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Tom tat: Trong khung canh dich bénh Covid-19 dang bung phat tai Viét Nam va
trén toan thé gisi, mot tng dung hoc may hd trg chan dodn bénh viém phoi c6 do chinh
X4cC cao s& gilp tiét kiém chi phi vé thoi gian, nhan luc cho nganh y té, giup cac bénh
nhan duoc chita tri kip thoi, giam nguy co ting ning. Bai b4o nay trinh bay vé dic trung
cua céc kién tric mang hoc sau hién dai dua trén mang no-ron tich chap nhu ResNet50,
VGG16, Inception, DenseNet va thir nghiém danh gia cac mé hinh nay trong bai toan
chan doan viém phdi sir dung bo dir liéu Chest-Xray. Két qua thir nghiém chi ra rang mo
hinh hoc sau str dung kién triic mang hoc sdu VGG16 cho ty 18 chinh xac cao nhat. Day
1a co s¢ dé dé xuat xay dung wng dung hd trg chan doan viém phdi dya trén anh chup
X-quang hiéu qua.

Tir khoa: Hoc sau; CNN; VGG16; Covid19; X-quang long nguc.

1. Mé dau

Hién nay, dich bénh COVID-19 dang bung phat lan rong, cudp di sinh mang caa
hon 5 triéu nguoi & cac qudc gia trén thé gigi. Co ché bénh ly cua virus nay thudng gay ra
triéu chting viém phéi, suy hd hap. Dic biét, bénh tién trién chuyén nang dién ra rt nhanh,
dan dén nguy co tir vong rét cao, dic biét & nhimg nguoi c6 bénh nén hoic nguoi cao tudi.
Viéc phét hién sém va chinh xac bénh viém phdi co y nghia rat quan trong, giup bénh nhan
duogc diéu tri kip thoi, giam b6t nguy co tir vong. Trong thuc té kham chita bénh, céc bac
st thuc hién nghiép vu doc va phan tich cac anh chup X-quang Iong nguc dé chan doan
chinh x&c tinh trang viém phoi. Khi s6 lwong bénh nhan nhiéu, diéu nay tao nén &p luc vé
thoi gian va hiéu suat cdng viéc. Voi nhiing tién bo cong nghé, dic biét 1a trong linh vuc
tri tué nhan tao, ching ta hoan toan co thé tao ra cac tng dung dya trén hoc may giup tu
dong phat hién viém phai dua trén hinh anh X-quang 16ng nguc dat d6 chinh xéac cao. Mot
hé thdng tng dung nhu thé s& gilip giam bét thoi gian cho cac bac si, chuyén gia y té trong
day nhanh tién trinh khdm bénh, giup nguoi bénh dugc chira tri kip thoi, giam bét nguy co
tang nang.

Céc ky thuat hoc sau (deep learning) da dugc nghién ctiru rong rai va thir nghiém
ching minh dat hiéu qua rat cao trong cac bai toan phan 16p, nhan dang anh. Cac kién tric
mang hoc sau dua trén mang no-ron tich chap (CNN - convolutional neural network) da
lien tuc dwoc nghién ctu cai tién dem dén két qua ther nghiém ngay cang 4n tugng nhu
VGG16 [1], ResNet50 [2], Inception [7]. Trong bai b&o nay, chung tdi thuc hién thi
nghiém céc giai thuat hoc sau hién dai trong phan tich chan doan bénh viém phai thong
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qua hinh anh X-quang long nguc. Cac két qua thu nghiém duoc so sanh ddnh gla dé deé
Xuat mot kién tric mang hoc sau phu hop c6 chat luong tét nhat 1am tién dé cho viéc xay
dung tng dung hd tro chan doan bénh viém phdi théng qua anh chup X-quang. Trong phan
tiép theo, bai béo s& giGi thiéu va trinh bay céc kién tric mang hoc sau hi¢n dai dya trén
CNN; M0 hinh hoc sau h trg chan doan viém phoi duoc dé xuat & Phan 3, cudi cing la
cac thir nghiém va két luan ¢ Phan 4.

