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TOM TAT

Do dai dich Coronavirus 2019 (COVID-19) da dé lai nhitng hdu qua tan khoc trén toan thé
gidi, mgt quy trinh chdn dodn sang loc hiéu qua déng vai tré rat quan trong trong viéc ho tro
cho nganh y té céng dong va ngan chan dich bénh. Nghién cueu nay gioi thiéu mét quy trinh tinh
chinh cho viéc huan luyén cac mo hinh dy dodin hoc sdu d@é phét hign COVID-19 tir anh chup
X-quang Iong nguec, ciing nhi chinh cdc két qud mé hinh thu dwoc. Quy trinh nay bao gom nhiéu
kj thudt dé tranh tinh trang mé hinh qua khop va t6i wu hda cac két qud dur dodn, chang han
nhu tang dir liéu, t6i wu héa Bayes dé diéu chinh siéu thdng sé, chon tri so hiéu sudt phd hop
va dirng sém trong qua trinh huan luyén mo hinh. Trén tdp diz liéu COVID-XRay-5K v3, ba kiéu
m6 hinh ResNet50, NASNet-A-Mobile va Xception dd dat duwoc chi so AU-PRC 10,9773, 0,9633
va 0,9003; va AU-ROC lan luot 12 0,9940, 0,9964 va 0,9812. O dé nhay 98%, chiing duy tri do
ddc hiéu cao 1a 97,53%, 97,60% va 86,00%. Vi hiéu sudt nhur vdy, cac md hinh hoc sau nay la
nhizng cong cu day hira hen dé hé trortrong cuge chién chong lai dai dich.
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ABSTRACT

As the Coronavirus Disease 2019 (COVID-19) have left devastating consequences over the
world, an effective screening test procedure is crucial to strengthen public health and put the
disease to a halt. This study introduces a refined pipeline to train deep learning predictive
models for the detection of COVID-19 from chest X-rays, as well as the resulting models
themselves. The pipeline involves multiple techniques to combat overfitting and optimize
predictive results, such as data augmentation, Bayesian optimization for hyperparameter
tuning, selecting the appropriate performance metric, and early stopping during model training.
On the COVID-XRay-5K v3 dataset, the three models, ResNet50, NASNet-A-Mobile, and
Xception, achieved the areas under the precision-recall curves of 0.9773, 0.9633, and 0.9003;
and the areas under the receiver operating characteristic curves of 0.9940, 0.9964, and 0.9812,
respectively. At 98% recall (sensitivity), they sustained high specificity of 97.53%, 97.60%, and
86.00%. With such performance, these deep learning models are promising tools to aid in the
combat against the pandemic.
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1. Gioi thiéu

Pai dich Corona 2019 (COVID-19) gy ra di lam suy yéu thé gigi cta chung ta trong hai nim
qua bang cach cudp di sinh mang caa hang triéu ngudi va dé lai nhitng bién chimg vinh vién
cho hang trdm triéu ngudi mic bénh. Hang triéu doanh nghiép dang trén bo vuc sup d6 va gan
1,65 ty luc luong lao dong toan cau dang gip kho khin dé kiém séng (Chriscaden, 2020).

DU s& mat kha 1au dé khéng ché dich hoan toan nhung cing c6 y té du phong bang céch thuong
xuyén thuc hién cac xét nghiém sang loc cong dong duoc chitng minh 14 mét cach hiéu qua dé
kiém soat sy tién trién ctia dich bénh. Hién tai, mot s6 k§ thuat chan doan da dwoc thyc hanh,
phé bién nhat 1a phan wng chudi polymerase phién ma nguoc (RT- PCR), PCR thoi gian thuc va
bo xét nghiém nhanh, chup cat 16p vi tinh (CT) va chup X quang 16ng nguc.

Bén canh d6, hoc sau la cong ngh¢ ngay cang tro nén phd bién va hiru ich hon trong cudc SOng
hang ngay cua ching ta. Su két hop giira hoc sau va phan tich X-quang I6ng nguc nham chan
doan COVID-19 di dat duoc nhiing thanh tyu mai va cung cip mot giai phéap thay thé kha thi
dé chan doan bénh.

