TNU Journal of Science and Technology

228(15): 79 - 87

AUTOMATIC CLASSIFICATION OF ECG USING DEEP LEARNING MODEL

Hoang Van Manh", Do Nam, Pham Manh Thang
University of Engineering and Technology - Vietnam National University, Hanoi

ARTICLE INFO

ABSTRACT

Received: 24/8/2023
Revised: 17/10/2023
Published: 17/10/2023
KEYWORDS
ECG
DenseNet
BIiLSTM

Deep learning
Artificial intelligence

Early detection of cardiovascular diseases through ECG signals has
played an important role in the treatment process for patients. The
application of artificial intelligence to develop an automatic method of
classifying ECG signals with high accuracy and reliability to help
reduce the time of diagnosis is an inevitable requirement. This study
proposes a deep learning model that combines a Densely Connected
Convolutional Networks (DenseNet) with a Bidirectional Long Short-
Term Memory Networks (BiLSTM) with a small number of parameters
into the ECG signal classification. The proposed model is evaluated on
an open database consisting of 827 ECG records. Although the study
only uses a small amount of data for the training process, the proposed
model still gives good results, in particularly, F1 scores corresponding
to the types of right bundle branch block, left bundle branch block and
sinus bradycardia are 0.831, 0.846 and 0.882 respectively. The obtained
results can serve as a basis for further studies applying on devices with
limited resources.
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Tri tué nhan tao

Phat hién sém cac ching bénh lién quan tdi tim mach thong qua tin
hiéu ECG da va dang dong mot vai trd quan trong trong qua trinh didu
tri cho nguoi bénh. Viéc (ng dung tri tué nhan tao vao phat trién mot
phuong phép tu dong phan loai tin hiéu ECG c6 d¢ chinh xac va tin cay
cao gitp giam thiéu thoi gian chan doan 1a yéu cau tat yéu. Nghién ciru
nay dé xuat mot moé hinh hoc sau két hop gitra mang tich chap day dic
(DenseNet) véi mang bé nhé dai-ngan song song (BiLSTM) ¢ sb
luong tham s6 nho vao phan loai tin hiéu ECG. M6 hinh dé xuat duoc
kiém thir trén co so dir lieu mo bao gom 827 ban ghi ECG. Mic du
nghién ciru chi sir dung s6 lugng nho dit liéu cho qua trinh huan luyén
nhung mo hinh dé xuét van cho két qua tét cing diém s F1 tuong (ng
Vi cac loai bénh block nhanh phai, block nhanh trai va hdi ching nhip
cham xoang lan luot 13 0,831; 0,846 va 0,882. Két qua dat duoc c6 thé
lam co s& ¢6 cac nghién ctru tiép theo tng dung trén cac thiét bi co
nguon tai nguyén han ché.

DOI: https://doi.org/10.34238/tnu-jst.8628

" Corresponding author. Email: manhhv87@vnu.edu.vn

http://jst.tnu.edu.vn

79 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.8628

TNU Journal of Science and Technology 228(15): 79 - 87

1. Gioi thigu

Phat hién sém dé c6 thé cham soc va diéu tri kip thoi cho bénh nhén 13 v6 cing quan trong. Su
ra doi cta cac thiét bi dién tir theo doi di dong c6 thé dung dé theo ddi lién tuc hoat dong cua tim
da hd tro dic lyc cho cac bénh nhan. Tuy nhién, cac thiét bi nay khong c6 kha ning giai thich tin
hiéu dién tim (ECG) ma d6 1a cong viéc cua cac béac si, y ta hodc cac nhan vién y té co chuyén
mon. Cong viéc ndy phu thude dang ké vao kién thirc va kinh nghiém cua chuyén gia y té. Bleu
nay d6i khi dan tai nham 1an két qua phén tich va chan doan bénh [1], [2]. Dé khac phuc van dé
nay da c6 nhiéu nghién ctru chuyén sau vé phat trién cac phuong phép dang tin ciy cho phép
phan loai tin hiéu ECG mot cach tu dong.

