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Electrocardiogram (ECG) signal analysis plays a crucial role in the early
diagnosis of cardiovascular diseases. However, the complexity and
variability of ECG waveforms make automatic detection and
classification of cardiac abnormalities a challenging task. This study
proposes a deep learning framework based on two architectures,
Convolutional Neural Networks (CNN) and Vision Transformers (ViT), in
which one-dimensional ECG signals are transformed into three two-
dimensional image representations: Gramian Angular Field (GAF),
Recurrence Plot (RP), and Markov Transition Field (MTF). These images
are processed in parallel through CNN/VIT branches to simultaneously
capture both local and global features of the signal. In particular, the
proposed model incorporates a Cross Channel Attention (CCA)
mechanism to learn the correlations among feature branches and
enhance important inter-channel information. Experiments deployed on
the PTB-XL dataset show that the ViT-B/16 model combined with CCA
achieves a sensitivity of 87.31% and a specificity of 75.35%,
outperforming ResNet50 with CCA (84.81%, 73.62%) and the method in
[16] (72.3%, 73.9%). The results demonstrate that integrating 2D ECG
representations with the CCA mechanism significantly improves model
accuracy and generalization capability while maintaining a balanced
trade-off between sensitivity and specificity, which is essential for
biomedical diagnostic applications.
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Phan loai bénh tim duwa trén biéu dién ECG 2D str dung co’ ché chui y chéo trong cic mo

hinh CNN va ViT
H6 Anh Diing
Khoa Cong nghé thdng tin, Truwong Dai hoc Cong nghé Bong A

THONG TIN BAI BAO

TOMTAT

Tirkhoa:

mang no-ron tich
chap, coché chuy
lién kénh, dién tam
do, trudng goc
Gramian, biéu do6 hoi
quy, truong chuyén
ti€p Markov,
transformer thj giac.

Phan tich tin hiéu dién tdm d6 (ECG) déng vai trd then chdt trong chan doan
s&m cac bénh tim mach. Tuy nhién, sy phic tap va da dang cla dang song
ECG khién viéc phat hién va phan loai tw dong cac réi loan tim tré nén thich
thire. Nghién ciru nay dé xudt mé hinh hoc sdu s&r dung hai kién tric
Convolutional Neural Network (CNN) va Vision Transformer (ViT), trong dé tin
hiéu ECG 1D duwoc chuyén ddi thanh ba biéu dién anh 2D gom Gramian
Angular Field (GAF), Recurrence Plot (RP) va Markov Transition Field (MTF).
Céac anh nay duoc xr ly song song qua cac nhanh CNN/VIiT nham khai thac
doéng thoi ddc trung cuc bd va toan cuc cla tin hiéu. Pdc biét, mé hinh tich
hop co ché Cross Channel Attention (CCA) giup hoc méi twong quan gitra cac
nhanh dic trung va khuéch dai théng tin quan trong gilta cac kénh. Thuc
nghiém trén co s& dir liéu PTB-XL cho thdy mé hinh ViT-B/16 va CCA dat do
nhay 87.31% va d6 dac hiéu 75.35%, vuwot troi so véi ResNet50 va CCA
(84.81%, 73.62%) va phuwong phdp trong [16] dat (72.3%, 73.9%). Két qua
chirng minh rang viéc két hop biéu dién ECG 2D v&i co ché CCA gilip cai thién
dang k& do chinh xac va kha nang khai quat héa cia mé hinh, déng thoi duy
tri sy can bang gitra d6 nhay va do dac hiéu 1a yéu t6 quan trong trong cac irng
dung chan doén y sinh.

