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DEVELOPMENT OF HARDWARE AND
SOFTWARE OF THE COMPLEX FOR
HYPOXYTHERAPY

O6’exkmom docnidacenns € meduune anapamue i npozpamie sadesnewenis OLs NPoseoenis 2inoKkcumepanii.
O0num 3 HatibinLUL NPOOIEMHUX MICUb € ABMOMAMUSAUIL OYIHKIU CMANY 2eMOOUHAMIKY | CUCTeMU OUXAHHSA NA-
yienma nio uac ceamucis.

Y x00i pospobxu xomniexcy ons nposedenns 2inoxcumepanii 6UKOPUCMOBYBANUCS CYUACHI anapamii 3aco-
Ou (damuuku KUCHIO, 8YZIeKUCIO020 2a3Y, NYJbCOKCUMEMPIs Mowo) i npozpamui memoou Qirempayii cuenanis.
IIpu pospobui npozpammozo 3abesneuerns Ons MeOnepConaLy SUKOPUCMOBYEALUC CYUACHT 3aCo0uU T MeXHON02il
npoepamysanus. (C#, MySql, CLIPS).

Ompumano npuHyUN08o HOBUL ABMOMAMUI0BAHUTL NPOZPAMHO -ANAPAMHUL KOMNIEKC, NPUSHAYEHUU 0L NPO-
gedenns diaznocmuku ma JHikyeanns nayicumis. Ile noe’si3ano 3 mum, w0 3anpPoNOHOBAHUT KOMNILEKC MAE Psid
ocobusocmeil peanizayii ocnosHux 1020 6110Ki6. 30Kpema agmomamusosane podoue micye (paxisys 3 zinoxcumepanii
€ QUHAMIUHOI0 eKCNePMHOI0 CUCTEMOTO0, U0 OMPUMYE OAHI 3 MIKPOKOHMPOIEPA 8 PEeabHOMY YACL Ni0 YaC Ceancis,
momy excnepmua oyinka pobumcs 6iopasy . Cucmema mae nogny 6asy snanv Ois NPOGEOEeHIS OYIHKU Ceancia
diaznocmuxu i Kypcy npouedyp 0is NAuicHmie, ki 6ice Maiomv PO36UHeRY 2inoKciio (Hanpukiad, npu Xpouiunii
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obcmpyxmuenitl x60pobi aezennv) i 6es nei.
3aedsKku ypomy 3adesneuyemocsi:

— MOJNCIUBICIY OMPUMANHA SHAYEHD NOKASHUKIG CMANY NAYIEHMA (YACMOMA CePUEBUX CKOPOULHb, CAYPALis
Kpo6i, 06csz Quxanms, acmoma OUXAHHS, XGULUNHUTL 00CS2 OUXAHML) Ma CKAA0 60UXAEMOT 2430601 cymiwi (KO-

YeHmpPayis KUCHIO 1 8Y2JLeKUCI020 2a3Y);
— HAdanus excnepmmoi OuinKu cmany nayicHma.

Y nopieusmni 3 eidomumu zinoxcuxamopamu (bopeii, AltiPower, CellAir One, ReOxy ma inwi) pospobrenuil

sabesneuye maxi nepesazii:

— nposedenns aBMoOMamus08anoi diaznocmuKi ma ouinKu epexmueHocmi Kypcy 2inoxcumepanii;
— Mani zabapumu KOHCMPYKYii 01t 3pYUH020 UKOPUCTNAHHS HABIMb Y OOMAULHIX YMOBAX;
— Hesucoka i 00CMynna 6apmicms KOMNIEKCY O NPUCAMHUX | 0ePHCABHUX ITKAPEHD, NONIKIHIK, MEOUUHUX

YeHmpis i CNOPMUBHUX KOMNILEKCIE.

KmwovoBi cnoBa: asmomamusosanuil npozpaMHo-anapamHuﬁ KOMNJlexKc, excnepmua cucmema, diaznocmuxa

cmany navienma npu nposedenni zinokcumepanii.

