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Tém tit: Bénh bui phoi silic nghé nghiép 1a mot trong
nhiing bénh ly nghe nghiép nghiém trong, doi hdi duoc
phat hién som dé nang cao hiéu qua diéu tri. Nghién ctru
nay dé xuét sir dung kién trac Swin Transformer nham tu
dong phan loai anh X-quang nguc thanh hai 16p: binh
thuong va mic bénh bui phdi silic. Tap dir liéu gdm 2089
anh dugc thu thap thuc té & cac bénh vién tai tinh Thai
Nguyén, sau d6 anh X-quang gbc duoc xur Iy va st dung
mot s6 k¥ thudt ting cudng (rotation, horizontal flipping,
zooming and brightness adjustment) trudc khi dua vao mo
hinh. Swin Transformer tan dung co ché attention phan cap
(Hierarchical attention) dé trich xuat ddc trung hinh anh
hi€u qua, phuc vu cho nhi€ém vu phan loai. Két qua thur
nghiém cho thiy mé hinh Swin Transformer dat hiéu suat
vuot troi so voi mot s6 kién tric hoc sdu pho bién
(DenseNet201, MobileNetV3-Small). Cu thé, Swin
Transformer dat 0 chinh xac 87,77% trén tap dir liéu kiém
thir, trong khi DenseNet201 va MobileNetV3-Small chi
dat lan lugt 74,34% va 76,98%, cho thiy tiém ning tng
dung cao ctua mé hinh trong hd tro chin doan sém bénh
bui phoi silic tir anh X-quang nguc.

Tir khéa: Bui phdi silic, CNN, hoc siu, swin

transformer, X-quang nguec.

. GIOITHIEU

Bénh bui ph01 silic nghe nghiép (Occupatlonal
Silicosis viét tat 1a BPSi) tlep tuc la mot moi de doa suc
khoe cong ddng dai ding va nghiém trong trén pham vi
toan cau [1]. Can bénh tan phéd nady phat sinh chu yéu tu
viéc phoi nhiém lau dai va lap di lap lai v6i bui silic tinh
thé tu do, phd bién trong cac nganh cong nghiép trong yéu
nhu khai thac mo, xay dung, san xut vat liéu chju lira va
cong nghiép thuy tinh [2, 3]. Co ché bénh sinh dic trung
boi sy lang dong ctia cac hat silic siéu min trong nhu mo
phdi, kich hoat phan tmg viém man tinh va dan tién trién
thanh xo hoa (fibrosis) lan toa, dan dén ton thuong nhu mé
ph01 khong hoi phuc. Hau qua cta bénh bui phoi silic la
rat nang ng, tir suy gidm chirc nang ho hap nghlem trong
dén cac bién chimg phuc tap. Vi tién lugng xau va kha
nang gly tir vong néu khong duoc can thi¢p kip thoi, dac
biét & nhitng ngudi lao dong tiép xuc nghé nghiép kéo dai
[4], viéc phat hién som trd nén quan trong. Chén doan va
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diéu tri kip thoi khong chi cai thién déng ké chat luong
cudc song ciia ngudi bénh ma con 1a chia khoa dé kiém
soat su tién trién cua bénh, ngin ngira bién chimg nguy
hlem va giam thiéu ty 1é tir vong lién quan [5, 6]. Theo
truyen thong, chan doan bénh bui phéi silic phu thudc chit
yéu vao viéc dién giai hinh anh X-quang nguc két hop véi
danh gia 1am sang va tién st nghé nghiép. Tuy nhién,

phuong phap nay donmat v6i nhimg thach thic. Sy da
dang, d6i khi khong dién hinh cta cac biéu hién ton thwong
trén anh X- -quang d6i hoi chuyén mon sau va kinh nghlem
day dan tir cic bac si chan doan hinh anh. Diéu nay lam
cham qua trinh chan doan chinh xac, ddc biét nghiém trong
& cac khu vuye thiéu hut bac si chuyén khoa phoi hodc chan
doan hinh anh [7] Hon nita, tinh chi quan von c6 trong
qué trinh dién giai hinh 4nh din dén nguy co bién thién két
qua gilra cac chuyén gia khac nhau (inter-rater variability),

anh huong dén tinh dong nhét va tin cdy cua chan doan [8].

