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Tém tit: Bénh bui phoi silic nghé nghiép (BPSi) 1a mot
trong nhitng bénh 1y nghiém trong anh huéng dén sirc khoe
ngudi lao dong, didc biét & cac nganh nghé tiép xtc voi bui
chura silic tu do. Trong nghién ctru nay, chung toi st dung
mé hinh DenseNet201, mot kién tric mang no-ron tich
chap (CNN) tién tién, dé hd trg chin doan BPSi tir hinh
anh X-quang ngyc. Két qua thuc nghiém cho thay mé hinh
dat d6 chinh xac cao, dac biét trong viéc phan biét gilta
nhom binh thudng va nhom mic bénh bui phéi silic. Bén
canh d6, Grad-CAM duoc st dung dé truc quan hoa cac
vung ddc trung ma mo hinh tap trung, minh hoa tinh hiéu
qua va dang tin cay ctia DenseNet201 trong viéc phat hién
chc bat thudng dic trung cuia bénh BPSi.

Tir khéa: Hoc sau, DenseNet, CNN, Bui phdi silic, X-
quang nguc.

. MOPAU

Bénh bui phoi silic nghe nghiép 12 mot trong nhung
bénh nghé nghiép phd bién va nghiém trong nhét trén thé
gi¢i[1], gdy anh hudng 16n dén sirc khoe nguoi lao dong,
dac biét trong cac nganh cong nghiép ti€p xuc véi bui silic
tu do nhu khai thac mo, xay dung, san xuét vat ligu chiu
Itra va san xudt thuy tinh [2, 3]. Bénh phat trien do sy tich
lity hat bui silic trong ph01 qua nhiéu nam, dan dén viém
nhiém va xo héa nhu mo phai. bay la mot benh man tinh,
khong thé hdi phuc, va c6 thé gy ra cac bién chimg
nghiém trong nhu suy ho hap, lao phéi, hodc tham chi ung
thu phéi. Néu  khong duge phat hién va diéu tri kip thoi,
bénh co thé dan den ty 1& t&r vong cao, dac biét o nhlrng
nguoi lao dong tlep xuc lau dai voi bui s1hc[4] Do @0, viéc
phat hién va diéu trj kip thoi rat quan trong dé ngudi bénh
6 co hoi cai thién chat lugng cudc song, ngan ngua cac
bién chimg nghlem trong cua bénh, kiém soat ty 1€ tir vong
[5, 6]. Hién nay, viéc chan doan bénh chu yeu dua vao hinh
anh X-quang nguc va cac thong tin 1am sang, tuy nhién,
phuong phép nay van con nhiéu han ché. Su da dang va
phtc tap ctia biéu hién bénh trén hinh anh X-quang doi hoéi
bac si phai c6 kinh nghiém va ky néng chuyén sau dé dua
ra chan doan chinh xac. Diéu nay dan den nhitng thach
thirc khong nhé trong cac tinh hubng can chan doan nhanh
va chinh xac, dac biét ¢ nhiing khu vuc thiéu hut bac si
chuyén khoa[7]. Bén canh do, viéc phu thudc vao danh gia
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chu quan cua béc si cling 1am gia tang nguy co khong nhét
quan trong két qua chan doan giita cac chuyén gia khac
nhau[8].

Trong nhiing ndm gan day, cac phuong phap hoc sau
(deep 1earn1ng) dd n6i 1én nhu mot giai phap tiém nang dé
giai quyét cac han ché trong chan doan bénh bui phdi silic.
Pic biét, mang no-ron tich chap (Convolutional Neural
Networks - CNN) da ching minh hi€u qua vuot tri trong
viéc trich xuat cac dac trung tir dit liéu hinh anh y khoa,
gitip cai thién dang ké do chinh xéc va téc do chan doan.
Cac md hinh CNN tién tién nhu CheXNet, ResNet, va
DarkNet da dugc 4p dung thanh cong trong chin doan cac
bénh phdi khac nhu viém phéi va COVID-19, mo ra co hoi
moai cho viée tmg dung cic cong nghé nay vao chan doan
bénh bui phi silic.

Trong sé cac kién trac CNN, DenseNet ndi bat nho kha
nang ket ndi day dic giita céc 16p, gitp tai st dung thong
tin va t6i wu hoa viéc truyén gradient trong mé hinh. Pic
diém nay lam cho DenseNet vuot troi trong viée xtr 1y dir
liéu hinh dnh phuc tap, déc bi€t la cac dac tru’ng nho va
tinh té trén hinh anh X-quang. Khong chi cdi thién hi¢u
qua chin doan, DenseNet con giam thi€u yéu cdu vé luong
dir liéu gan nhén 16n — mot thach thic dang ké trong linh
vuc y hoc chuyén sau.

Nghién ctru nay ap dung kién trac DenseNet, v6i dic
diém nél bat 1a cac khdi Dense Block dugc két ndi chat
ch&. Kién triic nay cho phép luu trir va truyén tai thong tin
hiéu qua qua nhiéu 16p, gitip mo hinh trich xudt dic trung
phtrc tap ngay ca khi dir liéu han ché. Viéc tmg dung
DenseNet trong chan doan bénh bui phél silic khong chi
néng cao hi€u qua cua cac h¢ thong ho tro ra quyet dinhy
khoa ma con cung cép mot cong cu hiru ich, hd tro bac si
dwa ra nhimg chin doan chinh xac va dang tin cay hon.

