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CHAN DOAN VIEM PHOI BANG HINH ANH X-QUANG NGU'C

SU' DUNG KY THUAT HOC SAU

DIAGNOSING PNEUMONIA USING CHEST X-RAY IMAGES USING DEEP LEARNING TECHNIQUE
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TOM TAT

Hién nay, bénh viém phdi dang la mdt trong nhiing bénh phd bién nhat trén
thé gidi va ciing 1a mgt trong nhiing tac nhan gay chét ngudi hang dau theo
nghién ctiu ctia t6 chiic Y té thé gidi (WHO). Bai bdo nay nhdm nghién cttu vé bénh
viém phai dua trén hinh anh X-quang, va nghién ctu vé mé hinh hoc séu VGG-19,
st dung mo hinh hoc sau nay trong bai todn chan doan viém phai bang hinh anh
X-quang, qua d6 ¢d su'so sanh gitia cic mé hinh hoc sau va dé cho céc nha nghién
c(u ¢6 sy lvia chon md hinh trong viéc xdy dung céc ting dung vé chdn doan hinh
anhyté.

Tir khéa: Viém phdi, X-quang nguc, mé hinh VGG-19, mang no-ron tich chdp.

ABSTRACT

Currently, pneumonia is one of the most common diseases in the world and
also one of the leading causes of death according to research by the World Health
Organization (WHO). This article aims to study pneumonia based on X-ray images,
and study the deep learning model VGG-19, using this deep learning model in the
problem of diagnosing pneumonia by X-ray images, thereby making a
comparison between deep learning models and letting researchers have a choice
of models in building medical imaging applications.
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1. GIGI THIEU

Viém phéi mic phai cong déng (VPMPCD) la bénh rat
phé bién trén toan thé gidi, c6 ty 1é méc va ti vong cao dac
biét & cac nudc dang phat trién. Theo cong bé clia TS chiic
Y té Thé gi6i (TCYTTG) tai Sudan nam 2004 thi méi nam cé
150,7 triéu tré mac viém phdi, trong dé cé6 11 - 20 triéu
(7 - 13%) tré bi viém ph&i nang can phai nhap vién. Uéc tinh
trén thé gidi méi ndm mot dda tré mac viém phdi 0,28 1an va
95% la tré em cac nudc dang phat trién. Ty I& mdi méc viém
phdi & tré < 5 tudi hang nam la 3% & cac nudc da phat trién
va 7 - 18% & cac nudc dang phat trién. Viém phéi la nguyén
nhan thi 2 gay ti vong cho tré < 5 tudi (18%) theo TCYTTG
nam 2010 [1].
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G Viét Nam, viém phdi chiém khodng 33% trong téng s6
td vong & tré nhé do moi nguyén nhan. Khoang 2,8/1000 tré
chét 1a do viém phéi va vai 7 triéu tré dudi 5 tudi trong
cd nudc thi udc tinh s6 chét do viém phdi khéng dudi
20.000/ nam. Theo TCYTTG nam 2004 thi & Viét Nam tré em
chét do viém phaéi 1a 4000 tré, chiém 12% trong téng s6 tré
em chét < 5 tudi [2].

Cac ky thuat hoc sau (Deep Learning) da dugc nghién
cUru 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 lién tuc dugc nghién ctu
cai tién dem dén két qua thr nghiém ngay cang an tugng
nhu VGG16, ResNet50, Inception. Trong bai bdo nay, tac giad
thuc hién thir nghiém vdéi kién trdc mang VGG-19 (M6t trong
nhing kién trdc tién tién nhat hién nay) qua chan doan hinh
anh X-quang 16ng nguc. Cac két qua thit nghiém dugc so
sanh danh gia dé dé xuat mét kién trdc mang hoc sau phu
hgp cé chét lugng t6t nhat lam tién dé cho viéc xay dung
ting dung hé trg chdn doan bénh viém phdi théng qua anh
chup X-quang.

2. HINH ANH X-QUANG PHOI VA VIEM PHOI
2.1. X-quang phéi

X-quang la mot loai kiém tra rat phd bién trong tham
kham suic khoe thudng quy va cling la mét trong nhiing xét
nghiém dau tién ma ban sé trai qua néu bac si nghi ngd ban
bi bénh ly vé tim hodc phéi. Pong thai, mét phim X-quang
cling c6 thé dugc st dung dé kiém tra xem ban dang dap
Ung vai diéu tri nhu thé nao.