Dé tao cam himng phat trién cac phuong phap tiép can ty dong phan loai rdi loan nhip tim dua
vao tin hiéu ECG, PhysioNet da t6 chirc mot cudce thi dé xac dinh cac triéu ching AF tir tin hiéu
ECG don dao trinh ngan [3] vao nam 2017. Bén d6i chia sé vi tri dan dau trong cudc thi da sir
dung cac phuong phap tiép can khac nhau nhu mang no-ron tich chap (CNN) hay mang no-ron
héi quy (RNN) [4] - [7]. Ngoai ra, 1st China Physiological Signal Challenge cling dugc ) chirc
vao nim 2018 nham khuyén khich sy phat trién cac phuong phap phat hién cac bat thuong vé
hinh thai hoac nhip diéu tir cac tin hiéu ECG da dao trinh [8]. Tsai-Min Chen va cong su da st
dung mang no-ron tich chap dé phan loai tin hiéu ECG va di chién thang thir thach nay véi F1-
score 1a 0,84 [9].

Trong nhitng nim gin day di c6 mot s6 nghién ciru st dung phuwong phap quan sat sy vang
mit cua song P [10] — [12] hodc khoang R-R khong déu [13], [14] hoic ca hai [15] — [17] dé nhan
dang cac chiing bénh tim mach. Tuy nhién, nhuoc diém cua cac phuong phap nay do 1a phai nhan
dién chinh x4c séng P ciing nhur khoang R-R khi tin hiéu c6 chtra nhidu. Céc thuat toan hoc sau
va mang no-ron tich chap (CNN) ciing da dugc ung dung rong rai de phan loai tin hiéu ECG. Xu
va cong su [18] di két hgp CNN va bién d6i song con lat tan s sira doi (MFSWT) dé phat hién
chung rung nhi (AF) tir mot tap ngdn han caa tin hiu ECG. Nghién ctru dd thu duoc do chinh
xac trung binh la 81,07% trén tap dir liéu MIT- BIH va tang 1én 84,85% khi loai trir cac tin hiéu
ECG chat lwong cuc thip. St dung cung tap dir liéu, Xia va cong su [19] trudc tién ap dung phép
bién d6i song con tinh (SWT) va phép bién ddi Fourier ngin han (STFT) dé chuyén doi tin hiéu.
Tiép theo, nhom nghién ctru phat trién hai mé hinh CNN tuong tmg dé phan loai ECG. Phuong
phap ctia ho cho thiy d6 chinh xac, do nhay va d6 dic hiéu cao. Khac véi CNN, kién triic mang
RNN da ching minh duoc kha ning phu hop dé phan loai cac ban ghi ECG [20]. Gan day, k¥
thuat hoc Chuyén giao d3 duoc st dung dé chia sé kién thirc giita cac nhiém vu lién quan va tan
dung su tuong dong gifra céc diéu kién khac nhau [21] - [23]. Vi k§ thuat hoc Chuyen giao, md
hinh khong yéu cau mot s6 luong 1on cac chu thich ton kém nhung van hoat dong tot hon cac
CNN khong dugce dao tao trude, dac biét 1a khi tap dir liéu dao tao khong du.

Ngoai phuong phap phan loai ECG sir dung dung truc tiép tin hiéu ECG mét chiéu thi cac
nghién ciru [24], [25] lai chuyén d6i tin hiéu ECG mét chiéu thanh dir liéu hinh dnh dé phan loai.
Nghién cttu [24] str dung phép bién d6i song con lién tuc dé chuyén doi cac tin hiéu ECG c6 do
dai 500 mau nham muc dich thu nhan biéu d6 phd tin hiéu. Sau d6, mang AlexNet sir dung cac
biéu dd hinh anh mau 3 kénh véi kich thudc 227x227 dé 1am dit liéu dao tao va phan loai tin hiéu
ECG. Trong nghién ciru [25], ECG mat chiéu da duoc chuyén doi truc tiép sang hinh anh xam
hai chidu véi kich thudc 15x15 va st dung mang CNN hai chiéu dé phan loai ECG. Nhuogc diém
ctia cac phuong phap bién doi dit liéu ECG mét chiéu sang cac hinh anh hai chiéu rdi phan loai s&
lam cham téc do xir Iy do c¢6 nhiéu tham sé phai hoc. Phuong phap nay khong phu hop véi cac
rng dung thoi gian thue va kho trién khai trén phan cang.

