE

Introduction. According to the definition of the International Society of Digital Medicine,
digital medicine is a field of science in which scientists strive to explain previously
incomprehensible pathophysiological phenomena in the human body and to explore new
medical procedures using modern digital technologies to improve the quality of human life.

The purpose of the article is to provide brief information about the current state and
prospects for the development of digital medicine.

Methods. The analysis of the main directions of digital medicine is done. Basic
definitions of the concepts “Intelligent IT signal processing” and “Effective computational
procedure” are formulated. The role of intelligent IT in digital medicine is demonstrated on
the example of fasegraphy method.

Results. Existing methods and means of digital medicine are used for diagnosis,
treatment, rehabilitation, as well as to restore the lost functions of the patient (vision,
hearing, movement). Such technologies make it possible not only to free medical workers
from solving routine tasks, but also to increase the efficiency of performing surgical
operations, radiation therapy and a number of other tasks of practical medicine.

Unlike traditional IT, based on procedures for processing numerical data, intelligent IT
operate with generalized concepts (images) that provide more complete information about
the external environment, and the analysis of such images generates a holistic picture of the
phenomena studied.
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Within the framework of the algorithmic approach, the construction of intelligent IT for
solving the problems of digital medicine requires the active participation of a technology
developer, who, using his natural intelligence, creates effective procedures for extracting
diagnostic information from real data under disturbances.

Conclusions. Intelligent IT with the properties of natural intelligence (adaptation,
generalization, learning, etc.) play an important role in expanding the functional capabilities
and increasing the effectiveness of digital medicine.

Keywords: digital medicine, intelligent IT, efficient computing procedures.

INTRODUCTION

In the early 60° of the last century, a new scientific direction was formed — biologi-
cal and medical cybernetics, which has come a long way in the development of its
own mathematical, instrumental and informational methods of gaining knowledge
about living complex systems [1-3].

Subsequently, on the basis of the studies, mathematical models of both in-
dividual organs in normal and pathological conditions, and mathematical models
focused on the diagnosis, prognosis and treatment of various diseases were cre-
ated. Much attention was also paid to automation of organizational and manage-
rial tasks in clinics and health authorities.

Noting the undoubted importance of these results, it should be recognized,
however, that at the initial stage of development biological and medical cyber-
netics did not provide an effective solution to a number of problems [4]. In par-
ticular, it was not possible to create conditions for mass preventive examina-
tions, which provided the identification of dangerous diseases in the early stages,
to reduce the cost of medical services, to ensure their accessibility to the general
public, bringing diagnostic and treatment tools closer to patients.

It is clear that these problems could not be overcome only by minor modifi-
cations and simplification of clinical use devices. It turned out that the develop-
ment of simple and reliable personalized medical devices requires the use of
new approaches to information processing and specific methods for providing
processing results to a user who does not have special medical knowledge [5].

The situation has changed dramatically with the advent of a new class of in-
formation technology (IT) — intelligent IT, which implements elements of natu-
ral intelligence. Unlike traditional ones, such technologies operate with general-
ized concepts — images, the analysis of which gives rise to a more complete and
holistic picture of the phenomena studied, which allows to increase the reliabil-
ity of decisions made.

The use of intelligent IT has led to a new healthcare paradigm — digital
medicine.

The purpose of the article is to provide brief information about the current
state and prospects for the development of digital medicine.
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BASIC DIRECTIONS OF DIGITAL MEDICINE

The concept of “digital medicine” should not be equated with any medical de-
vice built on the elements of digital computer technology. For example, in medi-
cal practice digital electrocardiographs are widely used, which implement tradi-
tional diagnostic algorithms based on the many years of experience of cardiolo-
gists to visually evaluate an electrocardiogram (ECG).

Of course, the use of such electrocardiographs facilitates simplifies the
work of medical personnel and reduces the time to obtain diagnostic results.
However, in our opinion, digital electrocardiographs that implement only tradi-
tional approaches to ECG processing should not be classified as digital medicine
products, since they did not lead to the achievement of the main goal — to in-
crease the reliability of diagnostic results.

Let us give a general description of the tasks that digital medicine is oriented to.

According to the definition of the International Society of Digital Medicine
[7], digital medicine is a field of science in which scientists seek to explain pre-
viously incomprehensible pathophysiological phenomena in the human body
and to explore new medical procedures using modern digital technologies to
improve the quality of human life.

The introduction of digital technologies in medicine opens up enormous
prospects, allowing significantly improving the quality of medical care and fun-
damentally change the approach to early diagnosis and treatment of dangerous
diseases, as well as innovative rehabilitation technologies to restore the func-
tions lost as a result of diseases [8].

In recent decades, there has been a rapid development of new digital tech-
nologies for the rehabilitation of patients suffering from neurological disorders,
which have several advantages over conventional approaches, allowing you to
adjust the intensity and dose of the rehabilitation procedure depending on the
individual characteristics of the body of a particular patient [9].