Il. CAC NGHIEN CUlPU LIEN QUAN

A.  Phwong phdp chin dodn béi bdc st dwa trén hinh
danh X-quang nguc

Hinh anh X-quang nguc (CXR) tur 1au da la cong cu
cha yéu dé phat hién cac tén thuong phéi, bao gdm céc
dam mo lién quan dén bénh bui phai silic. Phuorng phap
nay khong chi hd trg chan doan s6m ma con gitip phan loai
céc giai doan bénh [9]. Phuong phap nay thuong dwa vao
kinh nghiém cua béc si chan doan hinh anh dé phat hién
cac dau hi¢u bat thuong trong phdi. Tuy nhién, viéc danh
gia nay ton nhiéu thoi gian, doi hoi bac si chén doan phal
c6 kinh nghiém, c6 thé gay ra su khong nhét quan vé két
qué chin doan giita cac béc si, chuyén gia khac nhau [10,
11]. Bén canh d6, su gia ting cac bénh 1y vé phoi, nhu cau
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chan doan nhanh, chinh xac da thiic day phat trién cac hé
thong hd trg chan doan bing may tinh (CAD) [12 13].
Nhimng hé thong CAD str dung céc k¥ thuat xir Iy va phan
tich hinh anh tién tlen trich xuat cac dic diém quan trong
tur hinh anh, cung cép thong tin hd trd, glam baot thoi glan
chan doan, glup ting cuong d6 chinh xdc va nhat quan
trong danh gia. [14, 15].

Bén canh hé thong ho tro chan doan bang may tinh
(CAD), mét ) nghlen clru da phat trién cac hé thong hd
tro quyet dinh 1am sang (CDSS) nhim cung cap cac dé
xudt chan doan va diéu tri toan dién hon. Cac hé thong
CDSS nay két hop thong tin tir anh X-quang nguc (CXR)
v6i cac dir liéu y khoa khac cua bénh nhan, chang han nhu
tién sir bénh, dé dwa ra cac goi y phu hop va chinh xac hon
cho ting c4 nhan[16]. Bén canh do, cac h¢ }hong béo cao
tiéu chuan hoa cho CXR ciing dugc phat trién nham tao ra
su dong nhat trong quy trinh chan doan gitra cac bac si.
Nhiing sdng kién nay khong chi gitp han ché sy khac biét
trong két qua chan doan ma con cai thién tinh hi€u qua
trong trao d6i thong tin giita cac chuyén gia y té [17].

B. Cdc phuong phap hoc sau

Phan tich hinh anh y té d4 chtng kién mot budc phat
trién quan trong, chuyén tu cac phuong phap hoc may
truyen thdng sang cac phuong phap hoc sdu. Thay vi dya
vao cac dic trung dugc thiét ké thu cong nhu trude, hoc
sdu, ddc biét 1a Mang no-ron tich chap (CNN), cho phep
trich xuit dic tru’ng ty dong tir dit liu tho. CNN noi bat
nho kha niang hoc cac dic trung bét bién thong qua cac 16p
tich chap, tr thanh cong cu then chdt trong phan loai hinh
anh. Sharma et al. [18] va Stephen et al. [19] da minh
ching dicu nay khi phat trién cac kien traic CNN don gian
dé phéan loai X-quang nguc (CXR). Du dir liéu han ché,
cac nha nghién ctru da su dung k¥ thuat tang cuong dir liu
dé cai thién d6 chinh xac ctia mo hinh, nhung van con han
ché trong viéc tao ra nhiing cai tién dang ké.

Mot vi du khac vé vide st dung cac kién trac tich chép
rat sdu dugc chimg minh bang ChexNet do Rajpurkar va
cong sy [20] dé xuat Klen tric cua ho xac dinh chinh xac
bénh viém ph01 va tién xa hon trong viéc dinh vi cac khu
vire viém phdi tdi da theo kleu ban d6 nhiét. Zech va cong
su [21] da nghlen clru higu suét dao tao ChexNet trén mot
tap dir liéu ndi bo vé& bénh viém phoi va CXR y té binh
thuong va thir nghiém nd trén mét tap dit li€u bén ngoai.

Nhirg nghién ctru nay khang dinh tam _quan trong cua
CNN trong linh vuc phan tich hinh anh y té, dic biét trong
chén doan cac bénh vé duong ho hap. Sy ra doi cua cac
mo hinh hoc gau nhu CNN da mé ra mot budc ngoat 16n,
vuot qua nhi€u han ché ctia cac phuong phap hoc may
truyén thong. Véi kha nang hoc dic trung hiéu qua va kha
nang ing dung rong rai, CNN tiép tuc chimg t6 1a mét cong
cu manh mé trong vie::c phan loai va ’chém doan cac bénh ly
phuec tap lién quan dén hinh anh y té.

C. Cdc nghién ciru vé DenseNet trong y khoa

DenseNet (Densely Connected ~ Convolutional
Network) [22] 1a m6t kién tric mang hoc sdu noi bat nho
vao kha nang két ndi cac 16p day dac, gilp t6i wu hoa qua
trinh truyén gradient va giam thiéu hién twong vanishing
gradient trong cac md hinh sdu. DenseNet da duogc Ung
dung rong rdi trong y khoa, déc bit 1a trong phén tich anh
y khoa d¢ chan doan cic bénh phoi, bao gom COVID-19
va viém phoi.
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Trong cac nghién ciru gan day vé chén doan COVID-
19, md hinh DenseNet dé cho thdy hiéu qua vuot trdi trong
viéc phan loai hinh anh X-quang nguc. Vi du, trong nghién
ctiru vé COVID-19 st dung DenseNet-121, mo hinh dat d6
chinh xac va F1-score cao nho vao kha nang hoc va luu trix
ddc trung phtc tap cta hinh dnh[23, 24]. DenseNet cling
da dugc sir dung dé chan doan viém phoi, véi cac blen thé
nhu DenseNet-121 va DenseNet-201 dat hiéu suat cao,
nho vao kha nang truyén thong tin day didc giita cac 16p,
gitip mo hinh nhan dién 1 cac ddc diém cua bénh Iy trong
anh X- quang [25]. Laboni Sarke va cong su [23] da s
dung kién trac DenseNet-121 két hop vai k¥ thuat chuyén
giao hoc tap tir CheXNet giup mo hinh COVID-DenseNet
hoc hoi tir kién thirc da co, cai thién higu suat va rat ngén
thoi gian huén luyén.

