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Tém tit

Nhoéi mdu co tim la mét trong nhitng bénh Iy tim mach gdy tir vong hang dau, ¢é
xu hudng tré héa trong nhitng nam gan ddy trén toan thé gidi. Hién nay, viéc chan dodn
nhoi mau co tim chii yéu dia vao tin hiéu ECG dé phat hién cdc bdt thuwong, tuy nhién,
viée nay phu thude rdt nhiéu vao kha ndang phdn tich cia bdc si va thuwong chi thuce hién
khi bénh nhén da nhdp vién, gdy anh hwong dén hiéu qua diéu tri. Vi vdy, phat hién sém
nhoi mau co tim tir xa, khong can sw ¢ mat cia bénh nhén tai bénh vién, la mét budc
tién quan trong vé cham séc sitc khoe. Trong nhitng ndm gan ddy, nhitng tién bé trong
tri tué nhan tao (AI) dda mé ra nhiéu co hdi méi trong chan dodn nhéi mau co tim qua
tin hiéu ECG. Tuy nhién, hau hét cdc nghién civu hién nay chi tdp trung vao mé hinh
hoc sdu ma thiéu sw gidi thich két qud. Nghién ciru nay dé xudt mot phwong phdp méi
két hop gitta hoc mdy va hoc sau dé nang cao do chinh xdc va khd ndang dién gidi trong
chan dodn bénh. Cu thé, chung toi sw dung bo dir lieu PTB twr PhysioNet, bao gém 549
doan ECG twr 15 kénh ECG cung voi lich sw ldm sang cua 294 bénh nhan. Két qua thyc
nghiém cho thdy mé hinh SVM dat @ chinh xdc cao nhdt 94,54%. Hiéu qua ciia phiong
phap dwoc danh gid qua cdc chi s6 Accuracy, Precision, Recall va F1-Score, va so sdnh

giita cdc mé hinh dwa ra két qua gidi thich.
Twr khéa: Al, CNN, ECG, PhysioNet, SVM.
Abstract

Myocardial infarction (MI) is one of the leading causes of cardiovascular-related
deaths worldwide and has been affecting younger populations in recent years.
Currently, MI diagnosis mainly relies on ECG signals to detect abnormalities;, however,
this process depends heavily on physicians’ analytical skills and is often performed only

after patients are hospitalized, which reduces treatment effectiveness. Therefore, early
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remote detection of MI, without requiring the patient’s presence in the hospital,
represents a significant advancement in healthcare. Recent progress in Artificial
Intelligence (Al) has opened new opportunities for MI diagnosis through ECG analysis.
However, most existing studies primarily focus on deep learning models, which often
lack interpretability. This study proposes a novel approach that combines machine
learning and deep learning to improve both accuracy and interpretability in MI
diagnosis. Specifically, we use the PTB dataset from PhysioNet, consisting of 549 ECG
records from 15 ECG leads along with clinical histories of 294 patients. Experimental
results show that the SVM model achieved the highest accuracy of 94.54%. The
effectiveness of the proposed method was evaluated using Accuracy, Precision, Recall,

and F1-Score metrics, and the comparison among models provides explanatory insights.
Keywords: Al, CNN, ECG, PhysioNet, SVM.
1. MO PAU

Nhoi mau co tim (MI), xay khi mé tim thiéu mau nudi dudng, chii yéu do bénh
dong mach vanh (CAD) — tinh trang mach méu bi hep do tich tu chit béo va cholesterol.
Néu khong duoc can thiép kip thoi, té bao tim s& hoai tir, din dén nh6i mau co tim. Theo
WHO, MI 1a nguyén nhan gy tir vong hang dau thé gidi v6i 17,9 triéu ca tir vong mdi
nam [1]. O Viét Nam, s ca mac bénh da gia ting dang ke, tir 92 ca (1991 — 1995), 1én
hon 1500 ca (2000 — 2001), véi ty 18 tir vong 17,4% [2]. Mic du da sb cac trudng hop
méc bénh 1a nguoi cao tudi (trén 65 tuéi), nhdi mau co tim hién dang c6 xu hudong tré

hoa.

Céc phuong phap diéu tri nhdi mau co tim phd bién nhu dit stent hodc phau thuat
bac cau dong mach vanh thuong mat nhiéu thoi gian va chi phi cao. Do d6, viéc chan
doan sdm MI tré thanh chi d& dugc quan tAm trong nghién ctu. Hién nay, cic cong
nghé tién tién nhu MRI tim, CT dong mach vanh va siéu 4m tim hd tro chan doan véi
d6 chinh x4c cao, hinh anh rd nét va kha ning cung cip thong tin chi tiét vé cu trac va
chtrc nang tim. Tuy nhién, han ché vé chi phi, thiét bi cong kénh va quy trinh phuc tap
khién ching chua phii hop dé theo ddi trén thoi gian thuc. Mot hudng tiép can khac 1a
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st dung dién tdm d6 (ECG gitp phat hién nhdi mau co tim théng qua phan tich hinh
dang va thoi gian cua tin hiéu dién tim, qua d6 cung cap thong tin chi tiét vé hoat dong
cua tim [3]. V&i su phat trién vuot bac cua Al viée phan tich va phan loai tin hi¢éu ECG

ngay cang chinh x4c, mé ra nhiéu trién vong cho k¥ thuét y sinh.

