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TOM TAT:

Bénh tim mach 13 mot trong nhirng bénh nguy hiém va phd bién hién nay & Viét Nam
va trén thé gioi. bang lo nga1 hon 1a bénh nay dang ngay cang pho bién ¢ Y gidi tré. Pac biét
la trong bbi canh dién bién phu’c tap cua dai dich COVID-19, ngudi mac bénh tim mach
1a d6i twong rat d& bi nguy hiém néu nhiém phai virus Corona. Chinh vi vdy, viéc nhan
dang va chan doan sdm bénh tim mach 1a mot trong nhitng hudng nghién ctru quan trong
va can thiét hién nay. Trong bai viét nay, chung toi dé xut sir dung mé hinh hoc sau véi
phuong phap hoc chuyén giao dé phat hién va nhin dang hai loai bénh tim mach phd bién
la bénh Tim to va bénh Phinh dong mach chu, thong qua anh chup X-quang 1dng nguc. Cu
thé, nghién ctru nay da sir dung phu’orng phép hoc chuyen giao véi mo hinh mang VGG16
- 1a mot dang ctia mo hinh hoc sau - két hop vai tién xtr 1y dir liéu dé nhan dang bénh tim
mach. Thuc nghiém trén dit liéu sin c6 ciia VinBigData da duoc gan nhin bdi cic chuyén
gia trong linh vuc tim mach. Két qua thuc nghiém tir ba kich ban cho thay huéng tiép can
nay rat kha quan vé6i d6 chinh xéc 1an luot 14 0.95, 0.96, va 0.70.

Twr khoa: Bénh tim mach, bénh phinh dong mach chu, bénh tim to, hoc sau, VGG16

ABSTRACT:

Cardiovascular disease is one of the most dangerous and common diseases in Vietnam
and in the world today. More worrying is that this disease is increasingly common among
young people. Especially in the context of the complicated developments of the COVID-19
pandemic, people with cardiovascular disease are at high risk of being infected with
Corona virus. Therefore, the identification and early diagnosis of cardiovascular disease
is one of the important and necessary research directions today. In this article, we
propose to use a deep learning model with transfer learning to detect and identify two
common types of cardiovascular disease, which are enlarged heart disease and aortic
aneurysm, through X-ray images. - Chest radiograph. Specifically, this study used the
transfer learning method with the VGG16 network model - a form of deep learning model
- combined with data preprocessing to identify cardiovascular diseases. Experiments on
available data of VinBigData have been labeled by experts in the field of cardiology.
Experimental results from three scenarios show that this approach is very satisfactory
with accuracy of 0.95, 0.96, and 0.70, respectively.
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1. GIOI THIEU

Theo théng ké cua BO Y té, tai Viét
Nam mdi niam c6 khoang 200.000 nguoi tir
vong do cac bénh 1y lién quan vé tim mach
va ¢6 hon 20.000 nguoi tir vong do cac
bénh tim mach gay ra. Con s6 nay cao hon
casdca tl’I vong do ung thu gay ra. Cac loai
bénh ly vé tim mach 1a nhung nguyen nhan
gy tir vong hang dau va sb nguoi mac cac
cin bénh nay ¢ Itra tudi tré ngay cang tang.
bay cling 1a nhitng nguyén nhan chinh gay
nén hoi chu’ng dot quy va dot tu, hai hoi
chung déu tang so luong va dang tré hoa
trong thoi gian gan day.

Pé giam tai va hd trg tot hon cho cac
bac si khi doc anh chup X-quang, dac bi¢t
1a khi lam viéc véi cuong do va ap luc cao
khi phai doc rat nhiéu hinh anh trong thoi
gian 1am viéc dai, dong thoi dé ting su
chinh x4ac trong chén doéan bénh tim mach
thi viéc xay dung mot tmg dung c6 thé phat
hién va nhan dang bénh tim mach la mét
nhu cau rat can thiét trong thuc té.

Bai viét nay dé xuat mot hudng tiép can
trong chian doan bénh tim mach dua trén
anh chup X-quang 16ng nguc bang phuong
phap hoc chuyén giao tir mo hinh hoc sau.
Trudc mat, ching toi thuc hién viéc nhan
dang hai loai bénh phé bién vé tim mach 1a
bénh Phinh dong mach chu va bénh Tim to.
Nghién ctru nay da st dung mo hinh hoc
chuyén giao tr mang VGG16 - 1a mot dang
ctia md hinh hoc sau - két hop véi tién xir
1y dix liéu dé nhan dang cac bénh tim mach.
Thyc nghiém voi ba kich ban trén dir liéu
san co cua VinBigData d3 dugc gan nhan
boi cac chuyén gia trong linh vuc tim mach
cho thiy két qua rat kha quan.

