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OBIIIA YA XAPAKTEPUCTUKA PABOTHI

AKTyaJIbHOCTh TE€MbI UCCJIE€JOBAHUS U CTENeHb ee pa3paboraH-
HOCTHU. BojiesHn cep/iia SBIISIOTCs IPUIUHAMEI OOJIBIIIONO YUC/Ia CKOPOITOCTU K-
HBIX CMepTeil, B TOM YHCJIe JII0JIel He ITOXKUI0T0 Bo3pacTa. B 3Toit cBs3u Bpadam
KapImoJyioraM Tpedyercsi MAaKCHMAJIBbHO TOYHAS U CBOEBPEMEHHAs MHMOPMAITHsT
O COCTOSIHUU CEPAEYHON MBIIIIHI TAIMEHTA, KOTOPas BO MHOTUAX CJIydasix I03-
BOJISIET MArHOCTUPOBATDH ee 3a00JI€BaHUS U HA3HAYUTH HEOOXOINMOE JIeUeHNe.

Cerosasi oJlHUM U3 HambOJiee PaCIPOCTPAHEHHBIX METOJIOB JIUAIHOCTH-
KU BJISIOTCH yJIbTpasBykoBbie wuccienosanus (Y3U) cepuedno-cocyaucroi
cucrembl (axokapauorpadusa — IxoKT'), npeocrapisioniye KapuoioraM Busy-
aJIbHbIe M300paskeHns CepJIeTHON MBIMIIBI B PA3InIHbIX npoekusax. Ciexyer
OTMETHUTH, YTO B 3a/[@9aX KapJHOJOrnyd HamboJiee YacTO WCIIOJIb3yeTCs allu-
KaJIbHasl MPOEKIMsS CepIa, KOTopasl C TOYKH 3PeHHs Bpadeil-Kap/roJioronB
sABJIseTCsl HanboJsiee WH(MOPMATUBHON, IIOTOMY YTO OHM HMMEIT BO3MOYXKHOCTH
npoBectu anaaun3 Y 3/-u306parkeHuii cepiria U MOCTPOUTH SHIOKADINATbHBIN
(BHyTpenHnuii) koutyp JseBoro xeiynodka (JI2K). asee okasbiBaercs BO3MOXK-
HBIM BBIYUCJIUTH KOJUYIECTBEHHbIE [TOKA3ATENN, XapaKTePU3yIOIe COCTOsHUE
CEep/IeYHON MBbIIIIIbI.

Mt mposenenust dxoKI-uccnenoBannii ceromus npumensior Y 3M-cka-
Hepbl pazjuunbix npoussoguresieii (Philips, Aloka Hitachi, Toshiba, Siemens,
General Electric u np.), KOTOpble OCHAINEHBI TEM UJIA UHBIM UHCTPYMEHTAPUEM
s noctpoenusi koutypa JI2K Bpyunyio. Vcnonb3yst maHHBIE HHCTPYMEHTa-
puii, Bpaun-KapHoJIorn Ha OCHOBE COOCTBEHHBIX ITpejicTaBeHuit o hopme JIZK,
3a49aCTYIO CyObEKTUBHBIX, cTpoaT Ha Y 3U-u3obpazkennu kouryp JIZK. (Hamnpu-
Mep, OHU JIOCTPAMBAIOT I'PAHUIIBI 00JIACTel Cepla ¢ HU3KOM KOHTPACTHOCTHIO
(puc. 1), a Takxke B psjie ciaydaes criaxkusaior koutyp JIZK, orGpacbiBas
Ha M300paKEHUU Te WM UHblE 00JIACTH HOBBIIIEHHON 1toTHOCTH.) [Ipn aToM,
HECMOTPsI Ha HMEIOIINeCs PEKOMEHIAINA aMEPUKAHCKON KapIrOoJorndecKoi
accormanuu, o600mmTh onblT okoHTypuBanus JI2K cepmama na ¥Y3U-uzobpa-
KEHUsIX B BHJIE HEKOTOPOIo HAOOpa MpaBUJI BpadaM-Kap/HoJioraM He YIaeTCs.

WsBectHO GoJIBIIOE YMCTIO PAOOT, ABTOPHI KOTOPBIX MPEAIPUHUMAJIA TI0-
MBITKU pean3alimy aJroputMos okontypusanus JI2K na Y 3U-uzobparkenusx
CepIla C UCIOJb30BAHUEM:

— reomerpuuecknx wMozened (M. Mignotte, A. Mishra, O. Gerard,

L. Jacobs);
— meronoB yposuesbix Muoxkects (N. Lin, J. Yan, F. Galluzzo, C. Fabbri,
C. Corsi);

— aJIrOPUTMOB, OCHOBAHHBIX Ha BBIYUCIEHUU OITUIECKOrO IIOTOKA, ITHKCE-

neit mzobpakenns (J. Pedrosa, J. Nascimento);

— craructuaeckux Mmozeseii koutypos JIZK (A. druenko, A. Kpsl-

goB, F. Orderud, M. Stralen, J. Hansegard, D. Barbosa, L. Maes,
D. Boukerroui);
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Pucynok 1 — Ilpumep ¥Y3U-u306parkenunsi, UMEIOIEro 0dJIACTH ¢ HU3KUM KOH-
TpacToM TKaHeil cepia

— METO/0B MOPdOTOruTIeCcKOit 0bpaboTku YV 3U-uzobparkenuit
(J. Klinger, M. Choy);

— uCKyccTBeHHBIX HeiiponHbix cersix (E. Alcevska, O. Oktay, S. Leclerc,
O. Bernard, J. Pedrosa, N. Azarmehr, G. Coppini, A. Ostvik).

Takxke ormerum paborsr (J. Noble, K. Leung), B KOTOpBIX IpuBEIeHBI 00-
30pbl HamboJiee 3HAYUMBIX PE3yJbTOB B 00/acTH Pa3pabOTKU aJIrOPUTMOB
okourypuBanusi JIZK #Ha mMomenT mammcanumsi 0630poB. OJIHAKO YHHUBEPCAJIb-
HBIX &JI'OPUTMOB, IIPUIOJHBIX K pasjindHbIM Habopam Y 3M-uzobpaxkenuii, He
cylecTBoBaJjio. B 310l cuTyarun pa3zpaboTKa IMoJIyaBTOMATHIECKUX U aBTOMa~
TUYIECKUX aJrOPUTMOB JIJIsi IOCTPOeHust KOHTYypoB JI2K siBjisiercss akTyasbHOIA.

Ienbio nannoil pabOTHI SIBJII€TCS HAYIHO OOOCHOBAaHHAS pa3pabOTKa Ma-
TEMATUIECKOI0 U AJTOPUTMHUYIECKOTO ODECIIeUeHUs I IOTyaBTOMATHIECKOTO
U aBTOMaTH4YecKoro okouTypubanus JI2K #a Y3U-uzobpakeHusx anukaJIbHON
IIPOEKITUH CEep/IIia JeI0BeKa Ha OCHOBE 0OOCHOBAHHOI'O BBIOOpa HAOOpa IepBUY-
HBIX JIAHHBIX, AJAITAIId U3BECTHBIX AJTOPUTMOB, UCIOJb3yEMbIX B 3aJa4ax
KOMITHIOTEDHOTO 3DEHUsI, K PEIaeMoil 3aade.

st MOCTHMYKEeHWs TOCTABJIEHHONW e CQOPMYJIAPOBAHBI U PEIIEHBI

ceyomye 3a0avuun:

1. AHaju3 COCTOSIHMS IIPEeJIMETHON 00JIaCTH ¥ UHCTPYMEHTOB JIJIsi OKOH-
rypuanust JIZK ua Y3U-uzo0bpaxkenusix, nocrasisembrx ¢ Y 3M-cka-
HEpaMU.

2. OrneHKa BO3MOYXKHOCTH UCIIOJIB30BAHUS TOCTYITHBIX HAOOPOB Y 3M-1300-
paXkeHUii cepira st pa3paboTKU I0JyaBTOMATUIECKUX M aBTOMATH-
YeCKUX AJITOPUTMOB OKOHTypuBaHust JI2K.

3. PaspaboTka IO/JIyaBTOMATHYECKUX U aBTOMATUYECKUX AaJIOPUTMOB
okorrypusBanus JI2K na Y3U-u3006parkeHusix anvKabHON TPOEKITUN
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cep/ilia Ha OCHOBE & IallTalliy U MOJEPHI3AINN H3BECTHBIX aJIlOPUTMOB
KOMITBIOTEPHOT'O 3PEHUs K PEeraeMoil 3a1ade.

