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NGHIEN CUU XAY DUNG MO HINH NHAN DANG
BENH COVID-19 THONG QUA ANH CHUP X-QUANG
SU DUNG MANG NO RON TiCH CHAP

Phan Thanh Quyén', Nguyén Pinh Céng?
TOM TAT

Bai bdo nay tdp trung nghién ciru nhém bai todn nhén dang mét sé bénh lién quan tGi
phoi dic biét la bénh Covid-19 théng qua anh chup X-quang diwa vao mang no ron tich chdp
(CNN). Sau dé, dé xudt két hop mé hinh giita mang co sé dimg dé trich chon dic trung la
EfficientNet va mang phdn logi sir dung mang no ron nhén tao. Mé hinh sir dung dwoc kiém
tra trén tdp dir liéu 16m voi hon 30,000 anh dat dweoc chi s6 Fl-score la 82,06% cho toan bé
cdc nhan va 86,3% trén 1op nhan anh la bénh Covid-19.

Twr khoa: EfficientNet, MLP, Covid-19, X-quang.

1. DAT VAN PE
1.1. Pit van dé nghién ciru

Hinh anh y khoa duoc hiéu 13 cac hinh anh dugc tao ra tir bén trong co thé ngudi nham
muc dich hd trg cho viéc phan tich va can thiép y té tir cac chuyén gia, bac si trong nganh y.
Céc hinh anh nay duoc thu thap tir cac thiét bi chuyén dung nhu: May chup X-quang, may
chup cit 16p vi tinh (CT) hay may cong huong tir (MRI).

X-quang 12 mét loai birc xa nang lugng cao thong qua may chup X-quang dé phat ra
cic chum tia X ¢6 bic xa cao. Cac tia X nay di qua cac cdu tric sinh hoc cua con ngudi thuc
hién cac co ché vé phan xa/hap thu sau d6 s& dugc ghi lai va tao ra cac hinh anh trén phim
chup. Vi du: céc co cAu mo thit s& dé dang cho tia X di qua hon tir do hién thi c4c hinh m&
hon. Trong khi céc co cdu mé xuong s& can trd viée xuyén thau cua tia X, ddn dén céc hinh
anh trén phim s€ dam hon.

Dai dich Covid-19 vira qua di gdy ra cho thé gi6i rat nhiéu hau qua ro rét trén nhiéu
mat: y té, giao duc, kinh té, van tai, du lich va dich vu. Tuy nhién, sy méat mat vé con nguoi
1a sy mat mét to 16n nhat. Covid-19 gdy ra nhiing ton thwong nghiém trong trén phdi néu
khong duoc didu tri y té kip thoi s& gdy ra nhitng hau qua cuc ky nghiém trong. Trong viéc
chuan doan céc ton thuong & phdi, anh chup X-quang 13 co s& quan trong. Cac dau hiéu ton
thwong, muc d6 lan rong cua ton thuong, trang thai ciia ton thuong trén phdi s& duoc ghi
nhan trén anh chup X-quang. Viéc chuan doan sém va kip thoi cac tén thwong nay s& 1a co
s& cho cac chuyén gia y té dua ra cac phac do diéu tri thich hop cho ngudi bénh, tranh cac
bién chimg déang tiéc. Tuy nhién, mot diéu khong thé phu nhan rang, trong dai dich Covid-
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19 s6 lugng cac ca mic 1a rat nhidu. Cac co sé y té déu bi qua tai dan téi viée chuan dodn
cua bdc si la chua kip thoi trong khi hang ngay hang ngan ca bénh dugc phat hién. Kéo theo
d6 1a hang ngan tAm phim X-quang dugc chup va can bd nganh y 1 khong du dé dap tmg
duoc nhu cau doc phim cho tirng b&énh nhan.

