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Tém tit

Bai bdo gidi thiéu va ting dung thuit toan phan loai Support Vector Machine (SVM) va thuit toan tdi wu héa
Bayesian (Bayesian optimization - BO), nhiing thuét todn mdy hoc (Machine Learning - ML) manh dé du dodn
miic d6 pha hoai cuc bd clia tim bé tong cdt sdi chiu tai trong va dip giy ra bdi dau dan. Bo dif liéu két qua
thu dudc tir 176 thi nghiém tim bé tong cdt soi chiu tii trong va dap ctia dau dan bao gém 15 thong sé dau vao
dudc sit dung dé huén luyén cac md hinh may hoc nhiam dua ra cic két qua du doan vé muc do pha hoai cuc bd
ctia tim. Do céc dit liéu thi nghiém thu thap dudc c6 su phan tan vé cac thong sb ddu vao va mét can bang vé
cic dang pha hoai cuc bd, mot ky thuat 1y thém mau BorderlineSMOTE (Synthetic Minority Over-Sampling
Technique - SMOTE) ciing dudc st dung nham muc dich tao ra b dit liéu phit hgp d€ mé hinh huin luyén
(dudc goi 1a BO-SVM) dat két qua du dodn t6t. Két qua thu dudc cho thiy mo hinh dé xuit c6 thé ting dung
dé du doan mifc do pha hoai cuc bd clia tAm bé tdng cbt soi chiu tai trong va dip bdi dau dan v6i d6 chinh xic
chép nhan dudc va hiéu qui cao hon ciac md hinh ML thong thudng khéc.

Tir khod: thuat toan phan loai SVM; thuit toan tdi uu héa BO; ky thuat ldy thém mau BorderlineSMOTE; may
hoc; bé tong cbt soi; tai trong va dép.

PREDICTION OF LOCAL DAMAGE OF FIBER REINFORCED CONCRETE UNDER IMPACT LOADING
USING MACHINE LEARNING ALGORITHMS

Abstract

This study introduces and applies Support Vector Machine (SVM) classification and Bayesian optimization
(BO), the powerful machine learning (ML) algorithms to predict the local damage of FRC slab subjected to the
impact load induced by a warhead. The results from 176 experiments of FRC slabs subjected to warhead impact
loads including 15 input parameters are used as dataset to train the ML models to produce predictive results
on the local damage of FRC slabs. Due to the dispersion of the collected experimental data in terms of input
parameters and imbalance in local damage modes, the BorderlineSMOTE (Synthetic Minority Over-Sampling
Technique - SMOTE) sampling technique is also used to create a suitable dataset for the training model (called
BO-SVM) to achieve good prediction results. The obtained results showed that the proposed BO-SVM model
can be applied to predict the local damage of FRC slabs subjected subjected to impact loads by warheads with
acceptable accuracy and higher efficiency than the other conventional and common ML models.

Keywords: support vector machine; Bayesian optimization; synthetic minority over-sampling technique; ma-
chine learning; fiber reifonrced concrete; impact loading.
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1. Gidi thiéu
Bé tong néi chung va bé tong cot thép, cbt sdi néi riéng da dudc sit dung rong rii trong nhiéu nim
béi céc ky su quan su va dan dung trong thiét ké va xay dung cac két ciu bio vé dé chdng va dap va

tai trong nd. Duéi tic dong clia cic tai trong va dap (impact) nhu su va cham clia dau dan, cic két cAu
bé tong thuong bi pha hoai cuc bo.

Hinh 1. Céc dang ph4 hoai ctia tAm bé tong dudi tac dong va dap ctia dau dan: (a) thAm nhap, (b) nit hinh nén,
(c) bong tach, (d) ndt hudng tam, (e) vd, (f) xuyén thing, va (g) pha hoai tdng thé

Céc nghién ctiu thuc nghiém trén rt nhiéu mau [1-3] chi ra rang c6 thé xay ra bay dang pha hoai
c6 thé xdy ra véi cac muc tiéu dudi tic dong clia dau dan, bao gom: (i) thAm nhap (Penetration), dau
dan tao thanh mot dudng hAm vao muc tiéu (Hinh 1(a), chiéu dai cia dudng ham dudc goi 1a do sau
tham nhap); (i) xuat hién vét nit hinh nén va dan cam vao muc tiéu (Cone cracking and plugging),
hinh thanh mot vét nit giéng nhu hinh nén duéi dan va vién dan cam vao tim bé tong (Hinh 1(b));
(iii) bong tach (Spalling), vt liéu clia tAm bé tong & miit truéc bi bong ra (Hinh 1(c)); (iv) nit huéng
tam (Radial cracking), cac vét niit tda ra tif diém tac dong va xuit hién trén mit trudc hoic sau ctia tim
bé tong hoic ca hai khi cdc vét niit phat trién qua do day ctia muc tiéu (Hinh 1(d)); (v) v3 (Scabbing),
cdc manh v& bi v3 va tach ra khoi mit sau ctia tAm bé tong (Hinh 1(e)); (vi) xuyén thiing (Perforation),
vién dan hoan toan xuyén qua muc tiéu va c6 hoic khong c6 van tdc du sau khi xuyén qua (Hinh 1(f));
va (vii) phd hoai tdng thé ctia két ciu (Overall structural failure), tim bé tong bi pha hoai udn va chiu
cat tong thé (Hinh 1(g)).