4. CpaBHUTEJbHBIN AHAJM3 TOYHOCTH PA3PAOOTAHHDBIX MOJIYABTOMATHIE-
CKUX U aBTOMATHYECKUX AJrOPUTMOB OKOHTypuBanus JIZK.

OGBbeKTOM MCCIIeOBAHUSI SIBJISIIOTCSI KOMIIbIOTEPHBIE METO bl 00paboT-
K1 1 a”Hagmsa Y 3M-n3obpazkenuii cepaa.

IIpenmeToM mccaeqOBaHUS SBJISIOTCS IIOJyaBTOMATHIECKUE W aBTO-
MaTHIeCcKue KOMIIbIOTepHbIe MeTo1bl OKoHTypuBanus JIZK ma Y3-uzobpaxke-
HUSAX CEPIIA.

Hay4ynas HOBU3HAa:

1. IIpoBejieH KOMILIEKCHBIN aHAJM3 JOCTYIIHBIX HAOOPOB IAHHBIX, CO-
nepxkamux Y 3U-uzobpakeHust cepma W pa3sMedeHHBIE IKCIePTaMU
kouTyphl JIZK, n obocHOBaHa BO3MOXKHOCTH UX HCIOJb30BAHUS JIJIs
Pa3pabOTKU U MCCJIETIOBAHNS TOJIYABTOMATHIECKAX U ABTOMATUIECKIX
asroputMoB okoHTypuBanus JIZK na Y3U-uzobparkenusx cepia de-
JIoBeKa, (COOTBETCTBYeT 1I. 13 macmopra CrenuaJbHOCTH ).

2. PaspaboTaHbl Hay9IHO-0O0OCHOBAHHBIE II0JyaBTOMATAIECKUE W aBTOMA~
THYeckne ajaroputMmbl okoHTypuBaHusa JI2K #a V3U-uzobpakeHusx
Cep/la Ha OCHOBE & IAlTAIINN U MOJEPHI3AIINN H3BECTHBIX AJITOPUTMOB
KOMIIBIOTEDHOT'O 3PEHUsI K OCOOEHHOCTSIM PeriaeMoii 3a1a4un (CooTBeT-
crByer 1. 5, 12 macnopra CHeruajlbHOCTH).

3. Pazpaborana Hay4IHO-000CHOBaHHAs METOJINKA KOJUIECTBEHHOTO CPaB-
HEHUsl Pa3pabOTaHHBIX IIOJIYyABTOMATHYIECKAX ¥ aBTOMATHIECKUX
agroputmoB okoHTypuBanus JIZK ma Y3U-uzobpaxkenusx cepmma
(cooTBeTCTBYET II. 3 HACIOPTA CIIENUATLHOCTH).

Teoperndeckasi 1 mpaKTU4decKass 3HAYUMOCTb pabOThI 3aKJIIOYaeT-

csd B:

1. 060CHOBaHUU JOCTATOYHOCTH HUCIOJIB30BaHUS 9 0OA30BBIX TOYEK IKC-
neprHoro kKoutypa JI2K nis ero Boccranosiienus (Iipu 9TOM OTIMYUE
obnactu JIZK, oxBaThIBaeMOil BOCCTAHOBJIEHHBIM KOHTYDPOM, OT 00Ja-
ctu JIZK, oxBarbiBaeMOil 9KCIIEPTHBIM KOHTYPOM, 110 K03hDUIUEHTY
Dice ne npesocxomut 2.0%, a mo koaddunmenty Jaccard — 3.7%);

2. B Hay4YHO-OOOCHOBAHHOM BBIOODE ITapaMeTPOB U3BECTHBIX M MOIMMU-
UPOBAHHBIX MOJyaBTOMATHIECKUX W ABTOMATHYIECKOTO AJTOPUTMOB
okorTypuBanus JI2K, obecrieanBaonux HAMIydIlee KA9eCTBO OKOHTY-
puBanus JIZK na Y3U-uzobpaxkenusx no koaddurmenty Dice;

3. pa3paboTkKe IIPOrPAaMMHBIX PeaU3alUil 0JIyaBTOMATUIECKUX U aBTO-
MaTUYeCKUX aJropuTmMoB okoHTypubanus JI2K na Y3U-uzobpaxkenu-
sIX CEPJIIIA, TOTOBBIX K MCIIOJIb30BAHUIO BPAYaMU-KAPIUOIOTAMH.

Metonosiornsi 1 MeTOAbI KCCJIeAOBaHuUs. B pabore nCIOIB30BaHbI
TEOpHUs PACIO3HABAHUS 00PA30B, METO/bI TEOPUH IVIyOOKNX HEHPOHHBIX CEeTell,



1 poBoii 0OPabOTKU CUTHAJIOB, MPUKJIAIHON MATEMATHIECKON CTATUCTUKH,
METObI UHTEPIIOJISAINA U AIPOKCUMANNN (DyHKITHIA.

OcHOBHBIE IIOJIOXKEHWS, BBIHOCUMbIE HAa 3AIUTY:

1. PaboTocmocobHOCTh aBTOMATUYIECKOTO AJTOPUTMA HAXOXKIECHUS pe-
[IEPHBIX TOYEK SKCIIEPTHOIO KOHTYpPa IOATBEPXKJIEHA Pe3yJIbTaTaMu
nposegerHoro anaaunsa 1800 Y3U-u3obparkenunii cepaia.

2. s BoccranoBimenus koutypa JIZK ma ¥Y3U-uzobparkenunsx cepaia
JOCTATOYHO UCIIOJIB30BATh 9 GA30BBIX TOYEK, IPUHAJJICIKAIIAX KOHTY-
Py SHIOKAPIA.

3. TounocTnb o KO3 burmenty Dice aBTOMATHIECKOTO AJTOPUTMA OKOH-
rypuBanust JIZK na Y3U-usobpaxkenusix wabopa panabix USEKB c
MoMOIIbIo obydennoit na wabope jpanubix CAMUS ceeprounoil Heii-
pounoii ceru (CHC) ¢ momudurnuposanuoii apxurekrypoit U-Net,
pasHas 0.854, npeBocxomut na 0.015 amajoruansrii nokasareas CHC
¢ opurnHasbHOM apxutekTypoit U-Net, a mocme moobyuenuss Ha Ha-
JaJibHBIX Kajpax Y 3-BujeorociieioBaTeibHOCTE HabOpa JaHHBIX
USEKB gmamubie mokasaresn jgocturaior suadenunii 0.891, 0.038, co-
OTBETCTBEHHO.

4. U3 noxyaBromaTndeckux MeTo 108 okoHTypuBanus JI2K wa Y3U-u3006-
paskeHnsIX HANOOJIBIITYIO0 TOTHOCTD 110 Koaddurnmenty Dice Ha Habope
nanabix USEKB umeer meros ontuyeckoro moroka Jlykaca-Kawnase
(0.901).

JdocToBEPHOCTD MOy YEHHBIX PE3YJIBTATOB 00ECIIEINBACTCS UCIIOIb30Ba~
HUEM MU3BECTHBIX MATEMATHIECKNX METOIOB, aJeKBATHBIX 33/a9aM HUCCIIeI0Ba~
HUsI, & TAKXKE UX COTJIACOBAHHOCTBIO C PE3yJIbTaTaMM, [TOJYIEHHBIMA JIPYTUMUI
aBTOPaMM U C SKCIIEPTHBIMHU OIIEHKAMU BPadeii-Kap/MOoJIOrOB Ka4eCTBA KOHTY-
pos JI2K na Y3U-uzobpaskeHusx.

BaeagpeHune pe3yJbTaToOB AMCCEPTAIIMOHHOTO HccjenoBaHus. Pe-
3yJIBTATHl IUCCEPTAIMOHHOTO WCCJIEIOBAHNS WCIOIB3YIOTCS B (deaepaaTbHOM
rOCy/IapCTBEHHOM ABTOHOMHOM OOpPa30BaTEJbHOM yYPEXKIEHUH BBICIIErO 00-
pa3oBaHus «¥YpanabCKuil denepanbHbIit YHUBEPCUTET UM. mepBoro lIpe3mmen-
ta Poccun B.H. Eabrnuaa» (akT 06 ucmonb3oBaHun pesynbratoB Ne 1 or
10.02.2021); demepasbHOM rOCYIAPCTBEHHOM OIOJZKETHOM yUPEXKICHUNA HAYKA
«MucTuryT mMmmyHOOTMN M (DU3NOIOTHAY Y PATBCKOrO OTaeneHus Poccuii-
CKOIl akajemMuu HayK (akT 06 ucnob3oBaHuu pesyibraroB Ne 16381.01-69 or
20.02.2021); OO0 «Mucruryr uHMOPMAIUMOHHBIX JATYMKOB U TEXHOJIOTUii»
(akT 06 mcTOAB30BAHUA Pe3ynbTaToB oT 23.02.2021).