Trong thap ky qua, cong ngh¢ hoc sau (deep learning)
da cach mang hoa linh vyc phan tich anh y t€. Cac kién
tric mang no-ron tich chdp (CNN) da ching té kha nang
vuot troi trong viéc tu dong trich xudt ddc trung tr anh X-
quang va hd trg chan doan nhiéu bénh 1y phdi khac nhau
[9]. Tuy nhién, dbi v&i nhiing thach thirc déc thu cua anh
X-quang BPSi — noi dic trung bénh 1y c¢6 thé mo nhat, rai
rac va doi hoi hiéu biét ngir canh khong glan rong 16n cua
phdi — cac md hinh CNN truyén thong v6i co ché tich chép
cuc by van boc 16 nhu’ng han ché nhat dinh trong viéc nam
bat mdi quan hé xa giita cac viing ton thuong va tong quat
hoéa hi¢u qua cac dac trung hinh thai phice tap.

Su xuét hién cua kién trac Transformer trong linh vuc
thi gidc may tinh dd mo ra mot ky nguyén mai cho viéc
mo hinh hoa cac mdi quan hé phu thudc dai han trén dir
liéu hinh anh [10, 11]. Mac du Vision Transformer (ViT)
ap dung co ché self-attention toan cuc, nd thuong yéu cau
lwong dit liéu huin luyén khong 16 va gip van dé vé hi€u
qua tinh toan trén anh d¢ phan giai cao [12]. Dé giai quyét
nhitng thach thirc nay, Swin Transformer (Shifted
Windows Transformer) da duoc phat trién, két hop mot
cach khéo 1€o cau triic phan cap cua CNN vdi co ché self-
attention theo cua so6 dich chuyén [13]. Sy lai ghép nay
gitp Swin Transformer vira hoc duge dac trung cuc bd chi
tict, vira nam bit dwuoc ngit canh toan cuc mot cach hi¢u
qué vé mit tinh toan, tr¢ thanh mot kién trc day tiém nang
cho phén tich anh y té, ddc biét 1a cac bai toan doi hoi hidu
biét da ty 16 va quan hé khong gian phirc tap nhu chin doan
BPSi [14, 15].

Nghié€n clru nay tap trung khai thac strc manh cta Swin
Transformer dé phat trién mdt hé thong ho trg chan doan
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BPSi tur anh X- -quang nguc. Bang cach tan dung kha nang
hoc biéu dién phan cap va mé hinh héa quan hé khong glan
hiéu qua cta Swin Transformer, chung t6i hudng tdi viée
xdy dung mdt md hinh c6 kha nang phan loai chinh xac
anh X-quang nguc thanh nhom binh thudng va nhoém méc
BPSi, gop phan cai thién quy trinh sang loc, phat hién sém
va quan ly bénh cho nguoi lao dong.

Il. CAC NGHIEN CU'U LIEN QUAN

A.  Phuwong phdp chan dodn bui phéi Silic boi chuyén
gia

Chan doan hinh anh dya trén X-quang nguc (CXR) tur
lau da 1a phuong tién chan doén hinh anh tiéu chuan vang
de phat hién va danh gia cac ton thwong nhu mé phdi, bao
gom ca cac biéu hién dic trung cia bénh bui phdi silic nhu
cdc dam mo nho va 16n. Phuong phap nay khong chi dong
vai trd nén tang trong chan doan ban dau ma con hd tro
phan loai giai doan bénh theo cac hé thong tiéu chudn [16].
Phuong phap nay thuong dua vao kinh nghiém cua bac si
Tuy nhién, phuong phap nay phu thudc rat 16n vao kinh
nghiém chuy€n mon va ky nang dién giai hinh anh ctia bac
sT chan doan. Su phtrc tap va bién thién trong biéu hién X-
quang cua bénh bui phoi silic dat ra thach thirc dang Kké,
dan dén qua trinh dénh gia t6n nhidu thoi g1an va c6 thé
gdy ra su bién thién két qua dang ké giira cic bac si hodc
chuyen gia khac nhau (Inter-observer variability) [17, 18].
Diéu nay dic biét kho khan trong bbi canh can chan doan
nhanh chong va chinh xdc, ciing nhu tai céc khu vue thiéu
hyt nguon nhan luc y té chuyén sau. Trudc nhung han ché
¢0 hitu ciia dién giai hinh anh chu quan, cac hé thong hd
trg chan doan bang may tinh (Computer Aided Diagnosis
- CAD) da dugc phat trién nhu nhitng no lyc ban d4u nham
tu dong hoa mot phan quy trinh phan tich anh X-quang
[19]. Cac hé thong CAD st dung cac thudt toan xu ly anh
va hoc may truyen thdng dé trich xuét céc ddc trung duoc
thiét ké thu cong tir hinh anh, cung cdp thong tin bd trg
gitp bac st glam bot thoi gian va tang cu’o’ng tinh nhat quén
trong danh gia [20, 21]. Bén canh CAD, céc hé théng hd
trg quyét dinh 1am sang (Clinical Decision Support
Systems - CDSS) tich hgp thong tin hinh dnh v6i dit ligu
lam sang cuia bénh nhan dé dua ra khuyén nghi toan di¢n
hon [22], cung v&i cac hé thong b4o cdo chuan héa nhim
giam thiéu sy khéc biét trong dién giai [23].

