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Tém tdt: Bénh tim mach hién 1a mét trong nhiing
nguyén nhan gy tir vong hang dau trén toan thé gioi, do
do, viéc phat hién sém va can thiép kip thoi cac bénh ly
tim mach tré thanh van d& cip thiét. Trong bdi canh nay,
theo doi dién tdm d6 (ECG) dugc xem la c¢éng cu quan
trong dé d4nh gia nhip tim va phong ngtra bénh tim mach
(CVD). Véi sy hd trg cua cac phuong phap hoc may, do
chinh xac trong chan doan réi loan nhip tim da duoc cai
thién dang ké. Bai bao gioi thiéu mot mé hinh hoc may
hiéu qua dé phan loai réi loan nhip tim dya trén dit liéu
dién tam d6. Nghién ctu tién hanh khao sét va so sénh cac
thuat todn hoc may dién hinh, didu chinh tham sé ti wu
trén tap dir lieu ECG trong tap dir lieu Chapman ECG 12
chuyén dao. Phuong phép tbi wu nhat, md hinh RF, dugc
lya chon dya trén hiéu nang ctia md hinh théng qua cac chi
s6 danh gia nhu d6 chinh xac, diém F1, d¢ nhay, kha ning
thu hoi va do dic hiéu. Két qua thuc nghiém cho thiy, md
hinh dé xuét dat do chinh xéc tong thé 96.20% trong viéc
phan loai c4c loai rdi loan nhip tim khéac nhau. Cac két qua
dat duoc cho thiy tinh kha thi cua viéc ung dung céc thuat
toan hoc may tién tién trong chin doan tim mach, dong
thoi mo ra tiém nang wng dung trong cac hé thong chim
soc suc khoe tir xa va gidm sat sirc khoe cé nhan.

Tirkhéa: Bénh tim mach, tin hiéu dién tim dd, hoc may,
phan loai roi loan nhip tim, thuat toan ring ngau nhién.

1. GIOI THIEU CHUNG

Hién nay, bénh tim mach duoc coi la mot trong nhirng
vén dé sirc khoe nghiém trong nhét, gy ra ty 18 tir vong cao
trén toan cau [1] . Theo béo c4o cia Té chirc Y té Thé gidi,
vao nam 2019, bénh tim mach da khién 17,9 triéu nguoi tu
vong, chiém 32% tong sb ca tir vong toan cau, voi 85%
trong s6 d6 lién quan dén cac con dau tim va dot quy [1].
Nhirng s6 liéu nay nhan manh tam quan trong cua viéc phat
trién céc cong cu chan doan hién dai va phuong phap phat
hién sém cac bat thuong vé tim [2], [3], [4], [5]. Trong sb
céc phuong phéap chan doan, dién tim d (ECG) dugc xem
nhu tiéu chudn vang trong viéc phat hién loan nhip tim,
mang lai théng tin chinh x4c vé hoat dong dién cua tim va
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c4c bat thuong tiém an [6], [7]. La mot phuong phap khong
xam lan, ECG cung cp dit liéu hitu ich cho ca viéc chan
doan tirc thi va gidm séat 1au dai [8], [9]. Vi vay, viéc xay
dung cac giai phap hiéu qua nham phat hién sém nhip tim
bat thuong la rat quan trong trong viéc giam tac dong cua
cac bénh ly tim mach, véi ECG dugc cdng nhan rong réi la
cong cu dang tin cdy nhat cho nhiém vu nay [10], [14], [12].

Trong khi d6, nho céc thanh tyu cdng nghé, dac biét la
trong linh vuc tri tué nhan tao, sy tién bo trong chan doan
bénh tim da dwoc nang cao dang ké [13], [14]. Trong nhing
nam gan déy, cac phuong phap hoc méay (ML) va hoc sau
da dwoc 4p dung ngay cang nhiéu dé phan loai loan nhip
tim. Céc nha khoa hoc da thir nghiém nhiéu cach tiép can
thuat toan, bao gom céc ky thuat hoc may truyén théng nhur
K-Nearest Neighbors (KNN), Random Forest (RF) va
Support Vector Machine (SVM) [9], [15]. Nhitng phuong
phap nay da duoc st dung riéng Ié hoac két hop theo nhiing
cach sang tao, mang lai két qua kha quan trong viéc phat
hién cac bat thuong nhip tim [9], [16]. Viéc tich hop cac
cdng nghé tinh todn hién dai v&i phan tich ECG truyén
thdng da danh du mot budc tién quan trong, gilp cai thién
ca do6 chinh xéc 1an hiéu suit trong chan doan loan nhip tim,
mé& ra mot giai doan méi cho linh vyc chan doan tim mach.