Nhitng tng dung thanh cong nay cho théy tiém ning
cua DenseNet trong chan doan cac bénh 1y phoi khac, nhu
bénh bui ph01 silic, von c6 biéu hién trén anh X-quang
tuong tu v4i nhiéu bénh phdi khac.

. COSO DI LIEU
A. Thu thdp dir liéu

Qua trinh thu thap dit liéu 1a mot bude quan trong trong
viéc xay dung hé théng hd tro chan doan bénh bui phéi
silic nghé nghiép. Bo dir lidu duoc thu thap, xay dung va
dugc gan nhan chinh xac boi cac bac si chuyén gia trong
linh vuc y hoc, ¢ tén l1a BSIPTIT.

Hinh anh X-quang nguc déng vai tro ¢t 16i trong bd
dir liéu BSIPTIT. Pay la phuong phap hinh anh thuong
dugce sir dung dé danh gia cac ton thwong phdi va phat hién
bénh bui phdi silic. Cac hinh anh X-quang trong bo dit liéu
duogc phan loai thanh hai nhoém chinh:

Nhom binh thuong: Bao gom cac hinh anh cua phoi
khong c6 dau hi¢u bat thuong hodc ton thuong.

Nhg’)m mécqbénh bui phéi silic: Bao gém cac hinh anh
cho thdy cac ton thuong di€n hinh nhu n6t mo nho, dam
mo 16n, day thanh phé quan, hodc hinh anh phu t6 chirc ke.

Pé dam bao chét luong dir lidu:

Cac hinh anh dugc thu thép tir hé thong chup X-quang
ky thuét sb hién dai, v6i d¢ phan giai cao nham cung cép
thong tin chi tiét vé ton thuong.

Qua trinh chin doan va gan nhan dir liéu dugc thuc
hién dya trén huéng dan cua ILO 2011 va Thong tu
15/2016/TT-BYT, dam bao tinh chinh xac va dong nhat.

Céc truong hop khong 13 rang hogc hinh anh bi nhiéu
duoc loai bo dé dam bao tinh toan ven cua dir liéu.

Nho vao chit lugng va d9 chinh xac cua dir liéu X-
quang, hé thong hd trg chan doan c6 thé hoc dugc cac dic
trung phirc tap va dua ra du doan chinh xac hon. Piéu nay
gilip cac bac si cai thi€n dd chinh xac va hi¢u qua trong
chan doan bénh bui phéi silic nghé nghiép.

o Dbi tugng: Bo dir liéu thu thap truc tiép tir 2089
cdng nhan ¢ nguy co cao méic bénh bui phéi silic do tiép
xuc thuong xuyén voi bui silic trong cac nganh cong
nghiép nhu khai thac mé, xay dung va san Xuét.
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e bia diém: Céac hinh anh duoc thu thap tir cac bénh
vién chuyén khoa ¢ cac tinh nhu Thai Nguyén, Hai Duong,
Binh Dinh, Phu Yén, va Bong Nai.

o Tiéu chudn chén doan: T4t ca cac truong hop bénh
bui phéi silic déu duoc xac nhan theo tiéu chuan cua ILO
2000 dé dam bao tinh nhat quan va do tin cdy. Cac hinh
anh X-quang dwoc chup véi kich thudc tiéu chuén 1a 35 x
43 cm.

o SO luong méu: Tir 2089 ngudi lao dong nay, co 535
truong hop dugce chan doan mic bénh bui phdi silic, voi
hinh 4nh X-quang nguc cta ho dugc dua vao 16p Silicosis
trong bo dir licu.

Hinh 1 va hinh 2 dua ra hinh anh chyp X- -quang nguc
tiéu biéu cua ngudi binh thuong va ngudi mic bénh bui
phdi silic.

Hinh 1. Hinh @nh X-quang ngurc cda nguoi
khéng méac bénh

\

Hinh 2. Hinh @nh X-quang nguc cda nguoi méc bénh  bui

B. Tien xur Iy di liéu va tang cwong dir liéu

Tién xir ly dit ligu: Day 1a mot budc quan trong nhdm dam
bao rang hinh anh X-quang va cac dir liéu lién quan duoc
chuan bi k¥ ludng cho qué trinh huan luyén mo hinh hoc
sau.

Pinh dang dir li¢u: Dir li€u thu thap dugc luu dudi dinh
dang dem (DICOM), 14 dinh dang tiéu chuén trong y té dé
luu trir hinh anh X-quang cung cac thong tin lién quan.
binh dang nay cho phép hinh anh dugc xem va phan tich
qua cac phin mém chuyén dung nhu MicroDicom hodc
RadiAnt.

Quy trinh xt ly: Mac du dinh dang DICOM thuén tién cho
Iwu trit va hién thi hinh anh, viéc chuyén ddi va luu hinh
anh dudi dang jpg hodc png c6 thé tén thoi gian va doi hoi
nhiéu cong sirc. Dé ti uu qua trinh nay, tac gia da ap dung
cac bude chuyén doi tu dong bang Python, giup thong nhat
va ty dong hoa viée chuyén déi hinh anh sang dinh dang
jpg. Céc hinh anh dwoc chuin hoa va thay déi kich thude
veé 224x224x3 dé phu hop v6i ddu vao ciia DenseNet.

Tong quan bo dir lidu: B dit liéu cudi ciing bao gdbm 2089
hinh anh X-quang, trong do co:

e 535 hinh anh cta bénh nhan méic bénh silicosis.

e 1554 hinh anh ctia ngudi khong méc bénh.