Nghién ciru nay dé xuat mot mo hinh hoc sdu nho su két hop giita kién trac mang tich chap
két nbi day dic (DenseNet) va mang bo nhé dai-ngan song song (BiLSTM) dé phan loai tin higu
ECG. Mb hinh ¢6 kich thuéc nho, s6 lugng tham sé it, tdc do thuc hién nhanh, phu hop véi hé
thdng c6 ngudn tai nguyén tinh toan han ché. Cac phan tiép theo cua bai bao s& trinh bay: (1) gi6i
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thiéu chi tiét vé co so dir liéu str dung va kién trac mang dé xuat; (2) két qua dat dwoc khi trién
khai danh gia mé hinh dé xuat trén bd dir liéu kiém thir; va cudi cung 1a n6i dung két luan.

2. Phwong phap nghién ciru
2.1. Co so dir ligu

Nghién ctru nay sir dung 40.000 trong tong s 2.322.513 ban ghi ECG dugc trich xuat tir co s¢
dir lieu S12L-ECG [26] di duoc s6 hoa dé dao tao md hinh d& xuit (doi:
10.5281/zen0d0.4916206). Co so dir li¢u dugc gan nhan va danh gia boi: (1) hai bac si ndi tra
nam 4 khoa tim mach; (2) hai bac si néi trti cép cru nam 3; va (3) hai sinh vién y khoa nam thu 5.
Trong qua trinh dao tao mo hinh, chiing t6i chia 40.000 ban ghi ECG ra thanh tép dao tao va tap
xac thuc véi ty 1é dit liéu twong tmg 1a 80% va 20%. Dé danh gia hiéu suat cia mé hinh, ching
t61 sir dung 827 ban ghi ECG (doi: 10.5281/zenodo.3625006) khac dugc thu thap bai hé théng
TNMG [26]. Tap dit liéu kiém thir nay duoc chu thich doc 1ap bai hai bac si tim mach duoc
chung nhan va c¢6 kinh nghiém vé dién tam d6. Dac diém cua tap dir liéu sir dung dugc tom tat
trong Bang 1.

Bang 1. Pdc diém bénh nhén va 1y 1é bdt thirong, n (%)

Bat thwong Tap dao tao + xac thuc (n = 40.000) Tap kiém tra (n = 827)

1dAVDb 685 (1,7%) 28 (3,4%)
RBBB 1093 (2,7%) 34 (4,1%)
LBBB 677 (1,7%) 30 (3,6%)
SB 653 (1,6%) 16 (1,9%)
ST 863 (2,2%) 36 (4,4%)
AF 813 (2,0% 13 (1,6%)

Dir liéu sir dung cho qua trinh ddo tao va kiém tra 1a mot tensor c6 kich thudc (N, 4096, 12).
Trong do6, N 1a kich thudc batch-size, 4096 1a s6 diém dir liéu ciia mot tin hiéu ECG va 12 1a s6
tin hiéu (s6 chuyén dao) c6 trong ban ghi ECG. Trong qua trinh huan luyén va kiém tra, khi mot
tin hiéu ECG khong c6 dii d¢ dai theo yéu cau thi cac diém co gia tri 0 s& dugc thém vao sau dé
c6 dugc 4096 diém dit liéu.