1. MO PAU

cdng thuong phu thubc vao chuyén mon cla bac

Céc bénh ly tim mach hién nay van 13 mot
trong nhirng nguyén nhan hang dau gay tlr vong
trén toan cau [1]. Viéc chan doan s&m va chinh
xac céc roi loan tim thdong qua tin hiéu dién tdm
dd (Electrocardiogram — ECG) déng vai tro quan
trong trong phat hién sém va diéu tri hiéu qud
cac bénh tim mach. Tuy nhién, phan tich ECG thu
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sTva dé chju anh hudng b&i nhiéu hodc bién thién
sinh ly gitra cac ca thé [2]. Do d6, viéc &ng dung
tri tué nhan tao (Al) va mé hinh hoc sau (Deep
Learning) trong phan loai tin hiéu ECG d3 tro
thanh xu hwdng néi bat trong nhitng ndm gan
day [3][4].
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Trong cac phuong phap nay, mang no-ron
tich chap (Convolutional Neural Network — CNN)
d3 duoc ap dung rong rai dé trich chon déc trung
ECG nho kha nang hoc cac dac trung cuc b hiéu
qua [5][6]. Tuy nhién, co ché tich chap chi tap
trung vao vung lan can nén CNN bij gi&i han trong
viéc md hinh héa mdi quan hé toan cuc (global
dependencies) va tuvong quan dai han trong tin
hiéu. Nguoc lai, m6 hinh Transformer, dac biét la
Vision Transformer (ViT) [7], s& dung co ché self-
attention giip ndm bat méi twong quan toan cuc
gitta cac phan t&r dac trwng, va di dat nhiéu
thanh céng trong x& ly anh va y hoc chdn doan
[8][9].

Bén canh d6, mét huwdng ti€p can hiéu qua
khac 13 chuyén déi tin hiéu ECG 1D sang anh 2D,
cho phép khai thac sitc manh cta cac mé hinh
hoc sau 2D [10], [11]. Cac ky thuat nhw Gramian
Angular Field (GAF), Recurrence Plot (RP) va
Markov Transition Field (MTF) da dwoc ching
minh c6 khd ndng md td madi quan hé toan cuc,
ciu truc |3p lai va xdc suat chuyén trang thai cla
tin hiéu [12], [13]. Diéu nay giup mé hinh cé thé
hoc duwoc dac trung khéng chi vé hinh thai ma
con vé déng hoc cla nhip tim.

Tuy nhién, khi xr ly déng thoi nhiéu loai
anh (GAF, RP, MTF) hodc nhiéu kénh ECG, cdc mo
hinh hién cé thwong gap khé khan trong viéc hoc
s phu thubc gilta cac kénh dac trung (inter-
channel correlation). Viéc két hop khong téi vu
gitra cac kénh co thé khién théng tin quan trong
bi phan tan hodc triét tiéu. D& khac phuc van dé
nay, bai bdo dé xuit mot mé hinh két hop co ché
Cross Channel Attention (CCA), cho phép mo
hinh tu ddng hoc méi twong quan gitra cac kénh
dac trwng va khuéch dai thong tin lién quan trong
qua trinh suy luan.

Khac vdi co ché self-attention truyén thong
chi hoat dong trong tirng kénh, CCA gitip mé hinh
hoc dwoc sy tuwong tac chéo gitta cac biéu dién
ddc trung tlr cac loai anh 2D ECG khac nhau. Khi
két hgp vdi CNN 2D va Vision Transformer (ViT-
B/16), md hinh dé xuat tdn dung dugc déng thoi
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kha ndng trich chon dac trwng cuc bd ctia CNN va

kha ndng biéu dién toan cuc cta Transformer,
gilp cai thién dang ké dé chinh xac trong phan
loai bénh tim mach.

M& hinh dé xuat gdbm ba giai doan chinh:
(1) Chuyén tin hiéu ECG 1D thanh ba dnh 2D gém
GAF, RP, va MTF; (2) Trich chon dac trung song
song bang CNN va ViT-B/16; (3) K&t hop dic
trwng qua khdi Cross Channel Attention (CCA) dé
hoc sy tuwong quan gilta cac nhanh va phan loai
bang tang Softmax. K&t qua thir nghiém trén co
s& dit liéu PTB-XL [14] cho thdy mé hinh ViT-B/16
va CCA dat d6 nhay 87.31% va do dac hiéu
75.35%, vuot troi hon cadc mo hinh ResNet50 va
AT, va phuong phap cia Quancheng Geng va
cong sy trong [16] dat tuwong ing la 72.3% va
73.9%. Diéu nay chirng té viéc két hgp biéu dién
ECG 2D vdi co ché chu y chéo gilta cac kénh (CCA)
13 huéng ti€p can hiéu quad, mang lai khd nang
khdi quat hda va do tin cay cao trong nhan dang
bénh ly tim mach dua trén tin hiéu ECG.
2. GIAI QUYET VAN DE

