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Paorox 1. M. TadpopmaniiiHa TEXHONOT1S paHHBOT'O J1arHOCTYBaHHS THEBMOHI1
3a IHAUBITYyaJIbHUM I1J00POM MapaMeTpiB MOJIeN1 KiIacuikaiii MeJUYHUX 300paKeHb
nereHb. — KBamidikaliiiina HaykoBa mpalls Ha IpaBax pyKOIHUCY.

HucepTtanis Ha 3700yTTS HAYKOBOTO CTyMeHs JOKTopa (inocodii 3 ramysi
3HaHb 12 Indopmaniiini TexHosorii 3a cnewianbHicTio 122 — KoM 1oTepHi HayKu. —
XMeNbHUIbKUI HAI[lOHAJIbHUNA YHIBEpCUTET, XMeIbHUIbKUA, 2021,

Jucepramiitna poOoTa TpUCBAYEHA pO3B’SI3aHHIO aKTyallbHOI HAayKOBO-
NPUKIAJHOI  3a7a4i  aBTOMATH3aIlli  MPOIECY  JiarHOCTYBaHHS  BipyCHOTO
THEBMOHIYHOTO 3aIajeHHs 32 METUIHUMHU 300pakKeHHSIMH JIETEHb Uyepe3 po3poOIeHHS
1H(pOpMaIliITHOT TeXHOJIOT1i paHHBOTO J11arHOCTYBAHHS IMTHEBMOHII 3a 1HAMBIAYyaIbHUM
nigbopoM mapameTpiB  Mojeni kiacudikamii MeIUYHUX 300pakeHb JIETEHb.
3acTocyBaHHSI PO3po0JIEHOT 1H(POPMAIIIHHOI TEXHOJOTIi PaHHBOT'O Ji1arHOCTYBAHHS
IMTHEBMOHI1 B KJIIHIYHINA TMPaKTHUIll Ja€ 3MOTYy MiJBUIIUTH TOYHICTh Ta HAAINMHICTH
imeHTrdikaiii THEeBMOHIT HAa PaHHIX CTaisIX 3a MEIUYHUMH 300paKCHHSIMU T'PYIHOI
KJIITAUHHU JIFOIWHH.

Ha crhorogni kiiHiYyHE MiarHOCTYBaHHS 3a JOIOMOT'OI PEHTICHOJOTIYHOTO
BUIIPOMIHIOBAHHS BBAXKAIOTHCS TPATUIIIHHAM Ta €(PEKTUBHHM 3aCOO0M 10 BUSBIICHHSI
BIpYCHOTO ITHEBMOHIYHOTO 3amajeHHs. Y TMporieci JiarHOCTYBaHHS PEHTTEHOJIOTH
31CTaBISAIOTH OUTl TUIAMH Ha MEIUYHOMY 300paKeHHI iHQUIbTpaTaM, a Ot TIJISTHKA —
MTHEBMOHIYHIA PiIKHI, 11eHTU(IKYIOUM B TaKWid CHOCI0 3aXBOPIOBAHHS JIETCHb.
Bognouac QaxiBii-peHTT€HOIOTH MYCSITh MaTH JIOCTATHHO HABYEHI OYi, MIOOH
PO3PI3HATH HEOAHOPITHUIA KOJIPHUN PO3MOILT MOBITPS B JIETCHAX, Ta MAaTH HMIMPOKUI
OaraTopiyHWI JTOCBiJl KJIIHIYHOTO JIKyBaHHS. PeHTreHomoram BKpail Ba)KJIMBO
BH3HAYUTH YH BIIMOBIIAOTH OUTl IJIAMA HAa MEIUYHOMY 300paKCHHI ITHEBMOHIYHIN
pinuai. HeBuacHo a00 HempaBWIBHO TOCTaBJICHHWM JiarHO3 MOXKE MaTH (aTajbHi

HACJIKHY JIJ151 TALII€HTIB 13 TOCTPUM IMHEBMOHIYHUM 3alajieHHsIM JiereHb. OTXKe, 3 OISy



Ha 3Ha4YHy npoOsemMy iAeHTUdIKaIli BIpyCHOI THEBMOHII 38 MEAUYHUMHU 300paKEHHIMHU
JeTeHb, AaKTyaJbHUM  BUAA€THCS  3aCTOCYBaHHS  OOYHCIIOBAJIbHHX  METO/IB
KOMII FOTEPHOT'0 30py Ta MAITMHHOTO HABYaHHS J0 JA1arHOCTYBaHHS ITHEBMOHII.