Tang cuong dit ligu: Dé cai thién do chinh xac va kha ning
tong quat cia mo hinh, k¥ thuat ting cuong dir li¢u (data
augmentation) dugc ap dung. Cac ky thuat nhu xoay goc,
lat ngang, phong to, thay d6i d6 sang dé tao ra nhiéu bién
thé ctia cling mot anh goc, tang tinh da dang cua dir ligu,
gitip mo hinh hoc cac dic diém phirc tap va da dang cua
dir ligu.

IV. AP DUNG MO HINH DENSENET PHAT HIEN
BENH BUI PHOI SILIC NGHE NGHIEP

A. M6 hinh tong quan

phéi silic nghé nghiép
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Hinh 3. Mé hinh téng quan

SO 01 (CS.01) 2025

TAP CHf KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 46




Nguyén Thj Tan Tién

Hinh 3 minh hoa m6 hinh tong quan sir dung kién trac
DenseNet dé ho trg phat hién bénh bui phdi silic nghé
nghiép tu hinh anh X-quang nguec.

Input: L6 anh X-quang nguc trong tép dir li€u dugc
chia thanh hai nhém: Nhom binh thuong, nhém mac bénh
bui phoi silic nghé nghiép.

Output: M0 hinh dy doan nhan phan loai tuong tmg
cho tung hinh anh (0 - binh thuong, 1 - mac bénh).

DenseNet 1a mot kién trac mang no-ron tich chép
(CNN) tién tién, n01 bat trong linh vyc nhin dang hinh dnh
[22 26]. Khong glong nhu cadc mang truyen thong chi ket
nbi cac 16p lién ke, DenseNet dugc thiét ké vai cac ket n6i
day déc, trong do moi lop dau ra khong chi cung cap dau
vao cho 16p tiép theo ma con két ndi voi tat ca cac lop ké
t1ep Diéu nay gitp toi wu héa viéc truyen thong tin va tai
su dung ddc trung, giam s6 luong tham s, g1a1 quyét van
dé mat mat gradient thuong gap trong cidc mang sau.
DenseNet c6 nhiéu bién thé, bao gdm DenseNet- 121,
DenseNet-169, DenseNet-201, DenseNet-264 voi 50
luong 16p khac nhau dé phu hop véi cac yéu cau cy thé cua
ting bai toan [27-29]. Trong bai toan phat hi¢n bénh bui
phéi silic nghé nghiép, DenseNet- 201 dugc ap dung nho
kha nang xir Iy céac dac trung tinh te tr anh X-quang ngyc.
Mbi Dense Block trong mé hinh gom cac buée: Chuan hoa
Batch (BatchNorm); ham kich hoat ReLU; 16p tich chap
(Convolutional Layer) Sau mdi Dense Block, Transition
Layer dugc thém vao dé glam kich thudc dir liéu va kiém
soat qua khép. Két hop véi cac bude Pooling va Softmax
Classification, mé hinh cho ra két qua chan doan chinh xac

M6 hinh DenseNet khong chi cho phép hoc cac dac
trung phue tap tir anh X-quang ma con giup cai thién do
chinh xac trong chan doan. Viéc ap dung mo hinh nay vao
phat hi¢n bénh bui phdi silic nghé nghiép khong chi hd trg
béac si dua ra chan doan nhanh chong ma con tang do tin
cay trong cac két qua phan loai bénh.

B. Kién triic mé hinh DenseNer201

DenseNet-201 1a mot kién trac mang no-ron tich chap
(CNN) tién tién, dugc thiét ké dé t6i wu hoéa qua trinh
truyén thong tin va tai sir dyng dac trung trong cac 16p
mang[30-32]. Dlem ndi bat ciia DenseNet nim o két ndi
day déc, trong do moi 16p daura khong chi két ndi dén 16p
tiép theo ma con dén tat ca cac 16p ké tiép. Diéu nay giup
giam thiéu van dé mat mat gradient, ting cuong kha nang
hoc va giam s lugng tham sb can thiét trong mang.

Kién triic DenseNet-201 bao gdm bdn Dense Block,
mdi Dense Block dugc cau thanh tir cac 16p tich chap voi
kich thude 1x1 va 3x3 xen k&. SO lugng cac 16p trong timg
Dense Block lan luot 1a 6, 12, 48, va 32 16p. Gitra cac
Dense Block, mét Transition Layer dugc chén vao, ¢
chirc nang giam kich thudc dic trung bang mot 16p tich
chap 1x1 va phép gdp trung binh (Average Pooling) véi
kich thudc 2x2 va budc nhdy (stride) 1a 2. Sau Dense
Block cudi cing, mot 16p Pooling toan cuc (Global
Average Pooling) dugc ap dung, két ndi véi 16p phén loai
sir dung ham Softmax dé phén loai hinh anh.

Dé cai thién kha nang hoi ty, mo hinh str dung ham tbi
uu Adam véi tée do hoc ban dau 1a 0.001. Hon nita, mot
16p Dropout véi ty 1€ 0.25 duge chén vao trude 16p phan
loai dé giam hién tugng qua khop.

Trong bai toan phat hién bénh bui phdi silic nghé
nghiép, DenseNet-201 duogc ap dung nho kha nang hoc va
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tai st dung cac dic trung nho va tinh té tir hinh anh X-
quang nguc. Két qua phan loai (0 - binh thudng, 1 - mic
bénh) duoc dua ra sau khi hinh d4nh dugc phan tich qua cac
khdi Dense Block va 16p phan loai.

Viéc ap dung DenseNet-201 khong chi mang lai hi¢u
qua cao trong chan doan ma con giam thiéu thoi gian xir
ly, gbp phan hd trg bac si dua ra két luan chinh xac va
nhanh chéng hon.