1. Introduction

Hypoxytherapy is one of the promising non-medicament
methods of treatment and prevention of various diseases,
which is based on respiration air with a reduced concen-
tration of oxygen at normal atmospheric pressure [1]. The
effectiveness of the use of hypoxytherapy in sports and
medical practice has been proved by many years of research
by leading experts in Ukraine, Australia [2], Germany,
Russia, Belarus [3] and other countries to increase the
body’s resistance to negative environmental influences.
For example, resistance to radiation, the treatment of
respiratory diseases, cardiovascular system, circulatory
system, allergic skin diseases, diabetes, chronic gyneco-
logical diseases, stimulation of the immunological defense
system [4—6]. In connection with the great efficiency and
wide range of application of the method, the sphere of
development of devices and complexes for carrying out
hypoxytherapy — hypoxicators is rapidly developing [7].
The analysis of existing devices and complexes showed
that in most hypoxicators there is monitoring of the pa-
tient’s condition, conducting diagnostics and analysis of

the results of procedures, therefore the use of the method
is limited.

Therefore, it is urgent to develop and study an auto-
mated software and hardware complex for carrying out
hypoxytherapy, which makes it possible to diagnose the
hemodynamic state and the patient’s respiration system
under the controlled delivery of a gas hypoxic mixture.

2. The ohject of research
and its technological audit

The object of research is the designs and software of
devices intended for carrying out hypoxytherapy.

Analysis of existing devices and complexes for car-
rying out hypoxytherapy (Table 1) [7-9] showed that
the main task of all hypoxicators is the creation of a gas
hypoxic mixture and feeding it to the patient. There are
two approaches to creating a mixture: the respiratory one
and the producer one.

The respiratory approach creates a gas mixture by re-
respiration the patient, and the producer approach creates
a gas mixture from the air using gas separation membranes.
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Tahle 1
Analysis of hypoxicators
Manu- Range Num- | Produc- | Duration Method Dimensions Mass M;ansu— Modes
Name facturer g ber of tivity, | of session, of GM GM type | Power, W ! ! g .
Oz % . ; X - cm kg parame- | of operation
country patients | 1/min min creation ters
Vershina, | Moscow, . Hypoxic, 0.35
Vershinka | Bussia 10-21 1 - 30 Respiratory Hyperoxic - - 0.7 - Treatment
Mel-
AltiPower | bourne, 9-21 1 - 30 Respiratory | Hypoxic - 52x38.5x25.5| 4.7 0z Treatment
Australia
Kyiv, . . 50x18x12.6 4.2 BE RV, | Diagnostics,
Hypotron Ukraine 8-17.5 1 10 50 Respiratory | Hypoxic 25 929 5520x17% 20 MRV, Oy | Treatment
Luxem- HR
Relxy | LDowg | 10-14, 1 25 30-60 | Producer | LYPOXIC 480 90xBO0x50 | 38 | SpO, | Liagnostics,
Moscow, | 21, 35 Hyperoxic Treatment
Russi 0z, NO;
ussia
Berlin,
CellAir | Germany; | 9-22, Hypoxic, HR,
One Moscow, 36 1 - - Producer Hyperoxic 600 50x53x103 18 Spls, O Treatment
Russia
GO2Al- Mel
titude® § 1,2, 3, . 27x35x10, | from 7
Hypoxica- huurma., 9-15 4,5 - 45-60 Producer | Hypoxic 1500 255100x50 | to 90 0z Treatment
Australia
tor system
BIO-NOVA N};”us;'j:“ 15'_1162" 11', % - B0 Producer | Hypoxic |B800-1600 - 60-140| 0, Treatment
. New York, .
Hypoxico USA 8-21 - 120 - Producer | Hypoxic - 58.4x39.4x47| 2B 0z Treatment
Borei Byiv | 40_16 | 1-4 |40-170 - Producer | Hypoxic - 130x60xB0 | - 0; Treatment
Ukraine

Note: GM - gas mixture; O, — oxygen; NOp — nitrogen; BF — respiratory frequency; BV — respiratory volume; MRV — minute respiratory

volume; HR — heart rate; Sp0; — blood saturation.