O6’€KTOM JOCIIJIKEHHS € TMPOLEC JA1arHOCTYBaHHS THEBMOHIT 32 METUYHUMU
300paXeHHSIMH TPYAHOI KIIITHHH JTIOJUHH.

[IpenmeToM JOCHITKEHHS € MOJEi, METOAu Ta 3acobu 1H(opMaliiHOT
TEXHOJIOTi{ JUISI pAaHHBOTO J11arHOCTYBaHHS MTHEBMOHIT 32 MEAMYHUMU 300pKEHHIMU
TPyAHOT KITITUHU JTFOIHHH.

Y nuceprtamiiiHii  poOOTI  BHU3HAYEHO  AKTYaJbHICTh  3aCTOCYBAaHHS
iH(OpMaIITHUX TEXHOJOTIA y raigy3l LHU(POBOro A1arHOCTYBaHHS 3aXBOPIOBaHb
JIeTE€Hb 32 MEIMYHUMH 300paKCHHSIMHE TPy THOT KITiTHHU. Ha OCHOBI TIpOBEICHO aHATi3y
METOJIB Ta MiAXOMIiB IO BHUSBICHHS TTHEBMOHIi BCTAHOBIIEHO, IO HEHpOMEpPEKEBi
MOJIeNIl € HaWKpaluM pIlIeHHSM JUIsi po3poOJeHHs 1H(OpMAIiiHOT TEeXHOJIOTIT
PaHHBOTO J11IarHOCTYBaHHS. [{0CIiIKEHO METOIM JIsl HAJIAIITYBaHHS HEMPOMEPEKEBOi
MOJENI Ta MIAXOIMU 10 TOSCHEHHS Ta IHTEPHPETYBaHHS Pe3yJbTaTiB iMeHTUdIKAIli
3aXBOPIOBAHHS JIET€Hb. 32 aHAII30M CyYacHHUX IMiJAXOMAIB, METOAIB Ta iH(OpMaLIHHUX
TEXHOJOTIA JUIsl JI1IarHOCTYBAaHHS 3aXBOPIOBaHHS JIETEHb Ha paHHIX CTaiiax 3a
MEIUYHUMH 300pKCHHSIMH TPYAHOI KIITHHH OOIPYHTOBAaHO TMOTpeOy B CTBOPEHHI
iH(opMaIIiitHOT TEXHOJIOT11 PAaHHBOTO JIIarHOCTYBAaHHS ITHEBMOHII.

VYnepiie po3poOiaeHO HEWpPOMEPEeKEeBY MOJIEIb MEIUYHOTO 300payKeHHS
JIETEeHp 3 O3HAaKaMM ITHEBMOHIYHOTO 3amajieHHs Ui iaeHTudikaiii mHeBMOHII Ha
PaHHIX CTaAisX; OCOOIMBICTIO 3aITPOIMIOHOBAHOI MO/IEJI € BUKOPUCTAHHS 32 HABUEHOTIO
3TOPTKOBOIO HEHPOHHOIO MEpPEKEI0 TinmepmapaMmeTpiB s BUIUICHHS KapT
MMHEBMOHIYHUX O3HAK y BHUMAAKaX IHIMBIAYyaJbHUX OCOOIMBOCTEW JIETEHb, SIKI HE
BXOAWJIM B TOYAaTKOBY HaBYAJIbHY BHOIpKY, TaKuWd TMiOXiJ Ja€ 3MOTy
BUKOPUCTOBYBaTH HaBUYECHY HEHPOHHY MeEpexy s TMPOTHO3YBaHHA KJIACiB

3aXBOPHOBAHHIA JICTCHDb 0e3 [nepcHaB4YaHHAA.