Anpobaiusa paborbl. OCHOBHBIE Pe3yJIbTaThl pabOThI JOKJIAIBIBAJIICH
Ha CJEIYIONMNX Hay9IHbIX KoHpepeHnusx: 9-s MexayHapomHnass HayIHO-TEX-
nmyeckass Koudepeniusa «Duznka W TeXHUYECKHE TMPUJIOKEHUs] BOJHOBBIX
nporieccoBy, Exarepundypr, Poccus, 26-28 centsabops 2012 r.; 23-a Mexayna-
pouanast Kpeimckast kondepennusi «CBY-rexHuka u TejieKOMMYHUKAIIMOHHBIE



rexnosornn» (KpetMuKo-2013), Cepacronons, Kpeiv, Ykpanna, 8-13 ceHrsi6-
psa 2013 r.; 24-a Mexnaynapoanas Kpeimckasi kondepennusi «CBY-rexnauka
u resekoMmyHuKanmonnbie Texuojoruny» (KpoiMuKo-2014), Cesacronon,
Kpemv, Poccusi, 7-13 centsiops 2014 r.; 25-a Mexaynapoanas Kpbivckast
kondepennus «CBY-rexHuka u TejseKOMMyHUKAIMOHHbIE Texnoaoruny (Kpbi-
MuKo-2015), Cesacromonb, Kpemv, Poccus, 6-12 cenrsiops 2015 r.; 9-ii
OTKpBITHIT HEMEIKO-poccuiickuii cemMuHap «PacrosHaBanue obpas3oB W IOHU-
manue uzobpaxkenuit> (OGRW-9-2014), Kob6nenn, Fepmanuga, 1-5 mexabps
2014 r.; 17-s1 Beepoccuiickast KOH(pEPEHITNS ¢ MEXK IyHAPOIHBIM yaacTreM «Ma-
TeMaTHYECKHe MeTO/bl pacio3Hasanus obpazos» (MMPO-17), Ceemwioropcex,
Kanununrpajckas obiacts, Poccusi, 20-24 cenrsbps 2015 1.; 4-a Mexayna-
po/iHast KoH(pepeH s «AHau3 n300parKeHn, COMaIbHBIX CeTell U TEKCTOB»
(AIST 2015), Exarepuntypr, Poccuga, 9-11 ampena 2015 r.; 1-it Mexayna-
pomHbIil cemunap 1o pacuosuasanuio 06pazos (IWPR 2016), Tokuo, Anonus,
11-13 mas 2016 r.; 9-s Mexaynapoauas IEEE nayuno-rexunyeckast koudepen-
st «/Iunamuka cucreM, mexanuamoB u mammay (DYNAMICS-2018), Owmck,
Poccus, 14-16 woabps 2017 r.; YpasabCKuit CUIIMO3UYM OMOMEIUIIMHCKON WH-
JKEHEPUH, PaJMO3JIeKTPOHUKH U nHbopMmannonubix TexHosoruii (USBEREIT
2018), Exarepunbypr, Poccus, 7-8 mas 2018 r.; Ypaabckuii cuimMo3uymM Guome-
JUITHCKOW WH2KEHEPHUH, PATNOIIEKTPOHUKN U HH(MOPMAIIMOHHBIX TEXHOJIOTUH
(USBEREIT 2019), Exarepuntypr, Poccusi, 25-26 anpess 2019 r.; Ypasubckuii
CUIIMO3UYM OUOMEIUITMHCKON WHXKEHEPUH, PaJMO3IEKTPOHUKN U MHMOPMAIU-
ounbix Texuosoruit (USBEREIT 2020), ExarepunGypr, Poccusi, 14-15 mas
2020 .

Jluanerii BKJIaz. ABTOD OOOCHOBAJ BO3MOXKHOCTH WCHOJIbL30BAHUSA
HabOpOB [TAaHHBIX JJIs PEIeHus 3aJad UCCIeJI0BaHUs, pPa3padoTas MoJIy-
aBTOMATUYECKNEe U AaBTOMATHUYEeCKHe aJropuTMmbl OKOHTypuBanus JIZK na
V3U-u300parkeHusIX U UX IIPOrPAMMHbBIE PeaU3alii, 00OCHOBAJ METOIUKY
JUIST KOJIMYECTBEHHOI'O OIEHWBAHUsI TOYHOCTH Pa3pabOTAHHBIX AJI'OPUTMOB
U TOJIyYMJI COOTBETCTBYIOIIUE OIEHKW TOYHOCTH, OKOHTypuBaHus JI2K Ha
YV 3U-u306parkeHUIX.

IIy6mukamuu. Ilo Teme nuccepraruu omybsmkoBano 17 Hay9IHBIX padoT,
B TOM 4ucJje 16 HaydHBIX craTeil B u3gaHusx, onpeiaejaeHabix BAK P® u Arre-
cranoHHBIM coBeToM YPDY, u3 Hux 15 crareil B U31aHUSIX, WHIEKCUPYEMbBIX
B MEXKJyHAPOJHBIX IUTATHO-aHAIUTUIecKuX 6a3zax Scopus u Web of Science.
Nmeercst 1 cBUAETEIBCTBO O TOCYJAPCTBEHHONW PETMCTPAIIANA TPOTPAMMBI JIJTsT
9BM.

O6bemM u cTpykTypa paborsl. /luccepraliust cocTOUT u3 BBeaeHus, 4
IJ1aB, 3aKJIIOUYeHnsi U D npuioykeHuil. [loyiHbIl 00bEM JuccepTanuy COCTaBIIsI-
er 151 crpanwuiy, Braoudas 94 pucyHka u 3 tabsuibl. CHOUCOK JIMTEPATYPHI
cosiepKuT 84 HANMEHOBAHUS.



Cogep>kaHue paboThbI

Bo BBenenum obocHOBaHa aKTyaJbHOCTH BBIOPAHHOI TEMBI HCCIIEIOBA~
HUsI, COOPMYJUPOBAHBI IEJIb W 3aJa9l WCCIEJOBAHUs, & TAKXKE OCHOBHBIE
Hay4qHbIE€ De3YJIbTaTbl JUCCEPTAIlUN N €€ KpaTKOe COJAepzKaHHe. HpI/IBO)lS{TCH
OCHOBHBIE II0JIOYKEHNSI, BBIHOCHMbIE Ha 3aIlUTy, C(HOPMYJIHMPOBaHA HayJIHAsI
HOBU3HA, TEOPETUYECKAsl W IMPAKTUIECKAs] 3HAYUMOCTb IIPOBEJIEHHOIO WCCJIe-
JIOBAHUSI.

IlepBasi ryiaBa TOCBSIIIIEHA AHAJNZY COCTOSTHUSI TIPEIMETHON 00JIacTH,
B TOM YHCJIE: TPOBEJICH aHAJN3 COCTOSTHUSI IIPEJIMETHON 00JIACTH; OIIMCAHA Me-
JUIUHCKAs MMPOoOJeMa aHAN3a U UJIeHTU(MUKAINT BHYTpeHHuX rpanut JI12K;
IIPOBEJIEHO WCCJIEIOBAHNE CYIIECTBYIOMNX TPOIPAMMHO-ANAPATHBIX YJIBTPa-
3BYKOBBIX KOMILJIEKCOB ISl 33191 OKOHTYDPHUBAaHWUS BHyTPeHHUX rpanurt JI2K,
PE3YJIBTATB KOTOPOrO CBUJETEJHLCTBYIOT O HEOOXOIMMOCTH Pa3pabOTKH AJIro-
puUTMOB TocTpoeHusi KOHTypoB JIZK.

Ha ocHoBaHWM pe3y/jbTaTOB aHAJM3a COCTOSIHUSI IIPEJMETHON 00JIacTH
chOpPMYJIUPOBAHBL TIeJIh U 38JIa9N MCCJIEIOBAHMSI.

Bropas ryiaBa mocBsineHa HCCIEOBAHUIO HAOOPOB JAHHBIX YJIBTPA3BY-
KOBBIX N300parKeHMiT N KOJTMIECTBEHHOMY aHAJIN3Y YKCIIEPTHBHIX KOHTYpoB JIZK.
B Tom umcite, nposejien ananus goctynabix IxoKI Habopos mannsix CAMUS,
USEKB, CETUS, pesyJibTarsl KOTOPOTO IIpejcTaBjieHbl B Tabsule 1.

