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TOM TAT

Trong nghién ctu nay, nhdm tac gia st dung k¥ thuat hoc may vao phan loai bénh tim
dua trén cac triéu chung va théng tin can 1am sang dugc ghi nhan trong tap dir liéu caa bénh
nhan. Thuc nghiém duoc tién hanh dé phan loai c¢6 bénh hay khéng cd bénh tim trén bo dit
liéu cong khai vé bénh tim lan luot véi thuat toan Naive Bayes va mang neuron nhan tao
(Artificial Neural Network - ANN). Két qua thuc nghiém dat duoc cho thay viéc tmg dung ki
thuat hoc may vao phan loai bénh tim dat hiéu suat kha tét véi do chinh xéac (Accuracy-Acc)
lan luot 12 84% va 87%.

Tir khoa: Bénh tim, Naive Bayes, ANN, phan I4p.

1. GIOI THIEU

Bénh tim mach 1a do céc rdi loan lién quan dén tim va mach mau. Bénh tim mach bao
gom bénh mach vanh (nhdi mau co tim), tai bién mach méau nio (dot quy), tang huyét 4p (cao
huyét ap), bénh dong mach ngoai bién, bénh thip tim, bénh tim bam sinh va suy tim. Cac
nguyén nhén chinh ctia bénh tim mach la do str dung thudc 14, thiéu cac hoat dong thé luc, che
d6 an uong khong lanh manh va sir dung rugu bia & mirc d6 nguy hai. Theo cac chuyén gia vé
y| khoa hau hét cac bénh vé tim mach c6 thé phong ngira dugc bang cach kiém soat tdt cac
yéu t6 nguy co dan dén bénh ndy. Theo bdo cdo cia to chirc y té thé gioi (WHO), bénh tim
mach 1a nguyén nhan hang dau gay nén tir vong trén toan cau, chiém téi 31% tong s ca tir
vong. Tai Viét Nam, ciing theo béo céo bénh tim mach chiém dén 31% tong sb ca tir vong
trong nam 2016 tuong duorng véi hon 170.000 ca tir vong [1].

Trong nhitng nam gan ddy, may hoc phat trién manh va dugc tng dung vao nhiéu linh
vuc cua doi séng x3 hoi, trong dé ¢o linh vuc y khoa do nhu cau cao vé phan tich dit liéu dé
phat hién céc thong tin khong xac dinh va co gia tri dugc ham chara trong cac bo dir liéu y
khoa. Trong s6 cac k¥ thudt hoc may dugc phat trién gan day nhu khai quat hoa, dac tinh hoa,
phan loai, phan cum, Kkét hop, so khép mau, truc quan hoa dir liéu, v.v. Viéc hoc may duoc ap
dung vao linh vyuc y khoa cho mét sb loi ich nhu phat hién sém cac bénh, gilp dua ra giai phap
y té cho bénh nhan lya chon, phat hién nguyén nhan bénh, xac dinh va tu van cac phuong phép
y té c6 thé sir dung dé diéu tri bénh. Hoc may ciing gitip cac nha nghién ctru chdm sbc sirc
khoe thuc hién cac chinh sach chim soc strc khoe hiéu qua, xdy dung hé thdng khuyén cao
thude, phat trién ho so y té ctia cac ca nhan, ... Cac ky thudt hoc may dugc ap dung trong cac
hé thong cham soc sirc khoe ciing dugc sir dung dé phén tich cac yéu t khac nhau nhu loai
thuc phém, moi truong lam viéc khac nhau, trinh d hoc van, diéu kién séng, nguén nudc sach,
dich vu chiam séc stc khoe, vin hoa va méi trudng anh hudng dbi véi cac bénh.
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2. CAC CONG TRINH LIEN QUAN