2. M6 hinh kién tric Deep Learning
2.1. Mang no-ron tich chg@p (CNN-Convolutional Neural Network)

CNN la mét loai mang no-ron bao gbm nhiéu 16p no-ron nhan tao duoc két néi voi
nhau gitp md phong gan nhu h¢ thong thi giac ctia con nguoi trong viéc phan bigt cac hinh
anh. Vé kién tric, CNN c6 cau tao gom 3 tang: Tang tich chap (convolutional layer), Tang
gop (pooling layer) va Tang két ndi day du (fully connected layer) duoc m ta nhu Hinh 1.
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FEATURE LEARNING CLASSIFICATION

Hinh 1: Kién tric CNN

Mat mé hinh nhan dang/phan loai anh sir dung kién tric CNN duoc thyc hién trong
3 giai doan chinh nhu sau:

- Tich Chap (convolution): 1a qua trinh tinh toan trong do6 str dung nhiéu bo loc dic
trung trugt trén cac ma tran diém anh dé trich xuét cac dic trung twong tng cua dir liéu
anh. Vi mdi tang, gia tri tich chap cho mot diém anh dau ra duoc tinh theo cong thic (1),
trong d6 Y[m, n] 12 gié tri dau ra cho tang tiép theo, m va n 1a chi sé cia hang va cot cua
ma tran dau ra, f biéu thi cho ma tran diém anh dau vao, ma tran loc duoc biéu dién 1a h
va = la phép tich chap.

Y[m,n] = (f * W)[m,n] = X; X hlj, klf[m —j,n — k]. 1)

Sau mdi qué trinh tich chap, ta thu dugc ma tran céc gia trj dic trung. Sau do6, can
str dung mot ham kich hoat (activation function) dé phi tuyén hoa céc gia tri do. Trong hau
hét cac nghién ctru trude day, sigmoid va tanh 1a nhitng ham kich hoat phi tuyén duoc str
dung phd bién nhat. Tuy nhién, gan day ReLU (rectified linear unit) [9] d duoc sir dung
rong rdi va phod bién hon. ReLU ¢ tdc d6 tinh toan nhanh hon nhd dao ham chi c6 2 gia
tri {0, 1} va khong c6 liiy thira co s6 e nhu ham sigmoid. Cong thirc ham ReLU dugc tinh
theo (2) va (3).

ReLU(x) = max(0, x) (2
véi diéu kién
;—x ReLU(x) = {1if x > 0;0 otherwise}. (3)
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- Téng hop (pooling): con dugc goi la qua trinh ldy mau con (subsampling) duoc str
dung dé giam s chiéu cua ban d6 dac trung thu dugc tir phép toan tich chap. Max pooling
va Average pooling 13 hai phép toan tong hop phé bién nhét dwoc sir dung trong CNN.

- Két nbi day dua (fully connected): 1a qué trinh 1am phang (flatten) ma tran dac
trung thanh mot vector dic trung két hop viéc sir dung cac két ndi day du gitra cac tang.
Tang két ndi day du cudi cing s& c6 s6 luong don vi bang véi s6 nhan anh va ap dung ham
kich hoat 1a Softmax. P4y 1a mot ham logistic dé quyét dinh nhan 16p dua trén cac gia tri
thudc vector dic trung. Dau vao cua ham 1a mot vector chira cac gid tri x € R™ va dau ra
la mot vector gdm cac Xac suat p € R™. N6 duoc dinh nghia theo cong thirc (4):

b1

xi

P
Zj:le J

(4)