Vit liéu bé tong cbt soi da va dang dugc st dung rong rii trong xay dung bdi vi nhiing tinh uu viét
clia n6 trong viéc ting cudng dd déo va kha ning phan tdn ning luong. Pic biét, véi kha ning hip thu
ning luong rit tot, bé tong cbt soi da va dang dudc st dung phd bién trong cic két ciu chiu cic tai
trong cuc han nhu tdi trong nd va ti trong va dp do tén ltia [4, 5]. Mot trong nhiing nghién ctiu s6m
nhét lién quan dén kh4 niing chiu luc clia tAm bé tong cdt sgi da dugc thuc hién bdi Dancygier and
Yankelevsky [6] bang thuc nghiém cho thiy cbt soi ting cudng ding ké kha ning chiu khang xuyén
clia tAm bé tong, dong thdi cdc vét niit dugc phan tdn thanh nhiéu vét niit nhoé va gidm thiéu pham vi
phé hoai ctia tim. Tur d6, rat nhiéu nghién ctiu thuc nghiém da dugc thuc hién nham danh gia kha ning
chiu khang xuyén clia tAm bé tong cbt soi v6i nhiéu kich thuée ciu kién, kich thudc va van tde dau
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dan, cudng do bé tong va ham lugng cbt soi khac nhau [7-10]. Bén canh nhiing nd luc trong nghién
ctiu thuc nghiém, nham phuc vu cho cong tac thuc hanh thiét ké két cdu cong trinh, mot sb tac gia
da cb ging d& xuét mot s6 cong thiic thuc nghiém dé xac dinh chiéu xau xuyén thiing ciing nhu tinh
toan chiéu day tAm tudng khi chiu mdt tai trong va dap cu thé [11-13]. Miic du da c6 nhiéu biéu thic
thuc nghiém da dudc dé xuét, nhung nhitng biéu thifc niy chi 4p dung phit hop cho két cau bé tong
cbt thép thong thuong. Mit khac, mdi biéu thic ciing chi 4p dung dudc trong mdt pham vi nhod céc
tham s dugc sit dung trong cic thi nghiém tuong ting. DE tinh ton thiét ké két cAu bé tong cbt soi,
Almusallam va cic cong su ctia minh [14, 15] da d& xuat mot sd biéu thic thuc nghiém dua trén céc
bi€u thiic da dé xuit bdi Hoi dong Nghién citu Phong thii Qudc gia (NDRC) ctia Hoa Ky, danh cho bé
tong cot thép thong thudng [14]. Tuy nhién, cc bi€u nay chi c6 thé d4p dung dudc cho két ciu bé tong
cbt soi phoi hop gitta cdt sdi thép va cdt sdi polymer trong mdt pham vi hitu han ham lugng cbt sdi,
va tat yéu khong thé st dung cho tat ca cic trudng hop thiét ké két cAu trong cong trinh xay dung.

Ngay nay, v6i su phat trién manh mé ctia khoa hoc mdy tinh, cic ky thuat mdy hoc (machine
learning-ML) dudc ting dung rong rai trong moi linh vuc ctia ca khoa hoc va cudc séng. Céc k§ thuat
ML c6 thé hiéu mot cdch don gian 1a cdc phuong phap cho phép xdy dung mo hinh toan hoc phiic tap
c6 do chinh xdc rit cao nham thé hién mbi quan hé giita thong s6 diu vao va thong s6 dau ra clia mot
tap dit lidu cho trude. Véi quan diém nay, ML dudc nhiéu nha khoa hoc hién nay st dung dé x4c dinh
ting xi ctia két cAu cong trinh néi chung [16, 17] va miic dd ph4 hoai ctia két ciu bé tong cbt thép,
cbt sgi néi riéng chiu céc loai tai trong cuc doan nhu tii trong nS va va dap [18—-21]. C4c nghién cifu
nay cho thiy ring néu nhu ching ta c6 mot bd dit liéu di 16n thi cic ky thuat ML hoan toan c6 thé
dudc st dung dé xay dung nén cac md hinh hiéu qua dé udc lugng ving xi clia cong trinh nhim thay
thé hoiic hé trg trong viéc chinh xdc héa cic cong thic thiét ké truyén théng. Mot sd thuat todn ML
manh hién nay c6 thé k& dén nhu la: Gradient Tree Boosting (GTB), hoc sau (Deep Learning) (DL),
Support Vector Machine (SVM), riing ngiu nhién (Random Forest) (RF), ciy quyét dinh (Decision
Tree) (DT), v.v. Hiéu qua clia ting dung thuit todan ML trong thiét ké cong trinh phu thudc nhiéu yéu
t6 trong d6 viéc lua chon tham sd hé thdng phu hop cho tiing 16p bai todn cu thé 1a rit quan trong.
MBbi 16p bai todn sé can dudc thuc hién, phan tich dé tim ra cdch st dung c4c tham s sao cho md hinh
huén luyén dat hiéu qua cao.

Trén co s& d6, trong nghién ciiu ndy, tic gia trinh bay chi tiét cach xay dung mo hinh du dodn mic
dd ph4 hoai cuc bd ctia tim bé tong cbt sdi chiu tai trong va dap st dung két hop thuat todn thuét todn
phan loai Support Vector Machine (SVM) va thuat todn tbi uu héa Bayesian (Bayesian optimization
— BO). Bo dii liéu két qua thu dugc tir 176 thi nghiém tim bé tong cdt sdi chiu tai trong va dap ctia
dau dan bao gdm 15 thong sb dau vao dugc st dung dé huin luyén cidc md hinh may hoc nham dua ra
cac két qua du doan vé muc do phd hoai cuc bd ctia tim. Do céc dif liéu thi nghiém thu thap dudc c6
su phan tdn vé cdc thong s6 dau vao va mét can bang vé cac dang pha hoai cuc bd, mot ki thuat 1ay
thém mau BorderlineSMOTE (Synthetic Minority Over-Sampling Technique - SMOTE) cling dugc
stt dung nhdm muc dich tao ra bd dit liéu phit hop d€ mé hinh huén luyén (dudc goi 1a BO-SVM) dat
két qua du doan tbt. Két qua thu dudc cho thiy mo hinh dé xuit c¢6 thé ting dung d€ du doan mic do
phd hoai cuc bo ctia tAm bé tong cbt soi chiu tai trong va dap bdi dau dan véi do chinh x4c chap nhan
dudc va hiéu qua cao hon céc thuat toan ML thong thuong khac nhu mé hinh ¢ ban SVM trong ca
truong hop cé va khong st dung ky thuit 1y thém mau BorderlineSMOTE, m6 hinh ciy quyét dinh
(Decision tree - DT) va mang nhiéu 16p (Multi-layer Perceptron — MLP). Pay 1a cic m6 hinh dudc 4p
dung phé bién va dugc chitng minh c6 kha niing phén loai tdt trong cic nghién ctiu thudc linh vuc xay
dung va moi trudng [22-24].
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2. Tap du liéu thi nghiém