Layer Label [Input Layer Dimension Output Dimension
24x04x3
Filter size=7x7
Convolution 112112 Stride =2

Padding =3

Input Layer

Maximum l'oo]m}: =3x3
Stride =

Dense Block 1 56 %56 Lx 1 e

3 x 3

56 % 56 1 x 1 convolution

pooling 56 * 56

Transition Layer 1 =
2828 2 x 2 average pooling, stride =2

1 x 1

Dense Block 2 28x28 x12
3 x 3

28x28 1 x 1 convolution

Transition Layer 2 -

14x14 2 2average pooling, stride =2
Il x 1
3 x 3

Dense Block 3 14x14 X 48

P g 14x14 1 x 1 convolution
Transition Layer 3 -
2% 2average pooling, stride =2
1 x 1
x 32
3 x 3

Dense Block 4

Average Pooling=7 x7
Pooling Stride =7
— 1x1
FC Layer 1000

Hinh 4. Kién triic DenseNet201

V. KET QUA THU'C NGHIEM
A. Thiét lgp thuc nghiém

Phan cimg va phan mém: Cac thi nghiém dugc thyc
hién trén NVIDIA Tesla T4 GPU, 15GB RAM. St dung
cac thu vién hoc may PyTorch dé xay dyng va huén luyén
mo hinh.

Ham mét mat: St dung Cross-Entropy Loss dé tinh
toan chénh 1¢ch gitra nhan thyc t€ va nhan du doan.

Bo toi wu hoa: Ap dung Adam Optimizer v6i tbc do
hoc 10 dé ting hiéu qua huén luyén.

S6 epoch: Huin luyén trong 50 epoch véi kich thudc
batch 1a 32.

Chia tap dir li€u: Tép dir liéu duogc su dung trong
nghién ctru nay bao gom hai 16p: Binh thuong va Byi phoi
silic, voi sé lwong mau trong tap huén luyén va kiém tra
dugc chia theo ty 1¢ 80% va 20% duogc trinh bay trong
Bang 1.

Bang I. D liéu trong tép huén luyén va kiém tra

Dir liéu Busliﬁléw Binh thuong | Téng s6
Tap hudn luyén 428 1244 1672
Tép kiém tra 107 310 417
Téng s6 535 1554 2089
B. Két qua
1) banh gia

Tién hanh danh gia hiéu suat cua cac mo hinh hoc sau
dua trén kién tric DenseNet201 va MobileNet duoc huan
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luyén trén bo dir liéu X-quang nguc thu thap tur bénh nhén
mac bénh bui phdi silic va nguoi binh thuong. Hai nhom
chinh duoc phan loai gom Binh thuong (Normal) dugc
gan nhén 1a 0 va Bui ph01 silic (Silicosis) duoc gan nhan
1a 1. Cac thude do hiéu suit chinh duoc tinh toan dua trén
céac cdng thuc dudi day:

Accuracy (P chinh xac tong quat):

TP +TN
TP+TN + FP+FN
Precision (D6 chinh xac):

Accuracy =

A e TP
b6 chinh xac = ——
TP+ FP
Recall (B¢ nhay):
R TP
bonhay = ————
TP + FN

Trong do:

TP (True Positive): S6 lugng du doan dung cho 16p
bénh bui phoi silic.

TN (True Negative): Sb luong dy doan dang cho 16p
binh thuong.

FP (False Positive): S6 luong dy dodn sai cho 16p binh
thuong thanh bui phai silic.

_FN (False Negative): S6 lwong du doan sai cho 16p bui
phoi silic thanh binh thuong.

Nhiing thudc do nay dugc &p dung nham danh gia toan
dién hiéu suat phan loai cua tirng mé hinh trén tap di liéu
kiém tra (test set). Két qua dat duoc gitp 1am ré mic do
hi¢u qua va do chinh xac cua cac kién truc hoc sau khi ap
dung vao bai todn phat hién bénh bui phai silic tir anh X-
quang nguc.

2) Banh gia hiéu sudt

Hai kién tric mé hinh, MobileNetV3-Small va
DenseNet201, da dugc huan 1uyen va danh gia trén tap dir
lidu. Céc chi s6 hiéu suét, bao gdm do chinh x4c trén tap

huin luyén, d6 chinh xac trén tap kiém tra duoc trinh bay
trong Bang II.

Bang Il. Két qué thir nghiém

Accuracy
Mb hinh - -
Huan luyén Kiém tra
MobileNetV3-Small 73,29 74,34
78,88 76,98

DenseNet201

MobileNetV3-Small dat do chinh xéac 73,29% trén tap
huin luyen va 74,34% trén tap kiém tra. Sy tuong ddng
glua hai gi tri nay cho thay mo hinh khong gapq hién tyfqng
qua khop (overfitting). Tuy nhién, hi¢u suat tong thé cta
MobileNetV3-Small kha thap, dic biét khi so sanh voi
DenseNet201. MobileNetV3-Small dugc thiét ké t6i uu
cho cac thiét bi di dQng, véi v tién vé tbe d6 va kich thudc
nho gon. Méc du vay, trong bai toan nay, MobileNetV3-
Small khong dii kha nang trich xuét day du céac dac trung
phirc tap tir hinh anh X-quang, din dén hiéu suét han ché,
déac biét ¢ tap k1em tra. Su chénh léch nho giira tap huin
luyén va tap kiém tra (73,29% so v&i 74,34%) ciing chi ra
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rang mo hinh hoc 6n dinh nhung thiéu kha ning phan biét
rd rang gitra cac 16p bénh.

DenseNet201, nguoc lai, dat d6 chinh xac 78.88% trén
tap huén luyén va 76.98% trén tap klem tra, vuot troi so
v6i MobileNetV3-Small & ca hai chi s6. Diéu nay ching
to DenseNet201 c6 kha néng hoc cac déac trung quan trong
tir dir ligu tot hon. Kién trac DenseNet201 vdi cac Dense
Block va két ndi day dic glup tai sir dung cac dac trung
qua nhiéu 16p, cho phép mé hinh trich xut thong tin phtc
tap mét cach hi€u qua hon. Hon nira, sy chénh 1éch nho
giita @6 chinh xac trén tap huin 1uyen va kiém tra (1.90%)
cho thay DenseNet201 khong bi qua khép va c6 kha nang
téng quat hoa tdt hon, phu hop dé ap dung vao cac bo dir
lidu thuc té.