The original means of this area — the TRENAR® series devices were de-
veloped at the International Research and Training Center for Information Tech-
nologies and Systems of the NAS of Ukraine and MES of Ukraine (follow —
IRTC ITS) [10]. The devices implement the technology of constructing an elec-
tronic image of movement, based on the registration of signals from a healthy
organ (for example, a healthy hand) with the subsequent formation of electro-
stimulating impulses to a damaged limb (Fig. 1).

Fig. 1. TRENAR-01 device: the appearance of the device (left); rehabilitation technology (right)
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An important place in digital medicine programs is given to the development of
special tools for patients who, for one reason or another, cannot fully restore
their natural physiological functions — vision, hearing, movement, etc. The use
of “intellectual” prostheses (Fig. 2) allows such patients not only to return to a
normal lifestyle, but also to work.

A special place in this direction is occupied by exoskeleton, which is an ex-
ternal wearable skeleton that allows people with paralysis of the lower extremi-
ties to walk (Fig. 3). Recent studies confirm the positive effect of the use of exo-
skeleton in patients with spinal cord injuries and brain stroke [11].

The rapid development of robotics and intelligent manipulators opens up
new opportunities in many fields, including medicine [12]. According to the apt
expression of D. Engelberger, who received the title of "father of robotics", the
hospital is an ideal environment for using robots. Original scientific research
aimed at creating an autonomous robot capable of navigating in the environment
is being conducted at the IRTC ITS [13].

oropkick|

Fig. 3. Exoskeleton
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Let us give brief information about medical robots that are already used in prac-
tice [14] and are able to take on the solution of routine tasks of practical medicine.

A drug delivery robot has been successfully used at Veterans Affairs Medi-
cal Center [15]. The robot is able to move around the clinic, performing the
work of the average medical worker, thereby solving the acute problem of the
shortage of nurses (Fig. 4).

Surgical manipulators, in particular the well-known da Vinci system [16],
can significantly reduce the incision and blood loss during surgery, increase the
accuracy of movements, reduce both the time of the operation itself and the pe-
riod of postoperative rehabilitation (Fig. 5).

A special video camera allows you to project on the screen a three-
dimensional picture of what is happening in the surgical field. It was the creation
of the technology of three-dimensional vision that made it possible to implement
the entire technology, since the usual two-dimensional image on the monitor
screen does not allow the operator to accurately position the surgical instrument
in space, especially in the "depth" of the image.

Fig. 4. The drug delivery robot

Fig. 5. Robot surgeon Da Vinci
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The main advantage of the “robot surgeon” is the creation of the possibility
for the human surgeon to remotely micromanipulate with any instrument with-
out the risk of making an accidental awkward movement, which are automati-
cally blocked by the system.

The technique of modern surgery is constantly complicated. Therefore, the risk of
negative consequences for the patient increases both during the operation itself and in
the postoperative period. One of the possible ways to reduce such risks is computer
planning of surgical interventions, which allows you to prepare a surgeon for possible
errors and provide ways to prevent them. Such studies are conducted in Ukraine, in
particular at the Kharkov National University of Radio Electronics [17].

The New Zealand “robot therapist”, who, according to the operator’s com-
mands, can measure the pressure and temperature of the patient, determine the
presence of wheezing in the lungs and perform a number of other operations, has
also gained fame [18] (Fig. 6).

Thanks to the advent of robotic manipulators, radiation therapy for cancer
patients received a new impetus. The high accuracy of the positioning of the
ionizing radiation beam and the ability to follow a moving target are critical
when irradiating a tumor on organs such as the brain, heart, or lungs.

The Cyberknife radiosurgical robot knife allows similar procedures to be
performed automatically [19] (Fig. 7).
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Fig. 7. Robot cyber knife
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The built-in synchronization system monitors the movements of the patient
and his organs with the help of an X-ray camera and optical markers from the
patient’s skin, and a precisely directed beam of particles from a small linear
accelerator destroys cancer cells without touching healthy tissue even with sig-
nificant displacements of the patient.

Intelligent medical simulators are another important area in the field of digital
medicine. With the help of such systems, novice doctors can obtain the necessary
knowledge and improve their skills without causing problems to real patients.

For example, the Japanese company Kokoro has created a robot simulator
"Simroid", which can respond to pain and mimic the corresponding reactions [20].
If the dentist makes a mistake, the virtual patient, who has special sensors in his
mouth, grimaces, demonstrating discomfort and, if necessary, produce the necessary
voice messages (Fig. 8).

The Norwegian company Laerdal has developed an intelligent simulator
“SimMan 3G” [21], which can simulate various human reactions in an accident:
characteristic heart pulsations, pathological lung movements, bowel contrac-
tions, etc. (Fig. 9). Such a system can be invaluable in training novice specialists
working in disaster medicine services.

Fig. 8. Dental simulator

Fig. 9. Patient simulator SimMan 3G

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 1 (199) 65



Gritsenko V1., Fainzilberg L.S.