2.2. Mang tich chdp két néi day dic

Mang tich chap két ndi day diac (DenseNet) bao gom cac khéi day dic va 16p chuyén tiép
dugc thiét ké dé giai quyét vin dé “degradation” khi sb luong cac 16p trong mang tang 1én [27].
Lép tich chap 1a thanh phan chinh c6 chirc ning trich xuét cac dic trung cua mang. Mot bo loc co
kich thu6c nhan 7x7 cung vdéi tride bang 2 dugc st dung cho I6p tich chip dau tién cua mang
DenseNet dé loai bo cac dic trung khong nhat quan ra khoi dit ligu dau vao. Cac 16p tich chap
tiép theo trong cac khéi day dic st dung ciing mot kich thudc bo loc 3x3 va stride bang 1 nham
trich xuét cac dic trung cuc bd. Cac ham kich hoat ReLU duoc sir dung trong cac khdi day dic va
cac 16p chuyén tiép gitp loai bo van dé do déc bién mét trong qua trinh dao tao. Cac lop chuan
hoa theo batch (BN) duoc sir dung dé tang tdc qué trinh dao tao va ngin can sy thay do6i dong
bién dién ra bén trong cua qua trinh huén luyén theo huéng khai tao trong sd. Lop chuyén tiép
dugc dat gitra hai khdi day dic lién ké nham giam kich thuéc ban db dic trung bang cach loai bo
cac tham sd co thé hoc Véi ciu tric that ¢6 chai. Lop nay duoc cau tao tir cac 16p tich chap, BN,
ReLU va gop trung binh. Lop gop trung binh caa mdi 16p chuyén tiép s& tinh gia tri trung binh va
trich xuét dic trung khong gian cho ting mang ban dd dac trung. Sau khi di qua tat ca cac khoi
day déc va l6p Chuyen tiép, ban dd dic trung cua lép gop trung binh cubi cung dugc dua toi cac
Iop tuyén tinh dé phén loai. S kénh dau ra cua l6p tuyén tinh cubi cung bang véi s6 lwong nhin
can phan loai. Kién trac mang DenseNet dugc minh hoa chi tiét trong Hinh 1.
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Hinh 1. Cdu triic mang tich chdp két néi day dac (DenseNet)
2.3. Mang bé nhé dai-ngén song song (BiLSTM)

Mang no-ron héi quy (RNN) dugc thiét ké dé phan tich ludng dir liéu bang cach trién khai cac
don vi an dé ghi nho thong tin lién quan dén cac dau vao trude d6. Tuy nhién, nhuge diém chinh
ciia mang RNN 1a khong luu gitr duoc thong tin trong thoi gian dai. Dé giai quét van dé nay, mot
bién thé cua mang RNN 1a mang bo nhd ngan-dai han (LSTM) dugc phat trién dé nhan biét va
duy tri sy phu thudc dai han gitra dir liéu cua chudi thoi gian dau vao trong khoang thoi gian dai.
Mang LSTM bao gdm cic té bao hoic khdi duoc sip xép theo thir ty.

Cau trac mang bo nhd dai-ngén song song (BiLSTM) sir dung hai mang LSTM dac lap, trong
d6 mot mang LSTM duoc sir dung dé tinh toan dit liéu theo chiéu thuan théng thuong, E, va
mang con lai theo chiéu nguoc lai, (h_t Phuong trinh biéu dién cho mét té bao BiLSTM dugc biéu
dién theo cong thuc (1) [28].

9¢ = Why-hi + Wy h + b, 1)
trong do, W—hy) va m 1a ma tran trong sb 4n theo chiéu thuan va nghich, by 1a d6 Iéch daura.

Tai budc thoi gian t bat ky, dau ra tir mdi té bao theo chiéu thuan va nghich dwoc ndi lai dé
tao ra mot dau ra duy nhat c6 thé xir 1y thong tin ca trong qua khir va tuong lai so véi kha ning
chi xir Iy thong tin trong qua khir cia mang LSTM mét chiéu. Ngoai ra, BILSTM khong tn kém
vé mit tinh toan vi chung str dung phuong phap huan luyén lan truyén nguoc qua thoi gian thong
thuong nhu mang LSTM [29]. Kién tric mang BiLSTM duoc trinh bay trong Hinh 2. Ca mang
LSTM thuan va nghich déu dugc khai ddu véi cung trang thai 4n va trang thai té bao.