Tri tu€ nhan tao (Al) van hanh dua trén cac mo hinh thuat toan dé hoc hoi va mo
phong tri thong minh cta con nguoi [4], trong d6 hoc may (ML) - mdt nhanh ctua Al —
gilip mdy tinh nhan dién va phan tich cac mau dir liéu. Pé phét hién nhoi mau co tim,
nhiéu phuong phap nhu bién d6i Wavelet, phan tich tin hiéu trong mién thoi gian, da
thire hoi quy, va hoc may co giam sat da duoc ap dung. Mot thach thirc 16m trong hoc
may 14 “curse of dimensionality” khi 1am viéc véi tap dit lidu 16n. Dé giai quyét, cac ky
thuat chon loc va trich xuét dic trung giup loai bo cac thong tin thira, cai thién do chinh
xéc [5]. Dun va cong su [6] da thir nghiém nhiéu thudt toan nhu hdi quy logistic, SVM,
Random Forest va hoc sdu, ddng thoi tinh chinh cac siéu tham sé dé tang d6 chinh xac
cho m6 hinh mang no ron va dat d6 chinh xac 78,3%. Singh [7] dat hiéu suat 100% khi
phat hién bénh dong mach vanh bang GDA (Generalized Discriminant Analysis) két
hop Extreme Learning Machine va Fisher dé trich xuét va chon loc dic trung. Cac
nghién ctu st dung tap dir liéu UCI v6i 14 dac trung, tap trung vao phan loai hodc du
doan bénh tim, &p dung cac mo hinh hoc may quen thudc ciing dat dugc do chinh xac
kha cao, nhu Random Forest vo1 89,2% [8], cay quyét dinh 89,1% [9], mang no ron
nhan tao (ANN) 92,7% [10], SVM dat 88% [11]. Du mang lai két qua kha quan, cac
phuong phap nay van gip han ché khi xir Iy phan doan tim phirc tap, t6n thoi gian va
chua t6i wu trong thuce té 1am sang. Gan ddy, hoc sau ngdy cang duoc Gng dung rong rii,

nhung du dodn nhdi mau co tim bang hoc sau van con it duge nghién ciru [12].

Tir 2019-2024, nhiéu nghién ctru di tap trung vao tng dung hoc méy va hoc sau
trong phan loai va du doan bénh tim mach. Nghién ctru [13] két hop hoc sau va hoc to
hop (ensemble learning) dé danh gia nguy co méic bénh tim, trong d6 hoc sau duoc ap
dung dé trich xuat dac trung, con hoc to hop dua ra du doan. Nghién ctru khac [14] so
sanh cac thuat toan hoc may va hoc sau trén tap dir liéu bénh tim cua UCI véi 14 thude
tinh va két qua la thuat toan KNeighbors hoat dong tdt hon trén tap dit liéu nho, dat do
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chinh xac 83,29%, con hoc sdu chi yéu dong vai trd tham chiéu trong nghién ctru nay.
Trén tap dit liéu UCI machine learning repository dataset, cac tac gia [15] két hop CNN
(Convolution Neural Network) va LSTM (Long Short-Term Memory) v&i 76 dac trung,
dat d chinh xac 89% khi phan loai dir liéu thanh hai nhém binh thudong va bét thuong,
dat hiéu suét cao hon so v4i SVM, Naive Bayes va Decision Tree. Cung trén tap dir licu
nay, Sadia Arooj va cong su [16] ap dung DCNN (Deep CNN) dé phat hién bénh tim
trén 1050 bénh nhan véi 14 thude tinh, va dat do chinh xac 91,7%. Trong khi do, tac gia
[17] d& xuit mé hinh lai dua trén phép bién d6i wavelet lién tuc (CWT) va CNN, goi tit
WT-CNN, st dung RUSBoost dé can bang dir liéu, nang d6 chinh xé4c 1én 97,2%.