For visual training of methods for restorative breathing and spinal restoration
techniques 3-D models of virtual instructors were developed at the IRTC ITS
(Fig. 10) [22]. Unlike traditional videos in which real training is demonstrated, vir-
tual instructors adapt the recovery technique to the individual characteristics of a
particular user, taking into account the recommendations of a rehabilitation doctor.

The modern capabilities of telecommunication technologies that provide
almost instantaneous data transmission over long distances, Cloud Service,
which allow you to remotely store huge amounts of biomedical data, and
Grid-systems oriented to distributed computing, laid the foundation of telemedi-
cine — a new promising area of healthcare [23].

According to the definition of the US National Medical Laboratory for
Medical Terms [24], telemedicine provides interactive advisory and diagnostic
services via remote communication (Fig. 11).

Distinguish between synchronous telemedicine systems that can provide
real-time interactive services for emergency consultations, training large groups
of students and medical consultations, and asynchronous telemedicine systems
that exchange previously saved medical images and signals for consultations
when interactive communication with the patient is not required.

Fig. 10. Virtual trainer for
learning of the restorative me-
thods

Fig. 11. Remote consultation
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Consultations with a doctor via the Internet, obtaining a sick-list or prescrip-
tion in electronic form, storing all medical documents of a patient in his personal
office may soon become a common practice for most patients.

Global Market Insights predicts that by 2024, the global market for digital
healthcare technologies, including IT solutions and wearable devices, will ex-
ceed $ 379 billion.

Telemedicine direction is developing intensively in Ukraine [25]. Suffice it
to mention such developing telemedicine services as LEKARIS.com, which is a
communication platform for doctors and patients. Its task is to translate the doc-
tor’s and patient’s communication online, removing various barriers, thereby
saving time on finding a doctor, consultations and personal receptions. Using the
application, users can find the doctor of the desired specialization, urgently re-
ceive advice (messages, audio calls), schedule a consultation on a convenient
day or make an appointment (Fig. 12).

The LIKI24 Internet service provides round-the-clock drug delivery
throughout Ukraine (Fig. 13). The system analyzes the prices of products in
more than 1300 pharmacies every minute, finds the minimum, takes the order
and delivers the medicine to the patient. Due to the mathematical model, which
calculates the optimal route, one courier makes up to 60 deliveries per day.

Lekaris — undpoBun cepsic
kBanidikoBaHoi MeagN4YHoOI
AOOMNMOMOIM, Wo AOCTYNHA KOXXHOMY

LEKARIS.com

nnatcdopma Ana 3B'A3KY

NatiedTIie 2 Nivanau
NAlIERTIE 2 NikapaM,

NowwiTe ese 3apay’

Fig. 12. LEKARIS.com service access window
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Fig. 13. LIKI24 service access window

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 1 (199) 67



Gritsenko V1., Fainzilberg L.S.

MYLAB service of Terra Lab Company is to integrate laboratory re-
search, clinics, and patients into a single ecosystem (Fig. 14). Using this service,
the doctor can obtain the necessary information about the laboratory market,
create electronic appointments, indicating the alleged diagnosis, receive “tips”
about the studies and track the status of the study in your account.

The brief and far from complete overview shows that at the present stage of
the development of society, the existing methods and means of digital medicine
are already actively used to solve practically important problems.

A natural question arises: what are the main promising areas of digital med-
icine that can be expected in the near future.

Analysis of available publications allows us to distinguish two such areas
(Fig. 15), which aim to further increase the effectiveness of diagnosis and treat-
ment based on the principles of personalized medicine: "to treat a specific pa-
tient rather than a disease" [26].

MyLab - Ww1poKi MOXNIUBOCTI
N MeOnYYHY DOEKTIE
BaraTogyHijioHanbiiil Ta saxuieHHwil APl fo380RME peanisyBaTW pisHi cxemu inTerpaul 3i

CTOPOHHIMK CHCTEMaMM, 2 Npodecifina CriywGa nigTpumim 3a6eaneumnTs T Geanepepase
GyHKUOHYBAHHA.

Medical information system | =208
\
\

Pt Laboratory 1
N S

Health portal Laboratory 2
Electronic health records b s Laboratory 3

3anKT Ha NIAKNKOYEHHA

Fig. 14. MYLAB service access window

PERSPECTIVE SCIENTIFIC DIRECTIONS

| |

Analysis of huge volumes of Diagnosis and treatment using
medical data (Big Data) close to the patient
using universal computers specialized digital tools

Fig. 15. The main directions of development of work in the field of digital medicine

68 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 1(199)



Current State and Prospects for the Development of Digital Medicine

Both directions are developing rapidly. Given the importance of these areas,
we will dwell on them in more detail.

By 2018, IBM released software products for building machine learning
models, which, according to [27], allow, at the request of a doctor, to read about
200 million pages of text from the Internet in just three seconds and structure the
information received.