Constructions of respiratory type hypoxicators include
a respiratory mask, a respiration bag, a cartridge with
a carbon dioxide absorbent and regulators of hypoxia de-
gree. The disadvantages of such hypoxicators is the need
for a constant replacement of the carbon dioxide absor-
bent and disinfection of all components of the structure,
and the advantages are small size, convenience at home
and low cost. The simplified producer-type design consists
of a compressor, a membrane unit, respiration tubes and
a mask, and a control unit that controls the concentra-
tion of oxygen in the gas mixture and the oxygen sensor.
Disadvantages of such structures are large dimensions and
high cost, and the advantage is that it is not necessary
to fully disinfect the device, but only the respiration tube
and the mask through which the patient breathes.

Such designs ensure the operation of devices in the
treatment mode and measurement of oxygen concentration
in the inhaled mixture, but additional equipment must
be used to diagnose the condition of patients during ses-
sions. This makes it difficult to work and carry out the
hypoxytherapy procedure.

3. The aim and ohjectives of research

The aim of research is development of hardware and
software of the automated complex for hypoxytherapy
with monitoring and diagnostic hemodynamic and respi-
ratory system of the patient during the procedure and
afterwards.

To achieve this aim, it is necessary to solve the problems:

1. To consider the components for constructing the
hardware design of the complex, which create a gas hypoxic
mixture and collects data on the patient’s condition.

2. To develop software that allows to manage sessions
and collect data.

3. To develop a workstation of hypoxytherapy specia-
list, which will provide an opportunity to view statistical
information for all courses of patients and to assess the
state of the patient’s hemodynamic and respiratory system.

4. Research of existing solutions
of the prohlem

Among the existing devices for carrying out hypoxy-
therapy (Table 1 [7-9]), hypoxicators «Hypotron» [10],
ReOxy [11, 12] and CellAir One [13], which are equipped
with additional sensors to determine the condition of the
patient during the procedure.

The hypoxicator «Hypotron» refers to the respiratory
type [14] and is equipped with a system for determining
the change in airflow, which consists of a differential pres-
sure sensor and a tube. With the help of this system, the
parameters of human respiration (volume of respiration,
respiratory rate, minute respiration volume) are calculated.
This device can work autonomously or in conjunction
with a personal computer. The doctor software allows to
collect and save information about the patient’s condi-
tion for further viewing, as well as conduct procedures
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in diagnostic mode, in which the concentration of oxygen
gradually falls and the parameters of the person’s respira-
tion are fixed. Due to this, the optimal level of oxygen
for comfortable and safe treatment is determined quickly
in one session.

The «ReOxy» and «CellAir One» devices belong to
the producer type [15] and are equipped with pulse oxi-
meters for determining hemodynamic parameters (heart rate
and oxygen concentration in the blood) during sessions.
These devices work autonomously, without the possibi-
lity of connection to a personal computer, which makes
it difficult to analyze the patient’s condition in several
sessions. The ReOxy software [16] allows to run the diag-
nostic mode, during which a hypoxic test is performed
using a specially built-in technique. On the CellAir One
device [17], the diagnosis is performed in the treatment
mode with a stable concentration of oxygen according to
the method determined by the physician.

Therefore, to date, there is no hypoxicator, in which
the assessment of hemodynamics and the human respira-
tory system in the conduct of hypoxytherapy. Also in most
epoxies there is no automated process for determining the
optimal level of hypoxia for treatment sessions. The solution
of these tasks is the main goal of the new development.
When creating an automated software and hardware com-
plex, a hypoxicator of the respiratory type «Hypotron»
was chosen for the prototype. This device shows high
reliability and safety during years of operation and has
a low cost in comparison with producers of hypoxicators.

5. Methods of research

The development of an automated software and hard-
ware complex for carrying out hypoxytherapy consists of
the creation of hardware and software.

5.1. Hardware. The hardware implementation of the
complex is shown on a schematic diagram (Fig. 1). The
diagram shows the respiratory circuit, the control unit and
the gas hypoxic mixture delivery system to the patient [18].