3) Phan tich ma tran nham 14n

Ma tran nhdm I4n cta hai mé hinh dugc trinh bay trong
Bang 111, Bang IV, cho thiy kha ning phan loai cuia timg
mo hinh:

Bang lll. Ma trén nhdm Ian cta mé hinh
MobileNetV3-Small

Dur dodn/thuee 16 Buiphéi silic Binh thuong
Bui phdi silic 0 0
Binh thuong 107 310

Bang I1I thé hién ma tran nham 1an (Confusion Matrix)
ctia md hinh MobileNetV3-small khi du doan cac hinh anh
X-quang nguc thudc hai 16p: "Bui phdi silic" va "Binh
thuong".

MobileNetV3-Small cho thiy kha ning nhan dién tot
cac truong hop khong méc bénh (TN = 310), nhung lai that
bai trong viéc phat hién cac truong hgp bénh (TP = 0).
Diédu nay dan dén ty 18 phat hién bénh bui phdi silic 1a 0%,
lam giam hiéu qua ctia mo hinh trong tmg dung thuc té.

Diém manh ctia mo hinh la khong gdy ra canh bdo sai
(FP = 0), dicu nay co thé gidm cac chan doan du thura,
nhung lai khong dap Gmg dugc muc ti€u phat hién bénh.

Bang IV. Ma trén nhdm Ian cta mé hinh DenseNet201

Dy dodn/thiec té Bui phdi silic Binh thuong
Bui phdi silic 19 8
Binh thuong 88 302

Vi kién triic tién tién va kha ning trich xut dic trung
vuot troi, DenseNet201 da cai thién dang ké kha nang phat
hién bénh v6i 19 truong hop bénh duge dy doan ding
(True Positive). M6 hinh nay cling gitt mirc nham lan thap,
voi chi 8 truong hop khong bénh bi nham thanh bénh
(False Positive). Mac du van con 88 truong hop bénh bi
bo sot (False Negative), nhung so v6i MobileNetV3-small,
DenseNet201 da thé hién uu thé 5 rét.

Két qua so sanh hiéu ning cia hai mod hinh
MobileNetV3-small va DenseNet201 dya trén ma tran
nham lan (Confusion Matrix) cho théy, su khac bi‘ét ro rét
trong kha nang nhan di¢n bénh bui phoi silic nghé nghiép
tur hinh anh X- quang. DenseNet201 tn dung cac ket noi
day dac gitra cac 16p trong kién trac cua minh, cho phép
tai str dung thong tin va toi uu hoa hi¢u qua hoc dac trung.
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DenseNet201 vuot trdi so voi MobileNetV3-Small vé moi
khia canh, tir kha nang nhan dién bénh (TP) dén sb hr(mg
nham 14n thap hon (FP). d6 chinh x4c cao hon: véi so
lugng treong hop bénh duge dy doan dung cao hon (TP =
19), DenseNet201 da cho thay kha nang nhan dién bénh
tiém nang, ddc bi€t trong cac truong hop phuc tap Ty 1€
nham 14n thap hon: S6 lugng dy dodn nham nguoi khong
bénh 1a bénh (FP) chi 14 8, cho thdy mé hinh khong gay ra
qua nhiéu canh béo sai, giap tang dg tin c@y trong ung
dung thuc té. Tuy nhién, vin con han ché: Mic du
DenseNet201 cai thién dang ké so voi MobileNetV3-
Small, ty 1€ bo sot bénh (FN 88) van con cao. Diéu nay
cho thay can t1ep tuc cai tién, nhu can bang dir liéu hoac
ap dung thém cac ky thuat hoc sau khac dé t6i uvu hoa hon
nira kha nang phat hi¢n bénh.

4) Truc quan hdéa vung déc trung trong chan doan bui
phoi silic

Grad-CAM (Gradient-weighted Class Activation
Mapping) la mot phuong phédp hiru hiéu trong viéc truc
quan hoa cac ving ma mo hinh hoc sau tap trung khi dua
ra du doan [33]. Cong cu nay khong chi gitp danh gia do
tin cdy cua m6 hinh ma con cung cap thong tin chi tict dé
cai thién dir liéu hodc t6i wu hoa cau trac mo hinh.

Raw image MobilenetVi-small Densenel2o1

Normal

n r" z k !“l r"
na izl

Hinh 5: So sanh vung déc trung dwgc mé hinh tép trung
gitra MobilenetV3-Small va DenseNet201 bang Grad-
CAM

Hinh anh Grad-CAM trong Hinh 5 minh hoa céc ving
tép trung cua tirng mod hinh khi phén loai.

Dbi véi truong hop binh thudng: MobileNetV3-Small
tap trung vao nhiéu ving khong lién quan trong anh X-
quang, diéu nay phan anh kha niang nhan dién dic trung
yéu va thiéu su tap trung vao vung ph01 trung tam
DenseNet201 tap trung rd rang va chinh xdc vao vang phoéi
trung tdm, diéu nay phu hop véi dic diém hinh anh cua
trang thai binh thuong, minh hoa kha nang hoc dac trung
chinh x4c va hiéu qua hon.

DP6i véi truong hop mic bénh bui ph01 silic:
MobileNetV3-Small khong xac dinh chinh x4c ving ton
thuong, cht y lan toa, ma thay vao do phan tan su chi y
sang nhiéu vung khong li€n quan, lam giam kha nang phat
hién ton thuong. DenseNet201 xac dinh chinh xac ving
tén thwong (dwoc khoanh tron trong Grad-CAM), minh
ching cho kha nang hoc va nhan dién déc trung vuot trdi
tur cac hinh anh X-quang.