Hinh 2 minh hoa thi nghiém tim bé tong cbt . 4
soi duéi tic dong va dp ctia dau dan dién hinh j-: . ‘

trong d6 dau dan dugc ban vudng géc vao tim bé

tong cdt soi, ddy 1a goc dic trung phd bién dudc

thuc hién trong nhiéu nghién cifu va thuong dién Diudan
ra trong thuc té. Trong thi nghiém dudc md ta & =
Hinh 2, diu dan c6 thé c6 céc dic trung nhu hinh

dang, tinh chit, khdi luong, van téc va dap khac

va cham

Mat trude
Mat sau
]

nhau. Khi chiu tdc dong va dap, tdm bé tong cbt sgi %';Q:'E ‘

cd thé bi phd hoai tong thé hogc cyc bd, tuy nhién / Thép doc mit truée

doi véi van téc\ 16n nhu van toc trong khoang thong N T —

thuong ctia dau dan thi dang pha hoai thuong la Inepnging TP doc mitsan

cuc bd nhu da dugc trinh bay & trén. Trong thuc .

hanh thiét k& két cAu, chi 4 trang thdi dugc ké dén

bao gdm 3 dang pha hoai phd quat (c6 thé bao ham Hinh 2. Minh hoa thi nghiém tAm bé tong cdt sgi
cic dang ph4 hoai gan tuong tu) 12 xuyén thing chiu téi va dp cla dau dan

(perforation), v (scabbing), thdm nhép (penetra-

tion) va trang thai 1a khong bi pha hoai (no damage). Tiéu chuén thiét ké an toan cho nha may hat
nhan ctia My (ACI 349-01) [25] ciing quy dinh ring cdc trang thai giGi han vé pha hoai ctia két cAu
1a xuyén thing (perforation), v& (scabbing), trong d6 xuyén thiing 1a tinh hudng x4u nhat. Do bo dit
liéu thi nghiém thu thap dudc khong dé cip dén trang thdi khong phd hoai, 3 dang ph4 hoai con lai 12
thang (perforation), v3 (scabbing), va thim nhép (penetration) sé dudc coi la cac tiéu chi muc dd pha
hoai cuc bd clia tim bé tong cbt soi dudi tac dong va dap clia dau dan.

Tap dit liéu dudc thu thap tir cac thi nghiém tAm bé tdng cbt soi (FRC) chiu tai trong va dap clia
dau dan trong c4c nghién ctiu trudc day da dugc cong bd [6, 8, 10, 14, 15, 26, 27]. Tap dit liéu bao gdm
176 thi nghiém, dudc phan chia 1am 3 nhém pha hoai theo titng cAp do: penetration (51 thi nghiém),
scabbing (33 thi nghiém), va perforation (92 thi nghiém). C4c thong s6 dau vao clia thi nghiém dudgc
st dung trong viéc huin luyén mo hinh may hoc bao gdom 15 thong sd, mo ta cac thanh phan chinh,
4nh hudng dén su pha hoai ctia tim FRC, bao gom: kich thudc tAm, diéu kién bién, dic tinh va thanh
phan cbt thép, cbt sai st dung, cudng do clia bé tong, va cic thong sd ctia dau dan. Cu thé, kich thudc
ctia cac thm FRC trong khoang tit 300x170 mm? dén 800x800 mm?, véi bé day tim giao dong tit
50 cho dén 200 mm. Cudng dd bé tong tir 28,8 MPa dén 237 MPa. Thanh phan cbt thép bao gom ty
1¢ luong thép doc sir dung trong 1udi thép trudc, sau, cbt thép ngang va dic biét 1a ty 1& soi da dung
trong bé tong. Cu thé, ham lugng cdt thép miit trudc (mit va cham) va mit sau ciia tim dao dong tit
0 dén 4,75%, ham ludng cbt thép ngang dao dong tir 0 dén 0,57%, trong khi ham luong cbt soi tir 0
dén 3,0%. Cic thong s6 dau dan bao gdom: loai dau dan (cting hodic mém), dudng kinh, trong luong
va loai mili (nhon, bau, ...). Pau dan c6 dudng kinh thay di trong khoang tit 7,92 mm dén 76 mm,
khéi lugng tir 0,008 kg dén 1,575 kg, trong khi d6 van tdc ban dugc thi nghiém nam trong khoang
tir 84 m/s dén 728 m/s. Diéu kién bién bao gdm: loai tim, dudc phan loai theo phuong chiu luc (mot
phuong: one-way hoic hai phuong: two-way) va loai gbi dd 12 ngam hoic khép. M6 ta chi tiét clia cac
thong s6 dau vao dudc thé hién trong Bang 1.

Cac thi nghiém dudc thu thap déu véi cic dau dan dudc ban theo phuong thing géc véi tim bé-
tong va nham vao vi tri chinh gilta ctia tim. Do d6, cic thong sb nhu phuong bin hoic vi tri tiép
xtic ctia dau dan trén tAm bé tong cbt soi khong dudc ké dén trong tap dif liéu huin luyén. Cac thong
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Bang 1. Mb ta thong s6 diu vao va dau ra ctia tap dit liéu

Mo ta Ky hiéu
Pau vao  Kich thudc thm FRC ~ Chiéu dai tAm FRC L
Chiéu rong thm FRC w
bo day H
Diéu kién bién Loai tAm: 1 phuong (1), hai phuong (2) Ptype

Diéu kién bién: Gbi & 4 géc ctia tim (0), Ngdm 6 4  BCtype
canh ctia tim (1)

Thanh phan cbt thép Ty 1& cbt doc phia trude PLF
Ty 1& cbt doc phia trude OLR
Ty 1é cbt ngang 0s
Ty 1& cbt sdi (fiber) Pf
Cuong do bé tdbng  Cudng d6 chiu nén cia bé-tong Sek
Thong s6 dau dan Loai dan : mém (0), cuing (1) Mtype
DPuong kinh dau dan d
Trong lugng dau dan M

Loai miii dan (hé s6): Flat (0,72), Blunt (0,84), Spher- N
ical (1,00), Hollow/flat (1,03), Bi-conic (1,05), Ogi-
val (1,10), Sharp (1,14)

