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TOM TAT

Bai viét nay dwa ra cdach tiép cdn Entropy nghién citu bién thién nhip tim.
Phan tich va danh gid suw thay déi Entropy xdp xi ciia chudi cdc khodng RR
trong tin hzeu dién tim o cac trLfO’ng hop loan nhip khdc nhau. Dé xudt phirong
phdp cira s6 trieot Entropy xdp xi va hoc mdy dé phat hién rung nhi. Panh
gid chat lwong va hiéu qua ciia phirong phdp dé xudt trén bé CSDL ding cho
nghién curu rung nhi.

Tir khéa: khodng RR, Entropy, cira s triot.

ABSTRACT

This paper presents an entropy-based approach to study heart rate variability.
It analyzes and evaluates the changes in approximate entropy of RR interval
series in electrocardiogram (ECG) signals under different arrhythmia
conditions. The paper proposes a method using sliding window approximate
entropy and machine learning to detect atrial fibrillation. The quality and
effectiveness of the proposed method are assessed on a dataset used for
atrial fibrillation research.

Keywords: RR intervals, entropy, sliding windows

1. GIOI THIEU

Ngay nay trong sd nhimg van dé& quan
trong cua cac nghién vé ctru vé tim mach doi
hoi cac giai phap thuc té do 1a phat hién cac
loan nhip tim phirc tap. Mot trong nhitng dau
hiéu ctia ching 1a sy thay doi khong theo trét
tu (hon loan) cac khoang thoi gian giita cac

chiém ti 1¢ phan nhiéu, trong d6 sy thay doi
bat thudng do dai cac chu trinh tim duoc goi 1a
rung nhi ¢ cau truc rat phirc tap va la cin bénh
nguy hiém. Rung nhi 1a mét loai rdi loan nhip
nhanh trén that véi hoat dong dién hon loan
clia tim nhi véi tan s6 350-700 xung mdi phut,
loai trir kha nang co bop phdi hop cua ching.

nhip tim (khoang RR), quan sat trén dién tam
dd ECG. Trong cac cin bénh lién quan téi
tim mach thi chung 16i loan nhip tim céc loai
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Trén ECG, rung nhi xuat hién dudi dang cac
hdn loan phirc hop that, trong khoang giita cac
phtrc hop nay co6 cac song hoat dong tu phat
cua nhi (Linh va nnk, 2023).

Céc thuat toan hién tai dé nhan dang rung
nhi ¢6 thé chia thanh ba nhém chinh. Nhém dau
tién bao g6m cac thuat toan dya trén vi¢c phat
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hién su khéng déu trong chudi cac khoang RR,
cac thudt toan ndy bao gdm: thuét toan Logan
va Healey (Logan & Healey, 2005), st dung
phan tich phan tan; thuat toan (Linker, 20006),
st dung két hop cac cira s6 thong ké. Nhom
thtr hai bao gé)m cac thuat toan dua trén viéc
xac dinh su Véng mat cia song P trén dién tam
dd, dic biét 1a thuét toan ctia Slocum cung cong
su (Slocum, 1992), stir dung phan tich phé cua
ECG. Nhom thir ba bao gdm cac thuat toan két
hop ca hai phuwong phap d3 mé ta & trén, chang
han nhu thuat toan cua Babaeizadeh cuing cong
su (Babaeizadeh & et al, 2008), két hop phat
hién su khong déu cua khoang RR véi viée
nghién ctru vi tri va hinh thai cua song P, thuat
todn cua Couceiro cung cong su (Couceiro &
et al, 2008) sir dung mang noron.

2. NOI DUNG NGHIEN CUU

2.1 Dix liéu phan tich

Dit li¢u phan tich khai thac tir co s¢ dir
liéu “ MIT-BIH Atrial Fibrillation Database”
c6 san trén trang web PhysioNet. B¢ dir liéu
nay duogc phat trién dé hd tro nghién ctru vé
rung nhi. BO co sé dir li¢u nay duogc st dung
rong rai trong cac nghién ciru vé phét hién va
phan loai rung nhi tir tin hi¢u ECG.

S6 lugng ban ghi: 25 ban ghi ECG.

Thoi luong mdi ban ghi: Mdi ban ghi
kéo dai 10 gio.

Tan sb 14y mau: 250 Hz.

Moi ban ghi chira hai kénh ECG, véi mdi
kénh duoc ghi lai tir cac vi tri dién cuc khac
nhau trén co thé. Cac ban ghi bao gdm cac giai
doan rung nhi (AF), nhip binh thuong (Normal
Sinus Rhythm) va céc loai r6i loan nhip khéc,
ddng thoi mdi ban ghi c6 kém theo cac chi
thich chi tiét vé thoi gian va loai ri loan nhip.