B. Phwong phdp hé tro chan dodn bui phéi Silic dya
trén cdac mo hinh hoc sdu

Su ra doi cua hoc §au da mang lai mot budce tién 16n
trong phan tich anh y t€. Cac kién trac CNN, voi kha nang
ty dong hoc cac bd loc dac trung tu dir ligu, da duoc ap
dung rong rdi dé phén loai va phat hién cac bénh 1y trén
anh X-quang nguc [9]. Ddi véi BPSi, nhidu nghién ctru da
su dung cac m6 hinh CNN nhu ResNet va DenseNet dé ty
dong nhan dién cac ndt mo silic [12, 24]. Nhimg mo hinh
nay da dat duoc nhimng két qua ban dau diy hira hen trong
viéc phan biét giita anh binh thuong va anh c6 dau hiéu
BPSi.

Tuy nhién, cdc md hinh CNN truyén thong thuong tap
trung vao viéc trich xut dic ‘trung cuc bo thong qua cac
lop tich chép, diéu nay c6 thé khong du hiéu qua dé nim
bat toan bo bbi canh khong gian va méi quan hé gitra cac
ton thuong rai rac trén anh X-quang BPSi, ddc biét Ia trong
cac truorng hop bénh phuc tap hodc ¢ giai doan sém khi
cac nbt mo chua rd rang va co thé bi anh huong boi chu
tric gidi phau lan can. Hon nita, viée huén luyén cac md
hinh CNN tir ddu thuong doi hoi mot lwong 16n dir lidu
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duoc gan nhan chat luong cao, dleu nay c6 thé 1a mot thach
thirc ddi voi cac bo dit lidu y t& chuyén biét nhu anh X-
quang BPSi [25].

C. Ung dung mé hinh Swin Transformer trong y té

Kién trac Transformer, ban dau dugc phat trién cho cac
bai toan xir Iy ngén ngit tw nhién dya trén co ché self-
attention, da tao ra mét 1an song maéi trong linh vuce thi giac
may tinh. Vision Transformer (ViT) la mo hinh tién phong
chimg minh rang mét kién trac chi dya vao self-attention,
khéng can tich chép, van c6 thé dat hiéu suét canh tranh
voi CNN trong céc tac vu phan loai anh [12]. ViT chia anh
dau vao thanh cac patch c0 dinh va ap dung self-attention
toan cuc dé mo6 hinh hoa mdi quan hé gma tat ca cac patch.
Kha nang nam bét phy thugc dai han nay 1a moét wu dlem
16n so véi CNN. Tuy nhién, ViT c6 nhugc diém 1a yéu cau
tap dir liéu huan luyén rat 16n dé co thé khai quat hoa t6t
va chi phi tinh toan cho self-attention toan cuc tang theo
binh phuong s6 lugng patch, 1am cho n6 kém hiéu qua khi
xur ly 4nh d6 phan giai cao [12, 26].

DPé giai quyét nhung han ché cua ViT, Swin
Transformer da duoc gidi thidu. Kién tric nay tich hop mot
cach thong minh co ché self-attention theo cira sb
(window-based self- attentlon) va chién luoc dich chuyen
ctra sO (shlfted wmdow) dé giam chi phi tinh toan xudng
con tuyén tinh véi sO lugng patch, dong thoi Van cho phép
thong tin dugc truyén qua cdc ranh gidi cira s6, mé rong
truong tlep nhén theo chiéu sau [13, 26]. Pac biét quan
trong dbi v6i anh y té, Swin Transformer con xay dung
biéu dién dic trung theo cdu trac phan cap, tuong tu nhu
cac kién tric CNN hi¢u qua [12, 15]. Sy ket hop gitra self-
attention hiéu qua, cdu trac phan cip va kha ning mé hinh
héa ca dic trung cuc bd 13n ngit canh toan cuc lam cho
Swin Transformer tré nén rat phu hop cho cac bai toan
phén tich anh y té, bao gém ca anh X- -quang nguc. Cac
nghién ctru gan ddy da chimg minh hiu qua cua Swin
Transformer trong phan loai bénh phdi, bao gom ca lao
phéi va cac ndt phdi [13, 14, 15]. Diéu nay cho thiy tiém
nang lén cua Swin Transformer trong vigc giai quyét
nhiing thach thure dédc thu cua chan doan BPSi.