The doctor can use such information to support the adoption of diagnostic
decisions and choose the optimal treatment tactics for a particular patient based
on a comparison of physiological parameters, symptoms of the medical history,
DNA and other individual characteristics of his body with similar cases in world
medical practice.

The company focuses further development of this direction [28] on solving
such problems:

» providing an individual approach for the treatment of cancer patients;

» studying of mutations of cancer cells, leading to the emergence of resis-
tance to the effects of drugs;

 searching for new, more effective, medications based on the analysis of
the genetic data of hundreds of thousands of patients and healthy people.

Important results were obtained in the field of the second direction of work.
According to the results of analytical studies [29], recently the market for medi-
cal devices has significantly changed its direction from complex systems of clin-
ical use where relative stagnation is observed, to portable digital devices that
patients can use on their own.

The relevance of this area is obvious. Severe illnesses often require inpa-
tient treatment. But few people feel comfortable in the hospital. Hospitalization
causes especially significant psychological trauma to the elderly and children. In
addition, inpatient care suffers significant economic losses for both the patient
and the public health system.

Recently, a new term has appeared — “home hospital”. By this it is mean
the program of constant supervision and rehabilitation at home of elderly people
who have suffered serious illnesses — stroke, acute myocardial infarction, hip
fracture, and the like. The patient is provided with medical care related to the
constant monitoring of a family doctor, blood sampling, consultations of special-
ized specialists, medical injections, nurse services and more.

Let us show that the current level of development of inteligent IT already
today can significantly increase the effectiveness of the "home hospital" by cre-
ating personalized means of processing physiological signals that the patient can
independently use at home.

INTELLIGENT INFORMATION TECHNOLOGIES IN DIGITAL MEDICINE

Scientific research in the field of artificial intelligence (Al) began in the first half
of the twentieth century, which laid the foundation for three areas (Fig. 16).

The founder of the algorithmic approach is rightfully considered the out-
standing British mathematician Alan Mathison Turing. He set as goal to study
the external side of human intelligence, in particular to analyze how a person
performs calculations. These reflections in 1936 led to the creation of an abstract
computer model, which was later called the Turing machine [30].
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Scientific Approaches to Building Al Tools

Algorithmic Neurocomputer Evolutionary

Fig. 16. The formed scientific directions of artificial intelligence

Despite the apparent simplicity, the Turing machine not only standardized
the very concept of the algorithm, but also laid the foundation for the mathe-
matical theory of complexity, the algorithmic theory of information, cryptogra-
phy and many other scientific disciplines.

Discoverers of the neurocomputer approach were American physiologists
Warren Sturgis McCulloch and Walter Pitts, who studied the internal organiza-
tion of the human brain. Based on the study of brain cells, they first established
that the process of thinking organizes by a complex combination of elementary
logical operations such as AND, OR, NOT. As a result, in 1943, the simplest
mathematical model of a neuron was proposed [31], which laid the foundation
for neural network technologies.

And, finally, the formation of an evolutionary approach in the field of Al is
associated with the name of the Italian mathematician Nils Barricelli, who set as
goal to study the process of evolution of natural intelligence. By 1954, a model
was proposed that served as the basis for a number of heuristic algorithms, in
particular the so-called genetic algorithm [32], which actively uses the mecha-
nisms of crossing, mutation, and inheritance, borrowed from Darwin's theory of
the evolution of living nature.

For many years, these three areas developed in parallel and quite often un-
reasonably opposed to each other. However, the complexity of practical tasks
requiring the use of Al tools led to a certain convergence of these approaches.
Currently, scientific programs are actively being formed to create the so-called
NBIC technologies based on the integration of nanotechnologies, biology, in-
formation technologies and cognitive sciences [33].

The priority direction of scientific and technological progress is the construction
of intelligent IT, the concept of which was developed in Ukraine in the nineties of the
last century [34]. Unlike traditional IT based on the procedures for processing numeri-
cal data, intelligent IT operate with generalized concepts (images) that provide more
complete information about the external environment, and the analysis of such images
generates a holistic picture of the phenomena studied.

The term intelligent IT is increasingly mentioned in the scientific and popu-
lar science literature. And this is no coincidence, since at the present stage of the
development of society such technologies have a significant role in solving ur-
gent applied problems, including in the field of digital medicine.

At the same time, the unreasonable application of these terms to application
systems that are neither IT, nor even intelligent IT, can lead to the discrediting
of these important scientific areas, as it has already been done more than once in
the past, for example, to discrediting the term “Automated Control Systems".
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Since science begins with definitions, let us give a more or less rigorous
formulation of the concept of “intelligent IT signal processing”. To do this, we
turn to the basic definition of the term "technology".

The word "technology" combines two terms: "Techno" (Greek "Téchné" —
art, skill, ability) and "Logic" (Greek “Logos” — science). Thus, in the general
case, technology is the art of converting some raw material into a product (for
example, iron ore into steel), and the science of technology is aimed at finding
the most effective ways of such conversion.