Viée sir dung cac ky thuat may hoc vao linh vyuc y khoa ting rdt manh trong nhimng nim
gan day véi nhiéu cong trinh da dugc ghi nhan. Cu thé, Victor Chang va cong sy di xay dung
hé théng phat hién bénh tim duya trén tri tu¢ nhan tao str dung céc thuat toan hoc may nhu logistic
regression va random forest cho d6 chinh xac 1a 83% trén bo dit liéu huin luyén [2].
Chithambaram T, Logesh Kannan N, and Gowsalya M di d& xuit sir dung 4 thuat toan 1a SVM,
Decision tree, Random forest classifier and KNN vao phan loai bénh tim Kkét qua dat duoc kha
t6t [3]. Twong tu, Likitha KN va cong sy da dé xuét sir dung k¥ thuat Logistic Regression, KNN,
Decision Tree, Naive Bayes, Random Forest vd SVM vao chin doan bénh tim [4]. Zaibunnisa
L. H. Malik cung cong sy da dé xuét st dung cac thuat toan K Neighbours Classifier, SVM,
Decision Tree, Random Forest vao xdy dung hé thong chan doan bénh tim [5]. N. Deepika va
cong sy, da ap dung luat két hop vao phén loai bénh nhan dau tim [6]. K. Srinivas va cong sy da
sir dung ky thuat khai pha dir liéu vao du doan cac con dau tim, trong d6 cay quyét dinh dat dugc
hiéu suat t6t nhét [7]. ]. Tuong tw, A. Sudha va cong su str dung mét so thudt toan phan loai dé du
doan bénh dot quy, két qua thuc nghiém cho thdy mang noron hoat dong tét hon nhiéu so véi
cac thuat toan con lai [8]. Sujata Joshi va cong su da tién hanh phan loai bénh tim sir dung k¥
thuat khai pha dir liéu, két qua véi do chinh xac 84% [9]. Navdeep Singh va Sonika Jindal, da
sir dung ky thuat chon loc dac trung va phan 16p dir liéu bang phuong phap Naive Bayes dé chan
dodn bénh tim [10]. H. Takci da két hop giita phuong phap hoc may va phuong phép chon loc
déc trung dé chan doan cac con dau tim [11]. Hung M.L. va nhom nghién ciru, da chan doan cac
bénh veé tim khac nhau dya trén chon loc dac trung va k¥ thuat khai pha dir liu [12]. Tran Pinh
Toan cung nhom nghién ciru, da 4p dung mot sd phwong phap hoc c6 giam sat dé phan loai bénh
trén ba bo dir liéu can 1am sang 1a bénh tim, bénh thdn man tinh, va ung thu va [13]. Devansh
Shah cung cong su st dung mot sO k¥ thuat hoc may dé hd tro du doan bénh tim nhu thuit toan
KNN, Decision tree, Random Forest va Naive Bayes két qua dat duoc t6t nhét v6i thuat toan
KNN [14]. Saima Anwar Lashari cing cong su dé xuét su dung mot ) ky thuat nhu SVM,
DecisionTree, ANN, Bayesian Belief Network, KNN vao phéan loai cac bénh trong y khoa [15].

Van con nhiéu cong trinh nghién ciru khac lién quan dén tmg dung cac k¥ thuat hoc may
va phan loai cac bénh dua trén b dir liéu dugc thu thip cong khai. Két qua dat duoc nhin
chung van con khiém tén va nd cling mo ra nhleu trién vong cho cac nha nghién ciru tim hiéu
cai tién va phat trién dé dat hiéu suat phan loai t6t hon, tir d6 tién toi xdy dung cac hé thng
hd trg y bac sy trong chan doan bénh va tu van diéu tri cho bénh nhan nhanh chéng kip thoi.

Nghién ctru ndy dé xuét sir dung 2 k¥ thuat trong hoc may 1a Naive Bayes (v6i kernel
Gaussian va Bernoulli) va Mang ANN vao phén loai bénh tim (c6 nguy co va khéng co6 nguy
co bénh tim), trén b dir liéu y khoa chira thong tin can 14m sang cua bénh nhén. Phan con lai
ctia bai viét gom: trinh bay gian lugc mot s6 ky thuét dai dién cho phuong phap hoc may dugc
sir dung trong bai viét Y phan 3; phan 4 trinh bay két qua thuc nghiém va ban luan; phan 5 két
luan va hudng phat trién.