Nghién ctru [18] str dung ba tap dit liéu gdm hai bo cong khai (70.000 va 1.190
mau) va mot bd thu thap nodi bd (600 mau). M6 hinh dé xuét két hop CNN- LSTM, K-
Nearest Neighbors va XGB (Extreme Gradient Boosting), sau d6 4p dung phuong phéap
b6 phiéu da sé (majority voting) dé dua ra du doan cudi cung. Trong khi d6, nghién ctru
[19] phat trién thuat toan hoc sau lai HMSI (Hybrid Mutation-based Swarm Intelligence)
két hop véi AttGRU (Attention-based Gated Recurrent Unit) dé phan tich dit liéu 16n
CVD khoang 70.000 ban ghi. Dit liéu duogc xir Iy qua K-means Clustering dé loai bo cac
gia tri ngoai lai, SMOTE (Synthetic Minority Over-Sampling Technique) dé cin bang
dir liéu va RFE (Recursive Feature Elimination) dé chon loc dic trung quan trong nhét,
dat két qua, vuot troi so voi cac mo hinh khac nhu: SAE + ANN (Sparse Autoencoder
+ Artificial Neural Network), LR (Logistic Regression), KNN (K-Nearset Neighbor),

va Naive Bayes vdi do chinh xac 95,42%.

Nghién ctru [20] d& xuat mé hinh két hop RNN (Recurrent Neural Network) va
LSTM, dong thoi str dung thuat toan GSA (Genetic Sine Algorithm) dé loai bo cac dic
trung du thtra trude khi dua vao mo hinh hoc sau. Tuong tu, nghién ciu [21] 4p dung
GRNN (Gated Recurrent Neural Network) va LSTM dé phan loai tin hi¢u ECG cua bénh
nhan tim mach vi két qua mo hinh hoat dong hi¢u qua trén dir liéu UCI va tap dir liéu

1am sang suy tim, vuot troi so véi phuong phap truyén thong.

Nghién cttu ctia chung t6i dya trén tin hiéu ECG 3 kénh tu bo dir li¢u PTB

Diagnostic ECG Database trén Physionet, khong s dung cac thong tin 1am sang ctua
4
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bénh nhan. Chiing t6i dé xuat mot mo hinh lai két hop giita hoc sdu va hoc may nham
khai thac t6i da vu diém cua ca hai phuong phap. Cu thé, tin hiéu ECG sau khi duoc xir
1y 1am sach va phan doan s& duoc trich xuat dic trung tir ECG tho theo hai hudng:
phuong phép truyén thong va ap dung mé hinh hoc sau (CNN, LSTM). Cac dic trung
thu dugc sau d6 dugce dua vao cac thuat toan hoc may nhu SVM, KNN, Random Forest
dé phan loai bénh nhan nhdi mau co tim. Két qua thyc nghiém cua ching toi cho thiy
phuong phap trich xuat dic trung truyén théng két hop véi SVM dat do chinh xéac cao
nhat 94,54%, vuot trdi so véi phuong phap hoc sau két hop v6i hoc may (77,5%) ngay
ca khi da t6i uvu tham sd. Ngoai ra, phuong phap truyén thong khong chi dat hiéu suat
t6t hon ma con c¢6 thoi gian xir Iy nhanh hon, kha ning giai thich va tinh linh hoat cao
hon so véi mé hinh hoc sau. Piéu nay cho thy dic trung truyén thong van mang lai

hiéu qua dang ké trong bai toan chan doan nhdi mau co tim tir ECG.

CAu trac bai bao duoc trinh bay nhu sau. Phan II giéi thiéu chi tiét phuong phap
nghién ctru, bao gém thong tin vé tap dit lidu, quy trinh trich xuat va xt 1y dit liéu,
phuong phép chon loc ddc trung, cling nhu cac mo hinh hoc sau va hoc may duoc ap
dung. Két qua phén tich dugc trinh bay trong phan III, trong khi phan IV tap trung vio

thao luan, két luan va dé cap hudng nghién ctru trong tuong lai.

2. GIAI QUYET VAN DE
@ N\ T A - 1 , d~ 1 A )/ ~
A A 1€n Xu u licu ~ . ~ 1A
bau vao (ECG) Ly ¥ Phan chia dir li¢u
) . Loc nhieéu £ o
(PTB Diagnostic E:> N o 80% huan luyén
Phin doan tin hiéu o -
ECG Database) ; - 20% kiém tra
L J Gan nhan _ J
@ N 2 _ @ ) ™
banh gia md hinh M0 hinh phan loai Trich xuat ddc trung
Dung cac chi sé Ac, M6 hinh hoc may Thu cong
F1l-score Mo hinh hoc sau M6 hinh hoc sau
. J/ . J

Hinh 1. So db khoi cta thuét toan.