Cung vo6i su phat trién cua tri tué nhan tao (A), 1a sy phat trién cua cac md hinh nhan
dang, dic biét 1a mang no ron tich chap (CNN) thi viéc 4p dung cic mang nay trong y té 13
hoan toan kha thi. Viéc chuin doan hinh anh tién sang loc cac bénh nhan bi Covid-19 1a mot
giai phap hiéu qua nham giam tai cho cic béc si trong viéc phan loai cac ddi trgng nhidm
bénh va mirc &6 nhiém bénh. Trong phﬁn tiép theo s& di tim hiéu mot sd cach tiép cén su
dung mang CNN trong viéc phat hién bénh Covid-19 thong qua dnh chup X-quang. Péng
g6p cua bai bao la:

Nghién ctru téng quan cac md hinh hién tai da dugc dé xuét nghién cuu vé viéc nhan
dang bénh Covid-19 ciing nhu céc k¥ thuat da dugc stir dung;

Dé xuit hudng tiép can mai trong viéc nhan dang bénh Covid-19 trén anh X-quang;

Théo luan va danh gid mo hinh dé xuét trén tap dir lidu Ion.

1.2. Céc nghién ciru lién quan

Ngay tir khi dai dich Covid-19 duoc phat hién trén thé gidi va nhimng hinh anh X-quang
ghi nhan céc tén thuong phéi do dich bénh dugc dinh nghia, cac nghién ctru st dung Al dé tao
ra nhan dang céc tridu chimg nay da dwoc nghién ctru va trién khai. Nham c¢6 mét géc nhin da
chiéu vé cac nghién ctru hién tai, ching t6i s& di tim hiéu mot s6 nghién ctiru da duoc cong bé.

Nhom téc gia trong nghién ctru [1] st dung phuong phép hoc chuyén giao tri thirc. M6
hinh sir dung mang co s& 1a MobileNet [2]. Pé tranh hién tuong qué khop véi dit liéu huan
luyén trong khi lai khong khép khi trién khai mo hinh (Overfit), tac gia da dé xuét sir dung ky
thuat gop trung binh toan cuc (Global Average Pooling)*; Batch normalization (K thuat chuan
hoé di¥ liéu phan b quanh gia tri 0 (Zero-mean) véi do 1éch chuan 1a 1); ky thuat Dropout (K§
thuat 4n mot phan dit liéu dau vao khi huan luyén dé lam giam tinh tuyén tinh) trong bai bao
tac gia an 50% dit liéu. Ngoai ra tai 10p két ndi day du, tic gia sir dung 2500 nit mang dé lam
nhiém vu phéan loai. Nghién ctru dugce kiém tra trén tap dit liéu tuong ddi nhoé véi chi 293 hinh
anh phtl phéi, 311 hinh anh tran dich phdi, 315 anh dai dién cho bénh tic nghén man tinh, va
280 hinh anh cho bénh xo phéi. Theo bao cao, d6 chinh xac du doan dat tdi 99,28%.

Nghién ctru dugc thuc hién boi M Alazab, A Awajan, A Mesleh (2020) ciing str dung
phuong phap hoc chuyén giao tri thirc (Transfer learning) dé xay dung nén hé thong véi mang
VGG-16 cua K.Simonyan, A. Zisserman (2014) 1a mang co s& su dung bd phan 16p nhi phan
dé dy doan anh chup bénh nhan Covid-19. Bai bao stir dung k¥ thuat huén luyén mo hinh tir dau
trén bo dir liéu t thiét ké. B dit liéu chi bao gdm 128 anh gdc ctia 28 ngudi khoé manh va 100
nguoi bi nhiém Covid-19 trén hinh anh X-quang. Bang céac k§ thuat ting cudng anh, s6 lugng
anh dugc nang 1én 500 dnh cho ngurdi khoé manh va 500 anh c6 ngudi bi nhiém Covid-19.

3 https://paperswithcode.com/method/global-average-pooling
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Nghién ctru tiép theo cta S. Prabira Kumar and Santi Kumari Behera (2020) sir dung
mang co s& la mo hinh ResNet50 cua K.M.He., Zhang X.Y., Ren S.Q (2016). M6 hinh duogc
thiét ké gom 152 16p tich chap dugc két hop véi cac khéi du. Két qua thu duoc trong mdi
khdi du duge kich hoat thong qua ham kich hoat ReLU. Sir dung k¥ thuat hoc chuyén giao
tri thirc (Transfer learning) str dung k§ thuat dong bang 16p co sé va chi hudn luyén 16p phan
loai. SVM (Support vector machines) trong nghién ctru cua C.Corinna,V.Vapnik (1995) dugc
stt dung dé phan loai trén bo dit lidu bao gdm: 381 anh chup X-quang v&i 127 hinh anh
Covid-19, 127 hinh anh viém phéi thuong va 127 hinh anh ngudi khoé manh. Két qua cho
thay viéc két hop giita ResNet50 + SVM dat d6 chinh xac 14 95.33% trén bo dir lidu dé xuat.