Van tdc ban Vo
Pau ra Dang phé hoai Dang ph4 hoai: Penetration (1,0), Scabbing (2,0), Per- Y
foration (3,0)

s6 dau vao dugc k€ trén bao gom cd céac thong sd dang sd (numerical) va thong s6 dang phan loai
(categorical). Do d6, truc khi dua vao huin luyén, cic thong sb cin dudc diéu chinh d€ viéc huin
luyén dugc nhanh chéng va dat hiéu qué cao. Cu thé, tt ca céc thong s6 dang s6 dudc chuin héa va
nam trong khoang [0, 1]. Viéc nay dam béo cdc thong s6 dau vao c6 trong sb 1a tuong duong nhau khi
huén luyén. Cac thong sé dang phan loai dudc chuyén thanh mot véc-to dang s6, gdm céc thanh phan
0 va 1. Bang 2 minh hoa s6 liéu chuan héa ctia 3 thi nghiém ting v6i 3 dang pha hoai khac nhau thu
thap tit nghién ctiu ctia Riedel va cs. [27].
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Bang 2. Minh hoa chuén héa dit liéu thi nghiém ding trong mo hinh huén luyén

MAu thi nghiém

Thong s6 Dic trung Pon vi
1 2 3
L X1 mm 700 700 700
w X2 mm 700 400 700
H X3 mm 100 100 100
Ptype X4 2 2 2
BCtype X5 0 0 0
POLF X6 % 4,75 4,75 4,75
PLR X7 % 4,75 4,75 4,75
0s X8 % 0 0 0
Py X9 % 1,00 1,00 1,00
Sek X10 MPa 182,8 172,1 186,0
Mtype X11 0 0 0
d X12 mm 76 76 76
M X13 kg 1,564 1,569 1,570
N X14 0,72 0,72 0,72
Vo X15 m/s 194,7 258,7 320,0
Y Y Penetration Scabbing Perforation

3. Cac thuat toan

3.1. Thudt todn Support Vector Machine (SVM)

Thuat todn Support vector machine (SVM) 1a mot thuit todn phi x4c suit dudc st dung rong rii
cho cic vén dé phan loai [28]. Muc tiéu clia thudt toan SVM la tim mdt siéu mét phing trong khong
gian N chiéu (N s dic diém). Siéu mit phang la ranh gidi quyét dinh gitp phan loai ro rang cac diém
dit liéu. Mot siéu mit phang khong tdng quat c6 thé dude tao ra néu cic diém dit liéu khong dugc
tach biét tuyén tinh. D€ gidi quyét van dé niy, mot cong thiic tinh viing bién mém (soft margin) dudc
gi6i thiéu trong thuit todn SVM cho phép mot sb trudng hdp bi phan loai sai tit d6 gitp tranh hién
tudng qua khdp (overfitting). Thuat toan SVM c¢6 nhuge diém 1a kém hiéu qud trén cac bd dit liéu bi
nhiéu vé6i cdc 16p chong chéo nhau. Trong nghién ctiu nay, thuat toan SVM sé dudc st dung dé€ phan
loai cic dang phd hoai cuc bo ctia tAm bé tdng cdt soi duéi tii tac dong cla tai trong va dap gy ra
bdi dau dan. Tham sb tdng quét C, loai ham “kernel” (kernel function) va tham sb “kernel” y c¢6 anh
hudng 16n dén két qua du dodn ctia md hinh SVM. D€ tim ra céc gia tri tdi wu clia c4c siéu tham sb
(hyperparameters) nay cho mo hinh SVM, phuong phap t6i uu héa (Bayesian optimization — BO) sé
dudgc st dung.

3.2. Phuong phdp toi wu Bayesian (Bayesian optimization-BO)

Phuong phdp t6i vu héa Bayesian (Bayesian optimization-BO) [29] 1a mdt phuong phap ndi tiéng
trong thuc té linh vuc hoc mdy, chii yéu dudgc st dung dé€ diéu chinh cic tham s ctia mo hinh hoc may.
Cén luu ¥ rang c6 rat nhiéu phuong phap t6i uu héa dude st dung phd bién hién nay [30], tuy nhién
thuat toan t6i wu BO dugc xem 1a phit hdp véi bai todn c6 thong sd dau vao phan b trong khoang nhu
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trong nghién cifu ndy. BO dudc biét dén nhu mot céch tiép cin dua trén md hinh lién tuc dé tim kiém
cdc cuc tri tong thé cia mot ham f(x) chua biét trén mot sé mién gidi han y:

x" = arg max f(x) (D
XEy

BO hoat dong chi yéu bang cach xdy dung mot mo hinh thay thé xac suét cta f(x), trong dé c6
mot phan phdi cic diém md phdng cac tinh chét ca f(x). Sau d6, nhiing gid tri c6 & trong mo hinh dai
dién dudc sit dung d€ tao ra ham thu thap a(x). Piém kiém tra x, tiép theo dudc xac dinh bang cach tdi
wu ham a(x): x; = arg max,a(x). Ham thu thap (Acquisition Function) a(x) 1a ham dung dé€ tim hiéu
khong gian ctia tham sb trong qud trinh t6i wu Bayesian, him st dung gid tri trung binh va phuong
sai du doan dudc tao ra bdi quy trinh Gaussian (Gaussian process - GP). Sau d6, hiéu qua ctia ham
f(x) dugc danh gia bang cac tham sb x; vira cip nhat. Qua trinh nay dién ra cho dén khi dat dudc cic
thong s6 tot nhit. Trong nghién cifu ndy, quy trinh Gaussian dudc st dung dé tao mo hinh dai dién vi
su linh hoat ciing nhu kha ning phan phdi x4c sudt trudc ctia né. GP dugc xac dinh bédi tinh chét ring
bét ky tap hop hitu han nao cta N diém {x; € )(}ﬁi | déu tao ra su phan b6 Gaussian da bién trén RN,
Ham phén b6 chuin dudc dic trung béi gid tri trung binh u (x) va phuong sai o> (x). Can luu y ring
GP ciing c6 cdc tham sb riéng nhu cac tham s6 ban dau (Base_Estimator), ham thu thap (Acquisition
Function), hay céch t6i vu ham thu thap (Acquisition optimizer). V& ham thu thap, néi chung, ham
dua trén quan sat trudc d6 va cac tham sé6 GP. C6 nhiéu su lua chon phd bién khac nhau ctia ham thu
thap nhu: xdc suét cdi thién (probability of improvement), cai thién du kién (expected improvement -
EI), giGi han trén cta do tin cdy (upper confidence bounds - UCB), vv. Nghién ctiu nay tap trung vao
ham EI bdi vi n6 cho hiéu qua tét trong viéc gidm thiéu cdc vin dé va khong yéu cau diéu chinh cic
thong sb ctia riéng né. Ham EI ¢6 thé dudc thé hién nhu sau:

a) = El(x) = { ) = FENOE) + D, ol Zgg -0

p(x) — f(X)

o(x)

2)
V6i Z =

trong d6 % 1a tham sd t6t nhit da ghi nhan dugc, ®(.) va ¢(.) 1a cdc ham phan bd tich 1ily va ham mat
dd xac suit ctia phan bd tiéu chuidn Gaussian. Him EI bao gém 2 phan khi o<(x) > 0 thi ¢6 thé hiéu
1a sy ddnh ddi giita viéc tap trung tim kiém vung t6i vu da biét va khai pha nhiing viing chua biét ctia
ham muc tiéu.