2.2 M6 hinh hé thing

Trong nghién ctru ndy chiing toi dé xuat

mot phuong phép madi phat hién rung nhi thoi
gian thuc dua trén danh gié cac dac trung ApEn,
s6 mii Hurst (H) va d6 1éch chudn Std cua chudi
thoi gian cac khoang RR. Céac déc trung nay
dugc trich xuat tir ctra so trugt dit liéu va dua
t6i dau vao mang noron dé hudn luyén phat
hién. Vi tri cac dinh R c6 san trong bo CSDL
st dung va luu dudi file dang ".qrs". Cu thé
12 s6 tht ty cdc mAu 1a dinh R trong tin hiéu.
Trén hinh 1 va 2 1a minh hoa RR cua ban ghi
binh thuong va ban ghi c¢6 rung nhi.

cac khoang RR cua ECG
T
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Hinh 1. Minh hoa cac khoang RR cuia 1 doan
tin hi¢u binh thwong ciia ban ghi 04048.

cac khoang RR cua ECG
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Hinh 2. Minh hoa cac khoiang RR cua 1 doan
tin hi€u rung nhi cia ban ghi 04048.
2.2.1 Cira s6 truot dir liéu
Cura s6 truot st dung dé trich xuit cac

dac trung dugc minh hoa trén hinh 3.
FR Interval

( Ciasb 1 (RR1-REA0) | ]

( | ]
Cis 56 4 (RR31-RR110) | J

Hinh 3. M hinh cira s6 truot trich xuit
dac trung.
D6 dai ctra s6: mdi ctra sO chira 80 khoang
RR lién tiép trong chudi RR.

Budc truot: bude truot cua cira so 1a 20,
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c6 nghia 1 sau mdi lan tinh toan, ctra s6 sé& di
chuyén thém 20 phan tir RR dé tinh cho ctra
s0 tiép theo.

Qua trinh gan nhin cho céc cira s6 dua
trén cach dém s6 luong cac khoang RR nim
trong cac khoang 1¢ va chin dua trén danh
sach cac vi tri. Chi tiét cach gan nhan nhu sau:

* Vi tri cac khoang RR: danh sach vi
tri chira cac vi tri chia dir liéu RR thanh cac
khoang. Cac khoang 1¢ (1, 3, 5, ...) dugc xem
la twong ung vadi cac khoang "binh thuong",
trong khi cac khoang chan (2, 4, 6, ...) dugc
xem la twong trng véi cac khoang "rung nhi".

« Dém sb luong khoang RR trong mdi
ctra s6: V&i mdi cira sd truot, ma code s& kiém
tra timg phan tir RR trong ctra s6 d6 dé xem
phan tir niy nam trong khoang 1¢ hay chin,
tir 46 dém sb lugng RR trong timg khoang 1&
va chan.

* Gan nhan:

- Néu s6 lugng khoang RR trong cac
khoang 1¢ nhiéu hon céc khoang chén, ctra s6
do6 dugc gan nhan 1a 0 (binh thuong).

- Néu s6 lugng khoang RR trong cac
khoang chdn nhiéu hon, ctra sé d6 dugc gan
nhan la 1 (rung nhi).

- Néu sb luong bang nhau, nhin 0 s&
duoc uu tién.

Bang cach nay, mdi ctra s6 truot s& dugc
gan mgt nhan 0 hoac 1 dya trén vi tri cac
khoang RR va thugc tinh cua cac khoang 1¢/
chan trong danh sach vi tri.

2.2.2 Entropy xap xi (ApEn)

Phuong phép phan tich chudi thoi gian
dua trén danh gia Entropy thudc nhom cac
phuong phap dong luc phi tuyén. Déi véi chudi
thoi gian khong dong déu, chang han nhu chudi
cac khoang RR, cac phuong phap Entropy dé
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xac dinh d6 phurc tap cua chudi bat dau duoc
sir dung va phat trién tir nam 1991, sau khi dinh
nghia Entropy xp xi (Pincus, 1991). ApEn la
mdt dic tinh ctia “trat ty ndi bd” ctia chudi thoi
gian cac khoang RR (Gudkov, 2009). Vé mit
toan hoc, ApEn phan anh xac suit phat hién
hai vecto 1an can theo mot chudi khac nhau
khi di chuyén tir khong gian c6 chiéu m sang
khong gian ¢ chiéu m+1. Noi cach khéc, gia
tri ApEn cang cao thi cang chira nhiéu thay
d6i khong dong déu.