p=| - |Voip; =
Pn

M6 hinh phan 16p st dung kién tric CNN cd thé duoc coi | su két hop cua hai giai
doan: trich xuat dic trung va phan loai. C4c tang tich chap va tang gop thuc hién chirc ning
trich xuat cac dic trung cta anh. Sau do, cac ting duoc két ndi day di hoat dong nhu mot
bo phan loai trén cac dic trung ndy va chi dinh xac suat cho hinh anh dau vao thudc nhan
nao. Pic diém co loi nhat cua CNN Ia giam sé lugng tham sé trong mang no-ron nhan tao
thong thuong. Mot khia canh quan trong khac cia CNN la do phac tap phéat hién hinh anh
duoc tang dan, cang ¢ nhiing tang tich chap vé sau cang c6 kha niang phat hién cac duong
nét phuc tap, da rd rang hinh thu va tham chi la cu thanh vat thé, day dugc goi 1a nhiing
dic trung bac cao (high level) cua dit liéu anh. Cac 16p duoc két ndi day du s& hoc cach sir
dung két hop nhiing dic trung nay dé phan loai hinh anh mot cach chinh xéc.

Vi sy phat trién khdng ngung cua linh vyc thi giac may tinh, duya trén kién triic nén
tang la CNN, cac nha nghién cau vé mang hoc sau trén thé gisi da khai pha ra nhiéu bién
thé caa CNN mang lai d6 chinh xé&c va hiéu nang duoc cai thién rd rét. Sau déy, bai bao s&
trinh bay mot s6 kién tric CNN hién dai kém theo nhitng dic diém néi bat cia ching.

2.2. Céc kién trac CNN hién dai

2.2.1. VGG-16

Kién tric md hinh VGG-16 dugc Karen Simonyan va Andrew Zisserman gidi thiéu
vao ndm 2014 trong [1]. So vai kién tric CNN cb dién, VGG-16 di duogc cai tién vé do
sau 1én dén 16 tang, trong d6 gdm 13 tang tich chap, 3 ting duoc két ndi day du (véi tang
cudi str dung ham kich hoat Softmax dé phan loai). M6 ta kién tric cac tang cia VGG-16
duogc trinh bay trong Hinh 2.

/7\‘ 30 TN /_\I YN
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Conv3x3 Conv 3x3 A Conv 3x3 Conv3x3 S es
22 2x2
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“(R): RelLU activation function E(S): Softmax activation function

Hinh 2: Kién tric cac tang trong VGG16
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Kién tric VGG-16 gop cac tang tich chap thanh cac modun goi 1a khéi tich chap
(block). Trong mdi khdi, VGG-16 két hop 2 hoac 3 tang tich chap, theo sau 1a ting gop
cuc dai (max pooling) dé giam kich thuéc ban dd dic trung. Bang viéc sir dung céc block
dang [Conv2D*n + Max Pooling], ca&c mé hinh mang VGG-16 tré nén sau hon. Bang thoi,
VGG-16 chi st dung céc bo loc kich thude nho 3x3 (véi tang tich chap) va 2x2 (vai tang
gop) gilp giam s lugng tham sé cho md hinh dan dén giam khéi lwong tinh toan phai thuc
hién. Cac thir nghiém trén tap dix liéu xac thuc ImageNet trén Keras framework cho thay,
d¢ chinh xac cua md hinh VGG-16 thugc Top-1 va Top-5 ¢6 hiéu qua cao (véi 71,3% va
90,01%). VGG-16 cho thdy do sau cua mang |a mot thanh phan quan trong dé mé hinh dat
duoc hiéu suit tét.