Bai viét gdm c6 5 phan. Phan 1 1a gidi
thiéu va dinh nghia van dé. Cac nghién ciru
lién quan s& duoc trinh bay trong phan 2.

Cardiovascular disease, aortic aneurysm,
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cardiomegaly, deep
Phén 3 1a phuong phap thuc hién. Phan tiép
theo 1a thuc nghiém. Va cudi cung 13 phan
danh gia.

2. CAC NGHIEN CU'U LIEN QUAN

Ciing da c6 nhidu nghién ctru lién quan
trong linh vyc nhan dang bénh tim mach,
trong phan nay chung toi s& tom luoc mot
s6 nghién ciru gan déy.

Trong nghién ctru [1], nhom tac gia da
dé xuat mot ky thuat dua trén hoc sau dé
phat hién va dinh lugng phinh dong mach
chu bung (AAA). Bénh nay di dan dén
hon 10.000 ca tir vong mdi nim & Hoa Ky,
khong co6 triéu chung, thuong dugc phat
hién tinh co va thuong bi bac si X-quang
bo sot. Kién tric mé hinh cua duoc dé
xuat 1a mot U-Net 3D da duge sira doi
két hop vai khép hinh elip thyuc hién phan
doan dong mach chu va phat hién AAA.
Nghién ctru str dung 321 bai kiém tra CT
bung-chau do khoa X-quang cta bénh vi¢n
da khoa Massachusetts thuc hién dé huan
luyén va kiém tra. Sau d6, moé hinh duoc
kiém tra thém vé kha ning tong quat hoa
trén mot bd 57 bai kiém tra riéng biét Kkét
hop véi thong tin nhan khau hoc cta bénh
nhéan khéc nhau so v&i bo dit liéu ban dau.
M5 hinh da dat duoc hiéu suit cao trén ca
hai by dit li¢u thir nghiém.

Trong nghién ctru [2], nhom tac gia da
str dung mang no-ron tich chap siu dé phat
hién chung tim to trong chup X-quang ky
thuat s6. Pau tién, tac gia da sir dung va két
ndi mot sb kién trac CNN sau dé phat hién
su hién dién cua bénh ly tim trong X-quang
phéi. Tiép theo, ho gi6i thiéu mot mo hinh
d3 duoc huin truge. Nhom tac gia di siu
dung hai bo dir liéu c6 san cong khai, bd
dir liéu NLM-Indiana va NIH-CXR. Vi
phuong phap nay, ho di thu dugc két qua
nhét dinh v&i do chinh xac 14 0.88, d6 do F1
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1a 0.89 trén mo6 hinh VGG16 da tinh chinh.

Trong nghién cuu [3], nhom tac gia
da dé xuit mot phuong phép tu dong dua
trén hoc sau dé tinh toan ty 1¢ 16ng nguc va
phat hién sy hién dién cua tim to ttr phim
X-quang phdi. Ho da phat trién hai mo
hinh riéng biét dé phan dinh ving tim va
ving nguc trong hinh anh X-quang bang
cach sir dung cac hop gioi han va st dung
két qua dau ra cia chung dé tinh toan ty 18
l@)ng nguc. Ho da thu dugc dg chinh xac
khoang 96%.

Trong nghién ctru [4], nhom tac gia da
su dung 2000 anh X-quang nguc v6i 1000
anh 1a binh thuong va 1000 anh bénh tim
to. Mot thuét toan hoi quy logistic di duoc
t6i wu hoa di dugc sir dung dé phan loai
bénh. V61 m6 hinh VGG19, dg chinh xac
thu dugc khoang 84%.

Trong nghién ctru [5], nhom tac gia
da thuc hién viéc tim kiém siéu tham sd
trén cac md hinh huan luyén, cac tham sé
bao gff)m: kién trtc, hoc, ... duoc tdi uu hoa
mdt cach cé hé théng. nhom tac gia da thir
nghi¢m hai phuong phap la phan doan va
phan 16p. Két qua thu duoc cho thay phan
doan dem lai d6 chinh xac cao hon so voi
viéc phan 16p. Gié tri AUC cia phan doan
va phén 16p lan luot 12 0.977 va 0.941.