ApEn thuong dugc st dung nhu 1a chi
s6 vé muc do trat tu cua chudi thoi gian cac
khoang RR va dugc dung cho bai todn phan
loai nhip tim. Khi xur Iy dit li¢u trong thoi gian
thuc, viéc phan tich tin hi¢u khong nén thuc
hién trén toan bo ban ghi ma str dung cac doan
nho duogc chon theo trinh tu. Piéu nay doi hoi
thoi gian tré giita thoi diém dir liéu dén dau vao
clia thuat todn va thoi diém két qua xu 1y phai
cang ngan cang tot. Trong thuat toan dugc dé
xudt, dit liu dugc xir 1y theo timg doan gém
80 khoang RR v&i budce 20 giay (Mortopuna,
2015). St dyng thuat toan tinh AnEn trong
(Manmio, 2009), ta c6 thé danh thu dugc gia
tri AnEn cho cac phan doan RR binh thuong
va c6 rung nhi.

£ ) 0o 0 1900 200 ) ey aon 2000

Hinh 4. Biéu dd mét sb cac gia tri ApEn
cuia ban ghi 04048

Trén hinh 4 14 két qua ApEn ciia céc cira
sO truot trong ban ghi 04048, trén hinh dang
minh hoa gi4 tri ApEn cta 1864 ciia so.



TAP CHi KHOA HOC DAl HOC CUU LONG Eesmss

2.2.3 Chi s6 Hurst

Céc cong trinh nghién ctru vé bién thién
nhip tim (HRV) da chi ra ring cac phuong
phap dong luc phi tuyén cho phép tim ra cac
quy luat trong chudi thoi gian v6i ban chat ban
dau c6 vé hoan toan ngu nhién. Dong thoi,
mét sb sai léch trong cAu tric chudi thoi gian,
quan trong vé mit chan doan, lai lién quan dén
cac tinh chét phi tuyén tinh cua tin hiéu duoc
phan tich. Mat khac cac phép do HRV thong
thuong khong thé phét hién dugc cac thay doi
nho trong cdu tric thoi gian ca sy diéu hoa
nhip tim (Baesckwuit, 2001). Dé nang cao kha
ning phat hién cac thay doi trong céu tric thoi
gian tin hiéu nhip tim, mot yéu t6 goép phan
nang cao d§ nhay cua phuong phéap phat hién
rung nhi trong nghién ctru nay dé xuat d4nh gia
thém s6 mil Hurst (H) ctia chudi cac khoang
RR. Nhip tim thuong ¢ cdu tric bat bién ti
1¢, ttrc 14 cau trac ctia n6 lap lai & cac khoang
thoi gian. Chi s6 Hurst 12 mot dai luong duoc
str dung tich cuc dé danh gié tinh ty dong dang
va cac thudc tinh twong quan cua chudi thoi
gian, chi s6 ndy ciing dugc dung dé xac dinh
su hién dién c6 hay khong su phu thudc liy
thira trong tin hi¢u. Khi phan tich dong luc hoc
nhip tim, chi sé Hurst c6 thé duoc ap dung dé
mo ta hanh vi khong on dinh cua céc giai doan
trong biéu do nhip tim (Crapuenxosa, 2019).

Hinh 5. S6 mii Hurst ciia 1 s6 doan tin hiéu
trong ban ghi 04048

Str dung phuong phap phan tich bién do
chuan hoa (phan tich R/S) va thuét toan tinh
chi s6 mil Hurst trong (Crapuenkosa, 2019)

ta duoc cac gia tri sé mii Hurst cho ban ghi
RR 04048, minh hoa trén hinh 5; cac ¢cot mau
xanh thé hién doan tin hiéu binh thuong, cac
cOt mau d6 thé hién doan tin hiéu rung nhi. N:
s6 cac khoang RR trong mdi doan; Hurst: sb
mil Hurst ctia moi doan.

2.2.4 Pj léch chuan SD

Mot chi s6 théng ké khac ciing duoc st
dung dé danh gid mirc do thay doi cia cac
khoang thoi gian nhip tim va mac d thuong
xuyén (tinh diéu hoa) ctia chung d6 1a d6 léch
chuin Sd. Chi s6 nay 1a mot tham s6 quan
trong ciia HRV phan tich trong mién thoi gian,
no6 cho phép danh gia mirc o tdn mat do dai
cac khoang RR xung quanh gia tri trung binh.
Hinh 6 minh hoa d9 1&ch chuan cac khoang RR
cua cac doan binh thuong va rung nhi, cac cdt
mau xanh thé hién doan tin hiéu binh thuong,
cac cot mau do thé hién doan tin hiéu rung nhi.
N-sb céc khoang RR trong mdi doan.
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Hinh 6. Két qua @9 1éch chuin ciia 1 s6 doan
tin hi¢u trong ban ghi 04048