M6 hinh dwoc dé xuat (Hinh 1) nhdm
phat hién va phan loai cac tinh trang tim bat
thudng dua trén tin hiéu dién tdm d6 (ECG). Tin
hiéu 1D duwoc chuyén déi thanh ba dang biéu
dién hinh anh gdm: (1) Gramian Angular Field
(GAF) phan anh méi quan hé toan cuc gilta céc
diém tin hiéu; (2) Recurrence Plot (RP) mé ta svw
I3p lai va ciu truc dong hoc cha tin hiéu; va (3)
Markov Transition Field (MTF) m3 hda xac suét
chuyén trang thai giita cdc mic tin hiéu. Ba loai
anh nay duoc dua vao ba nhanh trich chon dac
trwng song song bang CNN 2D hodc Vision
Transformer (ViT). Sau dé6, cac dac trung duoc
chuan héa, dua vao khéi chu y chéo gilta cac
kénh (Cross-Attention Block) dé hoc sy tuong
quan gitta cdc m6 hinh GAF, RP, va MTF. Cudi
cung, dac trung hop nhat dugc dwa qua tang
Fully Connected (Dense Layer) va Softmax dé dy
dodan bdn loai bénh: MI, STTC, CD, va HYP.
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Hinh 1. So d6 khdi cia md hinh phan loai bénh
tim mach s dung tin hiéu ECG.
2.1. Chuyén dai tin hiéu ECG sang anh 2D
Qua trinh chuyén tin hiéu ECG tir chudi tin
hiéu 1D, v&i tin hiéu ECG tai kénh bat ky la x =
{x1,%5, ..., x5 }. Khi d6 ba loai anh sinh ra nhw
sau:
a. Anh GAF (Gramian Angular Field): phan
anh mai quan hé toan cuc gitra cdc diém tin
hiéu. Trudc tién, tin hiéu dwoc anh xa tw
mién gia tri [-1, 1] sang géc pha twong (ng
nhu trong cong thirc (1) sau day:
@; = arccos(x;), 1; = ﬁ
(1)
Sau do, ma tran GAF duwgc tinh nhu céng
thirc (2) sau day:
Igap = cos(@; + @;) = x;%7 —
xP)sqrt(1 — x7)
(2)

Ma tran G;jnay thé hién méi quan hé

sqrt(1 —

tuwong quan gitta moi cdp phan tl& cda tin hiéu
theo goc pha.

b. Anh RP (Recurrence Plot): mé ta su l3p
lai va cdu trdc dong hoc cla tin hiéu hay anh RP
mo td su tdi xuat hién cla trang thai tin hiéu
trong khong gian pha nhu trong céng thirc (3) sau
day:

Iep = 0(e — []xi — x]])
(3)

Trong d6 @ la ham Heaviside va ¢ la
ngudng khoang cach.

c. Anh MTF (Markov Transition Field): ma
hda xac suat chuyén trang thai gitra cac murc tin
hiéu hay MTF mé hinh héa sy chuyén tiép gitra
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cac trang thai roi rac va dwoc minh hoa nhw cong

thirc (4) sau day:
IMTF = qu'.CIj' vé’l qi'qj € {1' ZIIQ}
(4)

2.2. Trich chon dac trwng dir liéu ECG

Tin hiéu ECG tir chudi tin hiéu 1D sau khi
chuyén sang anh 2D thi dugc trich chon dac
trwng trén tirng kénh nhu minh hoa trong Hinh

» Anh GAF b1
CNNAT
FCyfHy

2 sau day:

- 'l
R(0)
LT — - AnhR 20 Thudn héa & - i
Khal ki A
AR CNNVIT K ty chisy hai két hop ve:’t:n:éc

FCy/H,

Tin higu 10 cla kénh thir
»  Anh MTF 20
CNNAVIT
FC/Hy

S 100
Hinh 2. So d6 minh hoa khéi trich chon dac
trwng dit liéu trén tirng kénh ECG
Sau khi tao ba anh 2D, mdi anh d3au vao
19 (3x256x256) € {Igar, Irp, Iyrr} duoc dua
gua bo trich chon dac trung la mang CNN hoac
ViT-B/16 nhu trong cong thirc (5) sau day:
F[1xL] = FC,/F, =
Fennvir (Il(i)(3x256x256))