Chinh vi thé&, nha& c6 phim X-quang phdi, béc si sé biét
dugc cac van dé vé phéi, bao gom ca bénh ly, bén trong
ca thé ban, nhu 1a: Tinh trang cla phdi: phat hién khéi u
(lanh tinh hodc ung thu), nhiém trung nhu bénh viém
phéi hodc bat thudng trong khoang mang phdi nhu tran
dich, tran khi mang phdi. X-quang ciing c6 thé cho thay
tinh trang bénh phdi man tinh, chdng han nhu khi phé
thing hoac xa nang, cling nhu cac bién ching lién quan
dén cac tinh trang nay. Vi du mot phim X-quang viém
phdi cho thdy nhitng dam md rai rac hay khu tric trong
nhu mé phéi.
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2.2. Dic diém chung cta tén thuong phdi

T6n thuong X-quang phdi phu thudc vao mét sé yéu to
lién quan ngudi bénh nhu tudi va tinh trang dap Uing mién
dich. Cac yéu t6 nguy ca lién quan dén tan suat va muc dé
tén thuong nang bao gém: ngudi gia, tré em, suy dinh
duéng va suy giam mién dich.

Hinh &nh X-quang ¢ gia tri dinh hudng chin doan bénh
va danh gia muic dé ndng (dua vao dién tén thuang), danh
gia cac bién ching hé hap (tran dich, khi mang phdi), theo
déi dap ung diéu tri va chan doan phan biét (viém phéi do
cac nguyén nhan khac). Chi bang hinh anh X-quang, rat khé
dé chin doan phan biét giia viém phéi do virus véi mot s
can nguyén vi sinh khac (vi khuan khéng dién hinh, ndm,...),
do vay khi phan tich hinh anh X-quang dung dé chdn doéan
bénh viém phdi trong bai nghién ciu nay, cac tac gia chi tap
trung vao chan doéan hinh anh viém phdi do virus, khéng
chdn doan can nguyén cla bénh viém phdi la do virus hay
cac can nguyén vi sinh khac [3].

Tén thuang X-quang nguc cla viém phdi do virus cé thé
gbm céc loai tén thuong:

Tén thuong t6 chic ké: hinh anh luéi md, kinh md
(Ground-glass opacity GGO), dudng kerley (phu t6 chirc ké).

NGt m@, bdng ma khu trd hay lan toa.

Poéng dac nhu mé khu trd hay lan téa.

DPac diém chung cutia tén thuong X-quang clia viém phéi
virus.

Tén thuong phu thudc vao giai doan bénh: giai doan
sém hinh anh X-quang c6 thé binh thudng.

T6n thuong chd yéu gém tén thuong cé t6 chuc ké két
hap véi dong dac nhu moé phéi.

Tén thuong thudng lan téa, hay & ngoai vi, thuy dudi hai
bén, it c6 pha hay.

Tén thuang thudng tién trién nhanh, khi khoi c6 thé dé
lai xa phéi hai bén.

M4t s6 hinh anh tén thuong cda viém phéi virus [4]:

Hinh dnh kinh md: 1a t6n thuong déng dic khéng hoan
toan, co ty trong cao hon nhu mé phéi xung quanh van cé6
thé thdy dudng bd cac mach mau hodc phé quan bén trong
tén thuang dé.

Hinh 1. Hinh m& nhat nén phéi phai (hinh anh kinh ma)
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Hinh &nh nét ma: la nhiing hinh ma cé dudng kinh duéi
3cm, dang hinh tron, cé thé don ddc, c6 thé rai rac trong nhu
mo phéi. Cac nét phdi thudng cé ranh gidi rd, dugc bao
quanh bai nhu mé phdi va khong lién tuc véi rén phdi hay
trung that.

Hinh 2. Hinh nét mg trén X-quang phdi thang (mii tén)

Hinh &nh day thanh phé quan: la nhiing tén thuong theerr
hién thanh cta phé quan day lén, do ¢é syu tich tu dich hay
chat nhay xung quanh thanh phé quan, trong mo ké.