3.3. Ky thudt ldy thém mdu BorderlineSMOTE

Do su méit can bang ciia bo dit liéu, ky thuat 1y thém miu kha phd bién BorderlineSMOTE dudc
stt dung [31]. Ky thuat nay hoat dong bang cich tao dit liéu dua trén ky thuat 1y thém mAiu thiéu sb
t6ng hop (Synthetic Minority Over-Sampling Technique - SMOTE) [32]. Can nhin manh ring, k§
thuat 14y thém miu SMOTE c6 nhiéu bién thé khac nhau nhu SMOTE_ENN, SMOTE_TomekLinks,
ADASYN, SafelevelSMOTE, tuy nhién ky thuit Borderline SMOTE dugc st dung trong nghién ciru
nay do dic thi ctia bd dif liéu c6 tinh phan bd khong déu va chong 14n 1én nhau [33]. Vi cic trudng
hop gan dudng bién gi6i (noi cac dif liéu ctia mot 16p gan véi cac 16p khac) dé bi phan loai sai hon
céc trudng hop cach xa dudng bién, nhiing trudng hop niy c6 trong sé cao hon va cin phai dugc danh
nhiéu su chi y hon. Theo d6, 16p thiéu s6 gan ranh gidi sé dugc 1y thém mau dua trén co ché lay
mAu dif liéu ciia SMOTE. Trong nghién ciiu ndy, bo dif liéu dudc chia thanh nim phin bing céch st
dung quy trinh x4c nhan chéo k-1an (cross-validation k-fold). Trong s6 d6, mot phan sé dudc dung
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dé€ kiém tra v cdc phan con lai dugc st dung d€ ddo tao mo6 hinh. D€ ngin chin vin dé lac quan
qua muc (overoptimistic) [33], BorderlineSMOTE sé dugc st dung bén trong vong xac nhan chéo
(cross-validation). Tat cé céc 16p dugc 14y thém mau sé khong bao gom 16p da sb, & day 1a 16p thing
(Perforation). Pic biét, 16p tham nhap (Penetration) va 16p bi vd (Scabbing) da dudc ldy thém mau
1én dén 73 trudng hop 1an lugt tir 40 trudng hop 16p tham nhap (Penetration), va 26 trudng hop 16p bi
vG (Scabbing).

3.4. Mo hinh dé xudt BO-SVM

Trong nghién cu nay, miic do phd hoai cuc bo ctia tim FRC dudc du doan chii yéu dua trén mo
hinh SVM. Ba siéu tham sd chinh bao gdm tham s6 tdng quat C, loai ham “kernel” (kernel function)
va tham s6 “kernel” y thudng c6 anh hudng dang k€ dén hiéu suit ctia mo hinh SVM, do d6 tbi uu
héa Bayesian da dudc sit dung dé xac dinh gi4 tri tbt nhat clia cac tham sd nay va sau d6 dudc st dung
dé xay dung md hinh cubi cing BO-SVM nhim dy doan miic do pha hoai cuc bd ctia tim FRC do
tac dong va dap ctia diu dan giy nén. B6n cong thiic phd bién ctia ham trung tim bao gdm: Linear,
Polynomial, Gaussian RBF, Sigmoid. Cong thiic todn hoc ctia cac ham dudc th€ hién nhu sau:

Linear: K(a,b)=a’b (3)
Polynomial:  K(a,b) = (ya'b + r)’ “)
Gaussian RBF: K(a, b) = e 7la=2I’ (5)
Sigmoid: K(a,b) = tanh (ya'b + r) (6)

So d6 thut toan ctia mo6 hinh BO-SVM dé xuét bao gdm 6 buéc dudc minh hoa & Hinh 3.

+ Bu6c 1: Chuén bi bd dit liéu thi nghiém dung d€ huin luyén mo hinh. Trong budc nay, bo di
liéu da dudc thu thap va xii Iy truée theo phuong phéap dudc trinh bay trong phan “Tap dif liéu thi
nghiém”.

+ Budc 2: Tach bo dit liéu bang phuong phap xac nhén chéo k 1an (k-fold cross-validation). Dit
liéu dudc chia thanh nim phan phan tang bao gdm mot phan thit nghiém va bdn phan dé€ dao tao mo
hinh. Trong qua trinh xac nhén chéo (cross-validation) nay, m6 hinh BO-SVM da dugc dao tao va thi
nghiém doc 1ap nim 1an. Phan thit nghiém lan lugt dudc thay thé bing mot phan khac sau mdi 1an lip
lai. K&t qua s& 1a trung binh ctia két qua thii nghiém hon nim lan. Véi bo dit liéu tuong dbi méit can
bing trong nghién cifu nay, qua trinh x4c nhan chéo (cross-validation) da gidp giam su du dodn thién
léch vé mot 16p nao d6 ciing nhu giam dudc van dé qua khép (overfitting problems).

+ Budc 3: LAy thém mau véi cic 16p thiéu sd. Trong budc nay, sd lugng mau trong mdi 16p dugc
can biang bang phucng phap BorderlineSMOTE. Cac diém dit liéu tong hop méi dudgc tao ra dua trén
mbi quan hé giita cic diém hién cé.

+ Budc 4: Thiét 1ap thuat todn SVM ban dau nhu 12 md hinh co s6.

