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The dissertation titled "Development of an Internet of Medical Things
System Equipped with Deep Learning for Stroke Diagnosis" represents a
comprehensive study and proposes innovative solutions for the automated
diagnosis of stroke signs using the Internet of Medical Things (loMT) and deep
learning models applied to brain Imaging.

The document thoroughly addresses the issue of stroke diagnosis,
emphasizing the critical importance of early detection for improving patient
outcomes. It reviews contemporary methods of medical Imaging analysis and
highlights the challenges and limitations of existing approaches, particularly when
dealing with small datasets.

The first chapter is dedicated to a review of the literature on stroke
diagnosis, analyzing current approaches to stroke prediction using artificial
intelligence and the Internet of Medical Things. It also discusses the types and
pathophysiology of strokes.

The second chapter describes approaches and decision support systems
for stroke diagnosis. This chapter provides an overview of machine learning and
deep learning methods, and presents three types of stroke diagnosis: detection,
classification, and segmentation.

The third chapter examines the materials and methods used for stroke
diagnosis. It proposes models and architectures for solving the problems of stroke
classification and segmentation based on brain imaging. This chapter details the
main methods for improving the quality and performance of the models, specifies
the data used for the models, and describes the IoMT equipment, its functional
scheme, and operating principles.

The fourth chapter presents the research results. It includes the results of
experiments using the Internet of Medical Things for stroke diagnosis, as well as

the results of experiments with models for classifying brain strokes using deep
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learning. Additionally, it describes the outcomes of experiments with a deep
neural network model based on U-Net and U-Net with ResNet blocks for brain
image segmentation. The effectiveness of the developed deep learning models

is evaluated.
The document is well-organized and easy to read, with each topic clearly

presented and the methods thoroughly described. The results are presented
sequentially and supported by scientific articles. During the research work, 7
scientific articles were published, 5 of which were published in journals indexed
in the Scopus and Web of Science databases. All published articles are related

to the topic of the doctoral student's research.
Based on the above, | believe that the doctoral student Azhara Tursynova

deserves the PhD degree in the specialty "8D07109 - Automation and Internet of
Things”. The dissertation titled "Development of an Internet of Medical Things
System Equipped with Deep Learning for Stroke Diagnosis" demonstrates
significant scientific and practical contributions to stroke diagnosis using

advanced loMT and deep learning technologies.
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OT3blB
Ha Ancceprauuio TypcbiHoBorn Axap Ha Temy «Pa3paboTka CUCTEMbI VIHTepHeTa
BELWEW, oCHaLLeHHO rnyGokum obyuyeHvem, 4na AnarHoCTUKN MHCYNbTa,
NPEACTAaBNEHHOW Ha couckaHue yyeHou crenenun Ph.D no cneunanbHocty 8D07109
- ABTOMaTu3auua u Internet of things

Avcceprauns nopg Hassanmem «PaspaGoTtka cucTembl MHTepHeTa
BELUEW, OCHaLlEeHHON rnybokum obyyeHuem, ANS AUArHOCTUKU UHCYMbTa»
PEACTaBnseT coboit  BcecTopoHHee uccnepoBaHve W npegnaraer
MHHOBALINOHHbIE pelueHns ANs aBTOMATUYECKON AWArHOCTUMKM MNPU3HAKOB
MHCYNbTa C wncnonb3osBaHuem MeauuuHckoro WHTepHeta Bewed (IoMT) u
MoAenewn rnyookoro oGyyeHns, NpUMEHSEMbIX K n3obpaxxeHusm moasra.

LOKYMeHT  TwaTensHo paccmaTpusaer npobnemy  AuMarHOCTUKU
VIHCYIbTa, noAYepkuBas KPUTUYECKYIO BaXKHOCTb PaHHEro BbISBMEHUS AONS
YIYHWERUA pesynbTaToB neveHns naumeHTos. OH aHanuM3npyeT COBPEMEHHbIe
METOAbl aHanusa MeAVMUUHCKUX Uu300paxkeHnit u BblaenseT npobnembl w
OrpaHn4eHns cylecTeyrowmnx noaxonos, ocobeHHo npu paboTe ¢ HebonbLNMK
Habopamu faHHbIX.

lepsas rnasa noceslweHa o0630py nuTepaTypbl NO  AWArHOCTMKE
VMHCYNbTa, aHanu3npysa Tekywue noaxoAbl K NPOrHO3MPOBAHWID WHCYNbTa C
NCNonb3oBaHNWeM WCKYCCTBEHHOrO WHTennekra u meguuuHckoro WHTepHeTta
Bellen. B Hel Takke paccmaTtpuBaloTest TUNbI U NAaTOU3NONOTUA UHCYLTOB.