2.2.2. GoogleNet-Inception-V3

Kién trdc mé hinh GoogleNet- Inception-V1 duoc Christian Szegedy va cong su
giéi thiéu vao nam 2014 trong bai bao [7]. Kién tric GoogleNet huong dén viéc cb gang
dat dugc do chinh xéac cao véi chi phi tinh toan giam. Trudc day, cac kién tric CNN chon
tirng kich thuéc b loc tir nhd nhur 1x1 téi I6n nhu 11x11. Trong kién tric nay, GoogleNet-
Inception str dung két hop céc bo loc tich chap khéac nhau goi 1a khéi Inception. Trong khi
md hinh kién tric VGG-16 c6 16 ting vai 138 triéu tham sb thi GoogleNet-Inception-V1
chi dung 5 triéu tham sb voi 22 tang. Bang viéc két hop nhitng diém manh cua mé hinh
Network in Network [3] va md hinh chira céc khéi Inception lap lai, GoogleNet-Inception-
V1 da giai quyét dugc van dé ton kém chi phi tinh toan trong khi d sau cua mang ting
Ién. Mot kién trdc cai tién dang cha ¥ cua GoogleNet-Inception 1a GoogleNet-Inception-
V3 dugc dé xuat vao nim 2015 trong bai bao [4]. Kién tric nay st dung 24 triéu tham sb,
trong d6 sau cac tang tich chap caa Inception-V3 duoc bo sung thém mét ting Batch
normalization (BN) [5] va mot ReL U activation. Tai mdi tang, k§ thuat chuan hoa dau vao
BN dugc sir dung trong ting minibatch theo phan phdi chuan héa N(0,1), gitp cho qua
trinh huan luyén thuat toan nhanh hon. BN chuyén d6i nhitng gia tri kich hoat tai mdi tang
(x) theo cbng thure sau:

BN(x) = 4. (5)

O day, 1 1a gid tri trung binh, & 1a do léch chuan cua cac mau trong minibatch, vy 14
hé sé ty Ié, B 1a &6 chéch. Ky hiéu mot minibatch 12 B, e > 0 13 hang s rat nho, ta tinh fiz
va 6z theo cdng thirc sau:

fp — - Vrep X VA6 « ZTyep (x—fn)? +e (6)

Inception-V3 sir dung 3 kiéu Inception module: Inception-A, Inception-B va
Inception-C va 2 kién tric giam chiéu dir liéu la Reduction-A va Reduction-B. Véi viéc
kich thudc cua cac tang khong bi giam mot cach dot ngot, Inception-V3 giai quyét duoc
van dé thit c6 chai (representational bottlenecks). Thém vao dé, Inception-V3 sir dung
phuong phap nhan tb (factorisation methods) gidp viéc tinh toan hiéu qua hon. D6 chinh
xé&c Top-1 va Top-5 cua mé hinh nay trén tap dit liéu xac thuc ImageNet lan luot 12 77,9%
va 93,7%.

2.2.3. ResNet-50 (Residual Nets)
Khi th~iét ké c4c mang ngay cang sau thi do phuc tap ¢ cac tang s& tang 1én, kha
nang bieu dien mang cling tré nén kho khan hon va dé xay ra hién tugng Vanishing
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Gradient [8]. Thém vao do, cac ddc trung gbc ban dau ciing d& bi mat mat khi di qua qua
nhiéu tang. Dé giai quyét van dé nay, kién trac mé hinh ResNet dugc Kalmlng He va cong
su gidi thiéu vao nam 2015 trong bai bao [2]. ResNet st dung cau triic gom cac khbi phan
du (residual blocks) chta cac két ndi tat (shortcut connections) va ap dung Batch
Normalization sau mdi tang tich chap. Két néi tit & day 1a bo qua viéc dao tao mét sb tang
trung gian. Diéu ndy gilp dé& dang hon trong viéc huan luyén mang va giir duoc cac dic
trung ban dau khi mang cé d6 sau Ién. Khdi phan du dinh danh dwgc md ta trong Hinh 3.

Ham kich hoat

F(x)+x X
identity

T

Tang trong s6

Ham kich hoat

Tang trong s6

X

Hinh 3: Khéi phan dir dinh danh

Vé tinh toan, cac khdi phan du dinh danh ResNet dugc thyuc hién nhu sau:

y = Flx,{w}) +x. (7

Trong d6 x va y la cac vector dau vao va dau ra cuaa cac 16p dugc xem xét; ham
F(x,{w:}) bleu dién anh xa theo phan du sé duoc hoc. Phép toan F + x duoc thuc hién
bang mot két néi tit va phép cong phan ti.