Tabmuna 1 — OO6omeHHble XapaKTepucTHUKH Habopos mannbix CAMUS,
USEKB, CETUS

CAMUS | USEKB | CETUS
KonndgecTBo namuenTon 500 94 45
KomnuuecTso Kaapos 19232 2771 45
KomuaectBo kamgpos
¢ pazmeveHHoi obiactoio JIZK 1800 2711 15
Tun uzobparkeHuit 2D 2D 3D
IIpoekmuu cepana A2IT, A4T1 AA4TT -
KosmmaecTBo nanuenTos
N - 37 5
6e3 nmarajgoruit
KonmyecTBo naruenTos
¢ HaTa.HOI‘I/IEMI/I ) 57 10
IIpousBomuresnb GE GE
V3U-ckanepa GE Philips | Philips
Siemens

* A2II — anukanbHas JByXKaMepHas IPOEKIUs CepIa,
AA4IT - anukaJbHAs YeThIpeXKaMepHasl IIPOEKIUs CepLa.

W3 Tabmumer 1 BugHO, 9TO 00INEe KOJIMIECTBO JOCTYIHBIX ¥ 3M-u300pa-
JKEHUIT ceplIedHON MBIIIBI cocTaBmio 22048 (22003 qByMepHBIX U300pasKeHui
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u 45 TpexmepHbIX n3o0paxkenuit). B cBs3u ¢ rem, uro mabop CETUS co-
JIEPKUT TOJTBKO TPeXMEpHbIEe M300payKeHUsl, JaHHBIH HAOOp B JATBHEHIINX
UCCJIETOBAHUSIX He UCIO/Ib30Bascs. OOInee KOJIMIeCTBO PA3MEUIEHHBIX IKCIIEP-
tamu aByMepHbIX ¥ 3U-kaapos cocraBmwio 4571. Pactpenenenus mo pasmepam
uzobpaxkenwuit jyist nabopos manabix CAMUS u USEKB mnpescrasienst Ha pu-
cynke 2. st Habopa manabix CAMUS sKciiepThl JOIMOJIHUTEIBHO OIEHUBAJIN
KadecTBO pasMedynBaeMbix umu Y 3M-uzobpaxkennii cepama. Kaxknoe mzobpa-
JKeHHe ObII0 OTHECEHO K OJHOMY U3 TPEX KJACCOB: 1) m300paskeHusi XOPOIIEro
kadecrBa (35% or obIero KoandecTBa pasMedeHHbIX Kaapos B HaGope (1800)),
2) m300paskeHnst cpenHero KadectBa (46%) u 3) m300paykeHNsT HU3KOIO Kade-

crea (19%).

Pucynok 2 — Pacripeiesienne pasMedeHHbIX H300parKeHui 110 pa3MepaM B JXO0-
KT mabopax manasix CAMUS u USEKB

[IpoBenen aHaj M3 IKCHEPTHBIX KOHTYPOB B IOJISIPHON CHUCTEME KOODIIU-
HAT, PE3Y/IbTATHI KOTOPOTO MO3BOJIMIM OOOCHOBAHHO BHIOPATH 9 MUHMMAJIHHO
HEOOXOMUMBIX 6A30BBIX TOYEK, 10 KOTOPBIM BO3MOXKHO BOCCTAHOBJICHHE KOHTY-
pa JIZK ¢ momorpio Kybuueckux ciuiaiinos (puc. 3).

[IpaBuwibHOCTH BBIOOPA MOATBEPXKIEHA 3aBUCUMOCTSIMU KOI(DDUITMEHTOB

zzijlﬁjﬂ'
2Tl + 2 I

Dice:
Dice(I', IP) =

n Jaccard:
t P
2ig il
7 — T 7P
gl i Iy = X 1l

OT 4mcJia 0A30BBIX TOYEK, BHIYUCJIEHHBIX Ha OCHOBe cpaBHenusi obmacreit JIZK,

OXBATBIBAEMBIX IKCIIEPTHBIM KOHTYpoM (I} j ) ¥ BOCCTAHOBJIEHHBIM 110 6a30-
)

BbIM TouKaM Kourypom (I ;) (puc. 4, 3necy Q

9

Jaccard(I', I?) =

(Dice) Q(Jaccard)

alpha alpha — KBaHTUJIN



100 P (Drights Pright) (Gne ses pregt)
T (@0 07) (0,90) o
" (@iesistmer) oot right)
a) Konryp JI2K 6) Curnarypa KOHTypa
JIZK
Pucynoxk 3 — Kouryp JIZK u curmarypa xourypa JI2K, mocrpoenmnas ot-

HOCHUTEJIbHO IEHTPAa MacC KOHTypa, ¢ OOO3HAYEHUSIMH, WCIIOJIb3yEMbIMUA B
00Cy K TaeMOM aJITOPUTME

Shadenun KeapTunei no kocpcpmunenty Dice ans abopa aannix USEKB 3uavennn keaprunei no Koaduumenty Jaccard ana wabopa gawnbix USEKB
100 L0
T 1 005 — 1111
005
090
085
090
3 0.80
M 5
8, g
0.85 o7
070
080
0.65
075 060
S S S R R S 2 S T N R
KOAMHectso Touex, no KoTopsim WiTeprionmpyerca Kkontyp JK KOMUHECTEO Towex, o KoTopsim hTeprionupyerca KonTyp JDK
3hadennn keaprunei no koadduumenty Dice ana Habopa aanmsix CAMUS 3uavennn keaprneii no xoabduumenty Jaccard an abopa panniix CAMUS
100 I — 10 e e S S S
09
0
020
08
085
. 3
S g g
080 8 or
Q = 0.7
0.75
0.6
070
0 05
060
S R S S S I S S N S
Koniectso Touex, no koTopsim uiTepnonmpyerca owtyp JK Konuectso Touex, o koTopsim unrepnonupyerca kowtyp JK
P 4 r (b (b . Q(che> _ Q(che)( )
HUCYHOK pauKn YHKIIN 0.5 = 0.5 n),
(jaccard) o (jaccard) ( ) " OTDE3KI (Dice) ( ) (Dice) (’I’L)
0.5 = 0.5 n p 0.05 \"):&0.95 )

[ é‘?&ccar@ (n), é‘_g%ccmd) (n)| s mabopos ganueix USEKB u CAMUS

pacupeaenennii 3uadeHuii koadgunmentos Dice n Jaccard, cOOTBETCTBEHHO,
BBIUHCJIEHHBIX Ha OCHOBe ammnpokcumarinn Pozenbsarra-Ilapsena miaoraocTeit
paciipe/ieJieHuil JTaHHBIX KOI(DDUIEHTOB).

Tperbsi TJIaBa MOCBSIEHA PAa3pabOTKE MPOTPAMMHOI PeaJu3allu 110~
JIyABTOMATUYECKUX W aBTOMATUYECKHUX AJTOPUTMOB OKOHTypuBanus JI2K Ha
V3U-u300parkeHusX cepara;
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MacmrabupoBanne TeKyIero [I,_J],, V3U-kapa
BHJICOTIOC/IE/IOBATEILHOCTH K pasMepy 512 x 512 Guuneitnoit
UHTePHoJIAIHedi
I
(L) I = (1= [ ]n) - MY
I

%

Hopyamuszamms ¥ 3U-n306pazenns cepma [; ;i 9KCIepTHOIT MacKn
obaacru JIZK M; j x junasony snadennii [0,1]
I

Macmrra6uposanne Y 3U-usobpaskennst cepana I; j i sKcepTHOi
mackn obsactu JIZK M; j k pasmepy 512 x 512 (6unneiinoit
MHTEPIOJISIINN 1 HHTEPIOJISIHE METOJ0M OJInzKaifInero cocesa,
COOTBETCTBEHHO)
I
TIpumenenue x uzobpaszkenuio Macku M; j duabTpa pasmbiTus
(box-filter) ¢ sipom paszmepom 50 x 50 nuKcenei (U’f’“*)
I

| |
| |
( T ]
| |
| |
| |

Beruuciienne 6unapHoro nzobpazkenns [B; |, = [1,’}]w > 1y
I
Haxosk/1eHue 4-X CBsI3HOI 061aCTH ¢ MAKCHMAJIBHBIM KOTHYECTBOM
miKcesteit na usoGpaenun [B; j],
I

{3ammka BHYTPEHHUX 00J1acTeil, HHTEHCHBHOCTH KOTOPBIX p&BHH(‘,T(‘H}

0, usobpazkenus [B; ;]