2.2.5 M6 hinh mang Neural.

M6 hinh mang no ron dugc chi ra trén
hinh 7. Pay 1a mang truyén thang, dir liéu di
theo mot chidu tir ddu vao dén dau ra ma khong
¢6 sy hoi tiép. Cu thé, mang no-ron dugc khoi
tao v&i mot cAu tric co cac tﬁng an véi sd luong
no-ron xac dinh. M6 hinh mang no-ron cé ciu
trac gdbm 2 16p an véi 10 no-ron trong 16p dau
tién va 5 no-ron trong 16p thtr hai. Viéc chon cau
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trac ndy phan anh mot sé dic diém va vu diém
quan trong cua mang no-ron trong vi¢c hoc va
phan loai. Viéc str dung nhiéu 16p 4n giup mod
hinh ¢6 kha ning hoc va mé hinh hoa cac mbi
quan hé phtic tap giira cac dic trung dau vao
(nhu ApEn, d6 Iéch chuén va s6 mil Hurst). Mat
khac mdi 16p 4n c6 thé hoc cac dic trung khac
nhau tir dit liéu. Céc 16p an cho phép mé hinh
nam bt cac tuong tic khong tuyén tinh giita
cac dau vao. Diéu nay rat quan trong trong cac
bai toan phén loai, noi ma méi quan hé gitra cac
dac trung va nhan khong phai lac nao ciing 1a
tuyén tinh. Viéc thém cac 16p an cho phép mo
hinh tong quat hoa t6t hon trén dit liéu chua thay.
Diéu nay co thé cai thién hiéu suat phan loai
khi ap dung mo6 hinh vao cac tap dir li¢u khac.

16 it marg 2 ron 2 165 n wor knung 1om kn

Hinh 7. M6 hinh mang no ron dwgc sir dung

S6 lwong 10 no-ron trong 16p dau tién
dam bao du dé nam bat cac dac trung phic

tap tir dir liéu dau vao. Lop dau tién thuong
dugc xem nhu mdt bo loc cho céac dac trung
chinh. Ngoai ra s6 no-ron nay c6 kha ning phat
hién cac dic trung co ban gitip mang bit dau
tir nhitng thong tin quan trong nhat. S6 luong
no-ron it hon trong 1&p thr hai (5 no-ron) gitup
giam thiéu d6 phirc tap ctia mé hinh, tir 6 tranh
tinh trang qua khop (overfitting) trong khi van
duy tri kha niang hoc cac mau tir dir liéu. Lép
thir hai thuong tip trung vao viée tong hop cac
dac trung da dugc hoc tur 16p dau tién va dua
ra du doan cudi cung.

Trong nghién ctru nay, nhom tac gia da
st dung 2 md hinh phat hi¢n: M6 hinh khong
trong s6 cho cac dic trung ddu vao va mé hinh
¢6 trong s6. V&i mo hinh khong trong s6 thi
anh huong cua cac dic trung (ApEn, s mil
Hurst, 6 1éch chuan Std) 1a nhu nhau. Trong
mo hinh ¢6 trong sb thi trong s6 ctia ApEn 1a
0.8, trong s6 cuia s6 mii Hurst (H) 14 0.1 va cua
do léch chuan 12 0.1,

3. KET QUA

Trén bang s6 1 13 két qua chay dit liéu cho
cd 2 md hinh. Cac tham s6 ban ghi, thong so6
ctra sO va chat luong mo hinh dugc chi ra cu thé

Bang s6 1. Két qua tinh toan theo mé hinh ¢6é va khéng c6 trong so

Cita sb bt
du kiém
tra

P dai
kiém tra
theo miu

Bin ghi $0 mau da lay S6 cita sb

Két qui trong s6 811 (%)

Két qua khong trong s(%)

