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PaspaboTka MeTofa 06paboTKu curHana Checktox
aneKTpokapauorpapumn ana 3p¢PeKTUBHOU OL,EHKH
CepAeYHOro pUuTMa nawueHTa ¢ UCNoJib30BaHUEM

CBEPTOYHOW HEMPOHHOM CeTH

[1.B. Topauetko, A.O. KpaByeHKo

MoCKOBCKUM rocyaapCTBEHHbI TEXHU4ECKUI YHUBEpCUTET MeHn H.3. bayMaHa (HaumoHanbHbIiA nccnesoBaTeNbCkuii yHuBepcuTeT), Mockea, Poccus

AHHOTALINA

O6ocHoBaHMe. OueHKa puTMa cepaua NauMeHTa ABNAETCS MEPBbIM 3TanoM MpYU aHHOTMPOBAHWM 3MIEKTPOKAPAMOrpaM-
Mbl. B npepactasnenHoii pabote 6bin paspabotaH MeToA, MpeaHa3HayeHHbI Ana 06paboTkM curHana aneKkTpoKapavorpa-
1M U OLIeHKM cepAeyHoro putMa. MeTof 0cHOBaH Ha MPUMEHeHWUM 0ByYeHHO CBEPTOYHOW HEMPOHHOM CETW, YTO NO3BOAMUT
B KpaTyaiiLuMe CPOKM Nocse Nony4eHUs 3IeKTPOKapaMorpaMMbl NpefocTaBuTh Bpayy npeABapuUTesbHY0 MHbOpMaLmio 0 BO3-
MOXKHOW PUBpMNNALMU NpeaCcepauiA AW HAaIMUYUK UHBIX HapyLLeHW puTMa. KpoMe Toro, Takve MeToAbl MOryT BbITb MHTErpU-
POBaHbI B CUCTEMBI TENEMEMLIMHBI, NO3BOMIAS NPOBOAUTL MOHUTOPUHT CEPAEYHOT0 COCTOSHMS AMUCTaHLMOHHO.

Lienb — pa3paboTka MeToaa 06paboTkM curHana anexTpoKapamorpaduu ans KnaccuduKaumm cepaeyHoro putMa nalmeHTa
Mo TPEM KraccaM: CUHYCOBbIN pUTM, GubpUnnALMA npeacepamin U Npoune apuTMum.

Matepuansl u MeToabl. [ TPEHUPOBKM W TeCTUpOBaHMA Mogenu bbian BbibpaHbl 3NeKTPOKapAMOrpaMMbl MALMEHTOB, Ha-
xofswmecs B oTKpbIToM goctyne [1]. MporpaMMHoe obecneyeHre HaNKUCaHo Ha A3biKe NporpaMMupoBaHns Python ¢ ucnonb-
30BaHueM dpeliMBopka TensorFlow. TpeHMpoBoYHas, BanuaaLMoHHas M TecToBas Bblbopku hopMUpOBaNnCh C COOTHOLLIE-
HueM 10:1:1, pacnpegeneHne no KnaccaM paBHoMepHoe. Habopbl AaHHBIX AN Kaaon 3anucu NoaroTaBAMBanuCh B TPEX
BapWaHTax: COBMeLLeHMe rpadmKoB Beex 12 0TBEAEHWUN 3NEKTPOKApPAMOrpaMMbl Ha 04HOM U306paXKeHWM, NoNyYeHne CreK-
Tporpamm |l n V1 oTBeAeHWi ¢ ucnonb3oBaHWeM BenBrieTa laycca, NpeAcTaBieHne 3anncy B BUAE BEKTOPHOW KapavorpaM-
Mbl. 32 0CHOBY apXUTEKTYpbl CBEPTO4HON HEMPOHHOM ceTh Bbina B3siTa apxuTekTypa ResNet18, koTopas bbina B AanbHeliweM
MOAMOULMPOBaHA, M TN KAXAOT0 U3 NpeACTaBAeHNA BXOAHBIX aHHbIX Obiv Npon3BefeHbl cepun MoAGUKaLMiA.
Pe3ynbTathl. beina nonyyeHa cepuanuavpoBaHHas MOAENb CO ClefyoLLMMM NoKa3aTeNiM1 TOYHOCTH: accuracy=43% ans co-
BMeLUeHus 12 3neKTpoKapauorpaduyeckux oTBefieHUi Ha n3obpaxeHum; accuracy=43% L1 BEKTOPHOrO NpenCcTaBfeHns
3NEeKTPOKapAMOrpaMMbl; accuracy=69% nis BenBneT-npeobpa3oBaHus 3NEKTPOKapaMorpaMMl. B ciyyae fByxKiaccoBoii 3a-
[.a4M, BKIOYaloLLen B cebs CMHYCOBbLIM pUTM 1 GUBpMANALMI0 NpeLCcepaniA, METPUKA accuracy [J1s BeliBneT-npeobpa3oBaHus
pocturaet 93% c MeTpukamu recall=93%, precision=94% u f1-score=93%.