This implies the following definition [35].

Definition 1. Intelligent IT for signal processing, including the physiologi-
cal signal generated by a biological object is a set of computational procedures
that have the properties of natural intelligence, which provide an effective transi-
tion from the observed signal (raw materials of the technology) to information
about the current state of the object (technology product).

Formal and informal approaches to the construction of effective procedures that
implement the individual stages of IT are possible. The first approach is based on
the solution of the optimization problem: the computational procedure is constructed
formally from the condition of minimum (maximum) of a certain criterion (super
criterion) characterizing the effectiveness of a particular processing stage.

For example, the Bayesian classification is based on the minimum of the
criterion, which represents the average risk of the decisions made, and the pro-
cedure for constructing the regression model is based on the minimum of the
criterion, which is the standard error of the approximation of the experimental
data by a function specified up to unknown parameters.

However, not all computational procedures can be built on the basis of a
formal approach. It is far from always possible to express the effectiveness crite-
rion for a particular stage of signal processing in the form of a convex function
for which global optimization can be carried out. Other reasons for the limita-
tions of the formal approach can be also pointed out.

In such situations, there is no choice but to build a computational procedure in-
formally on the basis of intuition, and use the criterion only to assess its effectiveness.

Let 3, be the a priori value of the criterion J of an individual IT stage,
which can be estimated (formally or by an expert) before using some computa-
tional procedure R, and let I, be the posterior value of the criterion J esti-

mated after using this procedure.
Then it is legitimate to introduce such definitions.
Definition 2. The procedure ‘R is effective if a strict inequality holds:

31<\50. (1)

Definition 3. The procedure R" is more effective than the procedure R/
if for posterior values of the corresponding criteria the strict inequality holds

<) _ ()
< <\S1 . (2)

Thus, when informally building an effective computational procedure, it is not
necessary at all to solve the optimization problem of finding a global minimum.
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Moreover, in accordance with the introduced definitions, the procedure remains effec-
tive even if it does not satisfy the local minimum of the criterion, but only allows to
reduce the value of the criterion in comparison with its a priori value.

Of course, the formulated definitions can naturally be reformulated if the
procedure ‘R is aimed at increasing the value of 3.

Based on (1) and (2), the selection of a suitable procedure for the interactive syn-
thesis of applied IT can be ensured by trial and error. For the practical implementation
of this approach the tool system was developed at the IRTC ITS [36], which allows:

* conduct the necessary experiments to select and optimally configure com-
putational procedures that implement individual stages of signal processing,
including intelligent computational procedures;

* implement the technological chain of processing algorithms using ready-
made computing components of the tool environment itself;

* expand, if necessary, the composition of the components of the instrumen-
tal system (Fig. 17).

Basic IT Computing Components

y

Applicant choice

y

Determining
of the optimal settings

A

No

Found ?

Yes

Estimation of result by J

No
New component

development

Include in IT

Fig. 17. The conceptual idea of interactive synthesis of IT
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The instrumental system made it possible to solve successfully a number of ur-
gent applied problems, in particular, to create an original technology for processing
electrocardiograms (ECG), which was called fasegraphy and is a vivid example of the
successful use of intelligent IT in digital medicine [37, 38].

The technology is implemented in the FASEGRAPH" complex, which received
a certificate of state registration of medical devices with unlimited validity and is
mass-produced. FASEGRAPH® consists of a microprocessor sensor that provides the
convenience of registering the first standard lead ECG using finger electrodes, and a
computer program that implements all stages of signal processing (Fig. 18).

Despite the fact that such single-channel ECG recorders (Home ECG moni-
tors) are already quite widespread in the markets of medical equipment, FASE-
GRAPH" still has undoubted advantages compared to well-known counterparts
such as Health Frontier (Canada), Win Health (Great Britain), Vitaphone (Ger-
many), Cardiovit MT100 / 200/3 Schiller (Switzerland), Monebo (USA), J1
Portable ECG Monitor (China), CardioQVARK (Russia) and others, which al-
low you to control only the heart rate.

The main advantage of FASEGRAPH" is not the sensor itself, but high-tech
information technology that implements the original method of processing ECG
on the phase plane. Such an approach to ECG processing made it possible to
expand the system of diagnostic features based on an assessment of the speed
characteristics of the process, in particular, to implement for the first time a pro-
cedure for reliable determination of the indicator characterizing the symmetry of
a repolarization fragment of an averaged phase trajectory.

Large-scale clinical trials have confirmed that this indicator increases the
sensitivity and specificity of ECG diagnostics, even in cases where ECG analy-
sis in 12 traditional leads is not informative. FASEGRAPH" is recommended
by the Ministry of Health of Ukraine for coronary artery disease screening [39].