Trong nghién ctru [6], nhom tac gia da
dé xuat mot phuong phap tu dong dé phat
hién, phan doan va phan loai ving phinh
dong mach chu bung (AAA) trong hinh
anh chup ct 16p vi tinh (CT). Mang DBN
duoc ap dung cho muc dich phat hién AAA
va phan loai muc do nghiém trong trong
nghién ctru nay. Cac tham sé t6i vu dé huan
luyén DBN dugc xac dinh cho dir lidu huén
luyén tr tap dir liéu da chon. Vung AAA
c6 thé dugc phan doan thanh cong tir hinh
anh CT va két qua c6 thé so sanh véi cac
phuong phép hién co.

Trong nghién ctru nay, ching toi dé
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xuit st dung phuong phap hoc chuyén
giao tir mo hinh hoc sdu VGG16 két hop
v6i tién xur 1y dit liéu dé chan doan hai loai
bénh tim mach pho bién 1a bénh Phinh dong
mach chu va bénh Tim to dya trén anh chup
X-quang 16ng nguc.

3. PHUONG PHAP THUC HIEN

DPé nhan dang va phan loai bénh tim
mach, nghién cru nay s€ so sanh hai
phuong phap thuc hién 1a nhan dang tur dir
liéu géc va nhan dang tur dit li¢u da dugc
tién xur 1y.

3.1. Tién xir Iy dit liéu

Do bai toan can giai quyét duoc thuc
hién trén anh X-quang, day la mot dang anh
rat kho dé théy duoc cac dac trung, cac dau
hi¢u cua bénh va thong thuong doi hoi nguoi
nhin phai c6 chuyén mén méi c6 thé nhan
biét duoc, do vay loai anh nay ciing s& anh
huong dang ké dbi véi cac gidi thuat may
hoc. Trong nghién ctru nay, ching t6i thuc
hién viéc cai thi¢én do twong phan cia anh
nham lam 13 cac dic trung va cac dau hiéu
bén trong anh nhu minh hoa trong Hinh 1.

Tuy nhién, viéc thyc hién tién xur Iy nay
cling c6 nhirng kho khin nhat dinh, vi khi
tang do twong phan c6 thé s& dan dén lam
sai l¢ch cac dac trung, hoac dau hiéu géc
ban dau dan dén d¢ chinh x4c ctia qua trinh
huan luyén s& giam. Chinh vi vay, ching
t61 can phai thuc hién nhiéu 1an voi nhidu
phuong phap khac nhau dé danh gia cac
két qua thu dugce nham tim ra dugc phuong
phap dem lai higu qua cao nhat.

>

=l

b. Anh d3 tang dé twong phan

a. Anh géc

Hinh 1. Anh truéc va sau khi tién xi Iy

Bén canh d6, nghién ctu nay cling
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da st dung phuong phép tang cuong anh
(data agumentation) nham tang thém so
lugng anh tur tap dir liéu dau vao, chang
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han nhu xoay theo chiéu ngang, doc,...
Cac gia tr1 tang cuong dugc thiét 1ap
nhu sau:

rotation | zoom | shear | width shift | height shift | horizontal | vertical
range range range range range flip flip
<=10 0.1 0.1 0.1 0.1 True True

3.2. M6 hinh nhin dang bénh tim
mach

Pé nhan dang hai loai bénh tim mach
phd bién 1a bénh Phinh dong mach chu
va bénh Tim to, nghién ctru nay dé xuit
sir dung phuong phap hoc chuyén giao tir
mé hinh hoc sdu VGG16 [13]. Kién tric
téng thé ciing nhu cac tham s ctia mé hinh
VGG16 duogc trinh bay trong Hinh 2.

Pé qua trinh huin luyén c6 thé dem
lai hidu qua t6t nhat, nghién ciru nay ciing
da st dung phuong phap hoc chuyén
giao (transfer learning) va hi¢u chinh
(fine-tuning) cac tham s6 mé hinh. Kién
triic ciia mo hinh dé xuat duge minh hoa
trong Hinh 3.