L \ \ Forward
»| LSTM » LSTM >
Backward \
\ LSTM LSTM
vV
X1 X X1

Hinh 2. Kién triic mang BiLSTM
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2.4. Kién triic mé hinh dé xuat

Nghién ctru nay dé xuat mot kién trac mé hinh hoc siu véi su két hop giita mang tich chap két
ndi day dic (DenseNet) va mang bd nhé dai-ngan song song (BiLSTM) dé phan loai 3 loai bénh
bao gém block nhanh phai (RBBB), block nhanh trai (LBBB) va hoi chang nhip cham xoang
(SB). Mang DenseNet dong vai tro trich xuét cac dic trung cuc bg cia tin hiéu ECG va BiLSTM
duoc str dung dé thu nhan cac dic diém chudi thoi gian cua tin hiéu ECG tdt hon. Kién tric mo
hinh dé xuat duoc biéu dién trong Hinh 3.

Trude tién, mang DenseNet véi cu hinh t6i wu bao gdm 3 khéi day dac, mdi khéi chira s6
luong 16p tich chap tuong tmg 2, 4 va 2 véi cac ham kich hoat phi tuyén ReLU va BN, theo sau
12 16p chuyén tiép duoc sir dung dé trich xuét cac dic trung cuc bo tir tin hiéu ECG. Khac véi cac
mo hinh DenseNet [27], md hinh dé& xuat sir dung kich thudc b loc cho cac khéi day dac lan lot
la 5, 3, 3 do ECG la tin hi€u y sinh c6 tan so th?ip. Ngoai ra, tde do tang trueong va $6 lugng kénh
dau vao ciing da duoc diéu chinh thanh 8 va 16 giup mo hinh ¢ sé lwong tham s it hon. Dau ra
cua giai doan nay la cac véc-to ddc trung cuc b thu nhén duoc tu dit liu ECG dau vao.

K& tiép, cac véc-to dic trung cuc bo thu duoc tir mang DenseNet dugc sir dung 1am du vao
cho 16p BiLSTM véi 32 don vi dé xtr 1y va tao ra cac véc-to dic trung toan cuc. Cac véc-to ndy
sau do6 s& dugc dua téi mot 1op gop t6i da toan cuc dé tao thanh mot véc-to toan cuc duy nhat.

Cubi cung, mot bo phan loai gdbm 2 16p két ndi ddy du duoc sir dung dé thuc hién chirc ning
phan loai cac bénh. Lop két ndi day du dau tién st dung 64 té bao va 16p cudi cing sir dung 3 té
bao (twong tng voi 3 nhan bénh can phan loai). Do mdi ban ghi ECG c6 thé chira nhiéu hon mot
loai bénh nén ham kich hoat “sigmoid’’ da dugc st dung dé phan loai cac 1p.

Nham gitip mé hinh giam bét sai léch, nghién ctru nay sir dung phan phdi chuan “he_normal”’
dé khai tao trong sb cho tat ca cac 16p tich chap va 16p két ndi day du. Muyc tiéu chinh cua viéc sir
dung cac bd khoi tao nay 1a dé can bang thang do ddc trén tat ca cac hat nhan. Hiéu suat cua mot
moé hinh phu thugc nhiéu vao tdc d6 hoc ciing nhu bd téi wu dwoc sir dung. Tée dd hoc ban dau
va kich thudc batch-size dugc chon 1 0,001 va 32. Bé mé hinh dat dugc hiéu suat dao tao mong
muén, trinh téi vu Adam véi bo 1ap lich ReduceLROnPlateau da duoc sir dung. Néu gia tri mat
mat trén tap xac thuc khong thay d6i sau 5 epoch lién tiép thi toc do hoc s& giam 0,1. Ngoai ra, k§
thuat EarlyStopping ciing dwoc sir dung dé c6 dugc thoi gian dao tao tdi wu.