12 4 j/ﬁ 9 11 12 13
3 5 10/18/17/16 :15 14

Fig. 1. Schematic diagram of the complex

During the hypoxytherapy, the patient breathes a gas
hypoxic mixture that is in the respiratory chamber 8 and
in the respiratory bag with a reservoir volume of 13. The
air exhaled by the patient passes through the respiratory
mask 1, the differential pressure sensor 2, the Y-shaped
connector 3, the respiration hose for exhalation 4, direct
connector 7, exhalation valve 9. After that, air enters
the respiratory chamber 8, namely into the receptacle
with the carbon dioxide absorber 11. Then the air enters
the respiratory bag with the reservoir volume 13, created
excessively e pressure inflates the bag. When the patient
breathes in the gas hypoxic mixture, the return path passes
through the second part of the respiratory chamber, which is
connected to the control unit 14. The control unit consists
of a fan 16, an excess pressure valve 15, carbon dioxide
sensors 17 and oxygen 18, and a microcontroller, infor-
mation from devices. Under the action of the vacuum,
the inhalation valve 10 opens the air through the direct
connector 6, the respiratory hose for inspiration 5, the
V-shaped connector 3, the differential pressure sensor 2
and the respiratory mask 1 enter the lungs of the patient.

The general block diagram of the system control unit
is presented below (Fig. 2) [19].

The main part of the control unit is the microcontroller
ATxmega32A4 (USA), which provides receiving of data
from sensors, their mathematical processing and control
of executive devices that maintain a predetermined con-
centration of gases in the inhaled gas hypoxic mixture.
In addition, the microcontroller allows the device to com-
municate with a personal computer using the USB protocol.
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Fig. 2. Structural scheme: ADC — analog-to-digital converter; UART — Universal Asynchronous Receiver-Transmitter
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The patient’s condition is monitored using a pulse
oximeter module and an air flow measurement system.
The composition of the inhaled gas hypoxic mixture is
measured by oxygen and carbon dioxide concentration
Sensors.

Pulse oximeter is an independent measuring device,
made in the form of a finger sensor and is designed to
control the blood saturation and heart rate of the patient.
The range of blood saturation measurements is 0-100 %,
the heart rate is 30-250 beats/min. Measured data is
transmitted via cable to the main module via the i2¢c
protocol.

Using a system that consists of a differential pressure
sensor and a measuring tube, the flow rate of the inhaled
and exhaled air is measured. The signal received from the
sensor is amplified and filtered by hardware. Then it is fed
to the analog-to-digital converter of the microcontroller,
which performs software filtering, calculating the volume
of inhalation/expiration and measuring the respiration rate.
The way the differential pressure value is converted into
a flow velocity depends on the design and parameters of
the measuring element: tube or diaphragm. This system
provides a measure of the volume of inspiration/expira-
tion from 250 ml to 6/ and respiration rate from 5 to
30 min~!. These limits are designed to discard false and
noisy measurements and, if necessary, can be programmed
by the user.

To determine the oxygen concentration, the electro-
chemical oxygen sensor KE-25 (Japan) is used, which
creates an electromotive force directly proportional to
the oxygen concentration in the air of the respiratory
circuit. The signal from the sensor after amplification is
fed to the input of the analog-digital converter of the
microcontroller.

The sensor for the concentration of carbon dioxide
is similar to the oxygen sensor, but contains a built-in
electric heater. For a stable electrochemical reaction and
correct measurements, the sensor should warm up before
start of operation (5-7 minutes at room temperature).
During warm-up, the sensor should be in an environ-
ment with a carbon dioxide concentration of not more
than 0.04 % (atmospheric air). The device determines
the completion of warm-up and readiness for operation
automatically, by analyzing the change in the electromo-
tive force at the sensor output.

To maintain a predetermined oxygen concentration
in the respiratory circuit, pumping of atmospheric air
is provided by means of an integrated compressor. The
rotation speed and operating time are calculated by the
microcontroller, taking into account the difference between
the specified and measured oxygen concentrations, as well
as the rate of change in concentration.