Nghién ciru cia W Saad, WA Shalaby, M Shokair (2022) sir dung phuong phép ndi
céc dac trung. Trong d6 tac gia dé xuat mé hinh mang CNN tuong dbi don gian véi ba khéi
tich chap theo sau bai ham kich hoat ReLU. Tiép theo d, tac gia sir dung két hop gitta ba
b6 trich chon dic trung 1a mé hinh dé xuit + mé hinh ResNet [6] + m6 hinh GoogleNet [8].

Nghién ctu cua Ezzat, D.; Hassanien, A.E. (2020) str dung mang DenseNet21 trong
nghién ctru cia G Huang, Z Liu, L Van Der Maaten (2017) két hop véi phuong phép tim
kiém hap din GSA (Gravitational search algorithm) dé c4u thanh nén mé hinh c¢6 tén la
GSA-DenseNet121-Covid-19. M5 hinh kiém tra trén tap dit liéu bao gdm 150 dnh X-quang
nguc voi 121 anh duong tinh véi Covid-19. M6 hinh bdo cdo dd chinh xac c6 dugc 1a 95%.

Tir nhitng nghién ctru téng quan hién tai cho bai toan nhan dang bénh Covid-19 thong
qua anh chup X-quang chung t6i nhan thay rang phan 16n cac nghién ctiru déu sir dung theo
phwong phap hoc chuyén giao tri thirc (Transfer learning) sir dung 1 mang co s 1a mot mé
hinh d4 dugc huén luyén (pretrained models) trén tap dit liéu 1én (ImageNet, COCO) lam
b trich chon dic trung. Sau d6 tinh chinh/thay thé phan phan 16p bang cach sir dung céc
mang no ron dugc cdu hinh phit hop cho du ra can du doan. Tuy nhién cac nghién ctru trén
déu dugc kiém chimg trén tap dir liéu twong d6i bé, sau do st dung céac k¥ thuat ting cudng
anh dan t6i 6 chinh xé4c trong cic nghién ciru 1a chua du téng quat. Diéu nay c¢6 thé xuét
phat tr hai li do chinh:

Tai thoi diém cong bd cac nghién ctru, da phan 1a nam 2020/2021 sé luong dit liéu
chuan bi dé cong bd dang con han ché va viéc dinh nghia cac ton thuong gy ra trén phoi
can phai duoc kiém ching tin ciy boi nhimg ngudi c6 chuyén mén.

O mét s6 nude phat trién, viéc cong bd céc hinh anh c4 nhan cia nguoi bénh dang con
nhiéu rang budc vé mit phép ly dan tdi viéc nhitng bénh vién 1én chura sin sang cong bd cac
hinh anh chup X-quang mdt cach rong rai.

Thong thudng khi xay dung cdc mo6 hinh CNN thuong c6 d§ dai xac dinh. Trong qua
trinh hudn luyén ngudi thiét ké s& chinh sira cau tric ciia mé hinh sao cho két qua dat dugc
nhu ki vong. Tuy nhién, nhém nghién ctru M. Tan and Q. V Le (2019) dua ra dé xuat xay
dung co ché can bang cho mot mang CNN dé c6 thé tw diéu chinh gitta d6 sdu, d6 rong va
d6 phén giai v6i ky vong mang lai hiéu suét tt hon.

Nghién ctru nay van tiép can theo hudng sir dung k¥ thuat Transfer learning sir dung
mang EfficientNet lam mang co s& va str dung mang no ron nhan tao dé phan loai céc anh X-
quang bi nhiém Covid-19. Phin tiép theo, chung t6i gi¢i thiéu cac thanh phin ciia mé hinh.

112



TAP CHi KHOA HQOC TRUONG PAI HOC HONG PUC - SO 61.2022

2. PHUONG PHAP NGHIEN CUU
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Hinh 1. M6 hinh dé xuét trién khai

Pé thyc hién bai todn chung t6i dé xuét xdy dung mé hinh trong dé st dung mé hinh
EfficientNet lam bd trich chon déc trung (Feature extractor) cua dit liéu anh. Sau khi da trich
chon dic trung ciia anh, chiing t6i dé xuét str dung mang no ron da ting (MLP - Multilayer
perceptron) v4i muc ti€u phan loai anh. Trong cac nghién ctru, MLP thuong dugc su dung
boi dé cau hinh, d6 chinh xac cao va thoi gian dap ing nhanh [14]. M6 hinh dé xuat trién
khai nhu hinh 1.