3. PHUONG PHAP NGHIEN CUU

1.Tién xw ly dir liéu Khong c6 bénh Tim

' Co bénh Tim

2. Phéin loai bénh

Hinh 1. So d6 cac budc thuc hién phan 16p bénh tim
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3.1. Naive Bayes [16, 17]

Phan 16p dua trén ly thuyét Bayes duoc goi la phan 16p Bayes. Dinh ly Bayes cung cip
co s cho phan loai Naive Bayes va Mang Belief Bayes (BBN). Van d& chinh véi phan 16p
Naive Bayes l1a n6 gia dinh rang tat ca cac thudc tinh 1a doc 1ap véi nhau, trong khi thuc té cac
thudc tinh thudce linh vuc y té nhu trigu chiang bénh va trang théi stiic khoe nhu nhip tim, huyét
ap, duong huyét, ... cd mdi twong quan voi nhau. Mic du gia dinh cac thudc tinh doc lap, phan
|6p Naive Bayes da cho thay hiéu qua vé d chinh xac vi vay néu trong linh vuc y té, cac thuoc
tinh doc lap véi nhau thi chdng ta c6 thé stir dung phuwong phap nay. Binh ly Bayes tap trung
vao phan phdi x4c suit trudc, sau va roi rac cua cac muc dir liéu (data items). Mang Belief
Bayes chu yéu duoc sir dung cho hé thong phan loai bénh nhan bi ung thu phoi. Vané da dugc
str dung rong réi boi nhidu nha nghién ctru trong linh vue cham séc stc khoe.

M6 hinh Naive Bayes c6 nhiéu kernel khac nhau [17], tuy theo dt tinh dit liéu va nhu
cau st dung sé& c6 cac su két hop khac nhau. Trong nghién ciru nay, ching tdi sir dung mé hinh
Naive Bayes vai 2 kernel khac nhau la Gaussian va Bernoulli.

3.2. Mang neuron nhéan tao (Artificial Neural Network - ANN) [16, 17]

ANN 12 mot mé hinh mé phong hé thong than kinh ctia con nguoi. Hé thong than kinh
cua con nguoi bao gém cac té bao, duoc goi la té bao than kinh. Cac té bao than kinh sinh hoc
duoc két ndi véi nhau tai cac diém tiép xuc, duoc goi 1a khop than kinh. V&i qua trinh truyén
thong tin tr té bao than kinh nay qua té bao than kinh khac, cac nha khoa hoc da tao ra mot méd
hinh may tinh c6 tinh chét tuong tw, n6 ¢ thé thuc hién tac vy tinh toan phirc tap nhanh hon
mot hé thong tinh toén thong thuong.

Mot mang neuron gom c6 3 layer nhu sau:

Input layer Hidden layer Qutput layer

A
—»!
Y
’
v

Hinh 2. C4u tric don gian ciia mang ANN

- Layer input: nhan gia tri dau vao ciia cac thude tinh (feature) giai thich cho mdi quan
sat. Thong thudng, sd luong node trong 16p dau vao bang s6 lugng thudce tinh (bién) giai thich.

- Layer an: Cac 16p an ap dung cac phép bién d6i cho cac gia tri diu vao bén trong mang.
Trong 16p én, qua trinh xur ly thuc té dugc thyc hién thong qua mot he thong cac “két ndi” co
trong s0. Co thé c6 mot hodc nhicu 16p an, cac 16p 4n nay thyc hién nhiéu kiéu tinh toan dang
toan hoc khac nhau trén dit liéu ddu vao va nhan ra cic mau 1a mot phan cong viéc clia no.

- Layer output: Céc 16p an sau d6 lién két voi “16p du ra”. Lép du ra nhan cac két ndi
tir cac 16p an hodc tir 16p dau vao. N6 tra vé mot gia tri dau ra tuong ing véi du doan ciia bién
phan héi. Trong cac bai toan phan loai, thudng chi c6 mot nit dau ra. Cac nat hoat dong cua
16p dau ra két hop va thay ddi dit lidu dé tao ra cac gia tri diu ra.