Hon nita, V&i tw cach 14 tiéu chuan 1am sang, nho nhiing
lgi thé cung cap céi nhin toan dién hon vé hoat dong dién
cua tim bang céch thu tin hiéu tir 12 goc d6 khéc nhau va
tang cuong kha ning chan doan loan nhip phic tap, nhoi
mau co tim va cac tinh trang tim khac véi do chinh xac va
d6 dac hiéu cao hon, ECG 12 chuyén dao rat quan trong dé
danh gia tim ky ludng, cho phép chan doan chinh xac va
dang tin cay hon so vdi cac cau hinh ECG don gian hoa
khéc [17], [18], [19]. Nhiéu nghién ctu gan day da tap
trung vao phan loai loan nhip dua trén ECG 12 chuyén dao
[20], [21]. Phuong phap CNN chuyén dbi tin hiéu ECG
thanh hinh anh RGB dé trich xuét dic diém va phan loai da
I6p. Ngoai ra, MLP da duoc ching minh vuot troi hon
SVM, dat d6 chinh xac 84,2%, trong khi mét nghién ctu
khéc dat téi 97,0% khi phan loai bén 16p loan nhip tim [10],
[22]. Tuy nhién, cac phuong phap nay thuong yéu cau thém
dic diém 1am sang, gay kho khin cho viéc tich hop vao hé
thong tu dong hoa.

Trén co s¢ do, bai bao nay trinh bay mét mé hinh hoc
méy hiéu qua dé phan loai rdi loan nhip tim dua trén dit liéu
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dién tam d6 (ECG). Nghién ctru da thyc hién khao sat, so
sanh céc thuat todn hoc may tiéu biéu va téi vu héa tham
s6 trén tap dir lieu Chapman ECG 12 chuyén dao. Trong
d6, mé hinh Random Forest (RF) duwoc lua chon nho hiéu
ning vuot troi dua trén cac chi sé danh gia nhu do chinh
xéc, F1-score, d6 chuan xac, o nhay, va do dac higu. Cac
két qua md phong s6 dat duoc khong chi khang dinh tinh
kha thi cua viéc ap dung céc thuat toan hoc may tién tién
trong chan doan tim mach ma con mg ra trién vong ting
dung trong cac hé thdng cham soc sirc khoe tir xa va giam
sat suc khoe ca nhan.

Céc ndi dung trinh bay caa bai bao duoc bd cuc nhu
sau. Phuong phép 4p dung trong nghién ctru ndy, bao gom
giai phap hoc may phan loai réi loan nhip tim st dung ECG,
tap dir liéu va tién xur ly dir liéu va md hinh hoc may, duoc
trinh bay trong Muc 11. Muc 111 trinh bay cac két qua mo
phong s va céac thao luan vé cac két qua dat duoc. Cubi
cuing, cac két luan dac két tir nghién ciru duoc tong hop
trong Muc IV.

Il. PHUONGPHAP
A. Giai phap hoc may phan logi réi logn nhjp tim siz dung
ECG
Quy trinh thuc hién phan loai réi loan nhip tim sir dung
bo dit liéu ECG dugc mo ta trén Hinh 1. Viéc xay dung
md hinh hoc may nham phan loai réi loan nhip tim dua
trén tap dix liéu ECG duoc thuc hién theo cac budc sau:

% Tién xa ly diz ligu: Tap dit liéu ECG Chapman chira
cac tin hiéu ECG tir 12 chuyén dao cua nhiéu bénh
nhan khac nhau. Dit liéu dwoc 1am sach dé loai bo cac
tin hiéu nhiéu va dir liéu khdng hop lé. Cac tin hiéu
ECG dugc chuan hda vé do dai va bién do. Tiép theo,
ap dung cac ky thuat lam min tin hiéu va loc nhiéu
(nhu bd loc Butterworth) dé cai thién chét lwong tin
hiéu. Tt tin hiéu ECG, cac dac trung quan trong dugc
trich xuat dé phuc vu qua trinh hoc may. Céc dac trung
c6 thé bao gém cac dic diém trong mién thoi gian
(khoang RR, dd rong cua séng P, QRS, T), mién tan
s6 (bién d6i Fourier) va cac dic trung thong ké (trung
binh, phwong sai, d léch chuin). Bic biét, s dung
céc thuat todn phét hién dinh (peak detection) dé xéac
dinh vi tri cac séng P, QRS va T, tir d6 trich xuat cac
khoang PR, QT va QRS. Viéc phén chia tap dir liéu
thanh tap huan luyén, tap kiém dinh va tap kiém the
duogc thyc hién dé dam bao tinh khach quan trong
danh gia mo hinh.

% Xay deng va hudn luyén md hinh hoc may: Cac mo
hinh hoc méy phd bién nhu Random Forest, k-Nearest
Neighbors (kNN), Support Vector Machine (SVM),
... duoc sir dung dé phan loai réi loan nhip tim. M6
hinh duoc hudn luyén trén tap huan luyén bang cach
t6i wru hoa va diéu chinh cac siéu tham sé.
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% Ddnh gida mé hinh: Sau khi m6 hinh dugc huan luyén,
tap kiém thur s& duoc sir dung dé danh gia hiéu ning
ctia md hinh. Céc chi s6 danh gia bao gdm do chinh
xédc (accuracy), d6 chuan xac (precision), do nhay
(recall/sensitivity), d6 dac hiéu (specificity) va F1-
score. Panh gia m6 hinh khong chi tap trung vao do
chinh xéc tong thé ma con kiém tra kha nang nhan
dién ting loai rdi loan nhip tim riéng biét.

Trong nghién ciru ndy, ting thuét todn hoc may phé bién
dugc thir nghiém va thuat toan cho hiéu nang cao nhét s&
duoc lya chon dé khuyén nghi xay dung md hinh phan loai
rbi loan nhip tim.

Tap dit litu
ECG

Tién xi I di liéu

80%

Huin [tuyén

Thugt toan hoc
may

T&i wu hoa sidu
tham so

KEét qua phan loai réi
loan nhip tim

Hinh 1. Xdy dung mé hinh hoc may phdn logi réi loan nhip tim
dua trén tin hiéu dién tam do.
B. Tdp da liéu va tién xiz ly dir ligu
Bo dit lisu ECG Chapman, mot ngudn tai nguyén toan
dién duoc phat trién thong qua su hop tac gitra Pai hoc
Chapman, Bénh vién Nhan dan Thiéu Hung va Bénh vién
s6 1 Ninh Ba, duoc coi la bo dit liéu chinh dé phét trién
phuong phap va xac nhan phan loai loan nhip trong nghién
ctu nay [17]. Bo dit liéu, mot co so dir liéu dugce cong nhan
rong réi, cap nhat va méi nhat, cung cap céc chd thich chét
lwong cao cho nhiéu loai loan nhip, bao gom céc ban ghi
ECG 12 chuyén dao duoc lay mau & tan s6 500 Hz véi thoi
lugng 10 gidy tir 10.646 bénh nhan. Cac bac si 1am sang
chuyén gia da cung cap cac chd thich cho 11 nhip tim pho
bién va 67 tinh trang tim mach bo sung. Cac tinh ning nay
lam cho b dit liéu tré thanh mot ngudn tai nguyén cé gia
tri dé phat trién, so sanh va téi uu héa cac phuong phap
thong ké va hoc méy trong nghién ctu vé loan nhip va cac
rbi loan tim mach [16,20]. Sir dung cong cu Neurokit, 20
dac trung cua tin hiéu ECG lién quan dén cac dic diém
trong mién thoi gian (khoang RR, d¢ rong cua song P,
QRS, T), mién tan sb va cac dac trung thong ké (trung binh,
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phuong sai, do léch chuén) duoc trich xuét cho mdi dau
(chuyén dao) cua dit liéu thu duoc. Céc dir liéu thu dugc
s& duoc loai bo cac thong tin khong 1 rang hay khong day
du, téng s6 dic trung thu duogc 1a 212 déc trung.