2.1. M6 hinh mang EfficientNet

Mot mo hinh mang CNN bat ky c6 ba thong s6 dé do ludong téng quan 1a: Do sau
(Depth) clia mang twong duong vdi sd 16p trong d6; Do rong (Width) ciia mang 1a sé do cuc
dai s6 kénh trong cac 16p tich chap; Do phan giai (Resolution) 12 d6 phéan giai hinh anh 1a
dau vao ctia mot mang CNN. Hinh 2 mé ta y tudng ctia mang; hinh 2 (a) biéu dién mot mang
co ban; hinh 2 (b-d) biéu dién viéc ting giam kich thudc theo cach truyén thong theo mot
chiéu nao d6. Hinh 2 () biéu dién cach tiép can cua mang EfficientNet khi két hop ca ba
thong s6 d6 dé diéu chinh mé hinh

o layer_i
4 'whﬂf ' .., higher
} resolution HxW . Fesolution . resolution

(a) (b) (c) (d) (e)
Hinh 2. Hinh minh hoa viéc thu phéng mé hinh [11]
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2.2. M6 hinh mang no ron da tang (MLP)

‘Vlfll

Tang vao Tang an 1 Tangan 2  Tangra
Hinh 3. Hinh vé mé ta m6é hinh mang MLP, trich lwgc tir [12]

Mang no ron da ting tong quét 1a su két hop ciia cdc no ron don lai véi nhau va duoc
sap xép theo cdu tric dang ting, hay con duge biét téi bang thuat ngir perceptron da tang
(MLP - Multilayer perceptron). C4u triic phan ting ctia mang no ron da ting bao gém 03
tang 1a:

Tang vao: 1a ting ngoai cling phia bén trai ciia hinh 3 thé hién cho cac dau vao cua
mot mang no ron, chira véc to cac bién dau vao;

Tang 4n: 1a ting gitra cua hinh 3 biéu dién cac suy luan/bién doi cua mang. Cac phép
bién d6i toan hoc tuyén tinh va phi tuyén duoc thuc hién tai téng an.

Tang ra: la ting ngoai ciing phia bén phai ciia hinh 3 thé hién cho diu ra clia mang.

S6 lugng cac tang trong mot mang no ron téng quat duoc tinh bang sd ting an cong
thém véi 1. Vi du nhu trong hinh 3 ta quan sat duoc ¢6 2 ting an thi s lugng céc tang cua
mang nay sé& 1a 3. Mdi khdi hinh tron trong mdi tang duoc hiéu la cac nit mang. Tai d6 co
chtra cac bién ddi toan hoc tuyén tinh va phi tuyén.

3. KET QUA NGHIEN CUU VA THAO LUAN

Nhu d trinh bay ¢ phan trén vé hudng tiép can sir dung mang CNN dé nhén dang céc
anh X-quang bi bénh Covid-19 trong mot sé nghién ctru gan ddy. Trong phan nay, cac thuc
nghiém sé& dugc cai dit va trién khai & danh gia d6 chinh xéac cua cach tiép can dé xuat vdi
bai toan nhan dang bénh Covid-19 thong qua anh chup X-quang.

3.1. M6 ta dir liéu

Qua nghién ctru tong quan, chung t6i nhan thay rang, nhiéu dé xuat nhu trinh bay &
trén chi kiém chung trén mot $b tap dir liéu nho voi nhiéu ly do khéc nhau vé tinh phé bién,
tinh riéng tu ciia bénh nhan, céc co so phap ly di kem. Do dd, d¢ chinh x4c dugc bao cdo &
cac mo hinh la chua thuc su téng quat.

Trong bai bao nay, bd dir li¢u 16n hon dugc st dung. Cu thé, bo dit liéu duoc thu thap
va xtt Iy boi Pai hoc Qatar [15]. Bo dit liéu bao gom 33.920 anh chup X-quang bao gom:

11.956 hinh anh X-quang cho Covid-19;

11.263 hinh 4anh bi mét s bénh khac khong phai Covid-19 bao gdm viém phéi do
vi rat va viém phoi dong dic;
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10.701 hinh anh phéi binh thudng, kho¢ manh.