Kha ning ciia mang neuron trong viéc cung cap thao tac dit liéu hitu ich nam ¢ viéc Iya
chon trong s6 thich hop. Diéu nay chinh 14 diém khac biét voi xir 1y thong tin thong thuong.
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4. THU'C NGHIEM VA THAO LUAN
4.1. Dir liéu

B¢ dir liéu bénh tim dugc st dung trong nghién ctru nay 1a b dir liéu cong khai [18, 19]
voi 1025 méu trong d6 co 526 mau dugc gan nhan thudc 16p co nguy co mic bénh tim
(target =1), 56 mau con lai 499 thude 16p khong c6 nguy co (target = 0). O bd dit liéu gbc ban
dau mdi miu gém 76  thugc tinh bao gém céc thuge tinh chan doan khac nhau va thong tin y
té duoc thu thap tu mdi bénh nhan. Tuy nhién, c6 nhiéu thudc tinh do khong cé dir li€u hodc
thiéu dit liéu do d6 da dugc loai bé d€ con lai 14 thudc tinh (13 thue tinh chan doén va 1
thudc tinh phan 16p).

Tiép theo, chung t61 da tién hanh kiém tra va loai bo cac mau dir liéu trang lap va két qua
con lai 14 302 mau duge phan thanh 2 16p c¢6 nguy co mic bénh tim va khdng ¢6 nguy co méc
bénh tim.

B6 dit liéu ghi nhan thong tin can 1am sang vé bénh tim cua bénh nhan nam va nit, truong
thanh & do tudi tir 29 dén 77 tudi.

Bdng 1. Thudc tinh ctia b dir liéu bénh tim

STT Thuoc tinh STT Thuoc tinh
1 |age 8 |thalach: maximum heart rate achieved
2 |sex (1: male: 0: female) 9 (;)c()?ng: exercise induced angina (1 = yes; 0 =
. oldpeak = st depression induced by exercise
:ch 1 .
3 Cp: chest pain type 0 relative to rest
. lope: the sl fth k i
4 |trestbps: resting blood pressure 11 slope: the slope of the peak exercise st
segment
5 | chol: serum cholesterol in mg/d 12 ca: number of major vessels (0-3) colored
by fluoroscopy
fbs: (fasting blood sugar > 120 thal: 3 = normal; 6 = fixed defect; 7 =
6 13
mg/dl) reversable defect
7 restecg: resting electrocardiographic 1 target: 1 = heart disease, 0 = No heart
results disease
Trong do:
Age: Tudi

Sex : gidi tinh (1 1a nam, 0 [a ni¥)
Cp: loai dau nguc
1: con dau thét ngyc rd rang
2: dau thit nguc khong rd rang
3: khong dau thit nguc
4: khong c6 tri¢u ching
Trestbps: Huyét ap luc nghi ngoi (don vi mmHg)
chol: cholestoral trong huyét thanh tinh bang mg/dl
fbs: (duwong huyét lac d6i> 120 mg / dl): 1 = true; 0 = false
restecg: két qua dién tam do luc nghi
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thalach: nhip tim t6i da
exang: dau thit nguc do tap thé duc (1 = c6; 0 = khong)
oldpeak = ST trc ché do luyén tap so v6i khi nghi
slope: do dbc ctua doan ST tap luyén dinh cao
1: déc 1én
2: bang phang
3: ddc xudng
ca: sO lugng mach chinh (0-3) dugc t6 mau bang phurong phap soi huynh quang (noi soi)
thal: 3 = binh thuong; 6 = khuyét tat c6 dinh; 7 = khiém khuyét c6 thé dao nguoc
target: thugc tinh phan 16p (1 = Bénh tim, 0 = Khong c6 bénh tim)
Tién héph tryc quan héa dé xem su Hhén bd cQa bo dit liéu, két qué cho théy do tudi mac
bénh tim nhiu nhat tap trung tir 45-65 tudi, cao nhat & khoang 60 tudi (Hinh 3).
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001 / K
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age
Hinh 3. Biéu thi d6 tudi méc bénh tim trong tap dir liéu