Dua trén y nghia 1am sang cta chdng, 11 nhip tim duoc
céc bac sT1am sang chuyén gia x4c dinh di duoc hop nhit
thanh 4 loai chinh: Rung tdm nhi/Rung nhi (AFIB), Nhip
cham xoang (SB), Nhip xoang (SR) va Nhip nhanh trén
that chung (GSVT) [12,16,17]. Loai AFIB bao gom ca tinh
trang Rung tdm nhi (Atrial Fibrillation) va Rung nhi
(Atrial Flutter). SB biéu thi cac truong hop Nhip cham
xoang, trong khi SR bao gom ca Nhip xoang déu va khdng
déu. Phan loai GSVT két hop nam tinh trang riéng biét:
nhip nhanh trén thit, nhip nhanh nhi, nhip nhanh tai nhap
nut nhi that, nhip nhanh tai nhap nhi that va may tao nhip
nhi lang thang. Bén canh viéc phan anh cac giao thirc diéu
tri chung va co ché sinh ly trong mdi loai, sy hop nhat nay
con giai quyét mot sb thach thic ki thuat trong viéc trién
khai may hoc: n6 1am giam cac van dé mat can bang 16p,
tang cuong su khéc biét vé tinh ning gira cac loai, cai
thién hiéu qua dao tao mo hinh va thiic day kha nang khai
quat héa tét hon vao cac tinh hudng thuc té. Hon nira, hé
thong phan loai don gian héa cung cap nhiing lgi thé thuc
té nhu giam d6 phuic tap cua chu thich, do tin cay giira céc
bac si lam sang cao hon, (thg dung thoi gian thuc hiéu qua
hon va giam nguy co phéan loai sai gitra c&c phan nhdm
twong tu. Cach tiép can can bang nay dam bao ca tinh lién
quan 1am sang va tinh kha thi vé mat ky thuat trong khi
van duy tri tién ich chan doan thiét yéu caa hé théng phan
loai.

C. M®b hinh hoc may

Trong nghién ctru ndy, mudi thuat todn hoc may dién
hinh duoc &p dung va danh gia trén tap dir liéu ECG ndi
trén. Cac md hinh hoc may nay duoc huin luyén trén bo
dir liéu huan luyén va kiém thir hiéu nang trén bo dir lidu
test. Viéc didu chinh va tbi wu hoa siéu tham sé dugc thuc
hién bang k¥ thuat Grid Search. Thuat toan dat hiéu ning
cao nhat s& duoc lya chon. Céc thuét toan hoc may dugc
khao sat trong nghién ciru nay bao gom:

< AdaBoost (Ada) la thuat toan Boosting két hop nhiéu
mo hinh phan loai yéu thanh mot mé hinh manh bing
cach diéu chinh trong sé cua c4c mau bi phan loai sai
qua tirng vong lap. Thuat toan nay hiéu qua trong viéc
giam 16i phan loai nhung dé bi anh huong boi nhidu
va dir liéu ngoai lai.

% Bagging sir dung phuong phap 1dy mau ngau nhién c6
lip dé tao ra nhidu mé hinh doc lap (thwong la cay
quyét dinh) va tong hop két qua qua bo phiéu hoic
trung binh. K thuat nay giam phuong sai va hién
twong overfitting, nhung doi hoi nhiéu tai nguyén tinh
toan.

¢+ Decision Tree (DT) phén loai dir liéu théng qua cac
didu kién dang "cé/khong" tai cac nat. M6 hinh nay
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d& hiéu va trién khai nhung d& bj overfitting va nhay
cam véi dix liu nhiéu.