Fasegraphy is based on original computational procedures [40], which have
the properties of natural intelligence, including properties:

» adaptations for the effective suppression of internal and external disturbances
with incomplete a priori information about the characteristics of the interference;

* invariance of the shape of the reconstructed useful signal based on averaging of
the distorted phase trajectories of the cardiac cycles of the observed ECG with possi-
ble time shifts (occurrence non-synchronism) of the same type of fragments;

+ generalizations in the classification of typical and atypical ECG cycles in
the absence of an analytical description of recognizable classes and the inability
to determine generalizing features by machine learning methods;

* learning ability in the automatic assessment and constant correction of the per-
sonal norm of a particular patient to expand the functionality of the complex through
the implementation of the idea of a personalized diagnosis of cardiac activity;

* sociability, which ensured the provision of test results in a convenient and
accessible manner, taking into account the user's qualifications, in particular, the
provision of information to a patient who does not have a medical education.

The experience in the development of fasegraphy has shown that, within the
framework of the algorithmic approach, the construction of intelligent IT in-
volves the active participation of a technology developer who, using his intelli-
gence, creates effective computational procedures for extracting diagnostic in-
formation from real signals under disturbances (Fig. 19).
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Fig. 19. Stages of building intelligent IT

FASEGRAPH" has proven its effectiveness in various fields of application,
including screening for coronary heart disease [41], in pediatric cardiology to
assess cardiometabolic risk in adolescents, the functional state of children with
diabetic cardiopathy, cardiorespiratory desynchronism, and the effect of motor
activity in schoolchildren [42—46], in sports medicine for the rapid assessment of
overtraining and the general functional level of highly qualified athletes [47], in
the clinical setting for evaluating the effects of drugs during the drip of drugs to
cardiological patients and the effectiveness of surgical interventions [48], when
performing scientific research, including studying the effects of external fields
on a person during solar activity, the harmful effects of smoking on the human
body and the search for objective chrono-predictors carrying information about
the level of threat to the patient [49].

FASEGRAPH" occupies a special place in the market of medical equip-
ment (Fig. 20). Before it appearance, the cardiological patient had only two pos-
sibilities: either use the home ECG monitors (smartphone gadgets), which in the
best case allow diagnosing life-threatening cardiac arrhythmias, or conduct a
complete traditional ECG examination in a medical facility using an expensive
and not always affordable professional electrocardiograph.
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Fig. 20. The situation in the medical equipment market

The permanent use of FASEGRAPH® at home allows the patient:

e to optimize a way of life, reasonably distributing a mode of loadings and rest;

e to determine the need for additional intake of medications prescribed
by a doctor;

e to evaluate possible dangerous deviations in the work of the heart from
the personified norm;

e independently accumulate data over a long period of time for subse-
quent consultations with a doctor, which provides a more complete and reason-
able assessment of the patient’s functional state than episodic contact with a
doctor using traditional clinical tools.

The mobile fasegraphy platform currently being developed, which provides
for the implementation of technology elements on a smartphone, provides the
opportunity not only to conduct operational testing in any conditions, but also to
organize a virtual connection between a patient and a family doctor using Inter-
net technologies [50-52].

Fasegraphy has opened the way to the construction of new methods for
biometric identification of individuals based on the unique properties of ECG
phase portraits [53—54].

The intelligent capabilities of phase printing are constantly being developed
due to the inclusion of new program modules in FASEGRAPH®, including
modules for evaluating the randomness of the processed signal shape parame-
ters [55], a phase portrait of permutation entropy, which confirmed the high
sensitivity when evaluating subtle ECG changes under the influence of various
factors, in particular , to detect the effect of electrical heart alternation, which is
used by doctors as a predictor of sudden cardiac death [56], as well as to assess
the tolerance to physical stress based on the regulatory patterns and their display
in the form of cognitive graphic images [57].

Further development of fasegraphy involves the implementation of new prom-
ising approaches to the processing of cyclic signals, in particular, the method of
displaying a signal in a multidimensional parameter space, which, using unified
methodological principles, makes it possible to evaluate the randomness of the
waveform, detect atypical cycles, interpret the signal, personify diagnostic solutions
and economical coding of the signal when it transmission and storage [58, 59], and
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the linguistic method of signal analysis and interpretation based on the calculation of
the Levenshtein distance between codograms of real signals [60].

Preliminary studies have shown that intelligent computational of fasegraphy
procedures allow you to create a new class of competitive medical devices, in
particular, finger photoplethysmograph, which records the patient’s pulse wave
using the built-in smartphone camera without additional external signal sources
[61], as well as an intelligent home blood pressure monitor with advanced func-
tional opportunities.

CONCLUSION

An analysis of the available literature showed that at the present stage of the
development of society, the existing means of digital medicine are used to solve
many urgent problems of practical medicine, including in the diagnosis, treat-
ment and restoration of lost functions. Such technologies make it possible not
only to free medical workers from solving routine tasks, but also to increase the
efficiency of performing surgical operations, radiation therapy and a number of
other complex tasks.