Tom lai, Grad-CAM di chi ra rang DenseNet201
khong chi c6 kha nang hoc déc trung phttc tap hon ma con
c6 kha nang tap trung chinh xéc vao céac Vung t6n thuong
dic thu cua bénh bui phdi silic, diéu ma MobileNetV3-
Small khong dat dugc. Sy khéc biét rd rang trong viée xac
dinh cac viing dic trung quan trong khéng dinh wu thé cua
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DenseNet201, dac biét trong cac ing dung Y khoa can do
chinh xac cao. Két qua nay cung cO tiém ndng cua
DenseNet201 trong viéc hd trg cac bac si dua ra chan doan
chinh xac va dang tin cay hon.

VI. KET LUAN

Nghién ciru nay da xdy dyng va trién khai mo hinh
DenseNet-201 dé phat hién bénh bui phdi silic nghé nghiép
tir anh X-quang nguc. Bang cach ap dung cac ky thuat tién
tién trong hoc sau, nghién ctru da so sanh hi¢u suét cta
DenseNet-201 v6i mod hinh MobileNetV3-small nham
danh gid kha nang phan loai va nhan di¢n dac diém bénh
ly.

Két qua thuc nghiém cho thay DenseNet-201 vuot troi
s0 vGi MobileNetV3-small vé do chinh xac va kha nang
nhan dién cac dac trung quan trong trong anh X-quang.
Pic biét, phan tich Grad-CAM minh hoa rd rang rang
DenseNet-201 tap trung vao cac ving tén thwong dic thu,
hd trg hidu qua trong viéc chin doan bénh. Diéu nay khang
dinh tinh wu viét cia DenseNet-201 trong linh vuc phan
tich hinh anh y té, ddng thoi gop phan nang cao d tin cay
va toc do cua qua trinh chan doan.

Mic du dat dwoc nhitng két qua kha quan, nghién ctru
van ton tai mot s6 han ché. Pau tién, sw mat can bang dir
liéu gitra cac nhom bénh cd thé anh hudng dén hiéu suét
tong thé ciia mo hinh. Thir hai, d6 nhay ctia mo hinh d6i
v6i cac trudng hop bénh hiém van chua dat muc t6i vu.
Huéng nghién ctru tiép theo s& tap trung vao viéc mé rong
b6 di liéu vdi su can bang tdt hon gitta cac nhom bénh,
g dung cac k¥ thuat hoc sdu tién tién dé cai thién kha
nang phan loai, va danh gia mo hinh trén cac bo dir liu
thuc t& 16n hon.

TAI LIEU THAM KHAO

[1]1P. D. Blanc, A. J. A. j. o. r. Seaton, and c. c. medicine,
"Pneumoconiosis Redux. Coal Workers’ pneumoconiosis
and silicosis are still a problem,” vol. 193, ed: American
Thoracic Society, 2016, pp. 603-605.

[2] F. Brims et al., "National Guidance for doctors assessing
workers exposed to respirable crystalline silica dust with
specific reference to the occupational respiratory diseases
associated with engineered stone," Australain Government
Department of Health2022.

[3]T. Li, X. Yang, H. Xu, and H. J. C. r. . Liu, "Early
identification, accurate diagnosis, and treatment of silicosis,"
vol. 2022, no. 1, p. 3769134, 2022.

[4] E. K. Austin, C. James, J. J. I. J. 0. E. R. Tessier, and P.
Health, "Early detection methods for silicosis in Australia and
internationally: a review of the literature," vol. 18, no. 15, p.
8123, 2021.

[5] C. P. Bondarchuk, B. Grobman, A. Mansur, and C. Y. J. |. D.
Lu, "National trends in pneumonia-related mortality in the
United States, 1999-2019," pp. 1-10, 2024.

[6] X. Liu, Q. Jiang, P. Wu, L. Han, and P. J. B. P. H. Zhou,
"Global incidence, prevalence and disease burden of silicosis:
30 years’ overview and forecasted trends,"
1366, 2023.

[7] K.-I. Kim et al., "Imaging of occupational lung disease," vol.
21, no. 6, pp. 1371-1391, 2001.

[8] W. Xuan, Z. Han, and L. Zheng, "Non-invasive detection of
silicosis based on array sensing and pattern recognition,” in

vol. 23, no. 1, p.

TAP CHI KHOA HOC CONG NGHE THONG TIN VA TRUYEN THONG 49



Nguyén Thj Tan Tién

E3S Web of Conferences, 2021, vol. 271, p. 03030: EDP
Sciences.

[9] C. M. Jones, S. S. Pasricha, S. B. Heinze, S. J. J. 0. M. I.
MacDonald, and R. Oncology, "Silicosis in artificial stone
workers: Spectrum of radiological high-resolution CT chest
findings," vol. 64, no. 2, pp. 241-249, 2020.

[10] F. Song et al., "A comparative study on diagnosis of
silicosis by digital and high kV film-screen chest
radiography,” vol. 38, no. 12, pp. 919-921, 2020.

[11] L. Kong, J. J. B. S. P. Cheng, and Control,
"Classification and detection of COVID-19 X-Ray images
based on DenseNet and VGG16 feature fusion,”" vol. 77, p.
103772, 2022.

[12] M. L. Giger and K. Suzuki, "Computer-aided
diagnosis,” in Biomedical information technology: Elsevier,
2008, pp. 359-XXII.

[13] C. Young, S. Barker, R. Ehrlich, B. Kistnasamy, A. J.
T.1.J.0.T. Yassi, and L. Disease, "Computer-aided detection
for tuberculosis and silicosis in chest radiographs of gold
miners of South Africa,” vol. 24, no. 4, pp. 444-451, 2020.

[14] F. Mushtag et al., "Atrtificial intelligence for computer
aided detection of pneumoconiosis: A succinct review since
1974, vol. 133, p. 108516, 2024.