3aksnioyenune. [lonyyeHHble pesynbTaThl AEMOHCTPUPYIOT BO3MOXHOCTU MPUMEHEHMS CBEPTOYHBIX HEWPOHHBIX CeTen
ANs OLEHKW CEpAeYHOro pUTMa naumeHToB. [lanbHelllee pa3BuUTME MPOEKTa NpefnonaraeT noabop Haumyyllero anroput-
Ma MalLMHHOro 06ydeHus, anpobauus 3Toro anroputMa AJis [BYXK/AcCOBOW 3afaduu W pacLUMPeEHUe PeLleHus Ans Apyrux
K/accoB HapyLLeHui putMa. KpoMe Toro, BO3MOXKHO YNyyLLEHWE pe3ynbTaToB KnaccudbuKaumu ans TPEXKNACcCOBOM 3aAaqumn
NPy UCMO/Ib30BaHMK NyYLLEN MOLENN WU BBEAEHUM JOMNOSHUTENIbHON KNacTepu3aLmu.

KnioueBble cnoBa: CBEPTOYHAsA HEMPOHHAA CeTb; CEPAEYHbIN PUTM; GUOPUNNALMA Npeacepanid; aneKTpoKapanorpadus;
BEKTOpHasA aneKTpoKapauorpadus; BensneT-npeobpasosaHue.
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Electrocardiography signal processing method
for effective assessment of a patient's heart rate
using a convolutional neural network

Daniel V. Gordienko, Artem 0. Kravchenko

Bauman Moscow State Technical University, Moscow, Russia

ABSTRACT

BACKGROUND: The initial step in annotating an electrocardiogram is the evaluation of the patient's heart rhythm. In the
presented study, a method has been developed to process the electrocardiographic signal and estimate the heart rhythm. The
method is based on the application of a trained convolutional neural network, which will provide the physician with preliminary
information about possible atrial fibrillation or the presence of other rhythm disturbances as soon as possible after receiving
the electrocardiogram. Furthermore, such methodologies can be incorporated into telemedicine systems, thereby facilitating
remote monitoring of cardiac status.

AIM: The aim of the study was to develop an electrocardiography signal processing method for the classification of a patient’s
heart rhythm into three classes: sinus rhythm, atrial fibrillation, and other arrhythmias.

MATERIALS AND METHODS: The publicly available electrocardiograms of patients were selected for model training and testing.
The software was written in the Python programming language using the TensorFlow framewaork. The training, validation, and
test samples were formed with a ratio of 10:1:1:1, with a uniform distribution by classes. Three variants of data sets for each
record were prepared: combining plots of all 12 leads of the electrocardiogram on one image, obtaining spectrograms of Il and
V1 leads using Gaussian wavelet, and representing the record as a vector cardiogram. The architecture of the convolutional
neural network was based on the ResNet18 architecture, which was further modified, and a series of modifications were made
for each of the input data representations.

RESULTS: A serialized model was obtained with the following accuracy metrics: accuracy=43% for matching
12 electrocardiographic leads in the image; accuracy=43% for vector representation of the electrocardiogram; and accuracy=69%
for wavelet transform of the electrocardiogram. In the case of a two-class problem involving sinus rhythm and atrial fibrillation,
the accuracy metric for the wavelet transform reaches 93% with metrics recall, precision, and F1-score values of 93%, 94%,
and 93%, respectively.

CONSLUSIONS: The results demonstrate the potential of using convolutional neural networks to assess the heart rhythm of
patients. Further development of the project involves the selection of the most effective machine learning algorithm, testing of
this algorithm for the two-class problem, and expansion of the solution for other classes of rhythm disorders. Additionally, it
is possible to improve classification results for the three-class problem by using a superior model and introducing additional
clustering.

Keywords: convolutional neural network; heart rate; atrial fibrillation; electrocardiography; vector electrocardiography;
continuous wavelet transform.
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