% k-Nearest Neighbors (KNN) Ia mé hinh phan loai phi
tham sd, dwa trén khoang céch cua mot diém méi so
véi k diém 1an can gan nhat. M6 hinh nay don gian va
khéng can huan luyén, nhung cham véi dit liéu Ion va
nhay cam vai outliers.

% Gradient Boosting (GB) la thuat toan Boosting tbi wu
hoa gradient caa ham 16i qua nhiéu mé hinh con
(thuong 1a cdy quyét dinh). So véi AdaBoost,
Gradient Boosting ti wu hi¢u nang dua trén gradient,
mang lai két qua chinh xac cao nhung ton tai nguyén
va dé bi overfitting.

% Logistic Regression (LR) 1a md hinh phan loai tuyén
tinh, &p dung ham sigmoid dé dwa xac suit vé khoang

[0,1]. M6 hinh nay don gian, dé 4p dung, nhung khong
hoat dong tbt vai dir liéu phi tuyén va bi anh huéng
boi da cong tuyén.

< Naive Bayes (NB) la thuat toan phan loai dya trén dinh
ly Bayes, gia dinh rang cac dic trung 1a doc lap co
diéu kién. M6 hinh nay nhanh, don gian va hiéu qua
V6i dir liéu 16n, nhung gia dinh vé tinh doc lap thuong
khong thuc té trong nhiéu bai toan.
Random Forest (RF) la tap hop cua nhiéu cay quyét
dinh, mdi cay huan luyén trén cac tap con dir liéu ngau
nhién, sau d6 tong hop két qua bang bo phiéu. Mo
hinh nay cai thién d6 chinh xéac va khang nhidu tét,
nhung t6n tai nguyén va kho dién giai.
Support Vector Machine (SVM) tim siéu phing t6i vu
dé phan chia dir liéu, t6i da hoa khoang cach tir siéu
phing dén cac diém dir liéu gan nhat. SVM hoat dong
t6t trong cac bai toan phi tuyén thong qua "kernel
trick", nhung tén thoi gian huan luyén va d& bi anh
huong boi nhiéu.

« XGBoost (Extreme Gradient Boosting) la phién ban
cai tién cua Gradient Boosting, dugc tdi wu vé toe do
va bo nhg, ddng thoi sir dung regularization (L1, L2)
dé tranh overfitting. XGBoost ndi bat véi hiéu ning
cao nhung doi hoi tai nguyén Ién va qua trinh diéu
chinh siéu tham s phirc tap.

7
*

7
*

7
*

Céc thuat toan trén khac nhau vé nguyén 1y hoat dong,
wu nhugc diém va pham vi ing dung. Cac thuat todn nhu
Logistic Regression, Naive Bayes va KNN thich hop cho
cac bai toan don gian, dé trién khai va thoi gian tinh todn
nhanh. Ngugc lai, cac thudt toan nhu Gradient Boosting,
XGBoost va Random Forest ¢6 kha ning xt 1y tot cac bai
toan phirc tap nhung yéu cu nhiéu tai nguyén tinh toan va
thoi gian huén luyén 16n hon.

I11. DANH GIA HIEU NANG VA THAO LUAN

Dé danh gia hidu nang ctia md hinh hoc méy phan loai
rbi loan nhip tim, cac tham sb hiéu ning co ban dugc sir
dung dé danh gi4 céc thuat toan va lya chon giai phap tot
nhit bao gdm: d6 chinh xéac (accuracy), d6 chuin xac
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(precision), do nhay (sensitivity), diém F1 (F1-score), va
d6 dac hiéu (specificity). Do chinh xac dé cap dén ty 1é
chinh xac trong ca két qua duong tinh that va két qua am
tinh that so véi tong s6 du doan. Piém F1 thé hién sy hai
hoa giita 6 chinh xac va thu hoi, diéu nay hiru ich khi dbi
mat véi dir liéu dau vao mat can bang. Do chinh xac 1a sb
truong hop duong tinh thyc té dé xem dir ligu c6 lién quan
nhu thé ndo. M6 hinh thu hdi tat ca cac trudong hop duong
tinh c6 lién quan dé tra loi cau hoi vé sé lugng truong hop
duoc du doan chinh xac. Po luong do dac hiéu dugc tinh
toan dé do Iuong mirc d6 hiéu qua cua md hinh trong viéc
tranh cac két qua duong tinh gia, trong d6 viéc nham Ian
két qua nguoc lai s& dan dén hau qua nghiém trong.

