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Annotation. After studying the air flow in the ventilation channel of the
ventilator (artificial lung ventilation) using the Matlab system, files with the
extension.mat were created with the results of measuring the air flow according to
various indicators, such as the deviation of the indicators from the set values, the
integral of the air flow, acoustic noise, and so on further. Also, .m files were created,
which build graphs based on these data for further analysis.

Introdution

Air flow control in ventilators is a very important stage in their design, since
these devices belong to the field of critical medicine and their breakdown or errors
during operation are unacceptable [1]. That is why a detailed study of the accuracy of
the manufactured devices is carried out at the stages of equipment design and testing
[2]. After studying the flow of air in ventilator units using the Matlab numerical
analysis application program package and saving large data sets with the results of
the flow study, there is a need for visualization processing of these data. During the
study, the air flow was gradually increased from O I/min to 100 1/min, and the
readings of ventilator air sensors were also recorded. The flow was supplied at a
known interval with a step of 2 I/min per second. Also, when the air flow increased,
the amount of the flow itself and the acoustic noise were measured. Also, the Matlab
system was used to calculate the integral of the absolute error of the flow
measurement, the integral of the power of the flow noise, the maximum absolute
error (in total 44 .mat files with data).

The Matlab numerical analysis software package is a convenient tool and has
many instruments for data analysis, which is why it is usually used to calculate
intermediate or final results of scientific research. But its huge disadvantage was and
remains the fact that the programs developed on it are not standalone. This means that
in order to open the developed .m file and plot graphs based on already measured
values, you need to have Matlab installed in the system. This in turn can be
problematic, since Matlab has relatively high system requirements (minimum 4
gigabytes of RAM, as well as about 30-50 gigabytes of free memory space,
depending on the required additional modules, which makes these programs simply
not suitable for use in weak systems). In addition, the Matlab system is paid, which
also limits the possibilities of its application. Therefore, the search and application of
other software tools and tools for solving the tasks of processing large arrays of
information is relevant.
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Materials and methods

The closest alternative to Matlab in the field of data processing is the Python
programming language. It is free, compatible with the most popular systems
(Windows 7, 10 and 11, Mac OS, Linux). Also, there are many libraries (or modules)
for data processing in Python. The Pandas module is used for forming matrices and
convenient work with them, the NumPy module has convenient methods for working
with numerical arrays, the Keras module is used for training artificial intelligence
from the received data, and so on. All Python modules are open-source, meaning they
are free and open to modification and distribution.

The Python language itself can be installed on any system easily and quickly, and
does not take up much disk space. Modules are installed by Python's built-in pip
package manager. The scipy module, which was experimentally used for reading .mat
files, 1s installed by a simple command "pip install scipy" [3].

Also, programs (or scripts) written in Python can be run anywhere by Python
itself (if it i1s installed), or can be compiled for any system to run independently.
Along with open-source, this removes any restrictions that were present when using
Matlab [4].

As described above, the scipy library and its loadmat method, was used to
experimentally open .mat files with air flow calculations. This method accepts a path
to a .mat file, reads it, and returns its contents. For example, to read the measurement
results of the first experiment of the first muffler model, we will use the commands:

mat = scipy.io.loadmat('FlowSensor_data/FlowSensor_002_00_M_1.mat")
print(mat)

print will display the contents of the file FlowSensor_002_00_M_1.mat on the
screen. In the terminal of the Visual Studio Code editor, which was used for writing
the code, the contents of the file will be recelved which is presented in Fig. 1.

{'__header__': b'MATLAB 5.8 MAT-file, Platform: PCWING4, Created on: Wed Dec 15 14:53:45 2021°, *__version__": ‘1.8, '__globals__': [], 'Flow control': array([[(array([[-1.63233187e-83, -8.48570192e-84, -9.2
92623882-04,