To ensure the safety of the patient, the microcon-
troller constantly monitors the blood saturation and heart
rate, and if the critical values are reached, the signaling
sounds and the compressor switch to a constant supply
of atmospheric air.

5.2. Software. The software implementation of the com-
plex is divided into three programs: the service program for
setting up the automated software and hardware complex,
the software of the microcontroller and the automated
workplace of the specialist in hypoxic training.

The service program for setting the operation of the
complex performs such functions as: calibration of the

oxygen sensor, installation of safety parameters and testing
of the operation of the complex and all its parts.

Since the KE-25 electrochemical oxygen sensor is used
in the complex to determine the oxygen concentration, in
which the characteristic can change with time, the instru-
ment provides calibration with atmospheric air (20.9 %
oxygen) and recalculation of the proportionality coefficient.
If after calibrating the calculated value of the proportiona-
lity factor is out of bounds — the user receives a message
that it is necessary to replace the sensor.

To ensure the safety of health and the life of the pa-
tient during the hypoxytherapy sessions there is a constant
monitoring of parameters: the concentration of oxygen,
carbon dioxide, respiratory rate, respiratory volume, heart
rate and blood saturation. When the parameters are exi-
ted, the signaling may be activated or the session may be
stopped. Below are the critical parameter values (Table 2),
which can be changed in the program.

Tahle 2

Critical security settings

Options Signaling Ending a Session
Oxygen concentration less 8 %
Carbon dioxide concentration 0.8 % 1%

less 40 beats/min or
mare 140 beats/min

75 %

less 50 beats/min or
more 110 beats/min

80 %

Heart rate

Blood saturation

The software of the microcontroller consists of several
functional parts (Fig. 3).

The data received from the analog-to-digital converter
are first processed by means of digital signal processing,
in particular, filtration. According to the analog-digital
converter, the concentration of gases in the respiratory
mixture, the differential pressure in the measuring line of
the volumetric air flow, the intensity of the photoplethys-
mogram signals and other service information are calcu-
lated. According to the volume flow rate, the volume and
frequency of respiration are calculated. The photoplethys-
mogram is used for the analysis of heart rhythm and blood
saturation. This information is processed to determine
the patient’s condition and, if necessary, to turn on the
alarm or stop the procedure. Interaction with the doctor’s
personal computer and adjustment is carried out via the
Modbus protocol. Multitasking and time synchronization
is provided by a system of timers and interrupts.

The automated workplace of a specialist in hypoxic
training is installed on the personal computer of the doc-
tor, the software scheme of which is shown in Fig. 4.

The automated workplace of a specialist is a dynamic
expert system. The system collects patient and session data
from the microcontroller, which receives data from the
sensors. The received data is stored in the local database.
The display of information from the database and entered
by the user is displayed in the user interface. The system
assesses the diagnostic sessions and the effectiveness of
the course of hypoxytherapy. The expert (a specialist in
the field of hypoxytherapy) introduces new knowledge in
the form of rules and facts that are stored in the know-
ledge base. Based on this, recommendations are given on
further treatment or on the need for additional patient
research and advice from other specialists.
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Signaling

Monitoring of the

Internal
storage

ADC patient's condition
DSP

—% O, calculation ’—

—»’ CO; calculation ’7

’ Synchronization

Modbus
registers

_4 RF and RV calculation ‘7

Pulse oximetry

— -

Modbus
Compressor control
Timers I
UART-USB

Fig. 3. Software of the microcontroller: ADC — analog-digital converter; DSP — digital signal processing; BF — respiratory frequency;
RV - respiratory volume; EEPROM - Electrically Erasable Programmable Read-Only Memory; UART-USB — Universal Asynchronous
Receiver-Transmitter — Universal Serial Bus

Dynamic expert system

Inference
mechanism

Subsystem of
knowledge DB
Solution
explanation
Expert subsystem

.

User interface

Subsystem for
connecting to
external devices

: replenishment

Local system

ASHC microcontroller

\

Differential

Pulse oximeter

CO; controller O, controller

pressure sensor

e

Fig. 4. General scheme of software on the personal computer of the doctor: KB — knowledge base; DB — database;
ASHC - automated software and hardware complex

6. Research results

The appearance of the developed automated software
and hardware complex is shown in Fig. 5.