Nghién cau nay cb gang trién khai cac ky thuat hoc sau dé tao ra cac md hinh dy doan c6 thé
phét hién COVID-19 tir anh X-quang 16ng nguc. Diéu nay thé cat giam chi phi chan doan, giam
nhan lyc thuc hién chan doan ciing nhu nguy co 1ay nhiém va phoi nhiém trong pham vi gan,
d6ng thoi van duy tri do dic hiéu dang tin cay.

Muc tiéu cua nghién ciru nay 1a thiét ké mot quy trinh hoan chinh dé xay dung cac mé hinh hoc
sau nham phéat hién COVID-19 tir chup X-quang nguc sau - trudc, khao sat day du va tdi uu hoa
ting giai doan cua dudng dng, dong thoi cung cap cac md hinh cé thé sir dung dugc da qua huin
luyén.

Vé pham vi, nghién ctru nay nham thyc hién phan loai nhi phan COVID-19 trén tap dir liéu
COVID-XRay-5K v3 bang cach sir dung céc ky thuat hoc sau hién dai. Ba mé hinh dugc dao
tao truéc dugc thay thé cho nhiém vu nay véi su trg gilip caa viéc hoc chuyén giao. Biéu chinh
siéu tham sé da duoc thuc hién vai kiém tra chéo k-1an va tdi vu hoa Bayes cho cac diéu kién
dao tao t6i vu cho mdi md hinh. Chién luoc dirng sém duoc ap dung va cai tién. Ngoai ra, mot
phan tich chi tiét vé mot s chi s6 danh gia higu suat dugc trinh bay dé giai thich lya chon chinh
ciia AU-PRC va cach n6 c6 thé chdng lai cac van dé mat can bang tap dir liéu va ngudng quyét
dinh di dong. Cudi cing, sau khi dao tao, cac mé hinh duge danh gia trén mau dbi chimg va so
sanh véi cac cong trinh khac. Két qua c6 thé bi han ché béi cac nguon tai nguyén tinh toan phat
huy hét kha ning caa nd. Mot sé stra ddi va chién lugce di duoc ap dung dé vuot qua kho khian
nay.

2. Co sé ly thuyét

ResNet (Residual Network) [a mé hinh hoc sau dugc gigi thiéu vao nam 2015 (He, Zhang, Ren,
& Sun, 2016). Vao lic do, xay dung mé hinh sau bang cach thém nhiéu 16p chap dé dat duoc
két qua tot hon dang 1a xu huéng chung cua thé gisi . Tuy nhién, viéc ting cac 16p chap da xay
ra hién tugng “Vanishing Gradient”, dn dén qua trinh hoc tap cua md hinh khdng tét. Mang
ResNet ra doi dé giai quyet hién tugng nay bang cach dua ra giai phap su dung két ndi “tat”
(skip connection) ddng nhat dé xuyén qua mot hay nhiéu I6p. Mot khéi nhu vay duoc goi 1a mot
Residual Block.

Xception dugc gidi thiéu vao nim 2017 (Chollet, 2017) va dya trén cu trdc caa mo hinh
Inception (Szegedy et al., 2015). Biém dic biét caia md hinh nay 1 st dung kién trdc tich chap
tach biét theo chiéu sau (Depthwise Seperable Convolution) c6 tac dung giam thiéu sb luong
tham s6 va khéi luong tinh toan. Tuy nhién, khac véi ngudi tién nhiém, Xception st dung 16p
tich chap diém (Pointwise Convolution) trudc I6p tich chap chiéu sau (Depthwise Convolution).
Két qua cho thiy mé hinh Xception dat duoc két qua tét hon Inception v6i ciing mot tap dir liéu.
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NASNet (Neural Architecture Search neural network) duoc phat trién bai Google va giéi thiéu
vao nim 2018 (Zoph, Vasudevan, Shlens, & Le, 2018). M6 hinh duoc xay dung bang cach hoc
tang cudng (reinforcement learning) dwa trén céac kién tric cia mé hinh khac dé hoan thién kién
trdc ciia minh. Kién tric md hinh NASNet cho phan loai hinh anh bao gém hai thanh phan chinh
la Normal Cell va Reduction Cell. S5 lugng cua hai khdi nay c6 thé thay d6i nhu 13 mot tham
s6 dé diéu chinh mé hinh hoat dong tét hon. Nho kha nang ti diéu chinh caa céc khdi, NASNet
c6 nhiéu phién ban khéc nhau, trong bai nghién ciu nay, NASNet-A-mobile dugc chon vi su
gon nhe cua no.