Hinh 4. Hinh anh ARDS (bén trai) va sau khi diéu tri

Hinh anh héi chiing suy ho hap cap tinh (ARDS): Dau hiéu
X-quang cla ARDS thay d6i theo giai doan clia bénh. Dau
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hiéu phé bién nhat dé 1a tén thuong dong déc ca hai bén
phéi, khéng can xing, cht yéu & ngoai vi clia phaéi.

3.PHAN LGP DUA TREN MO HINH MANG HOC SAU VGG-19

3.1. Mang no-ron tich chap (Convolutional neural
network) [5]

Mang no-ron tich chap (CNN) la su két hgp gitia sinh
hoc, toan hoc va khoa hoc may tinh, nhung nhitng mang nay
mang la nhitng d6i méi c6 anh hudng nhat trong linh vuc thi
giac may tinh va tri tué nhan tao (Al). 2012 la nam dau tién
CNN tr& nén ndi tiéng khi Alex Krizhevsky24 sit dung CNN 8
16p (5 chuyén ddi, 3 két ndi day da) dé gianh chién thang
trong cudc thi ImageNet ndm d6 (sau nay goi la AlexNet),
loai boé ban ghi 16i phan loai khéi 25,8% (nam 2011) Ién
16,4% (nam 2012), mot su cdi thién dang kinh ngac vao thoi
di€ém dé. KE& tir d6 nhiéu cong ty da st dung deep learning
lam c6t 16i cho dich vu cta ho. Vi du: Facebook si dung
mang lugi than kinh dé gan thé tu déng thuat toan, Google
cho tim ki€m anh ctia ho, Amazon cho cac dé xuat san pham
cUa ho, Pinterest cho nguén cap dit liéu trang chii clia ho ca
nhan hoa va Instagram cho cd s& ha tang tim kiém cua ho.

Mang CNN la mét tap hgp cac 16p tich chap chong 1én
nhau va st dung cadc ham nonlinear activation nhu ReLU va
tanh dé kich hoat cac trong sé trong cac node. Méi mét I6p
sau khi thong qua cac ham kich hoat sé tao ra cac thong tin
tritu tugng han cho cac 16p tiép theo.

A Typical Convolutional Neural Network (CNN)
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Hinh 5. M6 hinh mang CNN

Mbi mét 16p sau khi théng qua cac ham kich hoat sé tao
ra cac thong tin triru tugng hon cho céac I8p tiép theo. Trong
mo hinh mang truyén nguoc (feedforward neural network)
thi méi neural dau vao (input node) cho méi neural dau ra
trong cac I1&p tiép theo. M6 hinh nay goi la mang két néi day
da (fully connected layer). Con trong mé hinh CNNs thi
ngugc lai. Cac 16p lién két dugc vai nhau thong qua ca ché
tich chap. Lop tiép theo la két qua phép tinh tich chap tu l6p
trudc do, nha vay ma ta c6 dugc cac két néi cuc béd. Nhu vay
madi neuron & I6p ké tiép sinh ra ti két qua cua filter ap dat
I&én mot viung anh cuc bo clia neuron trude dé. Moi moét 16p
dugc st dung céc filter khac nhau thong thuong c6 hang
tram hang nghin filter nhu vay va két hgp két qua ctia ching
lai. Ngoai ra c6 mét sé I16p khac nhu pooling/subsampling
I6p dung dé chét loc lai cac théng tin hitu ich hon. Trong qua
trinh huan luyén mang (traning) CNN tu déng hoc cac gia tri
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qua cac Iép filter. Vi du trong tac vu phan I6p anh, CNNs sé
c6 gang tim ra thoéng s6é téi uu cho cac filter tuong ting theo
thd tu raw pixel > edges > shapes > facial > high-level
features. L&p cudi cling dugc dung dé phan I6p anh [6].

3.2. M6 hinh VGG-19[7]

Simonyan va Zisserman cla Pai hoc Oxford da tao ra mét
CNN 1916p (16 tich chap, 3 két néi day du) da st dung bo loc
3x3 vdi v6i mai gia tri trén ma tran loc bang 1, cung véi cac
maxpool kich thudc 2x2 véi s6 buéc bang 2, dugc goi la mé
hinh VGG-19. So véi AlexNet, VGG-19 (hinh 6) la CNN sau hon
véi nhiéu I6p hon. D& gidm s lugng tham sé trong cac mang
sau nhu vay, né st dung cac bo loc tich chap kich thuéc nho
3x3 trong tat ca cac I6p chap va két qua huan luyén tét nhat
VGi ty 1€ 16i 7,3%.