I
Cruazkuanye rpanni; o6ract MopgoIornyecKoii onepareit
3aKpPBITHA C pazMepoM sipa 15 x 15
I
Berancienne TPaHHYHBIX TOYEK, ¥ KOTOPLIX CBA3HOCTbL HE PaBHACTCH
4-M
I
Haxoxierne 9 6a30BbIX TOYEK KOHTYpPa
I

I
TlocTpoenue ruCTOrpaMMbl PACIPE/IC/ICHHs HHTCHCHBHOCTEH
nuKceseit I” V/IOBIETBOPSIOMINX YCIOBHIO IL_V #0
I
Bordncienne Ha 0CHOBE THCTOrPAMMBI (DYHKIIHH PACIIPe/IeJIeHIst
BEPOSITHOCTH MUKCe/Iel 1o uurencusnoctsM F = F(I)

T
Haxoxk/ierne mopororo 3HadeHusi NHTeHCHBHOCTH THKcenel Iy, Bocceranopiienue rpanuipl Konrypa JIZK 1o 6asoBbiv Toukam ¢
SBJISIOIIETOCs YHCIICHHBIM pemenneM ypasnenus: F(I) = 0.1 TIOMOIIBIO KyOH1eCKOro Ciiiaiina

6)

PucyHok 5 — AsropuT™ HaxO0XK/IeHWsI TOPOTOTO 3HAYEHNsI HHTEHCUBHOCTH () U
naxoxienne kourypa JIZK ¢ ucnosbpzosuunem mopdosiornueckux onepanuii (6

1. PazpaboraH I[0JIyaBTOMATUYIECKUIl AJTOPUTM OIIPEJIE/IEHUs] T'PAHUILL
JIZK na Y3U-n306pakeHnusax cep/iia, OCHOBAHHBIN Ha MCIIOJIb30BAHNI
MOP(}OJIOrUYecKnX OImeparuii, U MOATBEPKIEHA €ro paboTococob-
HOCTD (pHC. 5).

2. Paspaboran MmoiyaBTOMATHYECKUI aJITOPUTM OIPEJICJCHUs] TPAHUIL
JIZK nHa Y 3U-u3z00parkeHusIX ceplia, OCHOBAHHBIN Ha MCIIOJIb30BAHUN
YPOBHEBBIX MHOXKECTB U I'e0Je3MYeCKUX aKTUBHBIX KOHTYDPOB, W IOJI-
TBEPXKIEHA ero paboTococobHocThb (puc. 6).

3. Paspaboran MmoiyaBTOMATHYECKUH AJITOPUTM OIPEIEJCHUsT TPAHMUIL
JI2K ma Y3U-u300parkeHusix cep/iia, OCHOBAHHBIN HA UCIIOJIH30BAHUN
METO/Ia OIITUYIECKOr0 MOTOKA 6a30BBIX TOUEK KOHTYPA, M MOJATBEDXK 16~
Ha ero paboTocrocobHoCcTh (puc. 7).

4. Hna cseprounsix neiiponnbix cereit (CHC) ¢ apxurexrypoit U-Net
(puc. 8) mpeggiozkena MojuduIUpOBaHHAS ApXUTEKTYpa (puc. 9).

B yeTBepTOii ri1aBe MPOBEJIEHO UCCIIEIOBAHNE PEATU30BAHHBIX aJITOPHUT-
MoB OKOHTypuBanus JI2K na ¥Y3U-u306parkeHnn B COOTBETCTBIE C METOIUKOIA,
PeaJIM3yIoIIeiicsi BBIIIOJIHEHUEM CJIeIYIOIEeil OCIe0BaATEeIbHOCTH JeACTBIIA.

1. Haxoxmenne Ha KaxX7aoM Kajpe u3 Habopa ganubix USEKB obaactu

JI2K.

2. Borauncienne xoaddunumenta Dice s KaxKaoro kaapa nabopa JTaH-
ubix USEKB na ocuoBe cpasrenust obnactu JI2K, ormeuennoit sxcmep-
TOM, U COOTBeTCBYIOMIeH obactu JIZK, HalileHHOI COOTBETCTBYIONINM
AJITOPUTMOM.
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Hopmamsarus V3U-usobpaskenust cepina I ji 9KCIepTHOI MacKi
obmacru JIZK M; j k jqunasony sHadenuit [0,1]
I
MacmraGuposanue Y 3U-usobpaskenust cepina I; j i 9KCrepTHOlH
macku obmacru JIZK M; j x pasmepy 512 x 512 (Gnimuneiinoit
MHTEPIONISIHN ¥ HHTEPIOJISIIE MeTOI0M GiizKaiiiero cocesia,
COOTBETCTBEHHO)

I
[Pasmblmc uzobpaxennus I; j rayccoBbIM (bHIBTPOM C HAPAMETPOM U]

T
Hopmammsanmsa Y 3W-uzobpaxenns cepaua [; ji 3KCnepTHOll MacKu Brrncremie xoopamar (x Y T ——
obmacru JIZK M; ; k aunasony snadennii [0,1] P mean: Ymean P T

{ kourypa JIZK na nepsom kaape Y3H-Buzeonocie0BaTebHOCTH }
I
Vrnnpasmusanust Gyaxmmn ¢(z,y) B y31aX KOOPAUHATHON CCTKH
xi,yj,1 = 1,512, j = 1,512: ¢(zi,y;) = 1 ecm
2
cooTBeTCTBEMTIO) Tmean)” + (U = Ymean)® < 10, nmavie ¢(xi,y;) =
I
I
[Pa?um’me uso6paskenus [; j raycCoBBIM (DPHIBTPOM € TIAPAMETPOM {T] [ Berancstenne xapThi cKopocTeif Tovek m3o6pakenms g = 1+1'HV1H J

I
Macmrabupopanne Y3U-n306paxenns cepyna I; j 1 9KCnepTHOl
mackn obmactn JIZK M; ; k pasmepy 512 x 512 (Onmnmeiinoii
HUHTEePIOJIAINA 1 HHTePHOJIAIINT MeTO10M OrmzKaitero cocesia,

I I
Beranciienne HOpMBI MpajHeHTa KAPTBI CKOPOCTel H306paskeHust
[Vl

Borancienne KOOPAMHAT (Zmeans Ymean) INEHTPA MACC SKCIEPTHOIO
konTypa JIZK na rnepsoM Kajpe )’3]/1 BIJICONIOCTICOBATCILHOCTH

I

( Hukn k or 1 jo N W
I

Brrancnenne rpapenrta n ||0pun rpajuenta Gynkuun (Vo, HVQH)]

B y3J1aX KOOD/IMHATHOM CeTKH

Munimamsaius GyHKn ¢l
@i,y i = 1512,]

,512: ¢(w4,y;) = 1 ecim

(i — Zmean)? + (45 — Jw(un)2 < 10, mave ¢(w;,y;)
I

Brranciienne KapTel CKOpocTeil ToYeK H300pazkenus g = 5= qHVOHdu HVA“H)

1+FHVI\

B:yHVcﬁH

[ )
( )
[ A—zfsz+z:35 )
( )
( )
C )

T
Beiunciienne HOpMbI l])d,_l,l/l(,leL usobpazkenns ||Vo||

6@:05+“‘38+'\,«A
T
o=0¢+0d¢
I

56 =9 41
T

¢ =¢+0¢
I
Yeemmunts k na 1 Yeemmunts k na 1
I I

| }
| T
[ )
( Tuxa k or 1 g0 N W
( )
( )
( )
: y

[Bbl‘]l/l(,‘ILHIlL 6unaproro mzobpazkenus: obnacru JIZK R = ¢(z,y) > ()] [Bbl 1mcieHne GunapHoro nsobpazenns obnacru JIZK R = ¢(z,y) > U]
I I
Brorancnenne uzobpasxennst kourypa JIZK n3 6unapuoro Borancnenne uzobpaxenust kourypa JIZK n3 6unapuoro
u3o6pazkenust obmactu JIZK uzobpazkenust obimactu JIZK

a) 6)

Pucynok 6 — AJropuT™M ypOBHEBBIX MHOXKECT (&) M T€OJIe3MIECKIX AKTHBHBIX
KOHTYDOB (6)

3. AHajuM3 CTATHCTHYECKUX XapAKTEPUCTUK aHcaMmbJieil 3HadeHuil Koadh-
dunuenta Dice (Bbrumcienue annpokcumaimii Posenbsarra-Ilapze-
Ha IJIOTHOCTEH paciipejiesieHnii ancaMOJieil 3HaYeHuil KoadpuimerTa
Dice n najnee Ha OCHOBe IIOJIyY€HHBIX AIIIPOKCUMAIINI KBApTesei pac-
MpeJIeJIEHNil Ha, YPOBHSIX JIOBEPUTENIBHON BeposiTHOCTEN Qo 05, (0.50,
Qo.95 1 JyHBI OTPE3KOB [Qo.05, Q0.95))-

Bribop onTuMasibHBIX 3HAYEHUI [IapaMeTPOB AJTOPUTMOB YPOBHEBBIX
MHOXKECTB ¥ I'€0JI€3UIECKIX aKTUBHBIX KOHTYPOB OCYIIECTBJISIIICS Ha, OCHOBE BU-
3yaJIbHOI'O aHAJIN3a JUHAMUKNA W3MEHEHUsi (POPMBI KOHTYPOB U 3aBHCUMOCTE
3HAYEHUU KBAHTUIEH pacupeaesiennii koadduimenTos Dice, BBIYUCISIEMbBIX HA
unabope mamabix USEKB, or gucia wreparmii.