<
m o 8 Dense Dense
9} = S Block 1 — Block 2 —
= =
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Hinh 3. Cdu triic mé hinh dé xudt
2.5. D¢ do danh gia

Hiéu suit cua phuong phap dé xuit duoc danh gia thong qua 3 chi sé: precision, recall va F1-
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score duoc tinh thong qua cac cong thic tir (2) dén (4). Cac chi sé recall va precision c6 thé
dugc sur dung dé chi dinh d6 nhay va do chinh xac ctia mé hinh. Chi s6 F1-score duoc sir dung dé
danh gia do chinh xac bang cach tong hop recall va precision cho moi mau l6p dugc dy doan.

TP
Lo AP 2
precition ,}r}l)) TP (2
- _ 3
recall PN 3
precision * recall 2*TP

Fl-score =2 *

precision + recall 2*TP + FP + FN “)

Trong d6, cac thanh phan TP, FP, TN va FN la 1an luot 1a dwong tinh that, duong tinh gia, 4m
tinh that va 4m tinh gia. TP 1a s6 luong két qua du doan dwong tinh chinh xéc, trong khi FN 1a sb
luong két qua di doan am tinh nhung lai 14 duong tinh. Mit khac, TN biéu thi cho sé lwong két
qua du doan 4m tinh dung, trong khi FP 1a s6 lugng két qua du doén duong tinh nhung thuc té 1a
am tinh.

3. Két qua va ban luin

Tat ca cac thr nghiém duoc thuc hién trén bo thu vién TensorFlow va mdi truong Google
Colab Pro. Két qua nhan dang 3 loai bénh bao gom block nhanh phai (RBBB), block nhanh trai
(LBBB) va hoi chiing nhip cham xoang (SB) trén tap kiém thir (n = 827 ban ghi ECG) dugc bao
cdo trong Bang 2. Ngoai ra, két qua chu thich do cac bac si ndi tri nam 4 khoa tim mach
(cardio.), bac si ndi trii cAp cru ndm 3 (emerg.) va sinh vién y khoa niam thir 5 (stud.) thuc hién
ciing duoc cung cap trong bang. Dir liéu trong bang chi ra ring mic di mé hinh dé xuit (DNN)
chi dugc dao tao trén mot phan nhé (40.000) trong téng sé hon 2 triéu ban ghi ECG nhung van
dat dugc két qua tét. DI v6i bénh SB, md hinh dé xuat da dat duoc gi tri cao nhat trén ca 3 chi
s6 danh gia precision, recall, F1-score lan luot 1a 0,833, 0,938 va 0,882. Tuy nhién, mo hinh d&
xuit nhan dang bénh RBBB khong tt khi so voi hai loai bénh con lai.

Bang 2. So sanh két qua dat duwoc ciia phicong phép d@é xudt (DNN) trén tap dit liéu kiém thr ciing véi higu
suat trung binh cua: (1) bac st néi tru nam 4 khoa tim mach (cardio.), (2) bdac st ngi tru cap Cuu nam 3
(emerg.); va (3) sinh vién y khoa nam thir 5 (stud.)

Precision Recall F1-score
DNN cardio. emerg. stud. DNN cardio. emerg. stud. DNN cardio. emerg. stud.
RBBB 0.871 0.868 0963 0.914 0.794 0.971 0.765 0.941 0.831 0.917 0.852  0.928
LBBB 1.000 1.000 0.963 0.931 0.733 0.900 0.867 0.900 0.846 0.947 0.912 0.915
SB 0.833 0.833 0.824 0.824 0.938 0.938 0.875 0.750 0.882 0.882 0.848 0.750

Béing 3. Ma trgn nham lan cua thug todn dé xudt (DNN) trén tap dit li¢u kiém tha véi hiéu sudt trung
binh cua: (1) bac st ngi tru nam 4 khoa tim mach (cardio.); (2) bac si ngi tru cap Ciru nam 3 (emerg.); va
(3) sinh vién y khoa nam thir 5 (stud.)