Nghién ciru dé xuat phuong phép phan loai bénh nhan ¢ hai trang thai: bi va
khong bi nhdi méu co tim thong qua trich xuat dic trung tir tin hiéu ECG thé. So db
khdi cua thuat toan duoc minh hoa trong Hinh 1, bao gém 6 budce: (1) Lya chon co so
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dir licu tur Physionet, (2) Tién xir 1y dir li¢u, (3) Phan chia dit 1i¢u, (4) Trich Xuat dac
trung, (5) M6 hinh phan loai ¢6 t6i uu tham sd, (6) Panh gia mé hinh dua trén cac chi
s6. Ttng bude trong so dd nay s& dugc phan tich chi tiét hon trong phan tiép theo.
2.1. M6 ta b dir liéu

PTB Diagnostic ECG Database 1a mdt co s¢ dir li¢u dién tdm dd (ECG) toan di¢n,
dugc phat trién bai Physikalisch-Technische Bundesanstalt (PTB), Vién Po luong Quéc
gia Prc [22]. B dit liéu bao gom cac ban ghi ECG tir 294 bénh nhan, trong dé c6 ca
nguoi khoe manh va nguoi méc cac bénh 1y tim mach khac nhau. Moi bénh nhan c6 tir
1 dén 5 ban ghi ECG, véi tong s6 549 ban ghi trong toan bo co s¢ dir liéu. Cac ban ghi
duogc 1y tir 15 kénh (12 dao trinh ECG tiéu chuan va 3 dao trinh Frank XYZ), & tan sd
lay mau 1000 Hz, d6 phan giai bién d6 1 16-bit. Tuy nhién, trong nghién ctru ndy, ching
to1 chi sir dung 3 kénh (Leads) bao gém Lead L, 11, I1I dé don gian hoa mo hinh va giam
d6 phirc tap tinh toan ma van dam bao giir lai thong tin chian doan quan trong tir tin hiéu
ECG. B6 dit liéu chira cac nhan chuan dugc cung cap boi cac bac si chuyén khoa tim

mach va bao gém céc loai bénh 1y cung cap trong Bang 1:

Bdng 1. Cac nhom bénh duogc chan doan

Tén loai bénh (tiéng Anh) Tén loai bénh (tiéng Vigt) S6 lwgng bénh

nhin
Myocardial Infarction Nhoi mau co tim 148
Cardiomyopathy/Hear failure Bénh co tim 18
Bundle branch block R6i loan dan truyén tim 15
Dysrhythmia Réi loan nhip tim 14
Myocardial hypertropy Phi dai co tim
Valvular heart disease Bénh van tim
Myocarditis Viém co tim
Miscellaneous Truong hop khac
Healthy controls Khoe manh 54
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Trén Bang 1, c6 thé phan loai thanh 9 loai bénh nhan khac nhau, nhung ching
t6i tap trung phan loai thanh bénh nhan bi nhdi mau co tim va khac. Ngoai ra trong bd
dir lidu con cung cap céac thong tin vé do tudi, gidi tinh, dir lidu vé lich st y té, thude
diéu tri va liéu phap can thi¢p, bénh Iy dong mach vanh, chup tam that, siéu am tim va
huyét dong hoc, tuy nhién, chiing t6i chi str dung duy nht tin hiéu ECG dé 1am dau vao

thuat toan.

Cac dit liéu ECG duoc chung toi tién xir 1y, chuyén d6i dir liéu vé ding dinh
dang, 4p dung cac bo loc s6 dé loai bo nhiéu va nhidu dao dong duong co so. Cu thé,
mot bd loc bang thong Butterworth bac 5, voi dai tan tir 0,5-30Hz duoc ap dung, trudc
khi phan doan 549 ban ghi ECG thanh timg doan c6 chiéu dai 5 gidy phu hop v6i mo
hinh trich xuat dic trung truyén thong va mé hinh hoc siu. Sau qua trinh phan doan nay,
ching to61 léy duoc tht ca 9345 doan ECG va luu vao bd dit liéu c6 tén:

“prepared PTBData.mat” bao gdm thong tin cac doan ECG va gan nhin cho cac doan

nhan khac.

ECG tuong rng, véi ‘label = 1’ 1a bénh nhan bi nhoi mau co tim va ‘label’ = 0 cho bénh
| Tin higu ECG ctia bénh nhén binh thuémg |
Patient s0468re - Lead 1
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Patient s0468 - Lead 2
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Hinh 2. Tin hi¢u ECG binh thuong ctia Patient240 ma ban ghi s0468 re.

7

Tap 1, S6 3,2025 DOI:https://doi.org/10.65153/q0q7pn12



Tap chi Khoa hoc va Cong nghé Trudong Pai hoc Cong nghé Pong A

Tin higu ECG cia bénh nhin MI|

Patient s0175re -

Lead 1

[ ‘ { I "1
|
ozf] |'| I I I I I
off |~x,/""““'-'l.| o _._»'|,-|.I k_\h/..‘___..ﬂ;_lif I"\’N-_“"ql,l /”_4”'"'5' N ___..,.nu_.‘J l\_ A
02 . . . . . . . . \
[ 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
8 Patient s0175re - Lead 2
b 0.4 T T T T T T T
2 .1 I [ 1 l |
= oL | L N | | R ) |L i, |\ i
E=y b W [Py W W VS M
G-02 ' ; ; ; ; ; . ; .
] i} 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Patient s0175re - Lead 3
02F II | |
off~- | L~~~ /““""""'||'r-- Ayl | -
|
o2, |, | |, i IJ. A
[ 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Thiri gian (s)

Hinh 3. Tin hiéu ECG ctia bénh nhan bi nhdi méau co tim Patient]183 ma ban ghi
s0175 re.