Bribop onruMasibHBIX MapaMeTPOB AJTOPUTMA OINTHIECKOTO MOTOKA JIy-
kaca-Kanaze ocyIecTBisicssi Ha OCHOBE BHU3YAJIBHOI'O AaHAJIM3a JINHAMUKI
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Hopwmasmmszanus nocieposarensaocru Y 3/-uzobpazkenus cep/iia
[Ii,j]n u sKcrepTHoit Mackn obractu JIZK M; ; k qunasony snadenuit
[0,1]

[

MacmrabupoBanue nocsegoBareapnoct Y 3U-uzobpazkenus cep/iia
[Z; j]n m sxcneprroit Macku obiacru JIZK M; ; k pasmepy 512 x 512
(6m1wnef/'m0f/'1 MHTEPIOJIAIUN U UHTEPIOJIAINA METOI0M
GumKaiiero cocesa, COOTBETCTBEHHO)

I
Haxoxenne 9 6a30BbIx TOUeK dKcnepTHOH Mackn JIZK

Pk = [(”Ly)]kl

[
( Huknnorl o N—1 W
[
BbrunciieHne rayccoBbIX mupaMu n3obpazkennit [1; ;]

gauss

n,l n

L, J]ii”f; pasmepom L s Y3U-mzobpazkennit [I; ], 1 [1; jln41,

COOTBETCTBEHHO
I

( Iluks k or 1 10 9 W
[

[ I/IHI/IIU/IB,JII/I33,]U/IH HyJIeBOI‘O BeKTOI)a OIITUYIECKOI'O IIOTOKa f ]
I

( Iuknlor L—1 100 W

[
TTosyuenne marpur 3uadenuii [J; j]n, [Jij]lnt+1 pasmMepom
(2w + 1 X 2w + 1) u3 uzobpaxenuit [I; j|,, u [I; j]n41 ¢ HeHTPOM B

TOUKE D p,
[
s - 1 _ 9 aJ
Boruucsiernne rpajenta uzobpaxenus V[ Ji ], = [§3, 67]
I
[ Brrauciienue pasHUIbl n300parkKeHuit % = [Jijln — [Jijln+1 J
I
9J 8J 8J 8. 22
A= Dz Dz 9z dy B _ 37?
= |5~ 09 95 0104 (B =|53050)
dx dy Dy dy oy ot

[
Haxoxx gemnne MeTo/10M HAMMEHBIINX KBA/IPATOB PEIICHHS CHCTEMBI
JIMHEHBIX anrebpandeckux ypasHenuii As = B

[
f=2(f+5s)

Ywmenbmuts | vHa 1
I

Pkn+1 = Pk + f
I

Veesmuuthb k Ha 1
[

Borunciienne nzobparkennst Koutypa JIZK 110 BBIMUC/IEHHBIM TOYKAM
Prnt1, k=19
I
VYBeauanTb n Ha 1

Pucynok 7 — Asnropurm ontmyeckoro moroka Jlykaca-Kanase

Y 1Y
AN I D N R Y2\ J

)
-

o
p
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64 64 §
o @
o BB & PR
I R e REIRES &
2elel s SITIEr e8] ¢
GG |8 MEREIREREIR
& EEREIRERET R
8 ® H
& » g
H 2
8 H
& =
g - J g
® g
a4
%
&
Gnoit oopaThoi caepTKY o, w o, 812 o 512 o, 1024 e 512 5 Buipeaae UeHTRaNLHOR uacT
i gty g BB % By pranaxosux kapr weweuero pawepa n
> - CoOTBRTCTRYICUMM
Cnof noaseGopKH no |y TIPH3HAKCBLIM KARTEM YDOBHA ACXUTEKTYPS
MaKCAMANHOMY ANEUBHTY (1, =0,=2, 5,,5y=2) o, 1024 <
o &, GREPTOMMBIA CNOR (1, ~0=1, 5, =Sy=1, Py=By=0)
CBepTauHLI Cnol (i, =1y=3, S,=Sy=T, P =0y=0). & 3 — I S E
_y Ceen U==3, sy=sy=1. P00k AcTvmaumonsif cnof Sigmoid

ATHBAUACHHIA Tk Aol U

Pucynok 8 — Ncxoguass CHC ¢ apxurekrypoit U-Net

a2416 32 a2 1

512%512

Bxoaroe nsobpaxerue
Bowoan
BEPORTHOGTHAR MacKa

25641281y 256 o,

3,

KOMMpoBaMMB  MpUSHAKOBLX  KEPT W
-+ potanera coaToaTCTEy 0L
PAISHAKDSLIM KEBTL YPOSHA ACKMTGKTYRS:

L Cueprouuin cnom (11,54, 5,252, p,=py=1)

b CBEPTOHHbIA CNOM (7,=1,=0, 5,=5y=1, P =Py=1,
Casprosasih enoh (f,Hy=", 5,=51=", Py=P=0) E — Gro camHopandgauwm (020
AXTHBAUMOHHbIH CROM Sigmoid AKTHBALACHHLIA CNOA HaL U

Pucynok 9 — CHC ¢ momudunuposannoii apxurexktypoit U-Net

n3MeHeHust (pOPMbI KOHTYPOB M 3aBHCHMOCTEN 3HAYEHUII KBAHTUJIEH pacipe-
nesennii koaddunuentos Dice, BerancisieMbix Ha Habope manabix USEKB, or
BEJINYMHBI OKHA U OT KOJIMYECTBA yPOBHEl rayCCOBON MTUPAMUIBI N300ParKeHUsI.
OnrumaJibHble 3HAYEHUs [TapaMeTPOB, 00ECIIeYNBAIOIINX HANMEHBIITYIO JJIUHY
orpe3koB [Qo.05, Q0.95]), IpecTaBIeHbl B Tabiuie 2.

Tabauna 2 — OnrumasibHble 3HAYEHUS [TapaMeTpPOB, 00ECIeYMBAONINE HAU-
MEHBIIIYIO JJIUHY OTPE3KOB [Qo.05, Qo0.95])
Aropur™m ITapamerpbr
Mopdostorudeckue omepanum HET TapaMeTpoB
YpoBHEBBIE MHOXKECTBA c=2,N=80, F=2
Teonesnyeckne aKTUBHBIE KOHTYPbI 0=20a=07=02y=01L
N =450, F =2
Onruveckuii mOTOK w=w; =w, =30, L=1
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Onrumasibabie 3uadenust napamerpoB CHC ¢ opurunanbroit u Mmoaudu-
nupoBanHoil apxurekrypamu U-Net BoIOMpaJUCh HA OCHOBE aHAIM3a KPUBBIX
o6yuennst CHC, npescrabienubix Ha pucyske 10 (HCIOIb30BaHHAS METOIUKA
o6yuenust CHC nompoGro omucana B paszene 4.2 auccepranun).

e —
gt —_— — Y EEEE TR RNy aEE 2

1) Livenvew

T4 r I
|| il

I i

03{ & 03

3HaveHWe MeTpunku Dice
3Ha4YeHMe MeTpUKuU Dice

0 5 1015 2 2 B 5 4 45 N S 0 65 0 75 80 B 0 B 10 [] H pt] 5 a5 50

S E B
3noxa 06y4eHns CHC 3noxa 06y4eHns CHC

Pucynok 10 — 3asucumoctu D>, D> (< tr > — TpenmpoBouHas BHIGOD-
Ka, < vl > — BAIWIAIMOHHAS BBIOOPKA, 1 — HOMEP Iara o0y IeHusl ), MHTePBAJIbI

. =Y t E———— t . 4 l = l
[min (che,j T>) , Mazx (che,j T>)], [min (che,jv >> ,mazx (che,jv >)] JLIIST
opuruHaJbHOH (csieBa) u MopudunupoBannoil (cupasa) apxurektyp U-Net
(1 — rperupoBoYHas BBIOOPKa, 2 — BAJIMIAIMOHHAS BBIOODKA)

W3 pucynka 10 BugHO, YTO acCUMITOTHIECKOe 3HAaYeHne Dice I0CTUraeT-
cs Ha ~225 u ~60 smoxax y moaudunupoBanuoit n ncxogHoi U-Net apxutekTyp,
COOTBETCTBEHHO.