Nham truc quan hod cac dit li¢u dugc néu trén, hinh 4 dua ra mat s6 hinh anh mé ta.

3.2. M6 ta giao thirc va thang do

Nhu da trinh bay & trén, ching t6i d¢ xut sir dung md hinh EfficientNet dé lam bo
trich chon dic trung va mang no ron da tang lam bd phan 16p. Bé ¢6 sy so sanh da chiéu
duéi nhiéu géc nhin khac nhau. Chung t6i s& thuc hién viée kiém chimg trén cac phién ban

tr EfficientNetB0 dén EfficientNetB7.

L AP ERECT

' T, ;;w

Anh bi Covid-19 Anh viém phéi thuong Anh binh thuong

Hinh 4. M6 s6 hinh anh chup X-quang phéi [15]

Do c4dc md hinh cua mang EfficientNet trong thu vién Keras trong nghién ctru cua X.
Gironés,C .Julia (2017) da dugc hudn luyén trén bo dit liéu 16n v6i anh ImageNet* véi 1000
16p d6i twong khac nhau, két qua dwoc miéu ta trong bai bao cua M. Tan and Q. V Le (2019).
Do d6, cac md hinh di c6 mang céc dac trung vé anh, nén chiing t6i sir dung k¥ thuat déng
bang “Freeze” mo hinh co so. Nham gitt cac dac trung tir anh da duoc trich chon ¢ mang co
sO, va tang toc qua trinh huin luyén do b dit liéu 1a trong d6i 16n va ngudn tai nguyén phan
ctmg sir dung dé huan luyén 1a giéi han.

Pé tang thém sé luong mau dong thoi 1am cho két qua cta cac moé hinh huan luyén
nang cao tinh téng quat hoa, chung t6i ciing sir dung cac ky thudt ting cudong anh (Image
augmentation) bang cach trién khai trong ham ImageDataGenerator cua thu vién Keras [16].

Mang MLP chung t6i dé xuét sir dung cau trac chira 1 ting an (v6i 128 no ron) véi ham
kich hoat ReLu sir dung & tang an thir nhat va ham Softmax dugc st dung & tang dau ra (v6i
4 no ron tuong ing véi 4 16p). Nhdm nang cao tinh tong quét cia mé hinh ciing nhu han ché
hién twong qua khép dit liéu (Overfit), chung t6i st dung k§ thuat Dropout v&i trong s6 0.5.

Trong thi nghiém, chung t6i sir dung thu vién ma nguén mé 1a Keras v6i ngon ngit
lap trinh Python. Cac thi nghiém duogc trién khai trén nén tang Colab Notebook, day la nén
tang hoan toan mién phi va dugc cung cp béi Google.

Do do dugc st dung trong thi nghiém la st dung 46 do d§ nhu sau:

Accuracy (%): cho biét ti 1¢ giita cac du bao dung trén tong s6 cac truong hop;

4 https://www.image-net.org/
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Precision (%): cho biét ti 1& nhin doan dang (Positive) trén téng s6 cac dyu dodn;

Recall (%): cho biét ti 1¢ gitra tong s6 du doan diing trén tong s6 cac nhin 14 ding;

F1-Score (%): cho biét do trung binh giira hai chi s Precision (%) va Recall (%).

Ta str dung cac do do nay cho viéc du doan trén tap kiém tra. Dt liéu dugc tai vé duoc
chia 1am 3 phn theo ti 1¢ 70:20:10 twong tmg cho tap huan luyén, tap x4c thuc va tap kiém tra.

