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(Yxp.)

Pe3ynbTaToM MpOEKTY € CTBOPEHHS METOJIIB OOPOOIICHHS, PO3ITi3HABAHHS Ta 3aXUCTY MEANYHHUX
300pakeHb. 30KpeMa, IMPU CTBOPEHHI METOJIB OOpOOJICHHS Ta pO3Mi3HABaHHS MEIMYHHUX
300pakeHb PO3POOJIEHO METOJI CerMEHTallii MEJUYHUX 300pakeHb, OTPHMAHUX 32 JIOIIOMOTOI0
MEAWYHOI amaparypu, 3 BHUAUICHHAM OO’€KTIB, L0 MPEICTaBISAIOTh IHTEpEC Ui IijIeH
JIarHOCTUKH, Ta METO/I HABYaHHS HEUITKUX HEHPOHHHUX Mepex. Po3polieHo eQexTrBHI MeTOaN
knacudikanii 00’€KTIB HA MEIUYHUX 300paxkeHHsX. [[ns 1poro OynM BUKOpPUCTaHI HEYITKI
Heiiponni mepexi (HHM), 3okpema, HHM NEFClass, mogudikoBana HediTka HEHpOHHA Mepeka
NEFClass-M, a Takox ribpuaHa Heuitka HeiiponHa mepeska CNN-FNN, B skiif 3roptkoBa
HelipoHHa Mepexxa CNN VGG-16 BukopucTtoByBasiacs SK €KCTPAaKTOp O3HAK, a HEYiTKa
Heifpomepexka NEFClass BuxopucroByBanacs sk Kiacugikarop. Po3pobieHo mnporpamue
3a0e3nedeHHs /Ui peanmizamii aaropuTMy CEerMeHTallli MEIWYHHX 300paKeHb Ta MpPOTpaMHe
3a0e3neyeHHs sl po3Mi3HaBaHHs 00’ekTiB 300pakeHs 3 BukopucranHsiM HHM NEFClass. B
MPOEKTI TAKOK PO3POOJIEHO METOJ] Ta AITOPUTM CTEraHOrpadiyHOro 3aXUCTy rpadiyHUX AAHUX
Ha OCHOBI CXEMH BIAIMOBIIHOCTI OITiB, SKMH J103BOJISE MIBUJKE MIU(PYBaHHA Ta Jemu(pyBaHHSA
JAHWX 32 PaXyHOK Napaje’IbHOro 0OpoOJIeHHS KOJMIPHUX KOMITIOHEHT 300pakKeHHS-KOHTEHHEDY.
Po3pobieHo MeToa Ta anropuTM 3aXUCTy MEIUYHHUX 300pa)KeHb 3 BUKOPHCTAHHSIM MaTPUYHHUX
MTPUXOBUX KOJIIB, B SIKOMY TEKCTOBI METaJilaHi 300pa’keHHs, 10 MICTATh MEPCOHAJIbHI JaHi
Nali€HTa, NEepeTBOPIOIOTHCS Ha MAaTPUYHY UITPUXOBY II03HAUKY, $Ka BOYHOBYEThCS Yy
300pakeHHs CTeraHorpaiyHUM CIIOCOOOM y BUTJISI BOJSHOTO 3HaKY. Po3po0iieHo apXIiTeKTypy
CHCTEMH aBTOMAaTH30BaHOI OOPOOKH apXiBHUX MEIUYHUX 300paXKeHb 13 3a0€3MeUeHHSIM 3aXUCTY
0ocoOMCTHX  JaHuX maunieHTiB. Po3po0ieHo  KOHIenIio MoJaHHA Ta  0OpoOJIeHHS
MYJIbTUMOJATBHUX MEINYHUX AaHuX. Po3pobiieHo poGouy Mozenb MOOUIBHOTO 3aCTOCYHKY /IS
MOHITOPHHTY CTaHy MallieHTa Ha MPUKIaIl MOHITOPUHTY CTaHy XBOPHX Ha I[yKpoBuil aiaber 1
THUIY, SIK1 CTPa)KAAI0Th HA HIYHY TIMOTIIKEMIIO.

