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UNG DUNG PHUONG PHAP HQC MAY
XAY DUNG MO HINH NHAN DANG RUNG NHi

Nguyén Trong Tuyén'*; Pao Ngoc Piép!
TOM TAT
Rung nhi la mét trong nhitng bénh 1y nguy hiém hang dau c6 thé dan dén tir
vong do ddt quy ¢ cdc bénh nhdn mdc bénh. Hién nay, phwong phdp chan
dodn cdc bénh Iy tim mach néi chung, trong d6 ¢é rung nhi, chii yéu sir dung
may do dién tim Holter dé nhan dang cac bat thwong trong tin hiéu dién tim.
Tuy nhién, & bénh nhdn rung nhi, cdc chu ky réi loan nhip tim cé thé dién ra &
moi thoi diém, khong thé du dodn trudc dwoc, tham chi cé thé xay ra vao thoi
diém ma thiét bi do Holter khong ghi lgi dwoc. Xdy dung thuat toan nhan dang
va phat hién rung nhi nham vmg dung cho cdc thiét bi do chan dodn rung nhi
theo thoi gian thie déng vai tro hét sike can thiét. Trong bai bdo nay, chiing
toi xay dung mo hinh nhdan dang rung nhi su dung phuwong phdp hoc may dvwa
trén cdc bo co s& dir liéu da duoc kiém chung. Do chinh xdc trung binh khi
sik dung cdc mé hinh hoc mady dat dwoc la 91.95%. Két qud trén cho thdy, mé
hinh c6 thé dp dung trong theo doi va chan dodn rung nhi, ndng cao hiéu qud
diéu tri cac bénh ly tim mach va dao tgo ky sw ky thudt y sinh.

Tir khoa: rung nhi, hoc may.

ABSTRACT

Atrial fibrillation is one of the leading life-threatening conditions that can
lead to stroke in affected patients. Currently, the diagnosis of cardiovascular
diseases in general, including atrial fibrillation, primarily relies on Holter
electrocardiogram devices to identify abnormalities in the electrocardiogram
signal. However, in patients with atrial fibrillation, arrhythmic cycles can
occur at any time, unpredictably, and may even occur during periods when the
Holter device is not recording. Building an atrial fibrillation recognition and
detection algorithm for real-time diagnostic devices is crucial. In this paper,
we develop an atrial fibrillation recognition model using machine learning
methods based on validated datasets. The average accuracy achieved using
machine learning models is 91.95%. The results suggest that the model can
be applied in atrial fibrillation monitoring and diagnosis, enhancing the
effectiveness of cardiovascular disease treatment and training biomedical
engineering engineers.

Keywords: Atrial fibrillation, machine learning
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1. Mé dau

Rung nhi 12 mot trong nhiing rdi loan
nhip tim nguy hiém hang dau, c6 thé dan dén
tir vong & cac bénh nhan mac bénh. Theo thong
ké, khoang 5% sb truong hop dot quy hang nim
xuét phat do rung nhi va ty 16 mic bénh ciing
tang dan theo d9 tudi. Nguyén nhan giy bénh
do xuét hién cac ving hoat dong dién hdn loan
trén tAm nhi, dan t6i viéc co bop nhanh qué
mirc va khong déu ¢ tim nhi. Piéu nay dan
dén xuat hién cuc mau dong & tim, di chuyén
theo mach mau 1én ndo va cac co quan gay
dot quy hoic tic ngh&n mach mau cap & cac
co quan trong co thé. Triéu ching ctia bénh 1y
rung nhi bao gdm danh tréng nguc, giam kha
ning gang sic, mét moi, khé thd va thoang
ngat. Cac triéu chimg nay c6 thé dé gy nham
14n voi cac bénh 1y khac [1]. Do d6, viéc chan
doan bénh 1y dong vai tro hét sirc quan trong,
gitip bénh nhan duoc diéu tri kip thoi.

Hién nay, chan doan cac bénh ly 16i loan
nhip tim dugc thyc hi¢n béng phép do tin hi¢u
dién tim, st dung may do di¢én tim Holter. Bénh
nhan sau thim kham c6 thé dugc bac si yéu
cau ghi do tin hiéu dién tim trong vai ngay.
Tuy nhién, d6i voi bénh 1y rung nhi, chu ky roi
loan nhip tim c6 thé dién ra ¢ bat ky thoi diém
nao trong mot khoang thoi gian theo doi, chu
ky nay c6 thé dién ra trong mot khoang thoi
gian ngan, khong thé du doan trudc duoc. Do
do, trong nhiéu truomg hop, bénh nhan mac réi
loan nhip tim do rung nhi khong thé phat hién
bang thiét bi do Holter, dic biét, trong truong
hop bénh 1y rung nhi kich phat.