- Hoc chuyén giao: Trong qué trinh
huén luyén, chung t61 st dung lai cac tham
s6 ctia mo hinh VGG16 da dwoc huan
luyén tir truée. M6 hinh nay da duoc huin
luyén trudc trén tap dir licu ImageNet gom
1,2 triéu anh va 1000 16p* vi vay viéc hoc
chuyén giao s& tan dung cac tham sé sin
c6 cua md hinh nay trong truong hop dir
liéu dau vao con it. Vi muc dich str dung
trong bai toan nhan dang bénh tim mach,
md hinh VGG16 s& duoc tach bo 16p cubi
va thay thé vao d6 1a ham phén loai soft-
max cho 2 16p tuong ung véi 2 loai bénh
phinh dong mach chu, bénh tim to va 16p
khong bénh.

- Tinh chinh: Trong giai doan hi¢u
chinh mé hinh, chang t6i tiép tuc hiéu
I neurohive.io/en/popular-networks/vgg16

> https://'www.learndatasci.com/tutorials/hands-
on-transfer-learning-keras/
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chinh cac siéu tham s6 dé gitp mo hinh
dat d6 chinh xac cao nhét. Cac siéu tham
s6 duoc s dung cho qua trinh hiéu chinh
nhu sau: (a) Epoch: duoc thir nghiém tir
10 — 100 dé tim ngudng epoch phu hop;
(b) Batch size: dugc thtr nghiém tr 16 —
512; (c¢) Hidden layer: dugc thir nghiém 64
- 1024; (d) Learning rate dugc thir nghiém:
0.001 va 0.0001.

Hinh 2. Kién triic mang VGG16 [13] (source:
neurohive.io/en/popular-networks/vgg16)

- Output layer: |
-aortic p
NON-TRAINABLE i

P

; connect ted
TRAINABLE): i
T g -cardiomegaly !
PRETRAINED LAYERS -normal {

Pre-trained VGG16 model

Re-train for classification of
Cardiovascular disease

Hinh 3. Mé hinh hoc chuyén giao véi mang VGG16
cho nhén dang bénh tim mach. Lp cuéi ciia mé hinh
VGG16 sé duoc loai bé va thay béng I6p két néi day
dia méi va I6p dau ra cho 2 loai bénh tim mach.

(a) Regular (b) Separable

Regular Convolution Separable Convolution Block

Hinh 4. Kién tric mang MobileNet
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Hinh 5. Kién tric mang Inception

4. THUC NGHIEM

4.1. Dir liéu thwe nghiém

Tap dir liéu dugc st dung 1a tap dir li€u
VinBigData [17] vé cac bt thudong trén
anh X-quang 16ng nguc do vién nghién ctru
Vingroup BigData cung cip. Tap dir liéu
nay gom khoang 12.000 anh X-quang 1ong
nguc (7.000 anh lién quan bénh phinh dong
mach chu nguc va 5.000 anh lién quan dén
bénh tim to & dinh dang DICOM). Cac anh
da duogc gan nhan trudc bdi cac chuyén gia/
bac si X-quang.

4.2. Danh gia va so sanh

Dé danh gia mo hinh, nghién ctru nay
thuc hién viéc chia tap dir liéu thanh ba
tap con cho huén luyén, kiém thtr, va danh
gia voi ti 1€ 60-20-20. B do chinh xac
(accuracy — acc) va d¢ do F1 dugce su dung
dé so sanh giira cac mo hinh VGG16 [13],
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MobileNet [12] va Xception [10] [11] .

4.3. Két qua thye nghiém

a.Kich ban 1: Nhin dang bénh
phinh dong mach chi nguc

Trong kich ban nay, chiing t6i s& huin
luyén md hinh véi c6 hai 16p dir lidu:
phinh dong mach chu va khong bénh. Qua
trinh huan luyén dugc dién ra hai lan, lan
tht nhat huin luyén véi tap dir lidu goc,
lan tht hai huén luyén véi tap dir liéu
sau khi da tién xir 1y bang cach ting do
tuong phan.

Tat ca cac giai doan huan luyén déu
duogc thyc hién trén cung mot bd tham
s6: epochs = 22, batch-size =32, hidden
units = [512, 128], hidden layer = s layer
ctia VGG16 da loai bo layer cubi va thay
output_layer dé du doan 2 16p bénh tim
mach. Trong d6, qua trinh hoc chuyén
giao, hi¢u chinh va cac gia tri thu nghiém
dd duoc trinh bay ¢ phan trude. Bang 1
trinh bay két qua so sanh giira cac phuong
phap. Két qua nay cho thdy mé hinh
VGG16 c6 kha nang cai thién d§ chinh
xac sau khi tién xtr 1y dit liéu va tinh chinh
mo hinh.