VYaockoHameHo Meron  miAOOPY  KBa3iONTUMAIbHUX — TileprapamMeTpiB
HelpoMepexeBoi Mozem s 11eHTU(iKanli MHEBMOHII Ha paHHIX CTaalsx 3a
PEHTTCHIBCLKIMH 300payKEHHSIMH JIETeHB; YAOCKOHAJICHHS MOJIATa€ Y BUKOPUCTaHHI B
reHEeTUYHOMY aJITOPUTMOBI JIBOX T€HIB JJi1 (pOpMYBaHHSA HA0OpPy KBa310NTUMaTbHUX
rineprnapaMerpiB 3ropTKoOBOi HEUPOHHOI Mepexi 0e3 3MIHM 3HAaueHb IapaMeTpiB
HaBYaHHS Ta 3aCTOCYBAaHHI HOBOT'O aJITOPUTMY (DOpMYyBaHHS IMOYATKOBOT MOITYJIAIIIT /7151
CTBOPEHHsSI HAOOpIB TileprnapaMeTpiB pi3HOTO pPoO3MIPY; YAOCKOHAJEHUH METOJ
nig00py KBa31loNTUMAaIbHUX TiliepnapaMmeTpiB HeHpoMepeKeBOT MOIEIN 3a 3TOPTKOBOIO
apXiTEKTYpOI TPHU3HAYCHHWH JUIS JIOKAJi3amii Ta BHSABICHHS PO3CISHUX O3HAK
MTHEBMOHIYHOTO 3aMajeHHsl, [0 BIAMOBIAAIOTH IHAUBIyaIbHUM OCOOJIUBOCTSIM JIETE€Hb
JIOJIMHM; TAaKUH MIIX1J J1a€ 3MOTY BpaxyBaTH 1HJUBIAYyaJibHI OCOOJMBOCTI JIET€Hb, 1
OTXKe, 3a0€3MeUnTH BUCOKY TOYHICTD 1/IeHTU(DIKAIllT 3aXBOPIOBAHHS JIETEHb.

YIOCKOHAJIGHO METOJ Bi3yaJIbHOTO TIOJAHHS Ta TOSICHEHHS pe3yJIbTaTiB
MEIUYHOTO J1arHOCTYBaHHS, SIKUM, Ha BIIMIHY BiJl BIAOMHX ITiAXO/IB, IPYHTYETHCS HA
dbopMyBaHHI KapT aKTHBAIlli KJACiB HA OCHOBI CEpeIHhO3BAKCHHUX IPAI€HTIB, IO J1a€
MO>KJIMBICTh OXOIMTH BCIO 00J1aCTh iHTEpECy Ha 300pakeHH1 Ta 3a0e31euy€e BUPKEHY
BI3yaJIbHY JIOKQII3AIlil0 aHOMAJIbHUX 30H HAa MEAUYHOMY 300pa’KeHHI; OTpUMaHi B
TaKWil croci® TeIyIoBI KapTH HA IMOMEPEAHBO OOpPOOJEHUX METUYHUX 300paKCHHSIX
JAl0Th 3MOTY 1MeHTU(]IKYBaTH Bi3yajdbHI BIIMIHHOCTI B «ITHEBMOHIYHHMX» 30HAX
300pakeHHs, W y Takui crocid, 3a0e3nedyroTh 3py4dyHUM iHTepderc it
IHTEpIIpETyBaHHS PE3YNIbTATIB IACHTH(IKAIIT 3aXBOPIOBAHHS JICTCHb.

Po3po6neno HOBY iHGOpMaIlIfHY TEXHOJOTII0 PAHHBOTO J1arHOCTYBaHHS
MTHEBMOHIT 32 1HAMBIAYaTbHUM MITO0POM MapaMeTpiB MOJETI KiIacu(piKaiii MEAUIHUX
300pakeHb JIET€Hb, 1[0 Ha OCHOBI PO3POOIICHOT MOJIEII 3TOPTKOBOI HEUPOHHOI MEpexi
Ta METOAY MiI00pY KBa31ONTUMAIBHUX TiNeprapaMeTpiB HEHPOHHUX MEPEXK, a TAKOXK
13 BHKOPHUCTAHHSM YJOCKOHAJICHOTO METOJYy BI3yaJlbHOTO TOJAHHS PE3yJIbTATiB
U(POBOTO JIaTHOCTYBAHHS JA€ MOJIHMBICTH 1ICHTH(IKYBaTH PAHHIO ITHEBMOHIIO 3

BHCOKHUM MMOKa3HUKOM TOYHOCTI Ta HU3bKUM PIBHEM OOYMCIIIOBATIbHOI CKJIaHOCTI.