Nhin chung, ching ta khong thé xac dinh dugc s6 lugng tang hoic khéi phan du
t6i uu can thiét cho mot mang no-ron bai nd phu thude vao do phic tap cua dit liéu dugc
huan luyén. Viéc st dung cac két ndi tit trong mang cho phép chiing ta bo qua viéc huan
luyén trén mot s ting trung gian ma khong lam giam d6 chinh xac t6ng thé. Piéu nay gilp
cho mang no-ron tré nén linh hoat dé c6 thé diéu chinh sé tang mot cach tdi uu trong qua
trinh dao tao. Do chinh xac Top-1 va Top-5 cia mé hinh ResNet-50 trén tap di liéu xac
thuc ImageNet lan luot 1a 74,9% va 92,1%.

2.2.4. DenseNet (Dense Convolutional Network)

Kién tric mo hinh DenseNet duoc Gao Huang va cong su gidi thidu vao nam 2016
trong bai bao [6]. DenseNet duoc coi la phién ban mé rong cua ResNet khi ké thira kién
trdc khoi va phét trién két ndi tit theo mot mang day dic. Nham muc dich cai thién hon
nita ludng thong tin giira cac tang, cac két ndi truc tiép tir mot tang bat ky dén tat ca cac
tang tiép theo da duoc dé xuat trong kién trac DenseNet. Theo d6, tang thir [ nhan cac ban
d6 dic trung cua tat ca cac tang truéec d6 xg,..,x;_; lam dau vao. Trong do,
[Xo, X1, ..., X;—1] biéu thi phép ndi cac ban d6 dic trung duoc tao trong cac tang tir 0 dén
I-1. Bé d& thyc hién, nhidu dau vao cua H; theo cdng thic (8) duoc ndi voi nhau bang mot
tensor duy nhét.

Xl Hl([XOrXD i er—l])- (8)
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Diém khac biét chinh cia DenseNet so véi ResNet 1a DenseNet néi cac dau ra lai
véi nhau thay vi cong lai nhu & ResNet. Sau d6 ta 4p dung tang chuyén tiép (translation
layer) dé giam chiéu dit liéu. DenseNet dong thoi ciing ap dung Batch Normalization truéc
khi thuc hién tich chap ¢ cac tang chuyén tiép dé tranh hién tugng Vanishing Gradient [8].
Két qua la DenseNet-121 chi véi 8 triéu tham sb nhung c¢6 do chinh xac cao hon so vai
ResNet-50 véi gan 26 triéu tham sb trén bo dir lieu ImageNet. Cu thé, d6 chinh xac Top-1
va Top-5 ciia md hinh DenseNet-121 trén tap dit liéu xac thuc ImageNet lan luot 12 75%
va 92,3%.

3. Pé xuit mo hinh hoc sau hd trg chin doan viém phdi

Trong phan 2, ching tdi da trinh bay cac kién tric mé hinh hoc sau hién dai dya
trén mang no-ron tich chap CNN. Dya trén cac phan tich cac dic trung cua cac kién tric
d6, bai bao dé& xuat mot md hinh tng dung hoc may hd tro chan doan bénh viém phéi dua
trén anh chup X-quang. Theo d6, mo hinh phéan 16p nhan dang nay dugc thuc hién qua 2
giai doan: Training (huin luyén) va Validation (x4c thuc). Cac budc trong mé hinh ung
dung duoc md ta trong so do dudi day.

Huén luyén mé hinh
(Deep Learning)

Tién xit I dit liéu

— Huéin luyén
Tép dit liéu anh chup Binh thuwong
X-quang 16ng nguc
hvan luyén
Bi viém phoi
< " _ Dy doin
% Tién xtt I dit lidu
Anh chén dodn

Hinh 4: Mé hinh irng dung chan dodn bénh viém phéi

Quaé trinh huan luyén:

Input: Tap di liéu huan luyén

Budc 1: Tién xu ly dix liéu huan luyén (thuc hién cac thao tac dich anh, zoom anh,
lat anh dé tao su da dang cho cac mau dit liéu anh).