+ Budc 5: Toi uu héa Bayesian. Budc nay bao gdm quy trinh tdi wu héa cho ba tham sb C, loai
ham “kernel” (kernel function) va tham sb “kernel” y st dung thuat toan BO. Khoang khéo sat cho
ba thong s6 nay lan luct 1a [1, 1000], [‘linear’, ‘poly’, ‘rbf’] va [le-4, 10]. Nhiing khoang khao sat
nay dudc chon sau khi thuc hién mot sé quy trinh t6i uu héa dau tién d€ tim ra pham vi c6 thé c6 va
phit hop ctia cdc tham sb. Can luu y rang do st dung quy trinh x4c nhan chéo (cross-validation), s& c6
nim bo tham sb tdi vu c6 thé dat dudc. Tuy nhién, chi c6 gid tri tot nhat dugce chon dé xay dung mo
hinh cudi cting. Do su mit cin bang ctia bo dit liéu, tiéu chi ddnh gid dudc chon 1a t6i da héa diém sd
F1 (F1-score) thay vi tdi thiéu h6a mit mét (loss) vi né thudng gay ra su thién 1éch dbi vé6i 16p da sd.
Quid trinh t6i vu BO ldp lai 5 1an véi mbi mo hinh d€ chon dudc cac thong s tbi uu.
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1. Dir iéu thi nghiém

2 Quy trinh xAc nhén chéo (cross-validation)

Dit liéu huén hivén || Dit iéu huan huyén |Di liéu huén luyén ||Di lién huén hvén || Di liéu kiém tra

'y

5.Téi wu héa Bayesian

3. LAy méu thém vdi thp e 5
i ien e Svin o doke Dik liéu ban dau Dy
BorderlineSMOTE l

Xay dwng md hinh Gausian
thay thé ban dim cia ham
mue tidu thec t& §EL)

- !

4 Tao m6 hinh SVM

i > | Didm ditléu méi t6i vu Dinh nghia lai mé hinh dai
an dau ham dat dwoc le—| dién diratrén bo dit lién da
x, = argmax,EIl(x) dirge cap nhat D,

} !

Danh gia lai ham muc

Héitn 7 ; ; 2
e Sai tiéu din
Dat dwge swwlép lai  —» = ei f(xg)
16n nhat? i ¥
| Ping

6. M6 hinh BO-SVM 4_~{ Tham sé da dieoc téi wu ‘

Hinh 3. Thuat toan mo6 hinh BO-SVM dé xuit d& du mic mic do ph4 hoai cuc bo ctia tim FRC
do tai trong va dap ctia dau dan gay ra

+ Budc 6: Xay dung md hinh BO-SVM bing céch st dung tham sb ti uu thu dude. Sau d6, mo
hinh cudi cuing dudc thi nghiém trén phan thit nghiém dudc giit lai.

Sau dé6, quy trinh dugc Lip lai tit Buc 2, noi mot bo dif liéu huin luyén khac dudc tao ra bsi quy
trinh xdc nhan chéo (cross-validation). Toan bo quy trinh ctia md hinh dugc dé xuét dudc thuc hién
bing ngdn ngit 1ap trinh Python.

4. Két qua va thao luan

Trong phan nay, két qua ctia cic mo hinh du dodn muc do pha hoai cuc bo ctia tAm bé tong cot soi
chiu tac dong va dap ctia diu dan sé dudc phan tich va ddnh gid. Hiéu qua du doan ctia md hinh d&
xuét dugc danh gid thong qua cic tiéu chi: dudng cong dic trung hoat dong ctia bd thu nhan (Receiver
Operating Characteristic - ROC), dién tich duéi dudng cong ROC (Area Under ROC curve - AUC),
diém s6 F1 (F1-score va cudi ciing 1a mic do du dodn chinh xac 16p (class accuracy). Thoi gian tinh
toan ctia cdc md hinh tuong d6i ngan va khong c6 su chénh 1éch giita cac mo hinh do tap dit liéu khong
qua 16n, vi vay tiéu chi thdi gian khong dugc dé cap trong nghién ciiu nay. Trong khi AUC dugc xic
dinh bing dién tich nim gitta dudng cong ROC va truc ty 1é khang dinh sai (truc hoanh trong db thi
dudng cong ROC) trong pham vi tif 0 dén 1 thi di€ém s6 F1 dugc xac dinh nhu sau:

Precision = Recall
Fl1=2

(7)

Precision + Recall
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TP TP . .
trong do: Precision = TP+ FP va Recall = TP+ FN v6i TP la ty 1€ du doan dung 16p khang dinh

ding (True Positive), TN 1a ty 1& du doan ding 16p khang dinh sai (True negative), FP la ty 1& du sai
16p kh:?mg dinh ding (False Positive), va FN la ty 1€ du doan sai 16p khflng dinh sai (False Negative).
Cic két qua nay tif md hinh dé xuit BO-SVM ciing dudc so sanh vdi cac két qua tuong ting thu
dugc tit mot sb thuat todn mdy hoc phd bién khac nhu ciy quyét dinh (Decision tree - DT), mang nhiéu
16p (Multi-layer Perceptron - MLP), mo hinh SVM khoéng dudc t6i wu héa hay con goi 1a md hinh
SVM co sé trong cé hai trudng hop c6 va khong st dung k§ thuét 1iy thém mau BorderlineSMOTE.
Tht ca céc siéu tham sb dudc chon cho cdc mo hinh trén déu dugc Iua chon thong qua qua trinh thi
dan (trial-and-error) mot cich c4n than d€ tranh vain dé qua khép. Cac thong sb tdi uu clia cac md hinh
(céc siéu tham sb thu dudc da cho két qua tot nhit trong mdi mo hinh) dugc thé hién trong Bang 3.