Cung véi su phat trién ctia ha tang cong
nghé thong tin, cac hé thong y té tir xa ngay nay
cang duoc str dung phd bién hon. Cac thiét bi
do dién tim, chan doan bénh 1y theo thoi gian
thyc dang ngay cang duogc dua vao st dung
gitip bénh nhan chan doan rdi loan nhip tim

tai nha. Piéu nay giup bénh nhin dugc chan
doan, giam thiéu kha ning phat trién bénh Iy
va duoc diéu tri mot cach kip thoi. Mot s thiét
bi do cam tay hién nay dang duoc phat trién
bai mot sé hang nhu Apple Watch, Samsung
Watch, AliveCor, Zenicor, Omron giup bénh
nhan nhanh chéng bénh 1y rung nhi gitp thu
do tin hiéu dién tim va dua ra chan doén rbi
loan nhip tim trong thoi gian ngan [2]. Tuy
nhién, da phﬁn cac thiét bi ndy, van chura dem
lai hiéu qua cao do anh hudng bdi nhiéu, thoi
gian do tin hiéu ngan, nén chua thé phat hién
dugc cac bat thudng trong moi thoi diém.

Do dé6, viéc phat trién thuat toan nhan
dang rbi loan nhip tim do rung nhi 13 diéu can
thiét. Thuat toan c6 thé dugc tmg dung trong
xur 1y tin hi¢u trong ban ghi tin hi¢u di¢n tim
cta thiét bi do dién tim Holter, gitip bac sy c6
thé rat ngan thoi gian chan doan. Pong thoi,
viéc ap dung thuit toan ciing c6 thé thuc hién
bang cach nhiing mé hinh nhin dang t6i cac
thiét bi thu do dién tim thoi gian thyc giup bénh
nhan va bac s§ c6 thé theo doi va phat hién kip
thoi bénh 1y. Tir d6, bénh nhan c6 thé duoc
diéu tri v6i phac do thich hop. Trong nghién
curu nay, ching té1 st dung thuat toan xu ly
tin hi¢u di¢n tim, dya trén cac dac trung cua
bénh 1y rung nhi. Sau d6, cac dac trung duoc
sir dung nhur dit liéu dau vao dé xay dung mo
hinh nhan dang ung dung cac phuong phép
hoc may khéac nhau.

2. X4y dung mo hinh nhan dang rung
nhi dua trén cac dac trung tin hi¢u ECG

Pé chan doan rung nhi bang tin hiéu dién
tim ECG, béc s§ thuong dua trén cac dac trung
lam sang cua tin hiéu dién tim & trong chu ky
roi loan nhip tim. Khi d6, trén tin hi¢u di¢n tim
¢6 thé nhan théy cac dic diém dac trung nhu
sau. Thtr nhat, tinh khong déng déu cua nhip
co bop tam thét, hay su khong dong déu giira
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cac doan RR trong khoang tin hi¢u theo doi.
Tht hai, d6 1a sy bién mat caa song P trén tin
higu dién tim va thay vao d6 1a sy xuat hién

3

trial fibrillation

ctia cac song nhi £ c6 bién d6 va tan sd khac
nhau, véi biéu hién rd rang nhat 1a trén cac dao
trinh II, III, aVR, V1, V2 (Hinh 1).

Hinh 1. Tin hi¢u dién tim trong truwdomg hop rung nhi va binh thudng

Dua trén dic diém 1am sang cua bénh
1y nhu trén, ching t61 xay dung b co s¢ di
lidu cac dic trung bang phuong phap xir 1y tin
hiéu s tin hiéu dién tim. Ddi vi mdi doan tin
hiéu véi do dai 10 gidy, so d6 thuat toan sau
dung dé tinh toan cac dic trung tin hi¢u dién
tim dugc thé hi¢n nhu trén hinh 2.

Tin hi¢u dién tim trong qué trinh do
thudng bi anh hudng béi nhiéu tir cac ngudn
nhiéu khac nhau. Mot trong s cac ngudn nhiéu
anh huong dang ké dén qua trinh do tin hiéu
dién tim 1a nhiu chuyén dong ctia ngudi do,
gay troi duong co s¢ cua tin hi€u dién tim.
Ngoai ra 1a cac nhiéu tin sb cao ciing anh
hudng dang ké dén phan tich tin hiéu dién tim.
Do d6, trong cac hé thong thu nhan va phan
tich, xir Iy tin higu dién tim, dau tién, can tién
hanh loc cac loai nhiéu ké trén. Trong nghién
clru ndy, can danh gia mirc d6 nhidu thong qua
chi s6 chat lwong tin hiéu. Khi d6, néu chi s6
chat lwong tin hiéu du6i ngudng dit trude nao
d6, cac bd loc nhiéu troi dudng co s va nhiéu
loc tan s6 cao duoc 4p dung. Sau khi loc nhiéu,
thuc hién tinh cac dac trung cuda tin hiéu dién
tim ECG, duoc dua vao nhu di liéu dau vao
cua mo hinh hoc may.
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Céc dac trung duoc tinh todn trong nghién
curu nay, dugce xac dinh dya trén cac ddc trung
lam sang bénh 1y cua tin hi¢u dién tim trong
truong hop rdi loan nhip tim do rung nhi, bao
gdm: cac dic trung cua bién thién nhip tim
(HRV) va dic trung bién thién doan TQ cua
tin hiéu dién tim. Dé dua ra cac dic trung ké
trén, trong mot sd trudng hop, can loai bo cac
phurc bo di thuong trén tin hi€u dién tim, dang
cht y c6 thé ké dén 1a cac phire bd ngoai tim
thu that va ngoai tim thu nhi thuong xuét hién
& bénh nhan méc rung nhi.