-8.03482784e-84, 1.73934376e-04, 2.25085199e-83,
7.89495425¢-63, 1.64112160e-82, 3.23508702e-82,
5.54542074e-02, 8.81376986e-02, 1.25855966e-01,
1.74150872e-@1, 2.33265007e-81, 3.52608380e-01,
5.4737649%-81, 7.27726958e-81, 9.37128287e-01,
1.173675562480, 1.420002200+08, 1.79721969e460,
2.20175351e+00, 2.57325602e+08, 2.979505812+00,
3.42363501e400, 3.02077200e+08, 4.49984971e+60,
5.87065639¢400, 5.68919603e+08, 6.326788072+00,
6.006474482400, 7.72544778400, 8.586112302400,
9.27163488e420, 1.81366477e+01, 1.10898645e+01,
1.21294939e+81, 1.32228378e+81, 1.44495249e481,
1.58804851e+81, 1.7369848%e+81, 1.06048193e+01,
2.15053644e481, 2.33801566e+81, 2.55079353e+01,
2.77311108e401, 2.99257133e+01, 3.20320147e+01,
3.41706313e401, 3.65812300e+01, 3.91036977e401,
4.17800826e481, 4.47384302e+81, 4.77034532e401,
5.07772294e481, 5.37881977e+81, 5.66296084e401,
5.97080275e481, 6.27757679e+81, 6.58499738e+01,
6.89493357e+01, 7.20131284e+01, 7.52098801e+01,
7.87206866e+81, 8.22950088¢+81, 8.610383001e+01,
8.95743092e481, 9.32794080e+01, 9.66821752e+01,
1.08218656e+82, 1.83980271e+82]]), array([[0.00390403, 0.00363325, 0.0A378795, 0.60373501, 0.00360207,
.00411141, ©.86791361, ©.91051826, ©.81436652, 0.01548693,
.01357424, ©.0116892 , 0.91212493, ©.86822138, 0.08987165,
.00905119, ©.00725672, 0.00745941, ©.80691979, 0.00618098,
©.0083084 , 0.80566737, ©.00668471, ©.88555167, 0.00622781,

Fig.1 Read array of data from .mat file

As can be seen in fig. 1 - the data is presented in a "raw" format, therefore it is
necessary to process it. But also analyzing the result shows that the data in the .mat
file is stored in the "key-value" format. And Python read them as a dictionary data
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type, that is, a dictionary [5]. It has the same key-value format. To check this, the data
value by key can be received. As can be seen in fig. 1 there is one of the keys
'Flow_control', i.e. control values of air flow. By using the key as follows:

mat = scipy.io.loadmat('FlowSensor_data/FlowSensor_002_00_M_1.mat")
print(mat['Flow_control'])

An array of values specifically for 'Flow_control' will be acquired. The result
from the Visual Studio Code terminal is presented in Fig. 2.

[[(array([[-1.63233187-83, -8.48670192e-84, -0.202628880-04,

-8.83482734e-04,
7.89495425e-03,
5.54A5426742-02,
1.74156872e-01,
5.4737649%-01,
1.17367556e+08,
2.20175351e+00,
3.423635812400,
5.8706583%2+0a,
6.99647448e+00,
9.27163488e+00,
1.212949392481 ,
1.582043512401,
2.158536442+081,
2.77311188e+81,
3.41706313e+01,
4.17208826e+01,
5.877722042+81,
5.97689275e+01,
6.89493357e+01,

1.73934376e-04,
1.64112169e-02,
8.813769862-02,
2.33265087=-61,
7.27726958e-61,
1.42500220e+08,
2.57325602e+00,
3.92077200=2+00,
5.689196932+08,
7.72544778e+08,
1.091366477e+01,
1.322283782401,
1.7360848%2461 ,
2.33801566e+61,
2.99257133e+01,
3.65812300e+01,
4.47384302e401 ,
5.370819772+01,
6.2775767%+01,
7.20131294e+01,

2.2588519%e-a3,
3.23598702e-02,
1.25855066e-61,
3.5260038%-61,
9.37126287e-61,
1.79721969e+08,
2.97950581e+00,
4.400849712+08,
6.326738872+08,
8.5861123%e+08,
1.10860645e+01,
1.4440952402461 ,
1.960481932+61 ,
2.55879353e+61,
3.20320147e+01,
3.91836977e+01,
4.77834532e401 ,
5.662968842+61,
6.58499738e+01,
7.528938801e+01,

7.872060662+01,
8.057438022481 ,
1.88218656e+82,

8.22050088=401, 8.61838001e+01,
9.32794980=481, 9.66821752e401,
1.83989271e+82]]), array([[©.86399493, ©.80363325, ©.68378795, ©.88373591, ©.08369207,