Ba mo hinh trén déu c6 nhitng wu diém khac nhau trong viéc phan loai hinh anh. M hinh ResNet
tap trung vao giam nhe khéi lwong tinh toan va giai quyét van dé “Gradient Vanishing” khi cac
I6p trong mo hinh duoc ting 1én bang cach st dung cac “skip connection” nhung van dam bao
d6 chinh xac trong qua trinh phan loai anh. Xception tach riéng cac dit liéu dau vao thanh ting
chiéu (dimension) khac nhau va xi ly cac chiéu nay doc lap. Viéc &p dung kién tric Depthwise
Seperable Convolution di gitip mé hinh ¢ két qua tét véi khdi lwong tinh toan khdng qué cao.
NASNet-A-Mobile c6 thé dat duoc két qua tét nhat vai mé hinh nho véi do phac tap it nhat
bang cac khdi dugc xay dung théng qua qua trinh hoc ting cudng.

3. Phwong phap nghién ciru

Nghién ciru 4p dung mét quy trinh tong quat gom c6 bon chang tuan ty: (1) Chuan bi bo dir ligu,
(2) Tinh chinh trong $6, ©) Huan luyén md hinh, (4) Panh gia két qua. Két qua tir mdi ching
déu dong vai trd tién dé dé thuc hién cong viéc cua chang lién sau.

3.1. Chudn b bg di liéu

Bo dir liéu duoc ding trong nghién ciru nay la Covid-Xray-5K v3, chuan bi bai Minaee va céc
cong su. Covid-Xray-5K v3 gom céc hinh chup X-quang thang Iong nguc, duoc giam dinh boi
mot chuyén vién di duoc hoi dong chirng nhan (Minaee, Kafieh, Sonka, Yazdani, & Jamalipour
Soufi, 2020). Trong b¢ dix liéu, 5000 mau 4m tinh duoc tong ‘hop tir 13 phan loai: xep ph0| tim
to, déng dac, phu né, ma rong trung that tim, gay xuong, ton thuong phdi, mang phoi, mang
phdi, viém phoi, tran khi mang phoi, ding thiét bi hd tro, va khong c6 phat hi¢n nao. 184 mau
duong tinh duoc lay tir cac nghién ciu khac, va chi bao gom cac mau thé hién rd dau hiéu cua
COVID-19. B dit liéu gbc da duoc chia san thanh tap train c6 2000 mau &m tinh, 84 mau duong
tinh va tap test c6 3000 mau &m tinh, 100 mau duong tinh. Trong nghién ctru ndy, tap train da
dugc chia lai thanh mét tap train nho hon va tap validation vai ti 1€ 4:1 (Tuwong duwong véi 1600
mau am tinh, 67 mau am tinh & tap train va 400 mau am tinh, 17 mau duong tinh & tap validation)
Dé ddi pho véi van dé overfit, bo dir liéu duoc 1am giau bang cach ap dung céac phép bién hinh.
Pau tién, cac mau anh s& dugc thay ddi kich thudc vé 256x256 diém anh. Tiép dén, ddi vai tap
train, cac bién the ngau nhién s& tao ra thong qua cac phép bién hinh nhu ¢t hinh ngau nhién
(224%224), xoay hinh ngau nhién (t6i da 10°), 14t ngau nhién theo phuong ngang (50%), de mo
phong nhimg thay dol trong céc tinh hudng thuc té. Boi véi tap validation va test, cac mau s&
duoc cat 224x%224 vé trung tam, dam bao phép bién hinh s& luén gidng nhau va cho két qua cb
dinh trong qua trinh danh gia. Cudi clng, moi mau anh s& dwoc chuan hda vé cac tensor
3x224x224 dé dwa vao mo hinh.