JJtst HAliIEHHBIX ONTUMAJILHBIX 3HAYEHWII IMapaMeTpPoOB Pa3pabOTaHHBIX
aJITOPUTMOB B COOTBETCTBHE C BBIIIEONMCAHHON METOJMKON ITPOBEIEHO CPaB-
HeHMe HAWIEHHBIX C TMOMOIIBIO MPEII0KEHHBIX aaropuTMos obiracteit JIZK, ¢
COOTBETCTBYIOMIMMI OOJIACTSIME, OTMEYEHHBIMHU 3Kcnepramu Ha Y 3M-uzobpa-
skeHusix Habopa JaHHbiXx USEKB (Ta6. 3).

W3 Tabaunpl 3 BUAHO, YTO HambOJbIIHe 3HadeHus Qoo = 0.8071,
Qos0 = 0.9013, Qp.95 = 0.9712 mmeerT aarOPUTM ONTUIECKOTO TMOTOKa JIy-
kaca-Kamnazne, nmpy 3TOM HamMeHbBINAs JJINHA OTPE3KA OKA3bIBAETCS DPABHOMN
|Qo.05, Qo.o5] = 0.1642. Takzke oTmMeTHM, UTO OIM3KHE K YKA3AHHBIM BBIIIE
snauenusiM okasbiBaercst y CHC ¢ mopudunuposannoit apxurekrypoit U-Net,
JI000YY€eHHO Ha MEPBBIX KaJIpaX BUEOIOC/IEI0BATE/IFHOCTEH Habopa JTaHHBIX
USEKB: Qo.05 = 0.7957, Qo.50 = 0.8910, Qo905 = 0.9672, |Qo.05, Qo.05| =
0.1715.
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Tabmuna 3 — OSnadenuss kodpduimenta Dice Ha OCHOBE IOJIyYeHHBIX
anmpokcumanuii Pozenbsarrta-Ilapsena kBapreseil pacmpenesieHuil Ha YpPOB-
HAX JOBEPUTEIbHONW BeposTHOCTEH (Qo.05, (Qo.50, (Qo.95 W JIUHBI OTPE3KOB

|QO.057 C\?O.95|>|<

Anroputm Qo.05 Qo.50 Qo.95 | 1Qo0.05, Qo.95]
Morph 0.7214 0.8798 0.9489 0.2279
LS 0.6635 0.7630 0.8324 0.1689
GAC 0.6505 0.7963 0.8730 0.2225
LK 0.8071 | 0.9013 | 0.9712 0.1642
cU-Net (CAMUS) 0.6877 0.8394 0.9116 0.2239
mU-Net (CAMUS) 0.6726 0.8541 0.9117 0.2390
cU-Net (CAMUS~+1-USEKB) 0.6840 0.8524 0.9364 0.2524
mU-Net (CAMUS+1—USEKB) 0.7957 | 0.8910 | 0.9672 0.1715

* Morph — anropurm mopdonorugeckoit 06paborku; LS — MeTos ypoBHEBBIX
muoxkecTB; GAC — MeTOJT Teo/Ie3nIecKnX aKTUBHBIX KOHTYpoB; LK —
AJTOpPUTM OnTHYIecKoro motoka Jlykaca-Kanasme; cU-Net (CAMUS) —

opurunaiabuas apxurekrpa U-Net, obydyennas na nabope panubix CAMUS;

cU-Net (CAMUS+1-USEKB) — opurunasibhas apxurekrpa U-Net,
JI00OyYeHHAsT Ha MEPBLIX KaJpax BUJIEOMOCIEI0BATEILHOCTEH HADOPa JTAaHHBIX
USEKB; mU-Net (CAMUS) — momudunuposanunas apxurekrpa U-Net,
obyuennasi Ha Habope manubx CAMUS; mU-Net (CAMUS+1-USEKB) —
MomduimpoBatntas apxurekrpa U-Net, 1000ydeHHas HA MEPBBIX Kapax
BHIeoTIOCIe0BaTeIbHOCTEH Habopa manubix USEKB;

Takum ob6pazoMm, HanboJee MEPCIEKTUBHBIM TOJyaBTOMATHIECKUM aJIro-
PUTMOM JIJIsI UCTIOJIL30BaHus B 3ajade okonrypuBanus JI2K ma Y3U-kampax
OKa3bIBAETCSI AJITOPUTM, OCHOBAHHBIN Ha omTudyeckoM morToke Jlykaca-Kana-
ne. HanbGosiee iepCreKTUBHBIM aBTOMATHYECKAM AJITOPUTMOM OKOHTYPUBAHUS
JI2K na Y3U-kagpax — CHC ¢ moaudwunuposannoit apxurektypbl U-Net, 00y-
JeHre KOTOpoil mpoogmioch Ha Habope jganabix CAMUS u mepBbIX Kajpax
Bueonocaenosareasnocreii USEKB.

OcHoBHBIE PE3YJAbTAThl PAGOTHI 3AKJIOYAIOTCS B CJIEIYIOIEM.

1. IlpoBesen aHau3 WHCTPYMEHTAPUsi, IIOCTABJISIEMOIO COBMECTHO C
V3U-ckanepamu, npoussoauteseir Philips, General Electric, Canon,
Mindray, Siemens, KOTOpble HE UMeET WHCTPYMEHTOB aBTOMATHIECKO-
ro okourypuBanus JI2K wa Y3U-uzobpakenusx.

2. TlpoBeneno ucciegoBanne HAOOPOB JAHHBIX ¢ Y 3V-nz00parkeHusiMu
cepgeunoii mbrmne: USEKB, CAMUS u CETUS u ob6ocHoBaHHO
BO3MOXKHOCTh UX WCIIOJIb30BaHUs JJIsi pa3pabOTKU aJrOPUTMOB OKOH-
rypuanus JI2K #a ¥Y3U-uzo0parkenusix.

3. Pazpaboranbl moryaBTOMATHYECKHE AJITOPUTMbI OKOHTYpuBaHus JI2K
Ha Y3U-kajipax anmuKaJbHON MPOEKIUN, U WX POIPAMMHAS PEaJIi-
3aIlii, OCHOBAHHBIE HA MCIIOJIb30BAHUN:

— MOPQOJIOrTIECKUX OIEPAIIHIA;
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— YPOBHEBBIX MHOYKECTB;

— Te0JIe3NIECKUX AKTUBHBIX KOHTYDPOB;

— omruveckoro noroka JIlykaca-Kamnage.
U aBTOMATHIECKUN aJroputMm OKOHTypuBaHus JIZK, ocHOBaHHBII Ha
ucriob3oBanuu CHC ¢ moaudurmposannoit apxurektypoit U-Net.
IIpoBesen cpaBHUTEIBHBIN AaHAIN3 TOYHOCTH HAXOXKICHUS KOHTYDA
JIZK mpemyioKeHHBIX aJrOPUTMOB HA OCHOBE HCIIOJIB30BaHUs KOI(D-
dunmenta Dice, pe3ynbTaTbl KOTOPOrO IMOKA3aJjH, YTO HAUJIYIITIM
10 BHIOPAHHOMY KO3(MDPUIMEHTY OKA3BIBAETCS aJrOPUTM aBTOMaTHYe-
ckoro okoHrypuBanusi ocHoBauublii Ha CHC ¢ momudunupoBanHoit
apxurektypoit U-Net.

IlepcriekTuBbI JajbHeliIeil pa3paboTKU TeMbI UCCJIETOBAHUS 3a-
KJIIOYAIOTCA B:

1.
2.

paspaborke 3D aKkycTHYeCcKoil MOJIEJIN Cep/ila;
pa3paboTke MeToj10B cuHTe3a Y 3l-n300parkeHuil Ha OCHOBE HCIOJIb-
30BaHUsd 3D aKyCcTHYeCKON MOJIen Cep/la;

. WCIIOJIb30BAHUU CUHTE3UPOBAHHBIX Y 3V-n300parkennii 1151 anaansa u

JaspHelneil MouduKaIl aBTOMATHYECKUX U I10JIyaBTOMaTHIeCKUX
aJIrOPUTMOB OKOHTYypuBanus JIZK.