The last version of the design of the automated soft-
ware and hardware complex consists of three parts of the
control unit, the respiratory chamber and the gas hypoxic
mixture delivery system to the patient. Its special feature
is the separation of the inspiratory and exhalation streams,
which makes it possible to reduce the volume of dead
space in the feed system of the mixture. This reduced the
discrepancy between the oxygen concentration measured
by the sensor and the oxygen concentration that reached
the tubes before the patient with prolonged respiration.
Fig. 6 shows the results of a patient’s study in one of the

available regimens (diagnosis or treatment) of conducting
hypoxia sessions.

Fig. 5. Appearance of the developed automated software and hardware
complex for carrying out hypoxytherapy
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Fig. 6. Displaying the results of a hypoxytherapy session in the treatment regimen

Efficiency and effectiveness of the automated software
and hardware complex is confirmed by:

— clinical research of Dmitry F. Chebotarev Institute
of Gerontology of the National Academy of Medical
Sciences of Ukraine;

— received methodological recommendations of the
Ministry of Health «Application of interval normo-
baric hypoxic training in elderly patients with chronic
obstructive pulmonary disease» No. 42.17/86.17 of
April 21, 2017. The complex and methodical recom-
mendations are recommended for introduction in the
medical and preventive establishments of the Ministry
of Health (regional, city and district) of the pulmonary
and therapeutic profile.

is

to

of

allows using it in hospitals, polyclinics, medical centers,
sports sections and in educational institutions.

Weaknesses. The weaknesses of the complex include

the need for disinfection of the respiration circuit of the
device after each patient, which leads to an increase in
the necessary preparation time for the device. But this

solved due to the use of several sets of the respiratory

chamber apparatus and the system of gas hypoxic mixture

the patient, which will reduce the time needed to pre-

pare the device for patient-to-patient sessions.

Opportunities. The use of an automated software and

hardware complex for carrying out hypoxytherapy at the
enterprises will allow to reduce the costs for the payment

hospital costs by strengthening the immunity of em-

ployees and, as a consequence, to reduce their incidence.

7. SWOT analysis of research resulis

And also increase the stress-resistance, mental and physical

performance of employees, which will increase the profit

Strengths. The developed automated software and hard-  of
ware complex for carrying out hypoxytherapy allows mini-
mizing errors due to the human factor in diagnosing and
assessing the patient’s condition during sessions, and also
makes the medical staff more conformable. The price of
the complex in comparison with analogues, for example,
CellAir One is 10 times cheaper. The compact dimen-
sions of the complex make it possible to use it at home.
The wide application of the method of hypoxytherapy in
medical and sports practice, realized in this apparatus,

to

of

the company through more efficient work.
Threats. When manufacturing this complex, quality

foreign sensors are used, which are purchased in foreign
currency, so the appreciation of the currencies will lead

an increase in the price in UAH.

1. The carried out analysis and research of components
existing hypoxicators allows to develop a fundamentally
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new automated software and hardware complex for carrying
out hypoxytherapy. The constructions of the complex are
optimal for the price of manufacture, the period of operation
and a smaller payback in comparison with analogues. The
constructions are given in patents No. 113908 «Automated
software and hardware complex «Hypotron-M», No. 115261
«Device for determining the resistance of the human body
to hypoxia» and No. 123682 «Automated software and hard-
ware complex for carrying out hypoxic training».

2. The software for the microcontroller is developed,
which allows processing signals from different types of
sensors and devices (gas analyzers, pressure drop and pulse
oximeter). According to the results of work, copyright was
obtained for the computer program No.75868 «System for
accompanying interval normobaric hypoxic training».

3. An automated workplace for a specialist in hypoxic
training is developed that minimizes errors due to the
human factor in diagnosing and assessing the patient’s
condition during sessions. It also makes it possible to make
the work of the medical staff more conformable with this
complex. This development also received copyright for the
computer program No.75870 <«Automated workplace for
a specialist in hypoxic training».
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