224x224x64
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112x112x12
B oxsx2s6 ; maxpopl
maxpool maxpoo
maxpool 3 14X14x512
28x%28x512 TAINS12
- -
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Depth128 353 conv 3x3 conv 3x3 conv
Depth64  3x3coW  cony3 1 convd_1 convs 1 FCl FC2
33 conv conv2_1 conv3_2 convd_2 convs_2 size = 4096
convl_1 conv2_2 conv3_3 convd_3 convs_3
convl_2 conv3_4 convd 4 convs_4

Hinh 6. Minh hoa kién triic md hinh mang VGG-19
3.3. Ditliéu huan luyén

B dir liéu huan luyén mang bao gém cac hinh anh OCT
va X-quang nguc da dugc xac thuc dugc mo ta va phan tich
trong "Phan loai dua trén hoc sau va gidi thiéu cac bénh c6
thé diéu tri dugc & ngudi”. Hinh anh OCT dugc chia thanh
tap huan luyén va tap kiém tra cdc bénh nhan déc lap. Hinh
anh OCT dugc gan nhan la (bénh) - (ID bénh nhan ngau
nhién) - (s6 hinh anh ctia bénh nhan nay) va cac hinh anh
gan nhan binh thusng déi véi hinh anh khong mac bénh [8].

Hinh anh X-quang nguc (trudc-sau) dugc chon tu tap
anh chup X-quang cia bénh nhan nhi tir mét dén nam tudi
tur Trung tdm Y t€ Phu n{ va Tré em Quang Chau, Quang
Chau.Tat cad hinh anh X-quang nguc dugc thuc hién
nhu mét phan cla cham séc 1am sang thong thudng cho
bénh nhan.

DPé phan tich hinh dnh X-quang nguc, tat ca cac phim X-
guang nguc ban dau dugc sang loc dé kiém soat chat lugng
bdng cach loai bo tat ca cac ban quét chat lugng thap hodc
khéng thé doc dugc. Cac chan doan cho hinh dnh sau dé
dugc hai bac si chuyén mén phan loai trudc khi dugc phép
dao tao hé théng Al. D€ gidi quyét bat ky 16i anh nao, bd
danh gia ciing dugc chuyén gia thit ba kiém tra.

BO d{ liéu bao gom 5.863 hinh anh X-Ray (dinh dang
JPEG) trén hai loai (Viém phdi/Binh thudng). Tap dir liéu
dugc t6 chdc thanh ba thu muc: Train, Test va
Validation. Méi thu muc chira cac thu muc con cho tiing
danh muc hinh anh, cu thé 1a Viém phdi va Binh thudng.
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Béng 1. Phén chia dt liéu hudn luyén

Tap dit liéu Viém phéi Binhthuéng | Tdngsé mau
X-Ray 4390 1473 5863
Train 3512 1178 4690
Test 868 285 1153
Validation 10 10 20

3.4. Kién truc mé hinh VGG-19 trong bai toan phat hién
viém phdi bang X-quang nguc

M6 hinh VGG19 dugc st dung trong bai toan huan luyén
dé phat hién viém phéi bang X-quang nguc:
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Hinh 7. M6 hinh VGG-19 st dung trong bai toan chdn doan hinh anh
Model: "VGG-19"

Layer (type) Output Shape Param #

input_1 (InputLayer) [(None, 224, 224, 3)] 0
blockl_convl (Conv2D) (None, 224, 224, 64) 1792
block2_conv2 (Conv2D) (None, 224, 224, 64) 36928

blockl_pool (MaxPooling2D)
block2_convl (Conv2D)
block2_conv2 (Conv2D)
block2 pool (MaxPoocling2D)