Tit Dén

Pé chinh xic

Do nhay P dic hiéu | P§ chinh xac |  P§ nhay Dj dac hiéu

04015 0 1,500,000 | 1,500,000 835 87

99.66

92.00 100.00 99.20 88.00 99.59

04043 | 2,500,000 | 4,000,000 | 1,500,000 1,043 774

91.11

90.86 91.67 66.67 52.69 97.62

04048 300,000 | 4,300,000 | 4,000,000 1,864 1252

99.51

100.00 99.48 99.67 100.00 99.65

04126 0 1,000,000 | 1,000,000 725 543

95.08

98.95 90.91 88.52 95.79 80.68

04746 | 1,000,000 | 7,600,000 | 6,600,000 3,725 2,533

99.75

100.00 92.50 99.66 100.00 90.00

04908 0 3,500,000 | 3,500,000 2,379 1,293

89.67

99.61 88.33 75.62 98.61 73.89

04936 0 8,000,000 | 8,000,000 | 4,520 4172

91.12

90.73 93.62 91.12 90.40 95.74

05121 700,000 | 2,700,000 | 2,000,000 1071 857

87.32

87.02 100.00 8791 87.56 100.00

06453 | 7,000,000 | 7,800,000 | 800,000 315 189

95.28

100.00 94.96 7795 100.00 76.47

08219 | 3,000,000 | 5,000,000 | 2,000,000 1,351 1,040

87.82

88.33 86.11 85.90 87.50 80.56

Téng 30,900,000 17,828

Trung binh

94.08

95.09 93.63 90.53 92.73 91.13

Két qua phat hién cho thdy chat lvong cia
mo hinh ¢6 trong s6 cao hon dang ké so véi
md hinh khong trong sb. Piéu nay dugc 1y giai
nhu sau: trong mé hinh c6 trong sd, trong sd
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ApEn dugc chon bang 0.8, n6 cho thdy ApEn
la mgt ddc trung quan trong trong vi¢c danh
gia tinh bat thuong cua chudi RR. ApEn gitip
x4c dinh mirc do phirc tap va hon loan cua tin
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hiéu sinh hoc, vi vay nd rt co gia tri trong vi¢c
phén loai cac tinh trang nhu rung nhi (AF) va
cac tinh trang tim mach khac. ApEn c6 kha
ning phat hién cac mau bat thuong trong dir
lidu tdt hon so véi cc dic trung khac, do do
dac trumg nay dugc uu tién cao hon trong viéc
anh huong dén quyét dinh ctia mo hinh. Trong
s6 cao hon cho ApEn cho phép mé hinh nhin
manh vao nhiing thong tin quan trong nay.

ehotrang s6B11va111
T

Hinh 8 . DPuong cong ROC cho cac mo hinh
phat hién.

Puong cong ROC ciia md hinh trong s6
¢6 d6 nhay cao hon va ty 1& duong gia thip
hon so v&i mé hinh khong trong s6, diéu d6 co
nghia m6 hinh trong s6 phan loai cac trudng
hop tét hon, it nham 14n hon. Diéu nay thé hién
qua dudng cong ROC ctia mo hinh trong sb
nam cao hon va sat v6i goc trén bén trai (Iy
tudng). Diém do trén db thi dai dién cho murc
hiéu sudt hién tai cia md hinh. Mot duong
cong cang gan voi goc trén bén trai biéu thi
mo hinh cang hi¢u qua.

Danh gia hi¢u qua cia phuwong phap
nghién ctru.

Nhom nghién ctru d tién hanh danh gia
hiéu qua cta phuong phap nghién ctru nay véi
cac nghién ctru da duoc cong bd dya trén cac
chi tiéu chat lugng nhu trong bang sb 2.

Bang s0 2. So sanh chit lwgng cac phwong phap

Thuit todn _ Chi s6 chat luwong _
P dai cira s P6 nhay (%) | DPé diic hidu (%) L& (%)
Moondy va Mark [6] 60 86.31 96.54 7.46
Logan n Heall2y [7] 120 87.30 90.31 10.89
Linker [8] 10 97.64 85.55 9.61
Tatento va Glass [9] 50 91.20 96.08 5.32
Cerutti va cong su [10] 90 96.10 81.55 16.62
Slocum va cong su[11] 180 62.80 77.46 20.39
Schmidt va cong su [12] 60 89.20 94.58 7.57
Babaeizadeh va céng s [13] 40 87.27 95.47 7.80
Couceiro va cong su [14] 60 96.58 82.66 11.77
M6 hinh QTT 80 95.09 93.63 5.92
4. KET LUAN hinh phat hién ding mang no-ron c6 tinh linh

Thuat toan phat hién rung nhi dugc dé
xuat di cho két qua tot hon so véi cac thuat
toan khac hién c6. Chat lugng cua thuat toan
c¢6 thé dugc cai thién néu chung ta lya chon
duoc khoang tinh ApEn sao cho gia tri tinh
duoc danh gia chinh xac ciu trac doan. Mo

hoat cao, nhd kha ning thay doi s6 lugng no-
ron va 16p an. Mo hinh nay c6 thé cai thién do
chinh xac phat hién bang cach két hop cac dic
trung khac nhau. Céac kha nang cua thuat toan
¢6 thé duge m& rong dé nhan dién khong chi
rung nhi ma con cac rdi loan nhip tim khéc.
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