3.2. Tinh chinh treng sé

Tinh chinh trong s6 1a qué trinh diéu chinh cac trong sé dé tim dugc mot bo trong sé cho ra qua
trinh huan luyén téi uu hodc dap tmg duoc ky vong. M&i md hinh s& hoat dong tot nhat voi mot
bo trong s6 nhat dinh, va hién twong nhiéu ciing s& anh huong dén sy dao dong cua viéc huan
luyén. Hiéu mot cach don gian, tinh chinh trong s6 1a bai toan tim gia tri cuc dai ciia ham f(x)
tir tap A, vai f(x) 1a mot ham hop den phuc tap vé mat tinh toén, con A 12 tap hop cac bo tham
sb dau vao dé xac dinh.
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Trong truong hop tinh chinh trong s6, tap A la tap chua tat ca cac trudng hop cua céc bo trong
s6, véi gia tri cia mdi trong s6 nam trong mién cho truéc, con ham f(x) 1a qua trinh huan luyén
thir mo hinh véi mét bo trong sb dau vao. Bang cach thir lap di 1ap lai nhiéu bo trong sé khac
nhau, dén khi dat duoc két qua t6t trén tap validation, bo trong sé pht hop s& dugc tim thay.
Tuy vay, dé qué trinh nay dlen ra mot cach hiéu qua, viéc danh gia két qua (phan f(x)) va mot
thuat toan tdi uu trén toan mién (phan max) 1a can thiét. Kiém chiing chéo k-lan (k-fold cross-
validation) va téi vu hoa Bayes (Bayesian optimization) (Mockus, 1989) di duoc ap dung mot
cach twong Gmg. Dac biét, téi wu hod Bayes cho két qua nhanh hon va tiét kiém tinh toan hon so
véi thuat toan tim theo ludi hay tim ngau nhién.

3.3. Hudn luyén mé hinh

Sau khi duoc tinh chinh, cac bo trong sé s& duoc dung dé cau hinh vong lap huin luyén. Trong
vong lap nay, dir liéu tir tap train s& dugc dung dé huan luyén, con dit liéu tir tap validation s&
duogc ding dé danh gia qua trinh huan luyén d6. M6 hinh hoc duoc kién thic tir dit liéu dya trén
thuat toan gradient descent, bang cach cap nhat céac tri s6 trong mang than kinh caa mé hinh.
Khi két qua trén tap validation bat d¢au c6 dau hiéu overfit, qua trinh huan luyén s& dugc dirng
mét cach tu dong bang thuat toan Early Stopping, dwa trén nghién ctu cua Prechelt (Prechelt,
2012). Bong thoi, moi 1an mo hinh dat duoc két qua tot nhat trong sudt qua trinh huan luyén,
c4c tri s cia mang than kinh s& dugc luu lai va xem nhu 1a két qua cudi ciing cia mé hinh. Ung
véi tirng kiéu md hinh ResNet50, NASNet-A-Mobile, Xception, ¢6 tong cong 05 mé hinh dugc
huan luyén. Cac mé hinh cho ra két qua tét nhat trén tap validation tir mdi kiéu s& duoc chon dé
du doan trén tap test.

3.4. Ddanh gid két qud

Dé danh gia két qua caa mot md hinh dy doan, dac biét 1a du doan nhi phan, cac chi s6 sau
thuong duoc sir dung phd bién: do chinh xac (accuracy), do phu/nhay (recall), d6 dic hiéu
(specificity), 6 chuan xéc (precision). Dac biét, chi s6 diém F1 (F1-score) s& hiéu qua ddi voéi
truong hop bo dit liéu bi mat can bang (s6 lwong mau cia cac nhan dong déu), chi sé dién tich
bén dudi duong Receiver Operating Characteristic (AU-ROC) hi¢u qua trong bai toan ngudng
quyét dinh di dong (thay d6i ngudng quyét dinh dé dé phong cac trudng hop am tinh gia hoic
duong tinh gia). Dac biét, chi s6 dién tich bén dudi duong Precision-Recall (AU-PRC) c6 thé
giai quyét ca hai van de nay (Chou; Saito & Rehmsmeier, 2015). Vi Iy do do, trong nghlen ctu
nay, AU-PRC la chi s6 téi quan trong trong viéc quyét dinh lya chon b trong s6 ¢ va mo hinh
& cac budc trudc trong quy trinh tong quat di gidi thiéu & dau muc nay, cac chi sé con lai chi
dugc dung dé danh gia. Ngoai ra, v6i bai toan ngudng quyét dinh di dong, nghién ciu nay con
tinh toan chi s6 d¢ dac hiéu ang voi voi do nhay 98% - day 1a do nhay twong ddi cao dé dam
bao tam soét dich mot cach hiéu qua.