Intelligent IT with the properties of natural intelligence (adaptation, gener-
alization, learning, etc.) play an important role in expanding the functionality
and increasing the effectiveness of digital medicine. Unlike traditional IT based
on the procedures for processing numerical data, intelligent IT operate with gen-
eralized concepts (images) that provide more complete information about the
external environment, and the analysis of such images generates a holistic pic-
ture of the phenomena studied.

Using the example of successful development of the fasegraphy method, it
is shown that, within the framework of the algorithmic approach, the construc-
tion of intelligent IT for solving digital medicine problems involves the active
participation of a technology developer who, using this natural intelligence,
creates effective procedures for extracting diagnostic information from real data
distorted by disturbances.
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CYYACHMIA CTAH I ITIEPCIIEKTHUBU PO3BUTKY LIM®POBOI MEJULIHA

Beryn. 3rigHo 3 o3HaueHHSM MikHapoaHO! acomiamii nudpoBoi MeAWIMHU, HUGPOBOIO
MEIUILIMHOIO € Tally3b HAayKH, B sIKill BUeHi IParHyTh HOSCHUTHU paHillle He3po3yMini marodi-
310JIOTIYHI SIBHIA B OPTraHi3Mi JIFOJWHHM 1 JOCITIKYBAaTH HOBI MEINYHI MPOLEIYPH 3 BUKOPHU-
CTaHHSM CyYacHHX HU(PPOBUX TEXHOJOTIH IS MOMIMIICHHS SIKOCTI )KUTTS JIFOIHH.

Merta craTTi — HaJaTH KOPOTKY iH(GOPMALIII0 PO CYy4YacHUIl CTaH i MEPCIEKTUBU PO3-
BUTKY 3ac001B [HU(POBOI MEAUIMHY.

Mertoau. [IpoBeseHo aHai3 OCHOBHUX HanpsaMiB 1udposoi memuinmau. ChopmynboBa-
HO 0a30Bi 03Ha4eHHS MOHATH «IHTenekTyansHa IT o6pobneHHs curHamiB» Ta «EdexruBHa
obOuncoBaibHa mporenypa». Ha mpukiani merony ¢asarpadii nmpoleMOHCTPOBAHO POJIb
inTenekryanpHux IT B nndposiit MeaunuHi.

PesyabTaTu. HasBHi MeToau i 3aco6u nuppoBOi MEAUIIUHH 3aCTOCOBYIOTH JUISI IiarHO-
CTHKH, JIIKyBaHHA, pealbiiitariii, a TakoX Ui BiJHOBJIEHHS BTpayeHUX (yHKIIH marieHTa
(3ip, cnyX, pyx). Taki TeXHOJOTIT Aal0Th 3MOTY HE TUIBKH 3BUILHUTH MEIWYHUX MPAIliBHUKIB
BiJl BUKOHAHHSI PYTWHHHUX 3aBAaHb, a 1 MiJBHIIATH €()EKTUBHICTh BUKOHAHHS XipYyprigHHX
omnepaniii, MpOMEHeBOi Tepalii Ta psiay IHIINX CKJIAJIHUX 3aBAaHb IPAKTHYHOI MEIULIUHH.

Ha Bigminy Bin Tpamuniiinux IT, ocHOBaHHX Ha Hpouexypax OOpOOJEHHS YMCIOBHX
IaHuX, iHTenekTyanbHi IT omepyroTh y3araJbHEHHMH IOHATTAMH (0Opa3aMu), IIO JarOTh
HOBHilTy iH(pOpMaLilo PO 30BHIIIHE CEPEIOBUILE, a aHAJI3 TaKUX 00pa3iB MOPOIKYE Liilic-
HY KapTHHY JOCIHIIKYBaHUX SBHILL.

B paMkax alropuTMiuHOro mijgxony nobynoa inTenexryansHux IT mis BupimeHHs 3a-
BIaHb IU(POBOI MEIMIMHHU Nependadae akTUBHY ydacThb PO3POOHMKA TEXHOJOTII, SKHH,
3aCTOCOBYIOUHU CBilf IPUPOIHUM IHTENEKT, CTBOPIOE e(heKTUBHI NPOLEAYpHU Ul OJEp>KaHHS
JIarHOCTHYHOI iH(pOpMAIIiT 3 pealbHUX JTaHUX, CIOTBOPCHUX 30yPCHHAMH.

BucnoBku. InrenekryanbHi IT, ski MaroTh BIACTUBOCTI NPUPOAHOTO iHTENEKTY (aJanTaris,
y3araJbHeHHS, 37IaTHICTh JI0 HABYAHHS TA iH.), BIITPAOTh BAKIIMBY POJIb Y PO3MIMPEHHI (yHKITiO-
HAJIBHUX MOYKJIMBOCTEH 1 HiZBUIIICHHS €()eKTHBHOCTI 3ac00iB IIM(POBOI MEUIIMHH.