Céc dic trung bién thién nhip tim bao
gdm: do rong HRV dRR, gia tri trung binh
RRmean va d phan tan HRV disRR dugc tinh
theo cong thirc sau:

dRR = RR max— RR min;
RRmean=> RR/Ny;

disRR = /3" (RR - RRmean)* | (N, 1),

Trong d6, RRmax, RRmin, tuong tng la
cac gia tri 10n nhét va nho nhat cia chudi cac
khoang RR tin hiéu dién tim trén cira s6 dang
theo doi, NV, 1a s6 chu ky nhip tim sau khi loai
bo cac phtrc bd di thuong.
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Pé phat hién sy xuat hién ciia song nhi f
( sataaw ) trén tin hiéu ECG, chting t6i thuc hién dong b
hoa cac khoang TQ (khoang TQ 1a doan tin hi¢u
tinh tir diém két thiic cta song T va diém bét
Khdi tao ctra s6 tin dau cta song Q trén tin hiéu dién tim) cua tin
e hiéu dién tim trong ctra s6 theo ddi. O nghién
clru nay, su dung phuong phap ndi suy theo do
E——— dai I6n nhit cac khoang Q. Dé danh gia b@én
lwong tin hidu SQI thién khoang TQ trong hai truong hop tin hi¢u
dién tim v&i bénh 1y rung nhi va tin hi¢u dién
tim binh thuong, nghién ciru dé xuat danh gia
khoang cach Euclidean giira cac khoang TQ
clia ctra sO theo ddi voi khoang TQ trung binh.
Dau tién, can tinh cac chi s6 khoang TQ trung
binh va bién thién khoang TQ.

SQl nhé hon
ngudong?

__ 70
TQ=+=—;

Loc nhieu tin hiéu NB

|re,-19|
De="————".
7o)

Tinh cacdactrung

s b Ti s06 De thuong dugc st dung dé danh
tin hiéu dién tim : ¢

gid do I¢ch cua dai luong vat Iy so voi gia tri
trung binh ctia chung trong mot tap hop. Khi
gia tri De tang 1én thé hién d6 léch cua khoang
T . TQ dang xét voi gia ‘Eri khoang TQ trung binh,

hoc may nghia la tang do bién thién cua khoang TQ
trong cira so tin hiéu dién tim dang theo dai.
Dé dua ra dic trung cho chu ky rung nhi, tham
s6 sau duoc tinh.

Panh gia mo hinh
NDEZD,

VarDe = -,
N

B

»
g

Trong d6, N D@Dfla sO cac gia tri De vuot

qud gia trj ngudng D, NB Ia s6 chu ky nhip
( Két thic ) tim sau khi loai bd cac phuc b di thuong.

Phuong phap tinh ddc trung trén c6 mot
s0 uu dieém nhu do phtre tap tinh toan thap (low-
cost computing), giam anh hudng cta nhiéu

Hinh 2. So' dd thuét toan xir 1y tin hiéu dién
tim trong nhian dang rung nhi
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dén qua trinh dénh gia d6 bién thién khoang
TQ dua trén vi¢e tinh gia tri trung binh khoang
TQ va chuén hoa gié tri khoang theo doi.

Dé xay dung mé hinh nhin dang rung
nhi, ching t61 st dung b co s¢ dit liu duoc
kiém ching 14 bo co s¢ dit liéu MIT BIH Atrial
Fibrillation Database gdm 25 ban ghi tin hi¢u
ECG cuia cac bénh nhan méc rung nhi. Mdi
ban ghi c6 thoi gian ghi tin hi€u trong vong
10 gi® va chira 02 tin hiéu ECG, duoc 1ay mau
v6i tan s6 250Hz va do phan giai 12 bit. Mbi
ban ghi déu duoc danh dau diém bat dau chu
ki r6i loan nhip tim do rung nhi (AF) va chu
ky tin hi¢u dién tim binh thuong (N).