Gia str ky hiéu TP, TN, FP va DN lan luot 12 s6 mau
duong tinh that, s6 mau am tinh that, s6 mau duong tinh gia
va s6 mau &m tinh gia. Trong bi canh phan loai loan nhip
tim dya trén ECG, TP la nhitng truong hgp ma mé hinh xac
dinh dang loan nhip tim khi nd thyc sw c6 mat, TN la nhitng
truong hgp ma mo hinh xac dinh ding nhip tim binh thuong
khi khodng co loan nhip tim, trong khi FP |a nhiig truong
hgp ma mé hinh xac dinh sai loan nhip tim khi nhip tim
thuc su binh thuong va FN 1a nhitng treong hgp ma mo
hinh khong phat hién ra loan nhip tim khi né thuc su c6 mat.
Céc tham sb hiéu nang nay dugc tinh theo céc cong thic
nhu sau:

Bang 1. Siéu tham s6 cva cdc mé hinh hoc mady.

TP+TN

Po6 chinh xdc = ————— (1)
: TP+TN+FP+FN
A , TP
Do chuln xac = )
) TP+FP
TP
bé nhay = 3
’ 1y TP+FN ( )
PrecisionxRecall
Fl1—score = 2X —————— 4
Precision+Recall
N PPN TN
b6 dac hiéu = (5)
: : ’ TN+FP

Dix liéu huan luyén (80% dit liéu tong) thu duoc sau
tién xir Iy duoc dua vao 10 thuat toan theo thir tu lan luot
la Ada, Bagging, DT, GB, KNN, LR, NB, RF, SVM va
XGB. Cac md hinh hoc may duoc huin luyén, diéu chinh
va tdi ru cac siéu tham s. Bang 1 thé hién cac siéu tham
s6 tuong tng ciia mdi md hinh hoc may dugc khao sat. Sau
d6, cac md hinh véi siéu tham s t6i wu dugc &p dung trén
bo dir liéu test (20% dix ligu con lai) dé danh gi4 higu nang
va so sanh véi nhau. Trong khudn kho bai béo nay, tham
s6 hiéu niang chinh duoc lya chon lam muc tiéu so sanh va
lya chon mé hinh cho bai toan phan loai réi loan nhip tim
12 d6 chinh x4ac. Nhu thé hién trén Hinh 2, o chinh xac
cuia cac md hinh dat duge déu tuong ddi cao, o chinh xéac
thap nhét 1a 74,69% (dat dugc voi thuat toan GB) va do
chinh xac cao nhit 1 96,20% (dat duoc véi thuat toan RF).
Trén thyc té, céc thuat toan XGB, KNN va SVM ciing dat
duoc do chinh xac rat cao, lan luot 1a 96,15%, 95,26% va
94,98%.

SO 01 (CS.01) 2025

! Ada {algorithm". 'SAMME.R!, 'learning_rate". 0.1,
'n_estimators" 61}
{'estimator": XGBClassifier(...),
2 |Bagging | ‘'max_features" 10, 'max_samples'; 100,
'n_estimators': 100, 'n_jobs"; -1}
3 DT {'criterion"; ‘entropy’, 'max_depth'. 6,
'max_features” 'sqrt’, 'splitter”: 'best’}
A GB {'criterion’: ‘friedman_mse', 'learning_rate":
0.1, 'loss": 'log loss','n_estimators': 300}
5 KNN {'algorithm": 'auto’, 'n_neighbors": 8, 'p': 1,
‘weights”: ‘uniform’}
{'C0.14, 'max_iter": 30, 'multi_class"; ‘auto’,
6 LR | 'n_jobs' -1, 'penalty" 'I2', ‘solver" ‘sag, 'tol"
0.015}
7 NB {var_smoothing’: 1e-08}
8 RF {'criterion’; 'entropy', ‘'max_depth’; 15,
'max_features 'sqrt’, 'n_estimators": 40}
{'C': 15, 'gamma 'scale’, 'kernel': 'rbf’,
SVM .
9 ‘probability’: True}
10 | xe {'gamma’; 0, 'learning_rate'; 0.05, 'max_depth'’;
5, 'min_child weight": 1,'n_estimators'; 950}
1
09 - mm - -
08 |---B- -
o 07 [-- ---
T 06 |-- .
£ o5 |- -
=
o 04 |-
A 03 |-- I
02 |-- .
01 |-- i