Hinh 2, 3 biéu dién cac doan ECG c6 d6 dai 5 gidy tir cac ban ghi ciia cac bénh
nhan trong bd PTB Diagnostic ECG Database. Nhiing tin hiéu ECG nay sé& cung cap cac

dac trung duogc trich xuét téi vu nhat cho mé hinh phan loai.
2.2. Trich xuit dic trung

Toan bo dir liéu s& dugc chia thanh 2 phan: bd dit liéu huan luyén (training sets)
va bo dir liéu kiém tra (testing sets). Nhitng dit liéu hudn luyén duoc luu trit dudi dang
mang cell, va sau d6 duoc chuyén thanh mang 4 chiéu dé dap tng cho dinh dang dau
vao cua mo hinh hoc sau mang no ron tich chagp CNN trong MATLAB. Mang No-ron
tich chap (CNN) [23] da dugc chiing minh 1a c6 hi€u qua trong viéc tu dong hoc cac dac
trung dé phan loai chudi thoi gian va tin hi¢u. Trong nghién ctru ndy, CNN dugc khai
thac ¢ thé manh 13 kha ning trich xut cac dic trung cuc bo tir ludng dit liéu cip cao va
truyén chung xudng cac cip thap hon dé phat hién cac dic trung phirc tap hon ma khong
can thong qua cac dic trung dugce trich xuat tha cong [24]. Qua trinh nay dugc thuc hién
b.'fmg cach st dung cac 16p tich chap trong CNN, cu thé, tin hiéu ECG sau khi duoc
chuin hoa s& dugc dua vao céc 16p tich chap (convolutional layers), noi cac bd loc
(kernels) hoc cach phat hién cac mau dic trung nhu bién do, hinh thai song P, QRS va

T. Thong tin nay sau d6 dugc truyén qua cac 16p phi tuyén ReLu (Rectified Linear Unit),
8
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14 mot ham phi tuyén, voi dau ra 1a: f(x) = max(0,x) dé ting cudng dic trung quan trong
va loai bo nhiéu khong can thiét. Tiép theo, cac 1op pooling gitip giam chiéu dir liéu
nhung van giir lai thong tin quan trong, tir 46 tao ra cac dic trung va trich xuat dic trung

o 1op fully connected trudc softmax.

Dong thoi, chiing t6i trich xuét tha cong cac dic trung khac tir tin hi¢u ECG dé
nghién ctru so sanh. Pau tién, & mién thoi gian, ching toi trich xuat cac dic trung co
ban bao gdm khoang RR, phirc hop QRS, va céc chi s6 lién quan dén su thay doi nhip
tim (HRV) [25]. Cac dic trung nay cung cap cai nhin ban dau vé hoat dong dién hoc cta
tim. Tiép theo, trén mién tan s6, ching t6i phan tich pho mat do cong suét cua tin hicu
ECG dung phuong phap Pwelch [26] va ti sd LE/HF [27] dé xac dinh duoc cac bat
thudng trong nhip tim. Cudi ciing, & mién phi tuyén, ching t6i 4p dung phuong phap
phan tich Poincaré Plot [28], Sample Entropy [29] va Detrended Fluctuation Analysis
[30] dé phat hién cac dic diém phi tuyén trong tin hiéu ECG, giup nhan dang cac rdi
loan nhip tim hodc cac biéu hién bénh Iy ma cac dac trung tuyén tinh khong thé hién
duge. Chung toi trich xudt va luu trit tit ca 36 dic trung khac nhau tir 3 kénh tin hiéu

ECG dugc mo ta trong Bang 2.

Bdng 2. M6 ta cac dac trung trich xut tir tin hiéu ECG.