Budc 2: Sir dung cac kién trdc tich chap va pooling dé trich xuat dic trung.

Budc 3: Huan luyén cac tham sé md hinh.

Output: M@ hinh phan 16p da huan luyén

Quaé trinh nhan dang chan doan:

Input: Anh can chan doan, cac tham s6 m6 hinh da huén luyén duoc

Budgc 1: Tién xu ly dit liéu anh can nhan dang (thuc hién thao tac resize kich
thudc cua anh can nhan dang nham muc dich dng nhét kich thudc véi cac anh trong tap
huan luyén).

34



V. B. Quang, N. H. Yén, M. H. Mdn, N. T. Nha / Ung dung ky thudt hoc sau trong hé tro chan dodn bénb...

Budc 2: Phan I6p/chan doan dya vao md hinh da dwoc huan luyén.
Output: Két qua phan Iép/chan doan

4. Thir nghiém va két qua
4.1. Bg dir ligu Chest X-Ray

M6 hinh &ng dung hoc sau hd tro chan doan viém phdi duoc huan luyén thir nghiém
véi cac kién tric CNN hién dai da trinh bay ¢ Phan 2 trén bo di liéu Chest X-Ray. B dit
liéu nay c6 5.863 anh X-Quang 16ng nguc dugc Paul Mooney xay dung, cap nhat nim
2018 va luu trir trén Kaggle. Hinh anh X-quang 16ng nguc duoc thu thap tir cac bénh nhi
tir mot dén nam tudi tai Trung tim Y té Phu nit va Tré em Quang Chau, Trung Quéc. Mot
sb anh trong bo dit liéu duoc md ta trong Hinh 5.

Normal Bacterial Pneumonia Viral Pneumonia

P Y

Hinh 5: Vi dy vé X-quang nguc bénh nhan viém phai

Trong Hinh 5, anh chup X-quang nguc binh thuong (anh bén trai) c6 hinh anh phoi
rd rang ma khéng cé bat ky viing mo bat thuong nao trong hinh anh. Hinh anh cua bénh
nhan viém phoi do vi khuan (anh giita) thuong xuét hién cac thiy khu tra (chi ra boi cac
mili tén trang), trong khi viém phéi do vi rat (anh bén phai) c6 cac “k&” lan toa ra ¢ ca hai
phdi. Cac hinh anh X-quang dugc t6 chic thanh 3 thu muc bao gom: train, test, val tuong
(ng véi dix liéu huan luyén, dir liéu kiém tra va dir liéu xé&c thyc.

Tap dir liéu Nh&n Viém phoi | Nhin Binh thwong | Téng s6 mau
Chest X-Ray 4.273 1.583 5.856
Training 3.875 1.341 5.216
Test 390 234 624
Validation 8 8 16

4.2. Cac dp do danh gida

Bai toan chan doan bénh viém phdi & bai toan phan I6p hai nhan 16p. Bé danh gia
hiéu qua ctia cac mo hinh trong bai toan nhan dang anh nay, chung t6i stir dung cac do do
Accuracy, Precision, Recall va F1-Score [10]. Gia sir goi nhan 16p cua c&c anh dugc xac
nhan viém phoi 12 16p Positive (+1, tich cuc), nhan 16p cua anh khéng bi viém phdi 1a
Negative (-1, tiéu cuc). Khi md hinh phan I16p tién hanh phan loai cac anh s& xay ra 4
truong hop nhu trong Hinh 6, trong do:
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Thuc té

Pasitive MNegative

P FP

Positive

FN TN

Mé hinh phan loai

Negative

Hinh 6: Ma trdn biéu dién két qud

TP (True Positive): mau duoc phan loai positive chinh xéc (thuc té 1a positive).