Values

Tir tap dit liéu cho thay nam gi6i (sex = 1,0) c6 xu huéng mic bénh tim nhiéu hon ni
(sex = 0,0) (Hinh 4)

Values

0.0
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A A
05 / \
0.0 05 10
sex

Hinh 4. Biéu thi nam méc bénh tim nhiéu hon nir

Khi tryc quan hoa tap dir liéu nay thay vi chi tinh sO lan xuét hién ciia mbi diém dir liéu
1a biéu dd tAn xuét, & day chung t6i thuc hién phep bién dbi gaussian KDE (Kernel Density
Estimation) dung wdc tinh mat do xac suét cua bién age (twong tu cho cac bién khac nhu
sex,...). Gitip 1am min dit liéu co ban va lam biéu d6 smooth hon cho chiing ta thiy téng quan
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hon vé thudc tinh ndy véi mot s6 lwong dit lidu c6 han. Uu diém ciia phép bién doi nay chinh
la viéc bién doi phi tham s0, thay dugc hinh dang phan phoi khac nhau & cac biéu do khac
nhau va linh hoat hon trong viéc khai pha di liéu (Hinh 5).

40 50 =]
age

Hinh 5. Biéu d0 tan suét ciia bién Age

Néu chi st dung biéu do tan suét, khi tap dif liéu duoc bo sung thém 1 lugng dit lidu
nhung khong lam thay d6i phan phoi thi khi truc quan bang bi€u d6 tan suat ching ta s& kho
phan biét dugc phan phoi trude va phan phoi sau c6 giong nhau hay khong.

Cong thuc chuyén doi tir count sang value (cac Hinh 3, 4 va 5) nhu sau [20]:

FQ) = n—lhzlx(";xi)

1 _1("‘_”
——e 2
oV2n

2
Trong d6: K(x) = o ) , h1a tham sb bandwidth gitip phan phdi ‘muot’ hon,
n la s6 diém dit liéu
Chi s6 h trong cong thirc phai 16n hon khong (h>0) va c¢6 thé ude lugng theo cong thire sau:
1

-
IQR

1 Y
- h=09min (0,75%) "5, trong d6 IQR la khoang gid tri tir tir phan vi dAu tién Q1

dén tr phan vi cudi cing Q3.
4.2. Thwe nghiém

Thuc nghiém dugc thyc hién trén tap dir ligu g(i)m 302 mau, trong d6 162 mau ciia bénh
nhén c6 nguy co bénh tim (target = 1), con lai 140 mau ctia bénh nhan khdng c6 nguy co bénh
tim (target = 0) va 14 thudc tinh dugc mo ta trong Bang 1.

a. Panh gia thuc nghiém

Dua vao Do chinh xac, d6 nhay va do dic hiéu dé danh gia hiéu suat phan loai cia mo

hinh. B chinh xac, do nhay va do dac hiéu dugc xac dinh theo cac cong thirc sau:

TP+TN
Accuracy = ————— Q)
TP+FP+FN+TN
TP
Sensitivity = 2
Y = TheEn (2)
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Specificity = —— 3

TN+FP
Trong d6: TP, FP, TN va FN lan luot 1a True Positive, False Positive, True Negative va
False Negative.
b. Thyc nghiém

Trong phan nay, chung t6i tién hanh chia 80% tap dir liéu ban dau thanh tap dit liéu ding
dé huan luyén va 20% con lai ctia tap dit liéu dugc dung dé kiém tra va tién hanh thuc nghiém
phén 16p dir liéu voi cac ky thuat néu trén.