Phén loai Tén dic trung Mo ta
Mién thoi gian Mean Leadl, 2,3 > (ia tri trung binh khoang RR cua nhip
Std Leadl, 2, 3 tim.
Var Leadl, 2, 3 > Po léch chuan cua cac khoang RR lién
RMS Leadl, 2, 3 tiép.
NN50 Leadl, 2,3 > Phuong sai va Root Mean Square cua tin
hiéu ECG.

pNN50 Lead 1,2,3 > S luong cac khoang RR lién tiép co su
chénh 1éch >50ms i
> Ti 1€ phan tram cta NN50 so vdi tong so

khoang RR binh thuong.
Mién tan s6 LF Power > Pho cong suat tin hiéu trong bang tan thap
(0.04 - 0.15Hz)
HF Power > Pho cong suét tin hiéu trong bing tan sb
cao (0.15 - 0.4Hz)
LF HF Ratio > Ti sb giita LF_Power/HF Power

9

Tap 1, S6 3,2025 DOI:https://doi.org/10.65153/q0q7pn12



Tap chi Khoa hoc va Cong nghé Truong Pai hoc Cong nghé Pong A

Mién  tuyén DFA > Detrended Fluctuation Analysis
tinh SDI1, SD2, SD1/SD2 > Biéu d6 Poincaré
SampEn > Sample Entropy

2.3. Chon lgc dic trung

Pé giam thiéu du thira trong tap dir liéu va ting hiéu suat mé hinh di doan, chung
t61 sir dung phuong phap phan tich thanh phan chinh Principal Component Analysis
(PCA) [31] dé lya chon dic trung tir cac dic trung di trich xudt ¢ trén. PCA dugc ap
dung dé giam chiéu dir liéu bing cach chon loc cac thanh phan chinh (Principal
Components) mang lai phan 16n phuong sai ciia dit liéu. Cu thé, cac thanh phan chinh
dau tién dugc gitr lai sao cho tong phuong sai duoc giai thich dat it nhat 95%, dam bao
cac thong tin quan trong ctia bo dit liéu trich xuat dic trung khong bi mat mat dang ke,
dong thoi giam do phuc tap tinh toan va loai b cac dic trung trong quan manh anh
huong t6i hiéu suat va tinh 6n dinh ctia mo hinh hoc may. Trong nghién ciru nay, PCA

da giam tir 36 dic trung xubng con 12 dic trung quan trong nhat.
2.4. M6 hinh thuat toan cho phan loai

Mo hinh thtr nhét, chiing t6i ding thuat toan ctia hoc may phd bién SVM, KNN
va Random Forest dé phan loai, v6i cac tham s6 mé hinh duoc téi wu hoa ding phuong
phap Bayes. Sau d6, chung t6i 4p dung 2 mé hinh hoc sau CNN va LSTM [32] dé xem
x¢t kha ndng thay ddi chat luong phéan loai dyua trén tinh chat non-stationary cua ECG,
nén CNN gitp trich xuat dic trung phuc tap tai mot thoi diém (dic trung cuc bo), trong
khi LSTM gitip phan tich mdi quan hé giira cac thoi diém (dic trung toan cuc). Cudi
cung, sau khi thir trén mo hinh CNN va LSTM cho ra két qua thip hon so v6i hoc may,
dong thoi thoi gian dé huan luyén khé 1au, chung t6i da nghién ciru trén mé hinh lai -
két hop gitra hoc sdu voi hoc may va giita cac mo hinh hoc sdu véi nhau dé khai thac

triét dé thé manh ctia cac mo hinh hoc thuat nay.
2.5. Phwong phap danh gia

Céc chi s6 danh gia mé hinh [33]: Accuracy (viét tit Ac) danh gia do chinh xac
trong qua trinh training va testing cho mdi vong (epoch), Precision (viét tit Pr) 1a két
qua dy doan gitra dit liéu dugc kiém tra trong qua trinh huan luyén va Fl-score (viét tit
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Fs) 1a gia tri trung binh cta Ac va Pr, Recall (viét tat Re) — ti 18 phat hién, gia tri nay
cang ti€ém can véi 1 ching té mo hinh nhan dang chinh xac. Céc chi s6 duoc tinh toan
qua Confusion Matrix c6 4 thanh phan 13 TP (True Positive), TN (True Nagative), FP
(False Positive) va FN (False Nagative).