FP (False Positive): mau bi phan loai sai positive (thuc té 1a negative).

TN (True Negative): mau duoc phan loai negative chinh xac (thuc té 1a negative).

FN (False Negative): mau bi phan loai sai negative (trong thuc té 12 positive).

Trong bai toan nay, b di liéu huan luyén co ty Ié s lugng mau dit liéu Positive
chiém khoang 30%, kha mét can bang, do vay dé xem xét ki hon vé chét luong cia md
hinh phén 16p, ngoai su dung d6 do Accuracy, chiing t6i st dung thém d6 do Precision va
Recall va F1-Score. Cac cdng thurc tinh toan nhu sau:

Accuracy = (TP+TN) / (TP+TN+FP+FN)

Precision = TP / (TP + FP)

Recall = TP/ (TP + FN)

F1 Score = 2*(Precision*Recall)/(Precision+Recall)

4.3. Két qud thuc nghiém

Chuong trinh huan luyén va thir nghiém chan doan bénh viém phoi dua trén anh
chup X-quang dugc 1ap trinh véi cac cong cu va méi truong thuc hién nhu sau:

- C4u hinh may tinh: RAM 8GB; O citng SSD 500GB; CPU Core i7.

- Méi truong: Windows 10. Ngon ngir: Python 3.6, Javascript.

- Thu vién st dung: Numpy, Pandas, Matplotlib, Seaborn, Tensorflow, Keras

M6 hinh hoc sau huin luyén cac tham sé va trich xuat dic trung cta anh st dung
cac kién tric mang lan luot: CNN, ResNet, InceptionNet, DenseNet va VGG16. M6 hinh
kién truc céc tang mang nay di trinh bay chi tiét & Phan 2. Chang toi thu nhan cac két qua,
tinh ra cac gi tri do do ty I& phan loai/ chan doan chinh xac Accuracy, Recall va Percision
dé danh gia chat lugng ciia md hinh. Bang 1 1a két qua tham s6 mé hinh hoc duoc, ty 16
Accuracy trén bo dir lidu huan luyén va bo dix lidu kiém tra, cac do do Precision, Recall,
F1-score trén mau nhan +1 (viém phoi).

Bang 1: Két qud tham sé va dé do Accuracy

CNN ResNet | InceptionNet| DenseNet VGG16
Total params 9.726.370 | 23.587.712 | 21.802.784 | 7.037.504 | 14.714.688
Trainable params| 9.725.474 | 23.534.592 | 21.768.352 | 6.953.856 | 14.714.688

Test Accuracy 0,6550 0,7337 0,8365 0,8894 0,9183
Train Accuracy 0,8862 0,8556 0,8796 0,9473 0,9617
Precision (+) 0,7025 0,6250 0,8012 0,8264 0,8384
Recall (+) 0,9871 1,0000 0,9820 0,9769 0,9832
F1-score (+) 0,8208 0,7692 0,8824 0,8954 0,9051
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Mean Accuracy of All Models Tested

InceptionNet

DenseNet

VGG16

(=] (=]

f=1 (=4 (=4
o~ o ©

Mean Accuracy
Hinh 7: Biéu do so sanh két qud kiém tra ciia cac md hinh

Céc sb lieu & Bang 1 va Hinh 7 chi ra rang két qua mé hinh phan 16p nhan dang sir
dung kién tric mang VGG16 cho két qua d6 chinh xéac cao nhét (91,83%) so véi cac mod
hinh sir dung mang CNN, ResNet, InceptionNet, DenseNet. Mit khac, véi bo dit liéu huan
luyén c6 ty 1é mét can bang ~1:3.3, (ty 16 mau nhén +1 chiém khoang 31%) ta can xem xét
cac do do Precision, Recall va dac biét 12 F1-Score dé danh gia chat lugng cia mo hinh.
Két qua trong bang ciing chi ra rang, md hinh kién trac VGG16 c6 d6 do Precision cao
nhét 083,84%, do do Recall 1a 98,33% kém hon CNN (98,72%) va ResNet (100%). Tuy
nhién, CNN va ResNet c6 két qua do Precision thap hon rat nhiéu (70,25% va 62,50%),
nghia 1 ¢ kha nhiéu miu binh thuong bi phan loai chan doan nham sang viém phoi. Do
do trung binh diéu hoa F1-Score cua VGG16 c6 két qua cao nhat 90,51% cho thay day la
md hinh hiéu qua nhat trong chat lwong phan loai.

