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AHHoTauums. MweMuyecKkan 6one3Hb cepaLa — onacHoe 3abosieBaHue cepaua, MpUYMHoOM
KOTOPOro ABNIAETCA NOpParKeHWe KopoHapHbIX apTepui. B KNMHMYeCKON NpakTuKe OonA
OMarHOCTUMKM KOpOHapHbIX 3ab0s1eBaHUi OCHOBHBIM METO0M BU3yanu3aLumm ABAAeTcA
peHTreHOBCKas KopoHapHana aHrMorpadus. Belcokaa CTOMMOCTb U CJIOHOCTb aHannsa
ee pe3yNbLTaToOB KapAMOXMpyproM caenana HeobxoAnMMoCTbio aBTOMaTM3aLMio npolecca
06paboTKN N306parkeHnin U QUArHOCTUKM CTEHO30B KOPOHAapHbIX apTepuit. B paboTe
paccMoTpeHbl Moaenu rnyboKoro AeTeKTUPOBaHMA, SIOKanMsauumn u onpepeneHuns
XapaKTepPUCTMK CTEHO30B C UCMosib3oBaHKeM nonynapHeix Mogenen SSD, R-FCN, Faster-RCNN,
RetinaNet, EfficientDet. Mogenu 6binu npegeapuTenbHo 06yYeHbl Ha Habope M306parKeHNit
COCO v BapbMpoBanu1chb No apxmnTeKType 6a3o0BoI HeMpoHHOM ceTu. Ha ncnonb3yeMbix AaHHbIX
KOpPOHapHOM aHrnorpadum npoBeneHbl KOMMbIOTEPHbLIE SKCNEPUMEHTBI N0 06HaPYHKEHUI0
CTEeHO03a Mo PEeHTFeHOBCKUM M306parkeHUAM. [aHHble cocToAT U3 9378 KNuHUYecKn
MoJlyYeHHbIX BMOeOoMNoC/e0BaTeIbHOCTEN B pe3ynbTaTe NpoBeeHHON MHBa3WBHOM
KopoHapHon aHrnorpa¢um B popmate DICOM n pasmeyeHHbIX Ha oTOeNbHbIe Kaapbl Ans
Ka oW BMOeO3anucu, cogeprkalline CTeHO3 KoOpoHapHoK apTepun. Bcero aHHoTMpoBaHo
1593 nocnepgoBaTenbHOCTU U306pareHnit ¢ paspelueHmeM (512x512) nukcenei. MNposegeH
CpaBHUTENbHbIM aHanM3 Modenen Mo OCHOBHbLIM MOKasaTesAM UX NPOM3BOAUTENIbHOCTU:
cpenHAA To4HOoCcTb MAP, BpeMa 06paboTKKN M306parkeHns, KoiMYecTBO NapaMeTpoB MOLESN.
Mony4yeHHble pe3ynbTaThl NO3BONAIT YTBEPHKAATb, UTo Mogenu Faster R-CNN (ResNet101)
u EfficientDet D4 (ResNet101) ABnsaioTcA oeTeKTopaMu Bbibopa B 3aa4e 06HapyHeHUA CTeHo3a
KOpPOHAapHbIX apTepuii. OHM 067184310 BLICOKON TOYHOCTHIO AETEKTUPOBAHUA U CKOPOCTLIO
06paboTKM N306parKeHUN, a TaKMKe OTHOCUTESIbHO HEBLICOKMMM BecaMu NapaMeTpoB Mo
CpaBHEeHWIo ¢ ApyrMu MogenaMu. CpaBHUTESIbHBIN aHaM3 UX XapaKTEPUCTUK C pe3ynbTaTamu
OpYruX uccnefoBaTeniei nokasasn NnpeBoCXoACTBO UIW CPaBHUMBIE pe3ynbTaThl, MoslyYeHHbIe
B [laHHOM paborTe.