BukoHaHO eKCIIEpUMEHTalIbHY NEPEeBIPKY 1HPOPMALIMHOI  TEXHOJIOTI]
PaHHBOIO JIIarHOCTYBAHHSI IHEBMOHII 4epe3 po3poOJieHHS Ta BHUKOPUCTAHHS
iH(popMariitHoi cucteMu 1eHTU(IKALli 3aXBOPIOBAHHS JIET€Hb 3a PEHTI€HIBCHKHUMU
300paXeHHSIMH. Pe3ynbTaTH eKCIEPHUMEHTAIbHOTO TECTYBaHHS 3alpOINOHOBAHOI
iH(popMaIliiiHOI TEXHOJOr1i JOBeNH ii CHPOMOXKHICTH PO3B’A3yBaTH IOCTaBJIEHHI
3amaui. Tak, po3poOneHa iHdopMalliifHa TEXHOJOTIS MepeBepllnia aHaJIOTH 3a
MOKa3HUKOM TouHOCTI Kiacudikamii Ha 0,58 % Ta 1,95% 3a nHabopamu nmaHux
CheXpert small Ta PadChest small, BinmoBiiHo; 3a mokazHukoM BiyuHocTi Ha 0,02 %
3a PadChest_small; 3a mokaznukom noBHotH Ha 0,69 % Ta 1,64 % 3a CheXpert small
ta PadChest small, BinmoBigHO; 3a moKa3HUKOM OIliHKHU Tutomti i ROC-kpuBowo Ha
1,08 % 3a PadChest_small; 3a moka3HHMKOM WMOBIPHOCTI IOMHJIKH APYTrOro poay Ha
0,64% Tta 1,64% 3a CheXpert small ta PadChest small, BigmoBimHo. Bucoxi
3HAUCHHS CTATUCTUYHHMX IOKA3HHKIB CBIIYaTh SK MPO BHCOKY TOYHICTH BHSIBICHHS
ITHEBMOHIYHOTO 3allaJIeHHs, TaK 1 3HA4YHY BJIYYHICTb MOJENi MiJ Yac iaeHTU(iIKaIii
3aXBOPIOBAHHS JIET€Hb.

Y  pe3ynbTaTi  BUKOHAHOTO  JOCHIDKEHHS  PO3pOOJIEHO  MporpamHe
3abe3reueHHs 1HGOPMAIIHHOT TEXHOJIOT1I PaHHLOTO JIarHOCTYBaHHS ITHEBMOHII 3a
MEIUYHUMH 300paKCHHIMHU TPYIHOT KIIITHHY JTIOJUHU. 3aCTOCYBaHHS 1H(GOpMAaIIHHOT
TEXHOJIOT1i paHHBOT'O JIIarHOCTYBAHHS ITHEBMOHIT JJa€ 3MOTy BUKOHYBAaTH €(DEKTUBHY
imeHTru(diKaIio THEBMOHIYHOTO 3alaJeHHS 3a PEHTTCHIBCBKUMHU 300paKCHHSIMH
JETeHh Ha MajuX OOYMCIIOBAIbHUX TPUCTPOSIX; JA€ MOXIHMBICTh BpPaxoBYBaTU
IHIUBIMyaJbHI OCOOJIMBOCTI JIET€Hb KOXKHOI JIFOJMHH Ha MEJIWMYHOMY 300pakeHHi;
3a0e3nedye KOpUCTyBava MPOCTUM Ta 3pO3yMUTUM iHTep(deiicoM A BUSBIICHHS c1ab0
BUPQXCHUX ITHEBMOHIYHUX O3HAK PAaHHBOI CTaail 3axBoproBaHHs. Pe3ynbratn
EKCIIEPUMEHTATPHIUX TECTYBaHb 13 BHUKOPHCTAHHSIM PO3POOJIEHOTO MPOTrPaMHOTO
3a0e3MeUeHHs MiITBEPKYIOTh BIPHICTh HAYKOBHX TIOJIOKE€Hb 3alpONOHOBAHOI
iH(hOpMAaIIiitHOT TEeXHOJIOT11, OCKUIBKH BIPOBAKCHHS 1H(POPMAIIHOI TEXHOJIOTII /a€e

3MOTY MIJABUIIUTH JOCTOBIPHICTh BUSBICHHA O3HAK MHEBMOHIYHOIO 3amajieHHS 3a



MenuuyHuMH 300pakeHHsiMu Ha 0,64 %-1,95 % Ta 3HU3UTH UMOBIPHICTh BUHUKHEHHS
NOMWIKM Mif 4ac iaeHTu¢ikanii 3axBoproBaHHs JereHb Ha 0,64 %-1,64% y
MOPIBHIHHI 3 BIZIOMUMHU aHAJIOTAMHU.