Trong nghién ctru nay, str dung 4150 doan
tin hiéu c¢6 dan nhan AFIB va 3790 doan tin
hiéu dugc dan nhan N. Cac doan tin hi¢u nay
c6 do dai 10 gidy. Chung t61 xay dung mang
neuron tuan tu 08 16p, bao gébm 01 16p dau
vao, 06 16p 4n va 01 16p dau ra. Cu thé, 16p
dau vao gdm 3 neuron twong Gmg voi 3 mau
dau bao gom dRR, dispRR, VarDe va st dung
ham ReL.U 1a ham kich hoat, do cac gia tri dau
vao déu nam trong khoang 0 va 1 vé6i s6 luong
mau tuong ddi 16n. Tiép theo x4y dung mang
neuron gém 6 16p an, mdi 16p an c6 11 don vi.
Ham kich hoat cho mdi 16p 4n 13 ham ReLU
gitip ddy nhanh téc d6 xu 1y. Cudi cung 16p
dau ra c6 1 16p an twong ung du doan duong
tinh hoac am tinh véi bénh ly rung nhi. Ham
sigmoid dugc su dung la ham kich hoat cua
16p dau ra.

Sau khi huan luyén mé hinh, ching t6i
st dung hai tham s dé danh gia mé hinh 1a
dd chinh xac (Acc, Accuracy) va F1-Score.
Két qua danh gia mo hinh mang neuron cho
gi4 tri cac tham s6 Acc va F1-Score lan lugt
12 91.91% va 91.29%. Ngoai ra, trong nghién
ctru con danh gid mo hinh dua trén kiém ching
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chéo, thu duoc cac tham sb Acc va F1-Score st
dung kiém chimg chéo 12 91.90% va 91.40%.

Pé so sanh v4i cac md hinh hoc may
khéc, ¢ day, chung t6i st dung cac mo hinh
ciy quyét dinh va k lang giéng gan nhat dé
so sanh. Két qua d6i chiéu voi mo hinh mang
neuron dugc dua ra dudi bang sau.

Bang 1. Két qua huin luyén sir dung
cac mo hinh hgoc may khac nhau

Do chinh xac

M6 hinh (Acc) F1-Score
Mang Neuron 91.91% 91.29%
Cay quyétdinh | 91.86% 91.24%
K-lang giéng 92.09% 91.5%

Céac mo hinh hoc may xay dung trong
nghién ctru nay c6 do chinh xac trong dbi tot
s0 vO1 cac md hinh nhan dang khac nhu méo
hinh cua Babacizadeh [3] v6i do chinh xac
khoang 93%, Lake va Moorman [4] v&i do
chinh xac khoang 92.5%.

3. Phat trién huwéng nghién ciru

Huéng nghién ctru tiép theo ctia nhom
tac gia la xay dung thém céc dac trung tin hi¢u
ECG trong mién tan s6, nham nhan dang va
phan loai chu ky rung nhi trén nén nhiéu va
céc chu ky rdi loan nhip tim do cudng nhi va
tin hi¢u di€n tim binh thuong. Ngoai ra, cac
tac gia cling xem x¢ét, bién thién nhip tim nhur
mot qua trinh hon loan, hay mot hé dong luc
phi tuyén. Tir d6, c6 thé bd sung thém cac dic
trung cua hé phi tuyén nhu phan tich fractal
hoic entropy hé thong, nhim ning cao do chinh
xac cua thuat todn nhan dang.

Ngoai ra, cac tac gia cling dinh hudéng
xay dung md hinh hoc siu nham phat hién
r6i loan nhip tim do rung nhi trong thoi gian
cuc ngin (xdp xi 01 chu ky co bop). Pay 1a
cac chu ky c6 kha ning phat trién thanh cac
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r01 loan nhip tim rat Ién va kho phat hién.
Tu d6, dua ra dugc cac du doan chinh xac
va hiéu qua hon.

4. Két luin

Trong nghién ctru nay, cac tac gia dé xuat
mo hinh nhéan dang 16i loan nhip tim do rung
nhi dua trén cac dac trung cua tin hi¢u dién
tim & bénh nhan. M6 hinh dugc xay dung cho
két qua tuong dbi tot, thich hop dé tich hop
vao cac hé théng nhan dang r6i loan nhip tim
do rung nhi theo thoi gian thuc. Diéu nay cho
phép bénh nhan nhanh chong phat hién duoc
chu ky rung nhi dua trén cac thiét bi do dién
tim tai nha. Tt d6 nhanh chong lién hé vai bac
si, nham kip thoi thim kham, dua ra phac do
diéu tri d6i v6i bénh nhan dya trén tinh trang
ctia bénh nhan. M6 hinh ciing rat hitu ich trong
qua trinh dao tao nhiing chuyén vién ky thuat
cua nganh k¥ thuat y sinh hién nay.
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