8.00411141, ©.08791361, ©.01051826, 8.81436652, 6.81548603,
8.91357424, 0.0116092 , ©.91212493, ©.00822133, ©.00967165,
8.80085119, ©.08725672, 6.008745941, 8.80601979, ©.060618098,
©.00889384 , ©.08566737, ©.00668471, ©.80555167, ©.80622781,
8.88859522, ©.08793358, ©.88931153, ©8.81244971, @.61517652,
8.82176529, ©.02212638, 0.03008469, 8.83295992, 6.84475616,
8.85782879, ©.06871581, 6.67599125, 8.89381443, ©.11261928,
8.18596933, ©.12838428, @.11020445, 8.13813307, ©.12027348,
8.16575168, ©.15762093, @.18535756, ©.17624872, ©.24306386,
8.22872285, ©.28546528, ©.32636352, ©8.34316474, 6.36414789,
8.36406743, ©.37861597, ©.39610824, ©.42363956, 6.4249108 ,

8.46924757, ©.48312908, ©.48739004, 0.52226522, @.55892692,

Fig. 2 Data array obtained by key 'Flow_control'

That is, it is clear that data can be obtained by key for any parameter that is
necessary [6].

Conclusions

As a result of the material proposed and considered in the work, it can be
concluded that replacing the Matlab application program package for numerical
analysis with the high-level Python programming language and its additional libraries
as a tool for processing the results of air flow research in ventilators is possible
without conducting new measurements, but using the results from .mat files. This
gives a more flexible to use tool for processing and visualizing data, but at the same
time it is just as functional. In the future, it is possible to use artificial intelligence via
Keras module to process the measured data, since the volumes of data arrays and the
number of experiments are very large (in total 44 .mat files with data).
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Crpykrypu3zailisa 6a3 gaHuX y poOOTI pO3TJAIA€ThCS K OJIUH 13 TIEPIIUX KPOKIB
Ha NUIAXY 3A1HCHEHHS TIMOMHHOTO CUCTEMHOTO aHamizy iHdopMallii, HAKOMUYEHOT y
HUX, SIKa € y3araJIbHeHHSIM MPaKTUYHOTO AOCBiAY POOOTH 3 MallieHTaMH 3 TIET YU
1HIIIOT KOHKPETHOI MPOOJIEMAaTUKH 3 X CTAaHOM 3710pOB'sl.

[lepexin 10 CTPYKTypOBaHUX 0a3 JaHUX IMOB'SI3aHUUN 3 Oa)KaHHSM 1 3PO3YyMLJIOIO
noTpeboro 30epiratv y aHadi3l JaHUX NaIlI€HTIB y HEPO3PUBHUMY BUIJISAIl Ti
KOHerTHl peanbHi CIIOJTYYEHHS 3HAYCHD napameTpiB 1 MOKA3HUKIB, K1 MaJIH MICIE Y
MIPAKTHUIll pOOOTH 3 MAIIEHTAMH, 1 Pa30M PO3KPUBAIOTH 3MICT KOKHOTO X KJIITHIYHOTO
Bunaaky. CTpykTypyBaHHs 0a3 JaHUX 3I1ACHIOEThCS 0€3 BTpAaTH CIIBBIAHOIICHb Ta
3B'SI3KIB Y 3HAYEHHSIX MOKA3HUKIB y CKJIa/li CAMITOMOKOMILJIEKCIB TAI[I€HTIB.

JInsi yTOYHEHHS YMOB BUPINICHHS TAaKOTO TWTaHHS BHU3HAYEHO CTPYKTYpHI
0COOJIMBOCTI 3aIUCIB JEB'ATH 0a3 JaHUX, IO BIAPI3HAIOTHCSA PI3HOIO CIEIiaTi3aIli€cro
IIOJI0 3aXBOPIOBAaHb MAIlIEHTIB, PI3HUM LIIHOBUM MPU3HAUEHHSM TaKuX 0a3 JaHUX,
pI3HUM HAOOpPOM THIIB KJIHIYHMX BHUMIAAKIB, KUIBKICTIO Ta KOHKPETHUM 3MICTOM
napameTpiB Ta XapaKTePUCTHUK 310POB'St OPraHi3My JIOAUHHU.

XapakTepHi 0COOJMBOCTI BOCbMHU 3 HUX HaBeJIeH1 y Tabiuill 1.

VY mporeci CTpyKTypyBaHHS BCl 3amucd 0a3W JTaHMX, OOpaHOi HJid aHali3y,
PO3MOISAIOTECS MO KaTeropiayibHUM rpynam. KpurepieMm Bi0Opy 3amucCiB Y KOXHY
Taky rpyny € oOpaHMil JOCIITHUKOM KOHKPETHHUM Hablp 3HaueHb MapameTpiB, SKi
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