3a pesyiabTaTaMy BUKOHAHUX JOCIIIKEHb 37100yBaueM po3p0o0JIeHO METOAUYHE
3a0€3MeUeHHs], AK€ BHUKOPHCTaHE B HABYaJIbHOMY IIpoleci B XMEJIbHUIBKOMY
HaIllOHAJIbHOMY YHIBEPCUTETI Ha Kadeapi KOMI IOTEPHHUX HAyK Ta 1H(QOpMauiiHHUX
TEXHOJIOT1H y MPOLEC] BUKJIAJIaHHS HaBYAJIbHUX TUCHUILUIIH «MOJIETIOBaHHS CUCTEMY,
«JocnixkenHs: onepaniid Ta OCHOBU Teopii NPUUHATTA pillieHb», «[HTeneKTyaabHuil
aHamiz nanux» Ta «lIpuknagHi MareMaTH4HI TaKeTH [JIs aHali3y pe3yJibTaTiB
HAYKOBUX JOCHIIKEeHb». Po3po0iieHl B AucepTaiii moJoKeHHs 3HANILIN MpakTUYHE
3acTOoCyBaHHs B po6oTi peHTreHosoriynoro BigauieHHs KII «XwmenpHuibka Michbka
nikapus», TOB «HaykoBo-texHiuna ¢ipma «IHpocepBic» Ta B HAaBYAIBHOMY Ipolieci
XMEeNbHUIIBKOTO HAIIIOHAIBHOTO YHIBEPCUTETY.

KirouoBi cioBa: iHpopMarliiiiHa TeXHOJIOT1s, paHHE JIIarHOCTYBAaHHSI, THEBMOHIS,
PEHTTEHIBCbKE 300paKeHHS TPYAHOI KIITHHH, HEHpoMmepekeBa MoJenb iIeHTH(IKaIlii,

3ropTKOBa HEMpOHHA Mepeska, MiAdIp rineprnapaMeTpiB, Bi3yalbHe MOJaHHS.

ANNOTATION
Radiuk Pavlo. Information technology for early diagnosis of pneumonia by the
individual selection of parameters of the classification model by medical images of the
lungs. — Manuscript copyright.

The thesis is on obtaining a scientific degree of Doctor of Philosophy in the field
of knowledge 12 Information Technologies by specialty 122 — Computer Science. —
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The present thesis is devoted to solving the topical scientific and applied
problem of automating the process of diagnosing viral pneumonia by medical images
of the lungs through the development of information technology for early diagnosis of

pneumonia by the individual selection of parameters of the classification model by



medical images of the lungs. Applying the developed information technology for the
early diagnosis of pneumonia in clinical practice by medical images of the human chest
increases the accuracy and reliability of pneumonia identification in the early stages.

Nowadays, clinical diagnosis by X-ray is considered a traditional and effective
means of detecting viral pneumonia. In the diagnosis process, radiologists compare white
spots on the medical image to infiltrates and white areas - pneumonic fluid, thus
identifying lung disease. Altogether, radiologists must have sufficiently trained eyes to
distinguish the heterogeneous color distribution of air in the lungs and have extensive
years of clinical treatment experience. Radiologists must determine whether the white
spots on the medical image correspond to the pneumonic fluid. An untimely or incorrect
diagnosis can be fatal for patients with acute pneumonia. Thus, given the significant
problem of identifying viral pneumonia by medical images of the lungs, it is vital to use
computational computer vision and machine learning methods to diagnose pneumonia.

The research object is the process of diagnosing pneumonia by medical images
of the human chest.

The research subject is models, methods, and means of information technology
for the early diagnosis of pneumonia by medical images of the human chest.

It was defined in the dissertation that applying information technologies was
highly topical in digital diagnostics of lung diseases on medical images of a thorax.
Based on the analysis of methods and approaches to detecting pneumonia, it was
established that neural network models are the best solution for the development of
information technology for early diagnosis. Methods for setting up a neural network
model and approaches to explaining and interpreting the results of lung disease
identification have been studied. According to the analysis of modern approaches,
methods, and information technologies for diagnosing lung disease in the early stages
based on medical images of the chest, the need to create information technology for the

early diagnosis of pneumonia is substantiated.