Badng 1. Két qua thue nghiém kich ban 1

. Dir liéu gbc Dit li¢u da xir ly
g‘a‘ M hinh
oan acc | loss |test acc| F1 | acc | loss | Test acc| F1
. VGG16 0.97 | 0.08 | 0.94 | 0.94 | 097 |0.08| 0.95 | 095
ocC
chuyén | MobileNet | 0.98 | 0.06 | 0.93 | 0.93 [ 0.96|0.10 | 0.93 | 0.93
giao
Xception 096 | 0.10 | 092 | 092|097 |0.08| 0.88 | 0.89
VGG16 097 | 0.06 | 095 | 095 [0.99|0.04 | 095 | 0.95
Hicu 1y robileNet | 0.98 | 0.05 | 092 | 092 | 097007 092 | 092
chinh
Xception 0.98 | 0.06 | 0.88 | 0.88 [0.99|0.03| 0.88 | 088
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Hinh 6. Dé chinh xdc (acc) va dé 16i (loss) cia mé hinh VGG 16 giai doan hiéu chinh - Kich ban 1.

b. Kich ban 2: Nhan dang bénh tim to

Trong kich ban nay, chiing t6i s& huin
luyén mé hinh véi hai 16p dit liéu 1a bénh
Tim to va khong bénh. Qua trinh huin
luyén dugc dién ra hai 1an, 1an tha nhét
huén luyén véi tap dir lidu gdc, lan tht hai
huén luyén véi tap dir liéu da dugc tién xir

1y bang cach ting do tuong phan.

Bang 2 trinh bay két qua so sanh gitta
cac phuong phap ¢ kich ban 2. Tuong tu
nhu kich ban 1, két qua ciing cho thiy
mod hinh VGG16 ¢6 kha nang céi thién do
chinh x4c sau khi tién xir 1y dir liéu va tinh
chinh mo hinh.

Bing 2. Két qua thuwe nghié¢m kich béin 2

Giai . Dir liéu goc Dir liéu da xir ly
doan Mo hinh acc | Loss tesf_acc F1 | acc | loss Test_acz F1
Hoc | VGGI16 097 | 0.1 0.93 0931093 | 0.19 0.94 0.93
chuyén | MobileNet | 0.98 | 0.03 094 |094 | 098 | 0.03 0.94 0.94
giao | Xception | 0.96 | 0.10 0.91 091094 | 0.14 0.91 0.91
.| VGGlé6 0.99 | 0.04 094 |094 | 098 | 0.05 0.96 0.96
;Illlfl‘}ll MobileNet | 0.98 | 0.06 | 094 [093 098|005 | 095 | 095
Xception | 0.97 | 0.08 0.88 0.88 | 0.98 | 0.05 0.89 0.89

Training Lass «
Transfer Learning: VGG16 Ph 8

o s 150 5
Epoch # Epach #

Hinh 7. Dé chinh xdc (acc) va dé 16i (loss) cia mé hinh VGG 16 giai doan hiéu chinh - Kich ban 2.

binh thudng khong bénh. Qua trinh huan
luyén duoc dién ra hai lan, lan tha nhat
huén luyén voi tap dir licu géc, lan tht hai
huan luyén véi tap dit liéu sau khi tién xir
1y bang cach ting do twong phan. Bang 3

c. Kich ban 3: Nhin dang ca hai loai
bénh phinh dgng mach chi va tim to

Trong kich ban nay, chung t6i s& huin
luyén mo hinh véi ba 16p dir liéu 1a bénh
Tim to, bénh Phinh dong mach chu va anh
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trinh bay két qua so sanh gitra cac phuong
phap ¢ kich ban 3.

Tuong tu nhu cac bai toan khéc trong
may hoc, khi s 16p can du doan ting 1én,
dd chinh xac cling s€é giam theo. Mdc du
vay, mo hinh VGG16 v61 phuong phap

ISSN 2681 5-9945

hoc chuyén giao van c6 kha ning cai
thién do chinh xac sau khi tién xu ly dir
li€u va tinh chinh mo hinh so véi cac mo
hinh khac. Hinh 4 minh hoa su thay doi
ciia d6 chinh x4c va do 15i trong qua trinh
huén luyén.