(5)
Cac feature vector (Fk(_LI)Vor) duwoc chuan hda tir

F,gi) € RY; k = (1, ...,3) nhu trong cong thirc
(6) sau day:
FY
2l
(6)
Ba feature vector dugc dua qua khdi attention

dé tao ba hé s6 attention nhu trong cdng thirc
(7) sau day:
i = Mgttention (Pi(lf,)or: Fz(lf,)orv F3(If,)or); k =
(1,...,3)  (7)
Feature vector ciia mét kénh th
duoc két hop lai nhu trong cdng thire (8) sau

aw:n
|

sau do

day:



' _1 ®
F(l) € RL - 522:1 ag *Fk_Nor

(8)
2.3. Co ché chua y chéo trén cic kénh (Cross
Channel Attention - CCA)

Trén mdi kénh sau khi d3 trich chon dic
trung 1a FO(i= (1,...,3)), trong bd CSDL chiing toi
str dung cé ba kénh 1D ECG. Do d9, trudc khi két
hop ba vector dac trwng lai nhu trong Hinh 1 thi
thuc hién tao bd ba truy van (Query), khda (Key)
va gia tri (Value). V&i mbi nhanh i, ta chiéu dic
trung sang ba khéng gian khac nhau théng qua
cac ma tran trong s6 hoc dugc nhu trong cong
thire (9) sau day:

QW = F(i)WQ(i), K® = F(i)WKSi), vy =
FOw® (9)
Khi c6 ba kénh, mbi kénh s& lam Query mét lan
va dung hai kénh con lai lam Key va Value. Cong
thirc téng quat cho co ché chu y chéo duoc tinh
bang cong thirc (10) sau day:

CA (F(i)| {F(j)}iij) =

[0 gGD" . .
softmax (M) [vUv,y62)]

Ve
(10)
K&t qua tinh vector chéo nhu cong thirc (11) sau
day:
Fc(;z)ss = Zi:tj BijCA(F(i)’F(J'))

(11)
K&t qua hop nhat dung phép ndi dac
trung nhu trong cong thirc (12) sau day:
F = Concat[F(l) F® F®

Cross’ " Cross’ ~ Cross
(12)
Phan loai dwgc thuc hién nhu cac cong
thire (13), (14), (15) sau day:

z=WxF+ b
(13)

y = softmax(z)
(14)

L = —Zy;log(y:)
(15)

3. KET QUA THU NGHIEM
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Cac thir nghiém duoc trién khai trén may

tinh trang bi GPU NVIDIA (11 GB VRAM), dam bao
kha nang huan luyén va suy luan song song cho
cac mo hinh hoc sau. Toan bé mé hinh duoc lap
trinh bang ngdn nglt Python va thyc thi trén nén
tang PyTorch framework, cho phép tdi wu hiéu
ndng tinh todn cling nhu ho tro dé dang cho viéc
xay dung cac khéi mang no-ron tluy chinh.

Dit liéu hudn luyén va kiém thlr duwoc
thuc hién trén co s& dir liéu PTB-XL, mot tap ECG
guy mo Ién va dugc gan nhan da l&p, thudng
dugc sir dung trong cac nghién ciru chan doén
tim mach ty déng. Ba danh gid duwoc thyc hién
trong nghién ctru nay gém:

- Biéu dién 2D ECG két hop khoi self-
attention: nham kiém tra kha ning trich
chon dac trueng khéng gian sau va phan tich
nang luc hoc phu thuéc cuc bd (local
dependencies).

- Biéu dién 2D ECG két hop Cross Channel
Attention: Danh gia mdé hinh CNN 2D
(ResNet-50) hoac mo hinh Transformer (ViT-
B/16) két hgp Attention trén tirng kénh va
Cross Channel Attention giita cac kénh dé
phan tich nang lwc hoc phu thuéc cuc bd
(local dependencies) va phu thudc toan cuc
(global dependencies) cuda tin hiéu ECG.