Nhin du doan

DNN cardio. emerg. stud.
Nhan that  Khong bénh  Bénh  Khéng bénh  Bénh  Khong bénh  Bénh  Khong bénh  Bénh
Khong bénh 789 4 788 5 792 1 790 3
RBBB
Bénh 7 27 1 33 8 26 2 32
Khong bénh 797 0 797 0 796 1 795 2
LBBB A
Bénh 8 22 3 27 4 26 3 27
sB Khong bénh 808 3 808 3 808 3 807 4
Bénh 1 15 1 15 2 14 4 12

Ngoai ra, ma tran nham Ian va duong cong precision-recall ciing dugc cung cp chi tiét trong
Bang 3 va Hinh 4. Dt liéu bang cho thay doi vei hoi ching nhip chdm xoang (SB), m6 hinh dé
xuat chi nhan sai 1 ban ghi tir c6 bénh sang khong c6 bénh (FN = 1). Hay do6i véi ching bénh
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block nhanh trai (LBBB), mo6 hinh nhan dang chinh xac hoan toan cac truong hgp khong c6 bénh
(FP = 0). Hai két qua nhan dang nay chi c6 bac si ni tri nim 4 ctia khoa tim mach (cardio.) moi
lam dugc. Tuy nhién, mé hinh ciing da nhan sai 8 ban ghi c6 bénh LBBB thanh khong c6 bénh va
day ciing 1a két qua nhan dang xau nhat so véi cac truong hop khac. Hinh 4 ciing cho thdy mo
hinh nhan dang ching bénh block nhanh phai 1a kém nhat.

1.0 J 1.0

0.8 0.8+

0.6

e Iy
@ =}
i |

e
o

0.4

Precision (PPV)
o
B

Precision (PPV)
Precision (PPV)

DNN
cardio.
emerg. 0.2
stud.

1 « DNN

DNN
cardio. v cardio.
emerg. 027w emerg.
stud. +  stud.

0.2

- m < ®
.« m 4w

0.0 02 0.4 06 08 1.0 0.0 02 04 06 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Recall (Sensitivity) Recall (Sensitivity) Recall (Sensitivity)

LBBB RBBB SB
Hinh 4. Puong cong precision-recall ciia mé hinh dé xuat (DNN) trén tap di li¢u kiém tra (diong
dam). Cac dzem twong ¥mg Véi hiéu sudt ciia bdc st ndi trii nam 4 khoa tim mach (cardio.); bac si ngi tri
cap Citu nam 3 (emerg.) va sinh vién y khoa ndam thit 5 (stud.) ciing dwoc hién th;.

4. Két luan

Bai bao nay dé xuit sir dung mé hinh hoc sau nhd su két hop giita mang tich chap két ndi day
dic (DenseNet) c6 sira ddi véi mang bo nhé dai-ngén song song (BiLSTM) véo phan loai tin hiéu
ECG, cu thé bao gom ba chirng bénh: block nhanh phai (RBBB), block nhanh trai (LBBB) va hoi
chung nhip cham xoang (SB). M9 hinh ¢6 s6 lwong tham sb nho, yéu cau chi phi tinh toan thap
phut hop Vé6i cac hé théng co6 ngudn tai nguyén han hep. M6 hinh dé& xuat duoc dao tao va kiém
thir trén cac bo dit liéu mo va dat duoc két qua tét. Cac két qua cua nghién ctru dugc so sanh truc
tiép voi két luan tir cac chuyén gia va cho do tin cdy cao. Két qua hién tai cia bai bao nay co thé
1am co s& cho cac nghién ctu tiép theo khi mo hinh dwoc dao tao va kiém thir trén cac bo dir liu
khac 16n hon nham cai thién do chinh xac cua thuat toan.

Loi cam on

. Nghién ctru nay duoc tai tro boi Truong Pai hoc Cong nghé, Pai hoc Qudc gia Ha Noi theo
dé tai ma so CN22.12.
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