4. Két qua nghién ciru va thao luan

4.1. Két qud nghién ciru

Ca ba mé hinh duogc chuyén tiép qua bo thir nghiém dé tra vé két qua danh gia. Do kich thudc
I6n cua tap dit lidu, chi mot s6 vi du tir tit ca cac danh muyc: duong tinh that, dwong tinh gia, &m
tinh that, &m tinh gia duoc trich xuat dé dé hinh dung. Dau (+) va (-) duoc ki hiéu lan luot cho
két qua chan doan 13 duong tinh hay am tinh. Cac du doan dugc dua ra boi ResNet50, NASNet-
A-Mobile va Xception dugc ky hiéu lan luot 1a R, N va X. Ngoai ra, cac du doan sai dugce danh
dau mau do. Cac ngudng quyét dinh twong duong véi do nhay 98% da dugc sir dung cho mdi
mo hinh (xem Hinh 1).

Mic du d6 chinh xéac khong phai 1a thuéce do hiéu suat chinh caa nghién ctru nay, nhung ba mb
hinh d4 dat duoc nhitng két qua déng chu ¥. Céc gié tri do chinh xac da chon ciia ba mé hinh dé
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so sanh, di vai cac nghién ctru khac, chung dugc giit nguyén nhu trong tai liéu gbc. Su khac
biét vé do chinh xéc gitra cac nghién ctru khac nhau chi cé thé so sénh dwa ra mot goc nhin han
ché. Mét lan nira, diéu ndy ngu y nhu cau vé mét sé liéu cé kha ning phan biét hiéu suat trong
tap dir liéu khéng can bang, chang han nhu AU-PRC. Vi diéu quan trong |a phai duy tri mot do
nhay cao dé phét hién COVID-19, 6 nhay & mutc 98% nhd lai da duoc sira doi dé dua ra mot
so sanh rd rang hon. Cudi ciing, ResNet50 va NASNet-A-Mobile dugc dé xuat trong nghién cau
nay da hoat dong tét hon nhitng md hinh khac (xem Bang 1).

4.1.1. Két qua chan doan

Tl il

)
True Test0001(+)  Test0030 (+)  Test0036 (+)  Test0041 (+)  Test0046 (+)
positives  R:9574% (+) R:99.06% (+) R:99.61%(+) R:99.92% (+) R:1.37% (+)
N:78.73% (+) N:36.18% (+) N:75.70% (+) N:89.84% (+) N:6.63% (+)
X:4.62% (+)  X:48.60% (+) X:43.45% (+) X:49.12% (+) X:0.97% (+)
- .
: ‘i fe o ' : b
True 3 .’
negatives .84 ()  Test2105()  Test2238(-)  Tes2636()  Test2882 (-)
R:0.00% ()  R:0.01%(-)  R:000%(-) R:0.01%(-)  R:0.00% (-)
N:0.03% (-)  N:0.03% ()  N:0.04%(-)  N:0.12%(-)  N:0.04% (-)
X:0.00% (-) X:0.35% (-) X:0.04% (-) X:0.05% (-) X: 0.85% (+)

Hinh 1: Két qua thu duoc sau khi huan luyén cac mé hinh
4.1.2. So sénh két qud so véi cac cdng trinh nghién cizu khac
Bang 1
Bang so sanh két qua so véi cac cong trinh nghién ctru khéc

AL A A s . D¢ dac hiéu AU- AU-
M6 hinh nghién ciru D¢ chinh xéac (@ nhay 98%) ROC PRC
ResNet50 99.61% 97.53% 0.9940 | 0.9773
NASNet-A-Mobile 99.45% 97.60% 0.9964 | 0.9633
Xception 98.77% 86.00% 0.9812 | 0.9003
ResNet50* — 89.6% 0.990 0.899
SqueezeNet* — 92.9% 0.992 0.897
CNN by Chimp optimization** 98.25% — - -
CNN by hybrid sine—cosine*** 98.83% 93.2% — —
ResNet18 **** — — 0.994 -
AlexNet **** - - 0.995 -