[15] R. Ehrlich et al.,, "Accuracy of computer-aided
detection of occupational lung disease: Silicosis and
pulmonary tuberculosis in Ex-Miners from the South African
gold mines," vol. 19, no. 19, p. 12402, 2022.

[16] Y. Lee, Y. Chae, and S. J. H. i.r. Jeon, "Integration and
evaluation of clinical decision support Systems for Diagnosis
Idopathics Pulmonary Fibrosis (IPF)," vol. 16, no. 4, pp. 260-
272, 2010.

[17] F. Pesapane, M. Codari, and F. J. E. r. e. Sardanelli,
"Artificial intelligence in medical imaging: threat or
opportunity? Radiologists again at the forefront of innovation
in medicine,” vol. 2, pp. 1-10, 2018.

[18] H. Sharma, J. S. Jain, P. Bansal, and S. Gupta, "Feature
extraction and classification of chest x-ray images using cnn
to detect pneumonia,” in 2020 10th international conference
on cloud computing, data science & engineering
(Confluence), 2020, pp. 227-231: IEEE.

[19] O. Stephen, M. Sain, U. J. Maduh, and D.-U. J. J. 0. h.
e. Jeong, "An efficient deep learning approach to pneumonia
classification in healthcare,” vol. 2019, no. 1, p. 4180949,
2019.

[20] P. J. A. a. Rajpurkar, "CheXNet: Radiologist-Level
Pneumonia Detection on Chest X-Rays with Deep Learning,"”
vol. 5225, 2017.

[21] J. R. Zech, M. A. Badgeley, M. Liu, A. B. Costa, J. J.
Titano, and E. K. J. P. m. Oermann, "Variable generalization
performance of a deep learning model to detect pneumonia in
chest radiographs: a cross-sectional study," vol. 15, no. 11, p.
€1002683, 2018.

[22] G. Huang, Z. Liu, L. Van Der Maaten, and K. Q.
Weinberger, "Densely connected convolutional networks," in
Proceedings of the IEEE conference on computer vision and
pattern recognition, 2017, pp. 4700-4708.

[23] L. Sarker, M. M. Islam, T. Hannan, and Z. J. p. Ahmed,
"COVID-DenseNet: A deep learning architecture to detect
COVID-19 from chest radiology images," vol. 2020050151,
no. 10.20944, 2020.

SO 01 (CS.01) 2025

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG

[24] S. Albahli, N. Ayub, and M. J. A. S. C. Shiraz,
"Coronavirus disease (COVID-19) detection using X-ray
images and enhanced DenseNet," vol. 110, p. 107645, 2021.

[25] T. Arulananth, S. W. Prakash, R. K. Ayyasamy, V.
Kavitha, P. Kuppusamy, and P. J. I. A. Chinnasamy,
"Classification of Paediatric Pneumonia Using Modified
DenseNet-121 Deep-Learning Model," 2024.

[26] D. Singh, V. Kumar, and M. J. A. |. Kaur, "Densely
connected  convolutional  networks-based COVID-19
screening model," vol. 51, pp. 3044-3051, 2021.

[27] H. A. Sanghvi et al., "A deep learning approach for
classification of COVID and pneumonia using DenseNet-
201," vol. 33, no. 1, pp. 18-38, 2023.

[28] P. P. Dalvi, D. R. Edla, and B. J. S. C. S.
Purushothama, "Diagnosis of coronavirus disease from chest
X-ray images using DenseNet-169 architecture,” vol. 4, no.
3, p. 214, 2023.

[29] O. Rochmawanti and F. Utaminingrum, "Chest X-ray
image to classify lung diseases in different resolution size
using DenseNet-121 architectures,” in Proceedings of the 6th
International Conference on Sustainable Information
Engineering and Technology, 2021, pp. 327-331.

[30] F. Salim, F. Saeed, S. Basurra, S. N. Qasem, and T. J.
E. Al-Hadhrami, "DenseNet-201 and Xception pre-trained
deep learning models for fruit recognition,” vol. 12, no. 14, p.
3132, 2023.

[31] S-H. Wang, Y.-D. J. A. T. o. M. C. Zhang,
Communications,, and Applications, "DenseNet-201-based
deep neural network with composite learning factor and
precomputation for multiple sclerosis classification,"” vol. 16,
no. 2s, pp. 1-19, 2020.

[32] G. Mohandass, G. H. Krishnan, D. Selvaraj, C. J. B. S.
P. Sridhathan, and Control, "Lung Cancer Classification
using Optimized Attention-based Convolutional Neural
Network with DenseNet-201 Transfer Learning Model on CT
image,"” vol. 95, p. 106330, 2024.

[33] R. R. Selvaraju, M. Cogswell, A. Das, R. Vedantam,
D. Parikh, and D. Batra, "Grad-cam: Visual explanations
from deep networks via gradient-based localization,” in
Proceedings of the IEEE international conference on
computer vision, 2017, pp. 618-626.

OCCUPATIONAL SILICOSIS DETECTION FROM
CHEST X-RAY IMAGES USING DENSENET
ARCHITECTURE

Abstract: Occupational silicosis (BPSi) is one of the
most severe conditions affecting the health of workers,
particularly in industries exposed to free silica dust. In this
study, we employ the DenseNet201 model, an advanced
convolutional neural network (CNN) architecture, to assist
in diagnosing BPSi from chest X-ray images.
Experimental results demonstrate that the model achieves
high accuracy, especially in distinguishing between
normal cases and those affected by silicosis. Furthermore,
Grad-CAM is utilized to visualize the key regions the
model focuses on, highlighting the effectiveness and
reliability of DenseNet201 in identifying characteristic
abnormalities of BPSi. This study underscores the
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potential of deep learning applications in supporting the
diagnosis of occupational diseases.

Keywords: Deep Learning, DenseNet, CNN, Silicosis,
Chest X-ray
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