For the first time, a neural network model of a medical image of the lungs with
the pneumonic inflammation features was created to identify pneumonia in the early
stages; the peculiarity of the proposed model is the use of hyperparameters on the
pretrained convolutional neural network to select maps of pneumonic signs in cases of
individual features of the lungs, which were not included in the initial training sample;
this approach allows the use of a trained neural network to predict classes of lung
disease without retraining.

The method of selection of quasi-optimal hyperparameters of the neural
network model for identification of pneumonia in the early stages by X-ray images of
the lungs was improved; improvement is the use in the genetic algorithm of two genes
to form a set of quasi-optimal hyperparameters of the convolutional neural network
without changing the values of learning parameters and the use of a new algorithm for
forming the initial population to create sets of hyperparameters of different sizes; the
improved method of selection of quasi-optimal hyperparameters of the neural network
model according to the convolutional architecture is intended for localization and
detection of the scattered signs of pneumonic inflammation corresponding to individual
features of lungs of the person; this approach provides considering the individual
characteristics of the lungs, and thus ensures high accuracy in identifying lung disease.

The method of visual presentation and explanation of medical diagnosis was
improved, which, unlike known approaches, is based on the formation of activation maps
of classes based on weighted average gradients; it allows covering the entire region of
interest in the image and provides a pronounced visual localization of abnormal areas in
the medical image; the heat maps obtained in this way on pre-treated medical images
extract visual differences in the “pneumonic” areas of the image, and thus provide a
convenient interface for interpreting the results of lung disease identification.

New information technology for early diagnosis of pneumonia by the individual
selection of parameters of the classification model by medical images of the lungs was

developed, that is based on the proposed model of convolutional neural network and



method of selection of quasi-optimal hyperparameters of neural networks, and using an
advanced method of visual presentation ensures the identification of early pneumonia
with high accuracy and low computational complexity.

Experimental validation of the information technology of early diagnosis of
pneumonia was performed through the development and use of an information system
to identify lung disease by X-ray images. The results of experimental testing of the
proposed information technology proved its ability to solve the problem. Thus, the
developed information technology surpassed the analogs in terms of classification
accuracy by 0.58% and 1.95% for the CheXpert_small and PadChest_small datasets,
respectively; in precision by 0.02% for PadChest_small; in recall by 0.69% and 1.64%
for CheXpert_small and PadChest_small, respectively; in area under the ROC-curve by
1.08% for PadChest small; in second type error by 0.64% and 1.64% for
CheXpert_small and PadChest_small, respectively. High values of statistical indicators
indicate both high accuracy of detection of pneumonic inflammation and significant
accuracy of the model in the identification of lung disease.

As a result of the performed research, the software of information technology
of early diagnosis of pneumonia on medical images of a human thorax was developed.
The use of information technology for early diagnosis of pneumonia allows performing
effective identification of pneumonic inflammation by X-ray images of the lungs on
small computing devices; gives the chance to consider individual features of lungs of
each person on the medical image; provides the user with a straightforward interface
for detecting mild pneumonia in the early stages of the disease. The results of
experimental testing using the developed software confirm the accuracy of the scientific
provisions of the proposed information technology, as the introduction of information
technology can increase the reliability of detection of signs of pneumonia by medical
images by 0.64%-1.95% and reduce the likelihood of error in identifying the lung

disease by 0.64%-1.64% compared with known analogs.



Based on research results, the applicant developed methodological support,
which was used in the educational process at Khmelnytskyi National University at the
Department of Computer Science and Information Technology in the teaching of
disciplines “Systems Modeling,” “Operations Research and Fundamentals of Decision
Theory,” “Intelligent Data Analysis™ and “Applied mathematical packages for analysis
of research results.” The provisions developed in the dissertation have found practical
application in the work of the radiology department of KP “Khmelnytskyi City
Hospital,” LLC Scientific and Technical Firm “Infoservice” and in the educational
process of Khmelnytskyi National University.

Keywords: information technology, early diagnosis, pneumonia, chest X-ray
image, neural network model of identification, convolutional neural network, selection

of hyperparameters, visual representation.
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