Vé danh gia két qua 15i cia mé hinh sir dung kién tric VGG16 trén tap huan luyén
va tap xac thuc trong Hinh 8, ching ta thdy cac ham do do chinh xac va ham mat mat co
d6 6n dinh. Piéu nay cho thay kha ning tong quat hda cia md hinh khé tét, giam duoc
hién tugng qué khap (overfiting).

Model accuracy Model loss
0.950 05 gatn
~—— val
0.925
0.4
2 0.900
£ 4
3 0.875 go03
9
©
0.850
0.2
0.825 - —— train
— val
0.800 - o 0.1
0 2 4 6 8 0 2 4 6 8

Hinh 8: Két qua Accuracy VGG16

Céc két qua 4n tugng cua md hinh hoc sau st dung kién tric VGG16 trén day dem
dén tiém ning cho viéc xay dung mot tng dung hd tro chan doan bénh viém phdi thong
qua anh chup X-quang. Piéu nay dem lai hiéu qua cho viéc rat ngan thoi gian kham bénh,
bénh nhan duogc chira tri Kip thoi hon, giam nguy co ting nang. Hinh 9 mé phong mot s6
két qua chan doan bénh trong wng dung thuc té.
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Hinh 9: Vi du két qud chdn dodn

5. Két luan

Trong bai bao nay, ching t6i da thuc hién cac thi nghiém phén I6p/ nhan dang
chan doan bénh viém phoi duya trén cac kién tric mang no-ron hoc sau hién dai: CNN,
ResNet, InceptionNet, DenseNet va VGG16. Két qua chi ra rang, mé hinh kién tric mang
VGG16 c6 két qua do chinh xé&c cao nhat (dat xap xi dén 91% trén bo dir liéu Chest-Xray).
Pay 1a mot con s6 4n tuong, dem dén tiém nang cho viéc xay dung mot tng dung hd trg
chan doan bénh viém phoi thong qua anh chup X-gquang.
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APPLICATION OF DEEP LEARNING TECHNIQUES
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THROUGH X-RAY IMAGES

Vo Duc Quang @ ©) Nguyen Hai Yen @,
Mai Hong Man @), Nguyen Thi Nha ®

LInstitute of Engineering and Technology, Vinh University
2 Class 58K2-IT, Institute of Engineering and Technology, Vinh University
3 Class 58K4-IT, Institute of Engineering and Technology, Vinh University

4 Center for Practices and Experiments, Vinh University
® PhD Student, Hanoi University of Science and Technology
Received on 07/10/2021, accepted for publication on 10/12/2021

In the context of the outbreak of the COVID-19 epidemic in Vietnam and around
the world, an artificial intelligence application that accurately diagnoses pneumonia will
help reduce time and human resources for medical examination and treatment. This helps
patients receive timely treatment, reducing the risk of aggravation and death. This paper
presents the characteristics of modern deep learning network architectures based on
convolutional neural networks such as ResNet50, VGG16, Inception, DenseNet. Thereby
performing a test to evaluate these models in the diagnosis of pneumonia using the Chest-
Xray dataset. The test results show that the deep learning model using VGG16 deep
learning network architecture gives the highest accuracy rate. This is the basis for
proposing to build an application to support effective pneumonia diagnosis based on X-
ray images.

Keywords: Deep learning; Covid19; VGG16; CNN; X-ray images.
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