Thuit toin
m Ada mBagging mDT = GB mKNN =R mNB = RF mSVM mXGB

Hinh 2. So sanh do chinh xdc dat dwoc cia cac mé hinh hoc
may dwoc khdo sat.

Dua trén cac két qua dat duoc vé d6 chinh xac, thuat
toan RF duoc lya chon 12 thuat toan tét nhat trong sé céc
thuat toan dugc khao sat trong nghién ciru nay dé giai quyét
bai toan phan loai rdi loan nhip tim. Bang 2 tong hop chi
tiét cac tham sd hiéu nang cho ting loai réi loan nhip tim
thanh phan bao gom: AFIB, SB, SR va GSVT. Do chinh
Xéc tong thé dat dwoc cia md hinh nay 1a 96,20%. Trong
khi d6, trung binh macro, trung binh micro va trung binh
theo trong luong (theo sb lwong cac mau twong ng Véi
tirng loai rdi loan nhip tim) cua F1-score lan lugt 12 95,71%,
96,20% va 96,19%. C4c két qua dat dugc caa md hinh phan
loai réi loan nhip tim cho thay hiéu ning rat cao ddi vai ca
4 10ai réi loan. Cu thé:
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Bdng 2. Tham s6 hiéu ndng theo timg thanh phdn ciia mé hinh
hoc may RF.

Dj chinh | Fl-  |Djchuin | Dé dic

iy Y Donhay | °.°

xac score xac hiéu
AFIB 0.9704 | 0.9236 | 0.9341 | 0.9288 | 0.9828
SB 0.9915 | 0.9923 | 0.9847 | 0.9885 | 0.9911
SR 0.9864 | 0.9685 | 0.9664 | 0.9675 | 0.9911
GSVT 0.9756 | 0.9416 | 0.9457 | 0.9436 | 0.9850

% Loai AFIB: D chinh x4c dat 0.9704 cung vé6i F1-
score 0.9236, thé hién su can bang gitta d6 nhay
(0.9288) va d6 dic hiéu (0.9828). Piéu nay cho thiy
mo hinh c6 kha nang phan biét tét gitra AFIB va cac
loai khéac, mic du F1-score con thap hon so véi cac
loai khac do su anh huong cua dir liéu mat can bang.

% Loai SB: Hi¢u nang mo hinh cao nhét ¢ tit ca cac tham
s6, voi do chinh xac lén dén 0.9915 va Fl-score
0.9923. P9 nhay (0.9885) va do dic hiéu (0.9911) déu
rat cao, ching to mo hinh nhan dién SB rat 6n dinh va
dang tin cay.

% Loai SR: Két qua cho loai SR ciing rat t6t voi d6 chinh
xé&c 0.9864 va Fl-score 0.9685. P nhay va do dac
hiéu lan luot 12 0.9675 va 0.9911, cho thay md hinh
cd kha nang nhan dién SR hiéu qua, véi ty Ié duong
tinh gia thap.

% Loai GSVT: Hiéu ning cia mé hinh d6i véi GSVT
cling dang khen ngoi véi d6 chinh xac 0.9756 va F1-
score 0.9416. Do nhay (0.9436) va do dic hiéu
(0.9850) dam bao rang mé hinh c6 thé phét hién chinh
xéc cac trudng hop GSVT, du két qua Fl-score thap
hon mot chit so véi SB va SR.