3. THU NGHIEM
3.1. Thwe nghiém mé hinh

Bai thuc nghiém dugc danh gid trén phan mém mo phong MATLAB 2024a voi
thuat toan dugc thyc hién la cadc mo hinh hoc sau, hoc may don 1€ va tich hop, déng thot
sir dung cac tiéu chi vé Ac, Fs, Re, va Pr d¢ danh gia. Bo dit lidu cuia chung t6i gom 294
bénh nhan, vd1 549 ban ghi va dugc phan doan thanh 9345 doan ECG, mdi doan co do
dai 5 gidy va dugc gan nhin twong tng: nhdi mau co tim va khac. Sau d6 9345 doan
ECG c6 gan nhan tuong img dugc chia ra thanh 2 bd dit licu: bg dir li¢u training va bo
testing, voi ty 18 1a 8:2 (training: testing) duoc sir dung trong nhiéu nghién ctru va duoc
danh gia, cong nhén 1a ty 1¢ hop ly trong qua trinh thyc hién. Chung téi dung phuong
phap phan chia “HoldOut” dé gitr lai 20% dir 1iéu cho kiém tra. Lua chon dic trung PCA
d3 chon 12 thanh phan chinh dau tién tir 36 dic trung dugc trich xuat dé giam chiéu dir
ligu, cai thién d6 khai quat m6 hinh. Md hinh hoc may SVM duoc ti wu héa tham sb
bang phuong phap Bayes (Bayesian Optimization) véi siéu tham s quan trong nhu
BoxConstraint (C) va kernel théng qua ham muc tiéu. Cu thé, SVM sir dung kernel
Gaussian (RBF), BoxContraint = 9,06, KernelScale = 0,637 va dat dugc do chinh xac
khé cao 94,54%. M6 hinh KNN duoc tdi vu béng cach thur nghiém céc gia tri cia K —
neighbors tir 1 t6i 30, va cac khoang cach Chebyshev, Euclidean, Minkowski. Két qua
tdi vu K = 5, khoang cach tdi uu Chebyshev 1a gia tri dugc chon, va mo hinh dat d6
chinh xac 1a 93,2%, cao hon so véi m6 hinh Random Forest 1a 91,28% dugc mo ta trong

Bang 3.

Bing 3. Két qua va so sanh mo hinh hoc may

M6 hinh Accuracy (%) F1-score (%)
SVM 94,54 92,03
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KNN 93,2 90,04
Random Forest 91,28 86,93

Chung t6i tiép tuc ding mo hinh hoc sdu CNN, mé hinh lai CNN két hop SVM

va CNN véi LSTM dé phan loai bénh ma khong trich xuét dic trung thu céng nhu véi
mo hinh hoc may. Két qua thyc nghiém & qua trinh huan luyén dit liéu cho tiéu chi Ac
& ba mo6 hinh trén dugc mé ta & Bang 4, mé hinh CNN két hop LSTM c¢6 do chinh x4c
tuong dwong nhau xap xi 77%. Trong do, cac siéu tham sb nhu sd lwong filters, kich
thude kernel, dropout rate va learning rate & mo hinh hoc sau ciing duoc tdi uu bang

phuong phap Bayes.

V&i mé hinh hoc sau va mo hinh hoc sdu CNN két hop vé1 SVM, chiing t61 dua
bo dit liéu huan luyén 1am dau vao mo hinh CNN, trich xuat dic trung & 16p fully
connected, va SVM s& lam nhiém vu phan loai dir li¢u. Cac tham s6 t6i uu dé CNN va
SVM hoac dong tdt nhu sau: NumFilters = 19; KernelSize = 3; DropoutRate = 0,15491
va LearningRate = 0.00061196, BoxConstraint = 0,16077, KernelScale = 0.0022717,
két qua dat dugc 12 77,31%, thap hon md hinh thudn CNN véi d6 chinh xac 1a 77,47%.
Véi mé hinh LSTM, Convolution Layers bao gom 32 filters & convl, va 64 filter &
conv2, learning rate le-3 trong 30 epochs va miniBatchSize 1a 64. Thoi gian tdi uu hoa
va huan luyén cho mé hinh CNN, LSTM rat lau, khoang vai gio, trong khi mo hinh
SVM chi mét vai phut dé hoan thanh.

Bing 4. Két qua mo hinh hoc sau va mé hinh lai.

M6 hinh Accuracy (%) F1-score (%)
CNN 77,31 80,2

CNN + SVM 77,47 80,4

CNN + LSTM 77,64 87,25

Két qua cho thay cdc mé hinh hoc sau nhu CNN va LSTM c¢6 hiéu suat thap hon
s0 v6i mo hinh hoc may SVM trong nghién ctru ndy. Nguyén nhan cé thé dén tir kich
thudce tap dir li¢u con han ché (549 mau) khién mé hinh hoc sau khong duoc huén luyén
day du, din dén hién twong overfitting. Hoc sau thudng yéu cau luong dit liéu 16n dé
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phat huy t6i da kha nang trich xuét dic trung an, trong khi hoc may truyén thong lai hoat
dong hi¢u qua hon trén cac tap dir li¢u nho néu duoc chon dic trung phu hop. Hon nira,
cac mo hinh hoc sau chua dugc toi wu hoa cau tric mang va s luong ting mang phu

hop vo1 bai toan phan loai nhéi mau co tim trong nghién clru nay.

Cubi cliing, dé kiém ching tinh 6n dinh ciing nhu tranh cac hién tuong overfitting
va underfitting, ching t61 dd m¢ rong thur nghiém véi 5-fold cross validation trén mo
hinh SVM va nhan dugc két qua véi do chinh xac twong dwong 94%, dam bao mo hinh

khong phu thudc vao céach chia dir liéu.