Bo BTOpON rnase onucaHbl NOAXOAbLI W CUCTEMbI NOAAEPXKKU MPUHATUS

pelweHnt Ans AWarHoCTUKM MHCcynbTa. 3Ta rnaea npeaocTasnseT o63op

METOAO0B MalLMHHOro obyuyeHns n rnybokoro obyyeHus, u npeactasnseT Tpu

TUNa AWarHoCTUKM MHCYNbTa: oOHapyxeHue, knaccudukaumsa u cermeHTaums.
TpeTtba rnasa paccMmatpuBaeT martepuanbl U MeToAbl, UCNONb3yemble
ONA  OuarHoctukn wuHcynbta. [lpepgnaralotcs MOAENnu U apXUTeKTypbl ANs
pelleHnss 3agadv  Knaccuukauum n  cerMeHtauun WHCYNbTOB HA OCHOBE
n3obpaxkeHuin mosra. B aTton rnase noapoOHO onucaHbl OCHOBHblE METOAb!
VIyYyleHnss KayecTBa W MpOU3BOAUTENBLHOCTA MoAenew, ykasaHbl [aHHble,
Mcnonb3yemble AnA Modenen, a Takke onucaHo obopynosanue |oMT, ero

YHKLMOHaNbHaa cxema u NpuHLUNbI paboTbl.
YeTBepTas rnasa NpeAcTaBnseT pesynbratbl UCCNEA0BaHNA. BKntoyeHb!



PESYNIbTaTLl dKCnepumeHToB ¢ MCnoOMb3oBaHMEM MEAULMHCKOrO NHTepHeTa
BeLen ANA AuarHocTuku WHCYyNbTa, a Takke pesynbTaTbl IKCNEPUMEHTOB C
MOACNAMW Knacendukaumm mHcynbToB MO3ra C MCMOMb30BaHMEM rnybokoro
obyyeHus. JononHutensHo onucaHbl pesynbTaTbl 3KCNEPUMEHTOB C MOAENbLIO
rnyOoKon HelpoHHoN ceTu Ha ocHoBe U-Net n U-Net ¢ 6nokamu ResNet ans
CeIMEHTauun nsobpaxeHuit moara. OueHeHa ahheKTUBHOCTL pa3paboTaHHbIX
Moaenewn rnybokoro obyyeHus.

HOKYMEHT XOpoLUO opraHu3oBaH U nerko YNTAETCA, KaXXOJas Tema YeTKo
npeacraenexa, a MeToAbl TWaTenbHo onucaHsbl. PesynbTaThl
MOCNEA0BATENbHO M3NOXeHbl U noAKpenneHbl HayYyHbIMKM CTaTbsMU. B Xone
MICCNEeAoBaTenbekon paboTbl 6bIN0 onNyGnMKoBaHO 7 HayuHbIX cTaTeil, 5 u3
KOTOPbIX ONybnnkoBaHbl B XypHanax, UHAeKCUpYeMbIx B 6asax AaHHbIX Scopus
W Web of Science. Bce ony6nukoBaHHble CTaTbu CBS3aHbl C  TEMOV
CCnefoBaHNA AOKTOpaHTa.

OCHOBbIBaAChH Ha W3NOXEHHOM BbILE, S CUUTAID, YTO LOKTOpaHT Axap
TypcbiHOBa 3acnyxusaeT y4eHon cteneHn Ph.D no cneumansHocty «8D07109
- ABTOMatuM3auma u Internet of thingsy. Aucceptauma nop HasBaHuem
«PaspaboTtka cucremsl NHTepHeTa Beweil, OCHaLLEHHOWN rnybokum obyyeHuem,
ANA - ANAarHOCTUKU  MHCYNbTa» [OEMOHCTPUPYET 3HAYUTENbHBLIA HayYHbI U
NPpakTU4ecknn BkNag B AWArHOCTUKY UHCYNbTa C UCNONb30OBAHUEM nepenoBbIX

TexHonorun loMT u rny6okoro obyyeHus.

JlnccaboH, 6 mas, 2024

Hay4HbIn pyKoBOAUTEND,
/noagnucb nmeercs/
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MakcaTtoBHa, HOTapHyC ropojia AIMaTsl, JEHCTBYIONIMI HAa OCHOBaHUY JuLeH3uu Ne21015147,
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