Bang 3. Két qua thwe nghiém kich ban 3

Giai | oo Dir liéu goc Dir liéu da xir Iy

doan acc | Loss |test_acc| F1 | acc | loss | Test_acc | F1
Hoc | VGGI6 0.59 | 1.08 | 0.63 | 0.59 | 0.60 | 1.01 0.61 0.52
chuyén | MobileNet | 0.80 | 0.49 | 0.64 | 0.65 | 0.65 | 0.88 0.63 0.64
giao | Xception 0.76 | 0.61 | 0.61 | 0.61 | 0.69 | 0.74 0.62 0.62
.| VGGl6 0.75 1059 | 0.64 |0.63 | 0.67 | 0.8 0.70 0.70
5111:11111 MobileNet | 0.84 | 040 | 0.62 | 0.63 | 0.86 | 0.38 0.65 0.65
Xception 090 | 025 | 0.59 |0.59 | 0.86 | 0.35 0.59 0.58

100 s s
Epoch # Epoch #

Hinh 8. Bé chinh xdc (acc) va dé 16i (loss) ctia mé hinh VGG16 giai doan hiéu chinh - Kich badn 3.
84.5% so voi két qua dé tai 1a 0.96 cho ca
d0 chinh xac va do do F1.

d. Panh gia két qua thyc nghiém

Qua cac kich ban thyc nghiém, chiing

ta co the théy ViéC tién xur 1}’/ trude dir héu K&t qua md hinh hoc chuyén giao trén cac kich ban

cung voi viéc ap dung phuong phap hoc khac nhau

chuyén giao va hiéu chinh di giup cho !

két qua thu duoc cai thién rd rét so véi 02 i

dir liéu gbc. Tong hop cac két qua sosanh |5 ‘

ctia md hinh VGG16 dugc trinh bay nhu  |° %

trong Hinh 5. oe II et e
Ngoai ra két qua thu duqcr trkichban | 7 ba"l Kchbén2 | Kichbén3

thuc nghiém 2 cling dem lai két qua tuong mTestacc 095 096 07

d6i so v&i nghién ctru da trinh bay & [3] véi FL 095 0% 07

d0 chinh xac 0.88 va d6 do F1 1a 0.89 va
nghién ciru [4] v6i do chinh x4c tong thé 1a

Hinh 9. Téng hop két qua mé hinh VGG 16 trén cdc
kich ban thuc nghiém

TAP CHi KHOA HOC | %%
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5. KET LUAN

Bai viét nay di dé xuat phuong phap
hoc chuyén giao két hop tién xtr ly dir liéu
cho van dé chan doan bénh Tim to va bénh

ISSN 261 5-9945

kip thoi, ngan chdn hoi ching dot quy va
dot tir xay ra, ting ty 1¢ chira lanh dong thoi
giam ty 1€ tor vong ¢ nguoi bénh.

Trong hudng nghién ciru sip toi, ching

Phinh dong mach chu. Pay 1a hai trong cac
bénh 1y nguy hiém cta tim mach. Trong ca
ba kich ban, viéc tién xtr Iy trude dir liéu da
dem lai két qua kha quan hon so véi viéc
huén luyén va du bao trén tap dir licu géc.
Két qua tir cac kich ban cho thay viéc sir
dung lai mo hinh di ¢6 VGG16 dé huin
luyén trén dir liéu méi da dem lai két qua
t6t so v6i cac mo hinh con lai. Két qua
nghién ctru ndy c6 thé hd trg viéc phat hién
bénh tim mach tir anh chup X-quang 16ng
nguc giup bénh nhan duge diéu tri sém va

t61 s& thay ddi va van dung cac ky thuat tién
xtr 1y dir liéu khac nhau nham cai thién hon
nira két qua ctia mo hinh dy doan. Ngoai
ra, viéc van dung Yolo phién ban 5 trong
nhan dang hai bénh nay ciing 1a mét hudng
nghién ctru kha quan. Bén canh do, viéc thu
thap thém dir li¢u trén cac 16p bénh hi¢n cod
va mo rong thém cac 16p bénh vé tim mach
khac ciing can thiét. Viéc ting cuong dir
liéu cting c6 kha nang cai thi¢n do chinh
xac cua mo hinh.
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