3.1. Biéu dién 2D ECG két hgp khdi self-

attention

Thyc hién ddnh gid mo hinh CNN 2D
(ResNet-50) hodac mo hinh Transformer (ViT-
B/16) két hop khdi Attention. K&t qua danh gid
dugc thé hién nhu trong Hinh 3 sau day:

90
80
70
60
50
40
30
20
10

VIiT-B/16 + AT Swin-B/16 + AT  Resnet50 + AT  MobileNet + AT
Sensitivity 82.32 77.42 80.15 63.18
Specificity 69.49 61.35 60.55 52.62

Hinh 3. K&t qua sir dung 2DCNN/VIT két hop
khéi tu chay



K&t qua & Hinh 3 cho thay su khac biét rd
rét gitta nhdém mo hinh Transformer (ViT-B/16 va
A, Swin-B/16 va AT) va nhdm CNN dién hinh
(ResNet50 va AT, MobileNet va AT) trong bai
todn phan loai bénh tu tin hiéu ECG 1D duoc
chuyén sang anh 2D. Hinh 3 cho thay:

- Hai md hinh Transformer thé hién hiéu
nang vuot trdi hon vé cd d6 nhay
(Sensitivity) va do dac hiéu (Specificity) so
v@i cdc m6 hinh CNN. Cu thé, ViT-B/16 va
AT dat 82.32% d6 nhay va 69.49% d6 dac
hiéu, trong khi Swin-B/16 va AT dat lan
luwot 77.42% va 61.35%. K&t qua nay phan
anh kh3 nang ndi bat cda cdc md hinh
Transformer trong viéc hoc biéu dién dic
trung toan cuc (global representation) va
nam bat quan hé dai han giita cac vung
trong dnh ECG 2D, diéu ma CNN truyén
théng thuwdng gap han ché do co ché tich
chap.

- Hai m6é hinh CNN dién hinh cho két qua
khiém tén hon: ResNet50 va AT dat
80.15% d6 nhay va 60.55% d6 dac hiéu,
con MobileNet va AT chi dat 63.18% va
52.62%. ResNet50 cho thdy kha nang
trich chon déc trung kha tét nhd céc khéi
tich chdp siu va co ché residual giup gilr
lai thdng tin quan trong, song van bij gidi
han trong viéc mé hinh héa quan hé
khong gian va thoi gian toan cuc. Trong
khi d6, MobileNet du cé wu diém vé téc
dd va nhe mé hinh lai khéng du manh dé
x(r ly cdc dac trung phirc tap va bién thién
nhé trong tin hiéu ECG, dan dén dé chinh
xac thap hon dang ké.

K&t qua trong Hinh 3 cho thdy mé hinh
Transformer, dic biét 13 ViT-B/16 va AT, thé hién
wu thé rd rét nho khd ndng ty chd y (self-
attention) giGp md hinh ndm bat dwoc cac dic
trung hinh thai ECG mdt cach toan dién va 6n
dinh hon. Ngoai ra, trén tirng kénh téng hop sau
do lai s&r dung két hop véi mét khdi ty chay &
vong ngoai giup tang hiéu qua cta md hinh ViT.
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Diéu nay ching minh rang viéc chuyén déi tin
hiéu ECG 1D sang dang anh 2D két hop vdi kién
tric Transformer va khéi ty chd y trén tirng loai
anh (local feature) 1a huéng tiép can hiéu qua
cho bai toan nhan dang va phan loai bénh ly tim
mach. Trong danh gid sau ching t6i s& tiép tuc st
dung md hinh ViT-B/16 va md hinh ResNet50 dé
két hop véi khéi CCA va sé duoc trinh bay trong
muc 3.2 sau day.
3.2. Biéu dién 2D ECG két hop Cross Channel
Attention
Trong phan nay chung téi thuc hién danh
gid mo6 hinh CNN 2D (ResNet-50) va md hinh
Transformer (ViT-B/16) Ia hai m6 hinh cho hiéu
qua cao hon nhu d3 trinh bay & muc trén sau do
két hgp vdi Attention trén tirng kénh va Cross
Channel Attention gilta cac kénh. Két qua dugc

thé hién nhu trong Hinh 4 sau day:

100
90
80
70
60
50
40
30
20
10

(%)

VIT-B/16 + AT ViT-B/16+CCA  Resnet50 + AT  ResNet50 + CCA
Sensitivity 82.32 87.31 80.15 84.81
Specificity 69.49 75.35 60.55 73.62
Model

Hinh 4. K&t qua st dung 2DCNN/VIT két hop
self-attention va CCA

K&t qua Hinh 4 nay cho thay viéc tich hop
co ché Cross Channel Attention (CCA) gilp cai
thién rd rét hiéu ndng cta ca hai nhdm mé hinh
Transformer (ViT-B/16) va CNN (ResNet50) trong
bai toan phan loai bénh dya trén tin hiéu ECG. Cu
thé:

- Pa8i véi md hinh ViT-B/16, viéc két hop
thém khéi CCA gitp dd nhay Sensitivity
tang tlr 82.32% lén 87.31% va Specificity
tang tlr 69.49% lén 75.35%. Mrc cai thién
hon 5% & ca hai chi s6 cho thay rang CCA
giup md hinh khai thac tét hon méi twong
guan gilta cac kénh dac trung, nho doé
nang cao kha nidng nhan biét céc bién



thién nhé va dang séng bat thudng cla

tin hiéu ECG khi biéu dién dudi dang anh

hai chigu (ECG 2D).