KurouoBi ciioBa: mugposa MeauimHa, intenextyanbHi [T, edekTiBHI 00urCIFOBaIBHI TPOLCAYPH.
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COBPEMEHHOE COCTOSIHUE Y IIEPCIIEKTHBBI PA3BUTHS
LIU®POBOI MEIULIMHEI

Beenenne. CornacHo ompeseneHno MexayHapoaHOH accouuanuu udpoBoil MeUIHHEI,
IU(POBOI MEIUIIMHON HA3bIBAIOT 00JIACTh HAYKH, B KOTOPOH yUEHbBIE CTPEMATCS OOBICHUTD
paHee HEeTOHSATHbIE NaTO(U3MOIOTHYECKUE SIBICHUS B OPraHM3ME UYeJIOBEKa M HCCIEAOBATh
HOBBIE MEIUIMHCKUE MIPOLEIYPHl C UCIIOIB30BAHUEM COBPEMEHHBIX IIH(PPOBBIX TEXHOJIOTHIHA
JUI yIydIICHHUs KauecTBa XKHU3HU YeIOoBeKa.

Leab cTaTbl — 1aTh KPAaTKyI0 HHPOPMAIMIO O COBPEMEHHOM COCTOSIHUU U IIEPCIIEK-
TUBAX Pa3BUTHS CPEICTB HU(BPOBOH MEIHUIIMHEL

Mertoasl. [IpoBoauTcss aHanu3 OCHOBHBIX HampaBieHUH LupoBoi MeauuuHbl. DPop-
MYJHpYIOTCsi 0a30Bble onpexaencHus: noHstuid «VHtemnekryansHas UT oOpaboTku curHa-
noB» U «DddexTrBHAsS BBIUUCIHTENbHAS Tponenypa». Ha mpumepe metonma daszarpaduu
JIEMOHCTPHPYETCS POJib UHTEILIeKTyalbHBIX VT B 1iudpoBoit Meauiune.

PesyabTaThl. CyniecTByoIIMe METOIBI M CpeACTBA HU(POBONW MEIUIMHBI IPUMEHSIOT
JUISL TUarHOCTHKH, JICUYCHHs, PeaOWINTald, a TakKe ISl BOCCTAHOBJIECHHS YTPAaYeHHBIX
(yHKUMH TanueHTa (3peHue, ciyX, IBIKeHHE). Takue TEXHOJIOTHH HO3BOJISIOT HE TOJBKO
0CBOOOINTH METUIMHCKHX PAOOTHUKOB OT PEIICHUS] PYTHHHBIX 33714, HO W MOBBICHTH d(0-
(DEeKTUBHOCTH BBINIOJHEHUSI XUPYPTUYECKUX OMNepalyid, Jy4eBOH Tepamuu U psaa JIpyrux
3a71a4y MPaKTUYECKON MEJUIIUHBI.

B otiunume ot tpamunuonsbix T, oCHOBaHHBIX Ha Ipoleaypax oOpabOTKU YMCIIOBBIX
JAHHBIX, HHTeJUIeKTyanbHble T omepupyroT 0000meHHbIME TOHATHAME (0Opa3amu), naro-
MM Oosiee MoJHY MH(GOPMALIMIO O BHEIIHEH cpelie, a aHaIu3 TaKhuX 00pa3oB IMOPOKAAET
L[EJIOCTHYIO KapTUHY U3y4YaeMbIX SIBICHHUH.

B pamkax aaropuTMH4eckoro moaxoja MOCTPOCHUE MHTEIUIeKTyanbHbIX U T amst peme-
HUS 327124 TUQGPOBOH METUIMHBI MPEANONAraeT akmugHoe yIacTie pa3padoTIiKa TeXHOIO-
MU, KOTOPBIH, IPUMEHSS CBOW €CTECTBEHHBIH MHTEIUIEKT, co3/1aeT 3(QEKTUBHBIC TPOLIEaY-
PBI U U3BJICUSHHS] JAUArHOCTUUECKOM MHQOpMAalUMHM W3 PEasbHBIX NAHHBIX, MCKa)KEHHBIX
BO3MYIIEHUSAMH.

BeiBoabl. NuTennexryansusle UT, oOnanaromue cBoiicTBAMU €CTECTBEHHOTO MHTEIICK-
Ta (aganrtaims, 0000IIeHre, 00y4aeMOCTb U Jp.), HTPAIOT BAKHYIO POJIb B pacUIMPEHHH (DYHK-
[MOHATIBHBIX BO3MOXKHOCTEH U MOBBIIICHHN d(PPEKTUBHOCTH CPEACTB UPPOBOIT MEUIIMHEL.

KunioueBble ciioBa: nudposas MeAUIMHA, HHTe/LIeKTyanbHble UT, addexTuBHbIC BEIUMCIU-
TEIbHBIE TPOIIETYPEIL.

84 ISSN 2663-2586 (Online), ISSN 2663-2578 (Print). Cyb. and comp. eng. 2020. Ne 1(199)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