- Thuc nghiém 1: St dung thuit toan Naive Bayes lan luot v6i nhan Gaussian va
Bernoulli, két qua dat dugc vé do chinh xac 1an luot 1a 83,82% va 83,40%, do nhay va do dic
hiéu 1a nhu nhau 1an luot 14 0,89 va 0,78, nhu trong Bang 2:

Bdng 2. So sanh két qua thuc nghiém ctia mé hinh Naive Bayes v6i 2 kernel

Methods Accuracy (%) | Sensitivity | Specificity
Naive Bayes (Gaussian) 83,82 0,89 0,78
Naive Bayes (Bernoulli) 83,40 0,89 0,78

- Thuc nghiém 2: thuc hién trén mang ANN I4n luot véi cac sé epochs khéc nhau 1a 50,
100, 150, 200 va 300, nhung véi epochs = 200, batch_size = 16, két qua dat dwoc tot nhit véi
do chinh xac 1a 87%, d6 nhay 0,91 va d¢ dac hi¢u 0,83.

Tur 2 két qua thuc nghiém trén cho théy, voi bo dir liéu bénh tim dang sir dung trong
nghién ctru nay thi khi diung phuwong phap ANN dé phan loai c6 bénh tim hay khong ¢ bénh
tim dat két qua tot hon phuong phap Naive Bayes, nhu trinh bay trong Bang 3 va tir két qua
nay ciing cho thiy phuwong phap sir dung trong nghién ctru nay dat hiéu qua hon mot sé cong
trinh da cong bd trude dé [2-5].

Bdng 3. So sanh két qua dat duogc tir thuc nghiém cta Naive Bayes va ANN

Methods Accuracy (%) | Sensitivity | Specificity
Naive Bayes (Gaussian) 83,82 0,89 0,78
Naive Bayes (Bernoulli) 83,40 0,89 0,78
ANN 87 0,91 0,83
5. KET LUAN

Trong nghién ctru ndy, ching t6i d tién hanh 2 thyc nghiém trén bd dit 1iéu bénh tim.
Thyc nghiém 1 st dung phuong phap Naive Bayes voi 2 kernel khac nhau dé phan loai dit
ligu. Thyc nghi€ém 2 dung k¥ thuat phan loai khac 1a mang ANN ciing trén cung bd dir li€u o
trén. Két qua thuc nghiém cta chung t6i cho thy rang: (1) Dung phuong phap Naive Bayes
nhung v6i kernel Gaussian cho két qua t6t hon kernel con lai, (2) Dung mang ANN voi
epochs=200 va batch_size = 16 cho két qua twong dbi tot. Tuy nhién tily vao dic tinh khac
nhau ctia dit liéu ma cac phuwong phap khac nhau cé thé cho két qua hoan toan khac nhau. Nhin
chung trong nghién ctru nay, dung phuwong phap mang ANN cho két qua tét hon phuong phap
Naive Bayes.
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Nhoém tac gid da ap dung thanh cong mot sb ky thuat may hoc trong phan loai bénh tim,
tur ket qua da dat dugc cho thay cac k¥ thuit nay co6 thé sir dung vao cac h¢ thong ho trg cham
sOc strc khoe cong dong dua trén dir liéu can 1am sang cua bénh nhan.

Hudng tiép theo, chlng t6i tiép tuc nghién ctru cai tién cic mo hinh di thyc hién va cac
k¥ thuat phan loai dir li¢u khac, tir d6 tim ra dugc nhitng ky thuét phan loai dir li€u tot nhat
trén nhiéu tap dir li€u cham so6c suc khoe khac nhau.
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ABSTRACT

APPLICATION OF MACHINE LEARNING TECHNOLOGY TO CLASSIFICATION

OF HEART DISEASES

Tran Dinh Toan*, Duong Thi Mong Thuy
Ho Chi Minh City University of Food Industry
*Email: toantd@hufi.edu.vn

In this study, we used machine learning to classify heart disease based on symptoms and
laboratory information recorded in the patient dataset. Experiments were conducted to classify
heart disease or not heart disease on the public data set of heart disease with the Naive Bayes
algorithm and Artificial Neural Network (ANN) respectively. The obtained experimental
results show that the application of machine learning techniques to heart disease classification
has quite good performance with accuracy (Accuracy-Acc) of 84% and 87%.

Keywords: Heart disease, Naive Bayes, ANN, classification.
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