3.2. Nhin xét két qua nghién ciru

Két qua nghién ctru cho théy, mo hinh SVM dat d0 chinh xac 94.54%, vuot troi
s0 v6i cac mé hinh hoc sdu nhu CNN va LSTM (xap xi 77%), nhan manh rang vé6i dit
liéu han ché, dic trung thu cong dya trén kién thuc vé y sinh (khoang RR, QRS, HRV,
entropy, DFA va pho tan s6) van dong vai tro rat quan trong trong phan loai nhdi méau
co tim, khong chi mang ¥ nghia théng ké ma con phan anh truc tiép cc co ché sinh Iy
bénh hoc. Piéu nay ciing ¢b gia tri cac ddc trung truyén thong nhu mot nén tang y sinh
vitng chic, gitip mo hinh vira dat hiéu suat cao vira c6 tinh giai thich. Pong thoi, két qua
cling chi ra han ché cia md hinh hoc sau véi kich thude dit liéu nho, mang CNN/LSTM
chua du dit liéu dé hoc duge dic trung manh mg, dan dén hiéu suit thép. Ngoai ra, hoc
sau doi hoi chi phi tinh toan 16n, thoi gian huan luyén kéo dai nhiéu gio, trong khi hoc
may chi mat vai phit va blackbox ciia hoc sau gay khé khan trong viéc giai thich, han

ché kha ning tng dung trong thyc hanh 14m sang.

Tuy nhién, hoc sau va hoc may két hop co thé cai thién duoc hiéu qua néu duogc
t61 wru trén tap dit liéu 16n hon. Cac k¥ thuat nhu ting cuong dit liéu (data augmentation),
transfer learning hodc sir dung Explainable Al 1 nhiing giai phap kha thi nham khac
phuc nhitng han ché trén ma ching t6i s& phat trién & nghién ctru tiép theo. Pong thoi,
dé kiém chung tinh 6n dinh ciing nhu trdnh cac hién twong overfitting va underfitting,

chung t61 da mo rong thir nghiém véi 5-fold cross validation trén md hinh SVM. Ngoai
13
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ra, ching toi s& thuc hién patient-specific dé phan anh sat thuc té 1am sang trén ting

bénh nhan trong phién ban sau nay.
4. KET LUAN

Nghién ctru cua chung t6i thuc hién phan loai bénh nhin nhéi mau co tim Gng
dung cac thuat toan hoc may, hoc sau va mé hinh két hop trén dir licu PTB Diagnostic
ECG Database. Két qua nghién ciru dua ra ba dong gop chinh cho khoa hoc: (1) Pong
g6p hoc thuat: ching minh rang dic trung tha cong dua trén kién thirc y sinh khi két
hop véi hoc may (SVM) dat hiéu suét cao hon hoc sau trén tap dir liéu han ché, véi 4o
chinh xéc 13 94.54%, 1a bang chtng quan trong cho thdy hoc may van giit vai tro chil
dao dbi vai bo dit liéu nho, trong khi hoc siu yéu cau dit liéu 16n hon hodc ap dung céc
k¥ thuat toi wu hoa; (2) Y nghia y sinh: cac dic trung trén mién thoi gian, tin s6 va phi
tuyén phan anh co ché bénh ctia nhdi mau co tim, do dé giup mé hinh cé gia tri vé mit
din giai y hoc; (3) Ung dung thuc té: hé thdng duoc cai thién trong tuong lai c6 tiém
nang trién khai trong cac thiét bi ECG di dong hodc wearable, hd trg phat hién nhdi mau

co tim tir xa, dua ra canh bao kip thoi va giam ti 1 tir vong do nhdi mau co tim gay ra.

Mic du dat két qua kha quan, nghién ctru ctia chung t6i van ton tai nhitng han
ché vé quy mo dir liéu va chua khai thac triét dé duoc hiéu suat ctia mo hinh hoc sau.
Trong tuong lai chung t6i s€: (1) Mé rong dir li¢u dung cac k¥ thuat data augmentation
va ap dung transfer learning dé cai thién hoc sau; (2) Trién khai thyc hién patient-specific
dé tang tinh thuyét phuc; (3) Phét trién thém céc k¥ thuat Explainable Al nhdm nang cao
kha nang giai thich cho mé hinh. Két qua nghién ctru 1a tién dé cho xay dung hé thong
y sinh thong minh, tao co s¢ cho nhitng rng dung Al an toan va dang tin cay trong thuc
hanh lam sang.

LOI CAM ON
Nghién ctru nay dugc tai trg boi Truong Ky thuat Phenikaa, Pai hoc Phenikaa trong dé
tai ma s6 PU-2024-3-A-02. Tac gia xin chin thanh cam on cac thi nghiém vién trung

tam KHCN da h trg trong qua trinh thuc hién nghién ctru thue nghiém.
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