3.3. Danh gia d¢ chinh xic ciia mé hinh
Pé danh gia d6 chinh xac ciia phuong phép dé xuét, chiing t6i sé trinh bay & phan nay
két qua ctia 8 m6 hinh tir EfficientNetBO t6i EfficientNetB7 két hop véi mang MLP dé xuét
trén tap anh kiém tra. Két qua dugc trinh bay dudi bang sau.
Bang 1. Két qua thyc nghiém ciia cic md hinh EfficientNetB0 dén EfficientNetB7 va
mang phén 16p trén tip dir lidu kiém tra

M0 hinh co s¢ Accuracy (%) Precision(%) Recall(%) F1-score(%)
EfficientNetB0 77.53 80.5 65.75 72.38
EfficientNetB1 78.96 79.25 68.02 73.20
EfficientNetB2 79.32 80.1 68.35 73.76
EfficientNetB3 79.74 81.25 68.7 74.45
EfficientNetB4 80.09 81.75 69.25 74.98
EfficientNetB5 80.66 84.97 70.75 77.21
EfficientNetB6 80.64 86.16 72.54 77.1
EfficientNetB7 85.4 89.74 75.6 82.06

Két qua bang 1 cho théy, mé hinh EfficientNetB7 thé hién hiéu nang tot nhat trén tap
anh kiém tra v6i hon 3300 anh trén 4 16p dit liéu: Anh bénh nhan Covid-19, anh viém phéi
dong dic, anh viém phdi vi rat va anh bénh nhan thong thuong véi chi s6 Accuracy dat
85.4% va chi s6 Fl-score dat 82.06%. Trong khi d6 EfficientNetB0 dat hiéu nang kém nhét
trén tap dit liéu kiém tra.

Cu thé, trén tap dit liéu kiém tra ta ¢6 1200 anh bénh nhan Covid-19 (16p 0), 420 anh
viém phoi dong dac (16p 1), 1007 anh thong thuong khoé manh (I6p 2) va 707 bénh nhan
viém phoéi (16p 3). Két qua phan tich c6 thé duge cu thé hod trén Bang 2 vé chi s6 Precision,
Recall, F1-score.

Béng 2. Panh gia cac d¢ do trén tirng 16p anh

Tén mo6 hinh Precision (%) Recall (%) Fl-score (%)
Lép 0 96.5 77.84 86.36
Lop 1 90.2 65.6 75.95
Lép 2 81.4 98.2 89.01
Lép 3 94.5 63.8 76.17

Viéc nhan dang bénh Covid-19, chi sb Precision dimg thtr 1 v&i 96.5%. Trong khi d6
Fl-score dimg thtr 2. Diéu ndy c6 thé gidi thich thong qua cac bénh 1y do Covid-19 gay ra
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céc ton thuong trén phdi rd rét hon so véi cac bénh khac, din t6i viéc mé hinh dé trich chon
cic dac trung hon. Bén canh d6, véi ngudi khoé manh, cac hinh anh ton thuong phdi hau
nhu khéng c¢é. Dan t6i viéec mé hinh hiéu suat phan 16p ctia mé hinh 1a tot nhat, thé hién qua
chi s6 F1-score 1a 16n nhét trong 4 nhém.

4. KET LUAN

Trong bai bio nay, chiing t6i tiép ndi hudng nghién ctru cho bai toan nhan dang bénh
nhan bi Covid-19 théng qua anh chup X-quang bang cach dé xuit ra mét sw két hop mé hinh
mai gitta mang co sé st dung EfficientNetB7 va mang MLP dé phan loai. H¢ théng dat do
chinh xac Precision dat gﬁn 90% v&i chi sb F1-score dat 82.6%. Riéng vadi bénh Covid-19
hé théng dat do chinh xac Precision 96.5% dung thtr 1 trong 4 nhdm bénh.

Viéc tng dung Al trong céc bai toan vé y té dang 1a xu hudng phat trién hién nay, do
d6 trong tuong lai, nhém nghién ciru chung t6i sé tiép tuc cai tién mo hinh, ting cudng do
chinh xac nham phii hgp hon dé ¢6 thé 4p dung tai Viét Nam.
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COVID-19 DETECTION IN X-RAY IMAGES USING
CONVOLUTIONAL NEURAL NETWORKS

Phan Thanh Quyen, Nguyen Dinh Cong
ABSTRACT

This paper focuses on object detection methods with a particular attention to covid-
19 detection in X-Ray images based on a convolutional neural network (CNN). A new
approach using the transfer learning method within the EfficientNet model and a fully
connected neural network is given. The proposed model is performed in a dataset of 30,000
images, and achieved F1-scores of 82.06% in all labels and 86.3% in the covid-19 label.

Keywords: EfficientNet, MLP, Covid-19, X-ray images.
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