IIVBJINMKAIIAN 110 TEME IVNCCEPTAIINN

Crarbu, OIlyOJMKOBAaHHbIE B PeENEeH3UPYEMbIX HAYYHBIX XKYP-
HaJIaX M U3aaHusx, omnpenejieHHbIx BAK P® u ArTecTanmmoHHBIM
coBeToM YpdDYV:

1.

Zyuzin V. Segmentation of 2D FEchocardiography Images using
Residual Blocks in U-Net Architectures / Zyuzin V., Mukhtarov A.,
Neustroev D., Chumarnaya T. // 2020 Ural Symposium on
Biomedical Engineering, Radioelectronics and Information Technology
(USBEREIT). — IEEE. 2020. — C. 499—502 (0,25 . o. / 0,07 1. J1.)
(Scopus)

. Zyuzin V.V. Comparison of Unet architectures for segmentation

of the left ventricle endocardial border on two-dimensional
ultrasound images / Zyuzin V.V., Chumarnaya T.V. // 2019
Ural Symposium on Biomedical Engineering, Radioelectronics and
Information Technology (USBEREIT). — IEEE. 2019. — C. 110—113;
(0,25 . 1. / 0,15 . a1.) (Scopus, WoS)

Porshnev S.V. Automatic system for estimating the volume of the
left ventricle based on two-dimensional MRI images of the heart
along the long axis / Porshnev S.V., Bobkova A.O., Zyuzin V.V.,
Mukhtarov A.A., Chernyshev M.A., Akhmetov D.M. // Journal of
Physics: Conference Series. T. 944 (1). — 2018. — No. 012092;
(0,24 . 1. / 0,06 1. i1.) (Scopus)
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10.

11.

. Zyuzin V. Identification of the left ventricle endocardial border

on two-dimensional ultrasound images using the convolutional
neural network Unet / Zyuzin V., Porshev S., Mukhtarov A.
Chumarnaya T., Solovyova O., Bobkova A., Myasnikov V. // 2018
Ural Symposium on Biomedical Engineering, Radioelectronics and
Information Technology (USBEREIT). — IEEE. 2018. — C. 76—78;
(0,25 u. 1. / 0,05 1. a1.) (Scopus)

Porshnev S.V. Estimation of volume of the left ventricle on MRT-
images of a twochamber projection of heart on a short axis based
on deep learning / Porshnev S.V., Bobkova A.O., Zyuzin V.V,
Mukhtarov A.A., Akhmetov D.M., Chernyshev M.A. // 2017
Dynamics of Systems, Mechanisms and Machines (Dynamics). —
IEEE. 2017. — No. 8239495; (0,25 1. 1. / 0,07 . J1.) (Scopus, WoS)

. Mukhtarov A.A. Usage of fully convolutional neural network for

automation of extracting the left ventricle contour on the ultrasonic
data images / Mukhtarov A.A., Zyuzin V.V., Bobkova A.O. //
CEUR Workshop Proceedings. T. 2005. — CEUR-WS. 2017. —
C. 75—82; (0,44 w. a. / 0,15 1. u1.) (Scopus)

Mukhtarov A.A. The usage of optical flow algorithm to the problem
of recovery contour of the left ventricle of the human heart on
the ultrasound image data / Mukhtarov A.A., Porshnev S.V.
Zyuzin V.V., Bobkova A.O., Labutina A.A. // CEUR Workshop
Proceedings. T. 1814. — CEUR-WS. 2017. — C. 9197,
(0,37 m. 1. / 0,10 1. i1.) (Scopus)

. Porshnev S.V. The study of applicability of the decision tree method

for contouring of the left ventricle area in echographic video data
/ Porshnev S.V., Mukhtarov A.A., Bobkova A.O., Zyuzin V.V.,
Bobkov V.V. // CEUR Workshop Proceedings. T. 1710. — CEUR-
WS. 2016. — C. 248—258; (0,60 m. 1. / 0,15 . a1.) (Scopus)

. Zyuzin V.V. The application of decision trees algorithm for

selecting the area of the left ventricle on echocardiographic images
/ Zyuzin V.V. K Bobkova A.O., Porshnev S.V., Mukhtarov A.A.
Bobkov V.V., // First International Workshop on Pattern Recognition.
T. 10011. — International Society for Optics, Photonics. 2016;
(0,25 . 1. / 0,05 1. a1.) (Scopus)

Zyuzin V.V. Studying features characterizing signatures of medical
contours of the left ventricle on ultrasound images / Zyuzin V.V,
Porshnev S.V., Bobkova A.O., Bobkov V.V. // Pattern Recognition
and Image Analysis. — 2016. — T. 26, Ne 3. — C. 665—672;
(0,40 om. 1. / 0,10 1. a1.) (Scopus)

Bobkova A.O. Experience of using of machine learning methods
to identify the left ventricle region in echocardiographic records /
Bobkova A.O., Zyuzin V.V., Porshnev S.V., Bobkov V.V. // 2016

18



12.

13.

14.

15.

16.

17.

18.

IEEE 10th International Conference on Application of Information and
Communication Technologies (AICT). — IEEE. 2016. — C. 665—672;
(0,44 o. . / 0,11 . a1.) (Scopus, WoS)

Bobkov V. The application of ensemble learning for delineation
of the left ventricle on echocardiographic records / Bobkov V.
Bobkova A., Porshnev S., Zuzin V. // 2016 Dynamics of Systems,
Mechanisms and Machines (Dynamics). — IEEE. 2016. — No. 7818984,
(0,25 . a1. / 0,07 1. a1.) (Scopus, WoS)

Porshnev S.V. Study of the Mass Center Motion of the Left Ventricle
Area in Echocardiographic Videos / Porshnev S.V., Mukhtarov A.A.,
Bobkova A.O., Zyuzin V.V., Bobkov V.V. // CEUR Workshop
Proceedings. T. 1452. — 2015. — C. 137—142; (0,31 . 1. / 0,07 1. J1.)
(Scopus)

Bobkova A.O. The analysis of results of the left ventricle contouring
using automatic algorithm on wultrasound images for patients
with pathologies / Bobkova A.O., Porshnev S.V., Zuzin V.V,
Bobkov V.V. // 2014 24th International Crimean Conference
Microwave & Telecommunication Technology. — IEEE. 2014. —
C. 1073—1074; (0,12 . s1. / 0,04 1. 71.) (Scopus, WoS)

[Mopmaes C.B. Criocob moryaBTOMATHIECKOTO OKOHTYPUBAHUST JIEBOT'O
JKeJIyJIOUKa Cepia UeOoBEeKa Ha 9XOKapIuorpadpuueckux mu3obparke-
ausx / Iopmues C.B., Bo6kosa A.O., 3ro3un B.B., Bo6tkos B.B.
// ®@yunamentanbabie uccaenoBanusg. — 2013. — Ne 8-1. — C. 44—48;
(0,31 w. o1. / 0,07 . J1.)

Bobkova A.O. Factor analysis of image features used for automatic
analysis of echocardiography results / Bobkova A.O., Porshnev S.V.,
Zuzin V.V., Bobkov V.V. // 2013 23rd International Crimean
Conference Microwave & Telecommunication Technology. — IEEE.
2013. — C. 1071—1072; (0,12 u. ;1. / 0,04 1. s1.) (Scopus)

ITaTeHTHI U CBUAETEJIBCTBA O PETUCTPAIMU MPOTPAMMBI:
CBuieTe/IbCTBO O T'OC. perucrparuu mnporpammbl it 9BM. Ilpo-
IPAMMHBIH 9KCIEPTHBIA MEIUIMHCKUNA JUATHOCTUYECKUN KOMILJIEKC
«Asro/Tuarnocrs / Tonybaraukos T.B., Bobkosa A.O., Bookos B.B.,
B.B. 3to3uH, [lopmues C.B.; OO0 "AiiTu-Mex". — Ne 2016613583;
nara perucrparuu 30.03.2016; omy6u. 20.04.2016 (Poccuiickaa Pene-
parsi).

JApyrue nmybsaukammn:

3ro3un B.B. Ananus pesyabTaToB OKOHTYDPUBAHUS JIEBOTO YKEJTYI0Y-
Ka CEePJIa Ha XOTpadUIeCcKIX N300parKeHUsIX Y 3J0POBbIX TAI[HEHTOB
¢ HOMOINBIO aBTOoMaTudeckoro ajropurma / 3ro3uH B.B., Ilopr-
ues C.B., Bo6kosa A.O., Myxrapos A.A., Bo6kos B.B. // Mamuunoe
obydenne u aHayin3 gaHHbix. — 2015. — T. 1, Ne 11. — C. 1529—1538;
(0,52 o. 1. / 0,15 1. 1)
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