(poc.)
P C3YJIbTATOM IIPOCKTA ABJIACTCA CO3AaHUC MCETOJOB 06p360TKI/I, pacrio3HaBaHUA W 3alllUThI

MEAMIMHCKUX HM300pakeHuid. B yacTHocTHM, TMpu CO3JaHUM METOJO0B OOpabOTKU U
pacro3HaBaHUA MEIUIMHCKUX HM300paKeHUH pa3paboTaH METOJI CErMEHTAIlMH MEAULIUHCKUX
M300paKeHH, OTy4YEeHHBIX C TOMOIIbI0 METMIIMHCKOM ammaparypsbl, ¢ BbleJIeHHEM 00BEKTOB,
NPECTaBISAIOMINX UHTEpeC JUIA LeNel AUarHOCTUKH, U METOJl O0y4YeHUsI HEUETKHX HEHMPOHHBIX
cerei. Pa3zpabGotansl 3(dexkTruBHBIE METONBI KiIacCU(pUKAIMKU OOBEKTOB Ha MEIUITUMHCKHUX
uzoOpaxenusx. Jlns 3Toro OBUTM WMCHONB30BaHBI HedeTkue Hewponuele cetu (HHM), B
yactHocTH, HHM NEFClass, monudunupoBannas neuetkas HeifponHast cetb NEFClass-M, a
Takke rudpuaHas HeueTkas HedipoHHas cetb CNN-FNN, B K0oTOpoil cBepTO4YHAs HEHpOHHAs
cetb CNN VGG-16 wucnonb3oBajiach Kak HSKCTPAKTOP MPU3HAKOB, a HEYETKas HEUpPOCETh
NEFClass ucnonszoBasiach Kak kiaccuukarop. PazpaboraHo mporpaMmHoe obecrieueHue JUist
pealM3allud  aIropuT™Ma CEerMEHTAllMM MEIAMIMHCKUX HW300paXeHW U MporpamMMHOE
oOecrieyeHue I pacro3HaBaHusl 00BEKTOB M300paxkeHuit ¢ nucnoiaszosanneM HHM NEFClass.
B mpoekrte Takke pazpaboTaH METOI M aITOPUTM CTETaHOTPAPUUISCKON 3aITUThI TpadUIeCKuX
JAHHBIX Ha OCHOBE CXEMBI COOTBETCTBHS OWTOB, KOTOPBIA JI€laeT BO3MOXHBIM OBICTpOE



mudppoBaHue W nemu@poBaHWE JAaHHBIX 3a CYET MapauieTbHONW 00paOOTKH IIBETOBBIX
KOMIIOHEHT M300paKeHUs-KOHTelHepa. Pa3paboTaH METOJ U alrOpuUTM 3allUThl MEIUIIUHCKUX
M300paXeHU C HCHOJIb30BAHUEM MATPUUYHBIX IMITPUXOBBIX KOJOB, B KOTOPOM TEKCTOBBIE
MeTaJaHHble M300paKeHNUs, COAepIKaLINe MMePCOHAbHBIC JaHHBIEC MAIEeHTa, Ipeo0pa3yloTcs B
MaTPUYHBINA IITPUXOBBIA MapKep, KOTOPBIA BCTpauBaeTCs B M300pakeHUe cTeranorpaduyeckum
criocoOoM B BHJE BOJASHOTO 3Haka. Pa3zpaboTaHa apXUTEKTypa CHCTEMBbI aBTOMATHU3HPOBAHHOU
00paboOTKM apXHUBHBIX MEIUIUHCKUX U300pa)keHUil ¢ oOecrieueHueM 3allUThl JUYHBIX JaHHBIX
nanueHToB. Pa3pa0oTaHa KOHIENIUS TPEICTaBICHUS W OOpabOTKHM MYJIbTUMOJIATHHBIX
MEAMIMHCKUX JaHHBIX. Paspaborana paloudas Mojenb MOOWIBHOIO TPUIOKEHHUS IS
MOHHMTOPHHTA COCTOSIHHS MAallMeHTa Ha MPUMEPE MOHUTOPHUHIA COCTOSIHHSI OOJIBHBIX CaxapHbBIM
nuaberom | Tuma, cTpanaronX HOYHON TUITOTIIMKEMUEH.

(anra.)

As a result of the project, methods for processing, recognition, and protection of medical images
have been created. Within the framework of creating methods for processing and recognizing
medical images, a method for segmenting medical images obtained using medical equipment
with the allocation of objects of interest for diagnostic purposes and a method for training fuzzy
neural networks were developed. Highly effective methods for classifying objects in medical
images have been developed as well. For this, fuzzy neural networks (HNMs) were used, in
particular, HNM NEFClass, a modified fuzzy neural network NEFClass-M, and also a hybrid
fuzzy neural network CNN-FNN, where the convolutional neural network CNN VGG-16 was
used as a feature extractor and NEFClass fuzzy neural network was used as a classifier. Software
for the implementation of the algorithm for segmenting medical images and software for
recognizing image objects using the NEFClass NNM were developed. The project is also
resulted in the development of a method and algorithm for steganographic protection of graphic
data based on a bits correspondence scheme, which makes it possible to accelerate data
encryption and decryption due to parallel processing of colour components of a cover-image. A
method and an algorithm for protecting medical images using matrix barcodes has been
developed, in which the text metadata of the image containing the patient’s personal data is
converted into a matrix barcode marker to be embedded in the cover-image in a steganographic
manner as a watermark. The architecture of a system for automated processing of archival
medical images with the protection of patients' personal data has been designed. A concept for
the representation and processing of multimodal medical data has been developed as well. A
working model of a mobile application for monitoring the patient’s condition has been developed
using the example of monitoring the condition of patients with diabetes of type 1 who suffer
from nocturnal hypoglycemia.