KnioueBble cioBa: KOpoHapHaA aHr1orpaduaA, CTEHO3 KOPOHAPHbIX apTepuiA, 0bHapyHKeHNEe 0O BEKTOB,
MoZenw rayboKoro obyyeHua

Ana uutuposanus: Lemurun E. 0. 0bHapy*eHWe CTeHO3a KOPOHApHBIX apTepuin cepaua MeToaamu
rnybokoro obyyenwa // NpuknagHaa uHdopmatuka. 2024. T. 19. Ne 4. C. 94-106. DOI: 10.37791/2687-0649-
2024-19-4-94-106

[94]

Laboratory B> Processes and systems modeling



MPUKNAHAA UHOOPMATUKA / JOURNAL OF APPLIED INFORMATICS

[ Tom 19. N2 4. 2024 |

Heart coronary arteries detection by deep

learning methods

E. Shchetinin"
'Financial University under the Government of the Russian Federation, Moscow, Russia
riviera-molto@mail.ru

Abstract. Coronary artery disease is the most dangerous heart disease caused by coronary
artery disease. In clinical practice, X-ray coronary angiography is the main imaging method
used to diagnose coronary artery disease. High cost and complexity of analysis of a large
amount of data by a cardiac surgeon made it necessary to automate the process of image
processing and diagnosis of stenoses. In this paper we considered models of deep detection,
localisation and characterisation of stenoses using popular models SSD, R-FCN, Faster-RCNN,
RetinaNet, EfficientDet. The models were pre-trained on the COCO image set and varied on the
underlying neural network architecture. Computational experiments on stenosis detection
from X-ray images were performed on the coronary angiography data used. The data consist
of 9378 clinically acquired video sequences from invasive coronary angiography performed in
DICOM format and labelled into individual frames for each video containing coronary artery
stenosis. A total of 1593 image sequences with a resolution of (512x512) pixels were annotated.
A comparative analysis of the models in terms of the main performance indicators: mAP
accuracy, image processing time, number of model parameters was carried out. The obtained
results allow us to state that the Faster R-CNN (ResNet101) and EfficientDet D4 (ResNet101)
models are the detectors of choice in the detection of coronary artery stenosis. They have
high detection accuracy and image processing speed compared to other models, as well as
relatively low weights of parametrics. Comparative analysis of their performance with the
results of other researchers showed superior or comparable results obtained in this work.
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BesepgeHue

0 JlaHHbIM BcemupHoil opranuiza-

LMY 3]IpaBOOXPAHEHUs, HA CEPIEUHO-

COCYIUCTHhIE 3a00JIeBaHUsI TPUXOAUTCS
6onee 30% cmeptroctH [1, 2]. CoBpemeHHas
KJIMHUYECKasl TPAKTUKA OLIEHKH HAIM4Us U CTe-
nenu pacrnpocrtpanenHoctd UBC onupaercs
Ha MEUMIIMHCKIE U300paKeHNs1, TOTyYCHHBIC
C IIOMOIIBIO PA3JIMYHBIX JUArHOCTHYECKHUX
npoueayp. B KIMHUYECKON MpakTUKe s Ju-
ArHOCTHKH KOPOHApPHBIX 3a00JIEBaHUI OCHOB-
HBIM METOJIOM BH3YaJIM3alUU SBIISETCS PEHT-
TFeHOBCKasi KOpoHapHas aHruorpadus [3, 4].

ABTOMAaTHYECKOE ONPENEICEHUE CTEHO3a KO-
POHapHBIX apTepHil Ha PEHTTEHOBCKUX H30-
OpakeHHUSX UMEET BaKHOE 3HAYCHHE IS M-
arHOCTUKH HIIEMHYECKON O0JIe3HU cepala.
OOBI4YHBIE METOBI HE MOTYT TOYHO OIPE/IEIIUTh
BCE YYaCTKU CTEHO3a M3-3a CepALeOneHNUS, Tbl-
XaTeJbHBIX ABWKECHUH U CIa0BIX COCYIUCTBIX
0COOEHHOCTEHN Ha OAHOKAIPOBBIX KOHTPACT-
HBIX U300pakeHusIX. ABTOMaTH3MpPOBaB 0OHa-
pY)XEHHE U KIacCU(PHUKALUIO COCYIUCTBIX IMO-
pakeHUI KOPOHAPHBIX apTepuil, MOKHO OXKH-
JIaTh, YTO TO YIPOCTUT PabOTY METUIIMHCKUX
pabOTHHUKOB, COKPaTUB BEPOSITHOCTh HEMpa-
BUJIBHOM MHTEPIPETALMU U YCKOPUB IPOIIECC

Jla6opaTopua B> MopenupoBaHue NpoLIECCOB U CUCTEM
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