- Twong tu, véi md hinh ResNet50, viéc bé
sung CCA ciing giup Sensitivity tang tw
80.15% I|én 84.81% va Specificity ti
60.55% lén 73.62%. Su cai thién nay dac
biét dang chl y & chi sd Specificity, ching
td CCA giup gidm dang ké cac trwong hop
bado sai duong, va tang do6 tin cay trong
chan doan.

- C3haimé hinh déu dat hiéu nang cao hon
rd rét khi dp dung Cross Channel
Attention, trong d6 ViT-B/16 va CCA van
la cdu hinh manh nhat v&i 87.31% d6
nhay va 75.35% dd dac hiéu. K&t qua nay
khdng dinh rang CCA déng vai trd quan
trong trong viéc tang cuong kha nang
tuwong tac va khuéch dai théng tin gilta
cac kénh dac trwng, giup mo hinh hoc
dwoc cac biéu dién giau théng tin hon cho
tin hiéu ECG 2D.

Nhin chung, viéc két hop CCA khéng chi
cai thién dé chinh xac tong thé ma con gilp md
hinh dat dwgc can bang tét hon giita hai do do
Sensitivity va Specificity, diéu nay rat can thiét
trong cac ng dung chan doan y sinh noi sai sét
c6 thé dan dén hau qua nghiém trong.

Déng chi y, khi so sanh véi phuong phap
hién cé clia nhdm tac gia trong cong bé [16] vai
Sensitivity 1a 72.3% va Specificity 1a 73.9% cho
thay mod hinh dé xuat ViT-B/16 va CCA dat hiéu
nang vuot trdi, vai hai tiéu chi nay tang hon 15%
vé dd nhay Sensitivity va 1.4% vé do dac hiéu
Specificity, dong thoi van duy tri dwoc dé 6n dinh
trén nhiéu kiéu di liéu ECG khac nhau. K&t qua
nay khang dinh tinh hiéu qua va kha ning khai
quéat héa cao cta phuong phap dé xuat so vdi cac
mo hinh truyén théng, duwgc thé hién cu thé
trong Bang 1 sau day:
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Bdng 1. K&t qua so sanh giai phap dé xuat vdi
céng bé khac

Sensitivity Specificity
M6 hinh (%) (%)
ViT-B/16 + AT 82.32 69.49
ViT-B/16 + CCA 87.31 75.35
ResNet50 + AT 80.15 60.55
ResNet50 + CCA 84.81 73.62
Quancheng Geng et
al. [16] 72.3 73.9
4. KET LUAN

Bai bdo d3 trinh bay mét huwdng tiép can
ma&i trong nhan dang bénh ly tim mach dya trén
tin hiéu ECG bang cach k&t hgp biéu dién 2D
(GAF, RP, MTF) vd&i cac mo hinh hoc sau CNN va
ViT. Co ché Cross Channel Attention (CCA) dugc
dé xuat da chirng minh hiéu qua trong viéc tang
cwong tuong tac gitta cac nhanh dac trung, gidp
mé hinh khai thac tét hon théng tin khéng gian—
thoi gian cta tin hiéu ECG. K&t qua thuc nghiém
trén co s& dit liéu PTB-XL cho thdy md hinh ViT-
B/16 va CCA dat hiéu qua vuot tréi, dong thoi
dam bao su can bang gilta Sensitivity va
Specificity 13 yé&u té then ch6t trong céc tng dung
chan doan y sinh. Hwdng phat trién tiép theo s&
tap trung vao viéc téi wu héa mé hinh cho cac hé
théng phat hién va nhan dang, mé rdong sang cac
tap dit lieu ECG da kénh va tich hgp thém cac co
ché& hoc da nhiém dé nang cao tinh téng quat va
kha nang trién khai thuc té.
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