4. HasiBHiCTb OXOPOHHHX JIOKYMEHTIB Ha 00’€KTH NPaBa iHTeJeKTyaaIbHOI BJACHOCTI.
5. IlopiBHsIHHSA 3i CBITOBUMH aHAJIOTaMU.
PesynbraT BiANOBiAAIOTH CBITOBOMY PiBHIO, @ METOJl HAaBYaHHSA HEYITKUX HEHPOHHMX
MEpEX MEPEBUIIYE CBITOBI aHAJIOTH, OCKUIBKH BIIEPIIE /I PO3Mi3HABaHHS 00’ €KTIB MEIUYHHUX
300pakeHb B 3aadax JIarHOCTHKU OyiIM BUKOPUCTAHI HEUITKI HEHPOHHI Mepexi 3 HOBUMHU

aIroOpuTMaMHU HaBYaHHS Ta Kiacuikaiii, SKi JT03BOJISIIOTh MPALOBAaTH B YMOBAax JAii BUCOKOTO
PIBHS MEPELIKO/ Ta BUKOPUCTOBYBATH 3HAHHS €KCIIEPTIB Y BUIIIAI HEUITKOI 0a3u MpaBuil.

6. ExoHomiuHa npuBadJIMBIiCThH [1Jis1 IPOCYBAHHS HA PUHOK
OpieHTOBHA BapTIiCTh peaiizalii npoekty — 1,5 MiIH. TpH.
Tepmin BIpoBaPKEHHS — 2 MICSIII.

Tepmin okynHOCTI — 3 pOKH.

3acTocyBaHHS PO3POOJICHMX METOIB JIO3BOJUTH IMIJIBUIIUTH IMIBHJIKICTH T4 TOYHOCTI
00pobnenns rpadiunux 300paxens Ha 10-15% mopiBHAHO 3 ICHYIOUMMH METOJAMH.

ComianbHuii €()EeKT MoJIATaE y MOJIIMIIEHH] SKOCTI IIarHOCTUKY TAIll€HTIB Ta MiIBUIICHI
CTYIEHIO 3aXUCTY NEPCOHAIBHUX JAHUX MAIIEHTIB.



7. TloreHuiiiHi kopucTyBaui (raaysi, MinicTrepcTBa, mignpueMcTBa, oprasisanmii).
3anpornoHoBaHi METOIM CerMEHTallli MEAMYHHX 300pa’keHb Ta METOJM KOMIUIEKCHOTO
3aXMCTy KOH(DIICHIIIMHUX JTaHUX TaIlleHTa MOXKYTh OYTH 3aCTOCOBaHI y JIIKYBaJIbHUX 3aKJIaJiax
Ta IHIIMX MEIUYHUX YCTAaHOBAX.

8. CTaH roToBHOCTi po3pooKH.

Po3pobnene maremaTwdHe, QJITOPUTMIYHE Ta TMpOrpaMHE 3a0e3leueHHs, 30KpeMa,
METOJM CETMEHTallli MEIMYHUX 300pa’KeHb, METOAM KOMIUIEKCHOTO 3aXHUCTy KOHQIIESHIIHHUX
JTAHMX TalieHTa Ta poboya MoJIesIb MOOUTBHOTO 3aCTOCYHKY JUIsl MOHITOPHHTY CTaHY XBOPHX Ha
IyKpoBHi aiaber 1 Tumy, SKi CTPaKIal0Th HA HIYHY T1OTIIKEMil0, TOTOBI IO BIPOBAIKEHHS.

9. IcHyroui pe3yJibTaTH BIPOBAKEHH.
Po3pobnennii meron cerMeHTamii 300paK€Hb Ta METOJ| CTETaHOIPa(iuHOrO 3aXUCTY
rpadgiuyaux manux anpobosani y TOB «Bineo Intepuer Texnomorii» Ta y TOB «Herpoan I'pym»
Ta OyAyTh 3aCTOCOBaHI P PO3POOJICHI IPOrPaMHOTO 3a0€3CUCHHS.
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11. ®oto po3podxu
Poboua Mozens MOOILIBHOTO 3aCTOCYHKY U MOHITOPHHTY CTaHy Talli€HTa Ha TMPUKIIa/Ii
MOHITOPHHTY CTaHy XBOpUX Ha IyKpoBUH nmiaber 1 Tumy, $Ki CTpaXIalTh HAa HIYHY
rinorIikeMito:
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