Hinh 3 cho thiy ma tran nham Ian dat duoc cua mo hinh
hoc may phan loai 4 loai réi loan nhip tim véi thuat toén
RF. Céc gia tri trén duong chéo chinh (tir trén trai xuéng
duéi phai) cuaa hinh biéu thi s§ luong mau dwoc phan loai
dung cho mdi 16p. Gia tri cao trén duong chéo chinh (411,
772, 431, 435) cho thiy md hinh phan loai phan Ién ding
céc nhén cia dit liéu. Sy nham 1an gita AFIB va GSVT (20
va 24 mau) c6 thé 1a do cac dic trung tin hiéu sinh Iy twong
tu trong dit liéu. Két qua nay cho thdy con cé thé cai thién
kha nang phan biét hai loai nay théng qua viéc st dung
thém cac dac trung hoac tinh chinh m6 hinh. Trong khi do,
van ¢6 sy nham 13n nho gitra SB va SR (9 mau), mac du t,
nhung viéc cai thién van c6 thé tang do chinh xéc tong thé.
M© hinh cho thay hiéu nang vuot troi, dac biét I vai loai
SB va SR. Tuy nhién, cc chi sé F1-score cia AFIB va
GSVT c6 thé dugc cai thién hon nira bang cach can bang
dir liéu hoc tinh chinh mé hinh dé xu Iy tét hon cac loai ¢6
s6 luong dir lidu it hon.
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V. KET LUAN

Bai b4o da dé xuat va xay dung md hinh hoc may hiéu
qua nham phan loai rdi loan nhip tim dya trén dix liéu ECG,
sir dung tap dit liéu Chapman ECG 12 chuyén dao. Mudi
thuat toan hoc may dién hinh bao gom Ada, Bagging, DT,
GB, KNN, LR, NB, RF, SVM va XGB duoc khao sat va
danh gia hiéu nang, trén co cd do, thuit toan RF duoc lya
chon nho vao hiéu niang vuot troi, dat do chinh xac tong thé
96.20%. M6 hinh phan loai rdi loan nhip tim ciing cho thdy
hiéu qua phan loai rit cao ddi véi tirng loai réi loan thanh
phan. Céc két qua thuc nghiém khéng chi ching minh kha
nang ung dung hiéu qua ctia cac phuong phap hoc may
trong chan doan rdi loan nhip tim ma con ma ra trién vong
I6n trong viéc phat trién cac hé thong cham soc stc khoe tir
Xa.
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MACHINE LEARNING-BASED ARRHYTHMIA
CLASSIFICATION USING ECG DATASET

Abstract: Cardiovascular disease is currently one of the
leading causes of death worldwide, so early detection and
timely intervention of cardiovascular diseases have become
urgent issues. In this context, electrocardiogram (ECG)
monitoring is considered an important tool for assessing
heart rate and preventing cardiovascular disease (CVD).
With the support of machine learning methods, the
accuracy in diagnosing arrhythmias has been significantly
improved. This paper introduces an effective machine
learning model for classifying arrhythmias based on
electrocardiogram data. The study investigates and
compares typical machine learning algorithms, optimizing
parameter tuning on HRV datasets extracted from the 12-
lead Chapman ECG dataset. The most optimal method is
selected based on the model performance through
evaluation indexes such as accuracy, F1 score, sensitivity,
recall, and specificity. Experimental results show that the
proposed model achieves an accuracy of over 86% in
classifying different types of arrhythmias. The results
demonstrate the feasibility of applying advanced machine
learning algorithms in cardiovascular diagnosis, while
opening up potential applications in remote healthcare
systems and personal health monitoring.

Keywords: Cardiovascular disease, Electrocardiogram,
machine learning, arrhythmia classification, Random
Forest.

Nguyén Thi Thu Hién, nhin bing
bt nghi¢p dai hoc Khoa hoc Tu
nhién nam 1996. Nam 2004 nhan
béng thac s¥ tai Hoc vién Cong nghé
Buu chinh Vién thong, nganh Tin
hoc- Dién ti- Vién thong. Hién dang
giang day tai Trung tdm Thi nghiém
thyc hanh, Hoc vién Cong nghé Buu
chinh Vién théng. Linh vuc nghién

ctru: Hoc may, Xur ly tin hiéu, Ky
thuat Dién tu.
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