Bang 3. Siéu tham s6 tdi uu st dung cho cic mo hinh

Mo hinh Thong s6 st dung

Mo hinh SVM co s (khong C = 585, loai ham kernel = “linear kernel”, tham s “kernel” Y=
14y thém mau) 3,96

M5 hinh SVM co s (1dy thém € = 340, loai ham kernel = ‘radial basis function kernel’ (hoic
mau) rbf kernel), tham s6 “kernel” y = 0,53

M6 hinh mang nhiéu 16p S616p 4n “number_of _hidden_layer” = 1, s6 lugng mang “num-
(MLP) ber_of _neurons” =20, “I12_regularization” = 0,001, “batch_size”
=16, “learning_rate” = 0,084, “activation_function” = ‘tanh’

M0 hinh cdy quyét dinh (DT)  “max_depth” = 15, “criterion” = ‘entropy’, “min_samples_split”
=17,0, “min_samples_leaf” = 3,0

M5 hinh BO-SVM dé xuit C =352, loai ham kernel = ‘radial basis function kernel’, tham s
v=1,61

Hinh 4 thé hién dudng cong ROC (The re-
ceiver operating characteristic curve) dua trén ty
1¢ khang dinh ding (True positive rate - FPR) va
ty 1& khang dinh sai (False positive rate - FPR) thu
dudc tur cac mo hinh. Pudng cong ROC 1a mét tiéu
chi danh gi4 néi tiéng cho vin dé& da 16p, n6 cho
biét kha ning phan loai ctia cdc md hinh gitta cac
16p. Nhu c6 thé thiy tir Hinh 4, dudng cong ROC 02 i i

==+ MG hinh SVM

ctia mo hinh BO-SVM dé xuit bao phii hau hét e
cac mo hinh khac. Panh gia dinh lugng cua cac 00 T MOhih BO-SVM 6w

dudng cong nay dugc thé hién thong qua dién tich " gl GRD v
phan dudi dudng cong, cu thé 1a AUC. AUC dai

dién cho phép do t6ng hop vé do &n dinh va hiéu Hinh 4. Buong cong ROC ctia cac md hinh
suit cia mo hinh trén tit ca cic ngudng phan loai.

AUC cang cao chiing té mo hinh c6 kha ning du dodn cang t6t. Cac gia tri thu dugc ctia AUC clia mdi
mo hinh da dudc thé hién trong Bang 4. C6 thé thdy, md hinh BO-SVM dudgc dé xuit c¢6 gid tri AUC
cao nhét bang 80,0%. Trong khi md hinh SVM co sé 14y thém mau va khong liy thém mau c6 gid

1.0

0.6

Ty 1¢ khang dinh dang (TRF)
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tri AUC thip hon véi 1an luct 12 78,1% va 77,9%. AUC ctia mo hinh BO-SVM ciing cao hon cdc mo
hinh chuén khac bao gdbm mé hinh mang nhiéu 16p MLP (AUC = 77,2%) va md hinh ciy quyét dinh
DT (AUC = 77,0%). Nhiing két qua niy cho thiy kha ning du dodn cao hon ctia mo6 hinh BO-SVM
so véi cac mo hinh dudc chon khéc vé kha ning phan loai mic d6 pha hoai ctia tim FRC do tic dong
va dap clia dau dan giy ra.

Bang 4. Két qua AUC ctia cdc mo hinh

MO hinh AUC (%)
M5 hinh SVM co s& (khong 14y thém mau) 77,9 £ 222
M0 hinh SVM co s (lay thém mau) 78,1 + 26,7
Mo hinh mang nhiéu 16p (MLP) 77,2 + 19,1
Mo hinh cay quyét dinh (DT) 77,0 + 18,9
Mb hinh BO-SVM dé xudt 80.0 + 19,7

Bén canh d6, két qua diém s6 F1 trung binh trén 5 phan dif liéu dudc thé hién trong Hinh 5. C6
thé quan sét tir bi€u do ring, diém F1 ctia md hinh BO-SVM cao hon cdc md hinh khac. Pic biét,
m6 hinh BO-SVM dat dugc diém F1 = 0,632, trong khi m6 hinh SVM co s& 14y thém méu va khong
lay thém mau, mo6 hinh mang nhiéu 16p MLP va mé hinh ciy ra quyét dinh DT dat di€ém F1 lan luot
tuong ting 12 0,584; 0,598; 0,499 va 0,534. K&t qua nay di thé hién kha niing du doén tot hon ctia mo
hinh BO-SVM trén bd dit liéu thu dudc tir thi nghiém tAm FRC chiu tic dong va dap ctia dau dan.

0.7 100

0.6

0.4 4

0.3 4

Piém FI trung binh
-
s

P3G chinh xac (%)
w
S

0.2 4 10 | —= Mo hinh SVM co s& (khong lay thém méu)
++- Mo hinh SVM co & (liy thém méau)

=+ Mo hinh mang nhidu 16p (MLP)

10 = 8= M¢ hinh céy quyét dinh (DT)

—e—M5 hinh BO-SVM 42 xuit

0.1 9

0.0 -

Mb hinh SVM M hinh SVM M& hinh mang M8 hinh cdy ~ Mb hinh BO- 0
cosa (khong cosa (lay thém  nhidu 16p  quyét dinh (DT) SVM dé xuat Thim nhip Ve Xuyén
lay thém méiu) méu) (MLP) (Penetration) (Scabbing) (Perforation)

Hinh 5. Gi4 tri trung binh diém sb F1 ctia cic md hinh Hinh 6. Kha niang du doan mdc d6 pha hoai cuc bod
phan tich tAm FRC ctia cdc mo hinh

Bang 5 va Hinh 6 thé hién két qua do chinh xdc clia cic mo hinh trong du doan mic d6 pha hoai
cuc bd ciia cac truong hop pha hoai cuc bd clia thm FRC dudi tic dong va dap clia dau dan. C6 thé
thiy tit Bang 4 va Hinh 6, chi c6 mo6 hinh SVM co s& khong st dung k§ thuat 1iy thém mau cho két
qua du dodn cic truong hop pha hoai cuc bd ddong déu hon mo hinh BO-SVM dé xuit, tuy nhién két
qua du doan lai kém chinh xdc hon. C4c mo hinh con lai khac déu cho két qua du doan cic trudng
hop phd hoai cuc bo kém ddng déu ciing nhu kém chinh xdc hon mé hinh BO-SVM dé xuét. Cu thé,
do chinh xdc trung binh trong du dodn muc do pha hoai v6i cac trudng hgp to moé hinh BO-SVM la
66,5%, cao hon két qué tuong dng thu dudc tit md hinh SVM co ban iy thém miu va khong 1iy thém
mau véi két qué 1an lugt 12 65,0% va 61,8%, ciing nhu cao hon két qué tuong ting thu dugc tit mé hinh
mang nhiéu 16p MLP va md hinh céy ra quyét dinh DT véi két qua lan luot 1a 55,8% va 59,4%, nhu
dudc thé hién trong Bang 5.
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Bang 5. Kha ning du doan miic d6 pha hoai cuc bd ciia tim FRC ctia cdc md hinh