(None, 112, 112, 64) 0
(None, 112, 112, 128) 73856
(None, 112, 112, 128) 147584
(None, 56, 56, 128) 0

block3 convl (Conv2D) (None, 56, 56, 256) 295168
block3 conv2 (Conv2D) (None, 56, 56, 256) 590080
block3_conv3 (Conv2D) (None, 56, 56, 256) 590080
block3_conv4 (Conv2D) (None, 56, 56, 256) 590080

block3_pool (MaxPooling2D)  (None, 28, 28, 256) 0

block4_convl (Conv2D) (None, 28, 28, 512) 1180160
block4_conv2 (Conv2D) (None, 28, 28, 512) 2359808
block4 conv3 (Conv2D) (None, 28, 28, 512) 2359808
block4 convé4 (Conv2D) (None, 28, 28, 512) 2359808

block4 pool (MaxPooling2D) (None, 14, 14, 512) 0

block5_convl (Conv2D) (None, 14, 14, 512) 2359808
block5_conv2 (Conv2D) (None, 14, 14, 512) 2359808
block5_conv3 (Conv2D) (None, 14, 14, 512) 2359808
block5_conv4 (Conv2D) (None, 14, 14, 512) 2359808
block5_pool (MaxPooling2D)  (None, 7, 7, 512) 0

Total params: 20.024.384
Trainable params: 0
Non-trainable params: 20.024.384

Hinh 8. Kién triic md hinh mang VGG-19

M& hinh mang CNN dung mé hinh VGG-19 dugc str dung
trong bai toan du doan viém phéi do virus:

Model: "sequential”

Layer (type) Qutput Shape Param #

vggl9 (Functional) (None, 7, 7,512) 20024384
flatten (Flatten) (None, 25088) 0
dropout (Dropout) (None, 25088) 0
dense (Dense) (None, 16) 401424
dropout_1 (Dropout) (None, 16) 0
dense 1 (Dense) (None, 1) 17

Total params: 20.024.384
Trainable params: 401.441
Non-trainable params: 20.024.384

Hinh 9. Mang CNN st dung VGG-19
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4, KET QUA

Bai toan phat hién viém phéi bang X-quang nguc si
dung mé hinh VGG-19 dua ra két qua du doan vai d6 chinh
xac kha cao accurancy = 0,96.

0.96
0.94 4
0.92 +
0.90 1
0.88 .
—— train acc
val acc
0 5 10 15 20 25 30 35 40

Hinh 10. Két qua do chinh xac cia md hinh du dodn

So sanh két qua so vGi cac mo hinh deep learning khac
trong bai toan chan doéan viém phdi bang X-quang nguc:
Bang 2. Két qua so sanh dd chinh xac gitia cdc mé hinh hoc sdu

Model Accurancy
ResNet50 0,97
(NN 0,73
VGG-19 0,96

Céac s6 liéu & bang 2 va hinh 10 chi ra rang két qua mo
hinh phan I6p nhan dang st dung kién truc mang VGG19
cho két qua dé chinh xac cao nhat (~97%) so véi cac mé hinh
st dung mang CNN, ResNet,...

0.5 —— train loss
test loss
0.4
0.3
0.2 1 J
0.1 \j\/\/\/\
A MR
\,Af\f \.../\t 3
0.0 1
0 10 20 30 40 50 60

Hinh 11. Ham Loss trong hudn luyén YGG-19

Vé danh gia két qua 16i ctia mé hinh s dung kién truc
VGG19 trén tap huan luyén va tap xac thuc trong hinh 10, 11,
chuing ta thdy cac ham do d6 chinh xac va dé mat mat co dé
6n dinh. Diéu nay cho thay kha nang téng quat héa cia md
hinh kha t6t, gidm dugc hién tuong qua khép (overfiting).
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Cac két qua an tuong ctia mo hinh hoc sau st dung kién
tric VGG19 trén day dem dén tiém nang cho viéc xay dung
mot tng dung hé trg chan doan bénh viém phdi théng qua
anh chup X-quang. Diéu nay dem lai hiéu qua cho viéc rat
ngan thai gian kham bénh, bénh nhan dugc chia tri kip thoi
hon, gidm nguy co tang ndng.

5. KET LUAN

Dua trén két qua thuc nghiém chan doan viém phéi virus
bang ky thuat hoc sau st dung mé hinh VGG-19, day la mot
trong nhiing mé hinh tién tién hién nay dugcc dirdung réng
rdi trong cac bai todn thj gidc may tinh. Tuy két qua do chinh
xac chua vugt qua dugc mo hinh ResNet50, nhung ky thuat
trong moé hinh VGG-19 nay lai la mét trong nhitng mé hinh
dé hiéu va dé trién khai nhat, n6 kha quen thudc véi nhiing
bai toan s dung véi cac mo hinh trong CNN.
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