*(Minaee et al., 2020)
**(Hu et al., 2021)

***(Wu, Khishe, Mohammadi, Taher Karim, & Rashid, 2021)

****(Naviwala & Qureshi, 2021)
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4.2. Thao lugn

Nho& ¢6 dung lwong nhe ma mé hinh NASNet-A-Mobile c6 kha niang duogc tiép tuc phat trién dé
tré thanh ng dung chan doan trén dién thoai thdng minh (xem Hinh. 2). Dy kién tng dung c6
thé giup ngudi dung tu tham khao chan doan cua minh mét cach nhanh chéng nhat néu ho ¢
anh chup X-quang 1dng nguc cia minh. Biéu nay gidp giam ap luc 1&n hé thdng y té va phd cap
nhanh hon viéc sir dung tri tué nhan tao vao chan doan y khoa tai nhitng co so y té cip dia
phuong va nhimg noi chwa c6 thiét bj y té tich hop hé thong tri tué¢ nhan tao.

R Results

Time: 15:29 12/09/2021
Prediction: Low

o e @ 4o

~ Hinh 2: Giao dién dy kién cua tng dung chan doén Covid-19 bang X-quang phoi
5. Két luan & Goi ¥
T6m lai, nghién ciru nay da tao ra mot sé két qua day htra hen mot cach hiéu qua. Mot quy trinh
tinh chinh vé viéc phat trién cac mé hinh hoc sau dé phat hién COVID-19 da duoc hinh thanh.
Quy trinh nay xem xét va khic phyc hai cai dat pho bién thuong xuyén phat sinh trong cac van
dé chan doan y hoc: mat can bang tap dit liéu va ngudng quyét dinh di dong. Quy trinh nay ciing
c6 thé 1a nén tang dé phat trién cac mod hinh hoc siu dé du doan cac tinh trang sic khoe khéc.
Véi quy trinh ndy, viéc hoc chuyén giao cua ba loai mé hinh hoc sau dugc dao tao trude da duoc
thuc hién dé tao ra ba md hinh du doan COVID-19 véi két qua hién dai.
Trong khi d6, ba mé hinh nay c6 thé hd trg trong cudc chién khan cap chéng lai dai dich toan
cau. M6 hinh hiéu suat tét nhat, ResNet50, c6 thé duoc tich hop vao mét tng dung may tinh dé
ban nham hd tro cac xét nghiém sang loc COVID-19 bén canh cac phuwong phap test nhanh va
PCR thoi gian thuc. Ung dung c6 thé dugc cai dat trén hé théng may tinh cua bénh vién dé day
nhanh viéc phan loai va nhap vién, trén mot thiét bi y té di dong c6 kém X-quang dé thuc hién
xét nghiém cuc bd cho mot ving dan cu véi tée do nhanh chong va chi phi hop ly. M6 hinh nhe
nhat, NASNet-A-Mobile, cd thé duoc phat trién thanh mot tng dung di dong dé moi ngudi o
thé dé dang theo ddi kha niang mac bénh néu ho c6 thé chup X-quang phdi.
Nghién ctru nay cd tiém ning tot dé cai tién nhu co thé 1a md rong kha nang dyu doan bao gom
ca chan doan X-quang nguc bén. Ngoai ra, cac md hinh di doan c6 thé phan loai nhiéu loai tinh
trang ho hap hon trong mot bai toan phan loai nhiéu 16p. Céch tiép can phan loai 6 thé duoc
thay d6i tir phan loai nhi phan sang phan doan ngir nghia hoic mot thuat toan dé truc quan hoa
cac hinh anh du doan dudi dang ban d6 nhiét c6 thé duoc phét trién. Cudi cing, véi nhiéu tai
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nguyén tinh toan hon, cic mé hinh c6 kich thuéc 16n hon c6 thé dugc dao tao dé cho két qua tét
hon.

LO1 CAM ON

Nhém tac gia xin chan thanh gui 10i cam on dén PGS. TS. Pham Thi Thu Hién va TS. Lé Thanh
Hai vi sy huéng dan tan tinh tir quy thay c6 trong qua trinh thyc hién dé tai cling nhw nhitng gop
y hitu fch trong qua trinh viét bai tham luan.
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