Mb hinh Lép 1 Lép 2 Lép 3 Trung binh
(Penetration) (%) (Scabbing) (%) (Perforation) (%) 16p (%)
M0 hinh SVM (khong 14y thém mau) 65,6 61,9 57,8 61,8
Mo hinh SVM (l4y thém miu) 57,8 75,7 61,5 65,0
M5 hinh mang nhiéu 16p (MLP) 68,9 37,1 61,5 55,8
M0 hinh ciy quyét dinh (DT) 74,4 46,7 57,1 594
M5 hinh BO-SVM dé xuit 60,1 72,4 66,9 66,5

Ngoai ra, ciing can Iuu y rang mo hinh BO-SVM cho két qua do6 chinh xac trong du doan trudng
hop ph4 hoai cuc bo v3 (Scabbing) 14 16n nhit (mtc do chinh xadc 72,4%) mic du s6 dif liéu thi nghiém
trong trudng hop nay 1a nhé nhét (33 miu). Viéc 16p vd (Scabbing) dugc du doan véi do chinh xac
cao nhit 14 do k¥ thuat 14y thém mau da tao ra nhiéu miu dif liéu tdng hop chi trong pham vi mot
s6 luong nhé nhé miu ciia 16p nay. Trong qua trinh kiém tra, khi mot miu méi dugc dua vao thi mod
hinh s& xem xét mau d6 véi cic dudng bién da dudc tao ra tli trudc, tir d6 cho ra két qua tot hon cac
mo hinh phan loai truyén thdng nhu phén loai tuyén tinh (Linear classification) hay phan loai KNN
(k-nearest neighbors classification) ... dic biét v6i cdc dif liéu c6 tinh phi tuyén va chong chéo 1én
nhau nhu trong nghién ctiu nay. Két qua trén ciing cho thiy su hiéu qua va cin thiét ctia viéc st dung
thém k¥ thuat l1ay thém mau BorderlineSMOTE trong xay dung mo hinh BO-SVM.

Maic du d6 chinh xdc trong du doan dang pha hoai thim nhép (Penetration) cia mo6 hinh BO-SVM
dé xuét thip hon mot s6 mo hinh khac nhung do chinh x4c trung binh cia mo6 hinh dé xuit vin cao
hon. Hon nita, vé co ban do chinh xéc trung binh ctia ba mic d6 pha hoai trong mo hinh BO-SVM dé
xuét cn bang va cao hon so véi cic mo hinh du doan khac. Piéu nay rat quan trong khi du doan mifc
dd pha hoai cuc bo cia tim FRC dudi tidc dong va dap ctia dau dan, 12 bai toan ma céc thong sb6 dau
vao thiét ké gin nhu khong thé tinh toan hoic du doan chinh xic dudc.

5. Két luan

Trong bai bdo nay, mot thuat toan may hoc manh Support vector machine (SVM) dudc st dung
dé xay dung mo hinh phén loai cho viéc du don mic dd phd hoai cuc bd ctia tim bé tong cdt sgi FRC
dudi tic dong va dap clia diu dan. Nhitng siéu tham s6 dudc téi wu bang cach si dung phuong phap
tdi uu Bayesian (Bayesian optimization-BO). M6 hinh c6 chita c4c tham s di dugc tdi uu d€ du doan
muc d6 pha hoai cuc bd ctia tim FRC goi 1a BO-SVM. Tir két qua nghién citu, mot sb6 két luan dugc
rut ra nhu sau:

- M6 hinh BO-SVM dé xuét dudc huén luyén trén bd dit liéu gébm 176 thi nghiém tim FRC chiu
tac dong va dap ctia diu dan cho gid tri AUC bing 80,0%, 1a két qua t6t nhit so v6i cdc md hinh chuin
co ban gdbm SVM co sé ldy thém mau va khong 14y thém mau, mang nhiéu 16p MLP va ciy quyét
dinh DT.

- Phuong phép ti uu BO gép phan quan trong va hiéu qua trong viéc tim ra cic gia tri siéu tham
s6 (hyperparameters) t6t nhit cho md hinh SVM dat két qua du dodn cao hon vé cic thong s6 diém
F1(0,632) ciing nhu kha ning du doan chinh xac (66,5%) so v6i cac md hinh co ban khac.

- K§ thuat ldy thém mau BorderlineSMOTE 1a can thiét va hiéu qué trong viéc xay dung mo hinh
du dodn mifc dd pha hoai ctia tim FRC nhim dua ra két qué du doan can bﬁng, dac biét trong truong
hop céc dit liéu c6 tinh phi tuyén va chong chéo 1én nhau nhu trong nghién ciiu nay.
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- M6 hinh d xuit BO-SVM c6 thé dudgc sit dung nhu mot cong cu trong thuc hanh thiét ké dé€ du
doan miic d6 ph4 hoai cuc bd ctia tim FRC duéi tic dong va dap ctia diu dan, dic biét trong giai doan
thiét ké ban dau.

Két qua du dodn ctia mo6 hinh BO-SVM dé xuit t6t hon cidc md hinh co ban khac, tuy nhién mic
d6 du doan chinh xac ctia mo hinh la chua cao thuc sy (trung binh cho 3 16p 1a 66,5%). Mot 1y do
khach quan 1a do cic dif liéu dudc tap hop tit nhiéu ngudn khac nhau véi rat nhiéu thong sb dau vao
khdc nhau, khong hoi tu thanh tiing nhém, do d6 két qua du dodn nhu trén c6 thé coi l1a chip nhan
dugc v6i bo s6 lieu nay. Mo hinh du dodn c6 thé phat trién dé nang cao hiéu suit néu bo dit dugc dudgc
thu thap phong phi hon ciing nhu st dung thém céc k§ thuat 14y miu thém manh hon, cdc noi dung
nay c6 thé dugc xem xét trong cic nghién cifu tiép theo.

Loi cam on

Nghién cifu nay dudc tai trg bdi B6 Gido duc va Dao tao thong qua Dé tai Khoa hoc va Cong nghé
cip B, ma sd: B2022-XDA-05. Mot s6 két qua dudc thuc hién thong qua Pé tai nghién citu Khoa
hoc sinh vién nim hoc 2021-2022, Trudng Pai hoc Xay dung Ha Noi, mi s6: XD-2022-03.
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