Bén canh viéc trng dung cac kién trac hoc sau don I¢,
xu huéng hién nay con hudng téi viée ket hgp cac mé hinh
khéc nhau hodc tich hgp céc co che bo sung dé nang cao
hiéu suat hd tro chan doan. Viéc két hop CNN va
Transformer da dugc dé xuat dé tan dung uu diém cia ca
hai. Hon nira ocac ky thl}at Few-Shot Learning dang dugc
nghién cau dé giai quyét bai toan thi€u dir liéu trong cac
ng dungy té chuyén biét nhu BPSi [25]. Mot hudng phat
trién day hira hen khac 1a viéc két hop cic mo hinh dya
trén anh véi cac mo hinh dya trén 4o thi (Graph-based
models), nhu Graph Transformer Post-hoc Modeling, aé
m6 hinh h6a m6i quan hé nglr nghia gitra cac anh hodc céac
vung tén thuong, tir d6 cung cap cai nhin tong thé va ting
cuong kha nang hd tro chin doan [27]. Nhimg hudng
nghién cru ndy mo ra tiém nang 16n dé xay dung cac hé
thong hd trg chan doan BPSi toan dién va hiéu qua hon
trong tuong lai.

. BO DY LIEU
A. Thu thdp dit liéu

Qua trinh thu thap, xay dung b dit liéu BSIPTIT dugc
thyc hién mot cach khoa hoc, tap trung chu yeu vao cac
hinh anh X-quang nguc - phuong phap tiéu chuan vang
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trong chin doan tén thuong nhu mé phdi lién quan dén
bénh bui phoi silic. B§ dit liéu nay dugc chia thanh hai
nhom chinh dya trén dac diém bénh 1y 16 rang

Nhém méc bénh bui phdi silic: Bao gom nhiing hinh
anh X-quang nguc thé hién cac dau hiéu dic trung cia
bénh bui phoi silic nhu cac ndt md nho (small opacities),
dam mo 16n (large opacities), day thanh phé quan
(bronchial wall thickening), va phu to chirc k& (interstitial
pattern).

Nhém binh thuong: Bao g(‘f)m nhiing hinh anh X-quang
nguc khong thé hién bat ky dau hiéu ton thwong phoi nao
lién quan dén bénh bui phdi silic

Dé dam bao tinh chinh xac va do tin cdy cao nhit, toan
bo dir liéu hinh anh da trai qua qua trinh gin nhin
(Annotation) ti mi bdi cac bac si chuyén gia trong linh vyc
y hoc lao dong va chan doan hinh anh.

Quy trinh chan doan va gan nhan tuan thi nghiém ngat
cac hudéng dan qudc té va qudc gia, cu thé 1a Hudng dan
ctia T chirc Lao dong Qubc té (ILO) nam 2011 v& phan
loai X-quang bénh buyi phoi va Thong tur 15/2016/TT-BYT
ciia Bo Y té Viét Nam. Chi nhimg truong hop c6 két qua
chan doan rd rang va hinh anh chét luong cao méi dugc
dwa vao b dir liéu; cc truong hop khong dién hinh, khong
13 rang hodc hinh anh bi nhidu nang di dugc loai bé dé duy
tri tinh toan ven cua tap dir liéu.

- Pbi tuong: Bo dir lidu thu thap truc tiép tir 2089 cong
nhan c¢6 nguy co cao mac bénh bui phdi silic do tiép xuc
thuong xuyén vai bui silic trong cac nganh cong nghiép
nhu khai thic mé, xdy dung va san xuét.

- Pia diém: Cac hinh anh duoc thu thap tir cac bénh
vién chuyén khoa ¢ cac tinh nhu Thai Nguyén, Hai Duong,
Binh Dinh, Phu Yén, va Pong Nai.

- Tiéu chuén chan doan: Tat ca cac truong hop bénh
bui phéi silic déu duoc xac nhan theo tiéu chuén cua ILO
2000 dé dam bao tinh nhit quan va do tin cay. Cac hinh
anh X-quang duoc chup véi kich thude tiéu chuan 1a 35 x
43 cm.

- S6 luong mau: Tir 2089 ngudi lao dong nay, cb 535
truong hop duge chin doan mac bénh bui phéi silic, véi
hinh anh X-quang nguc cta ho dugc dua vao 16p Silicosis
trong bo dir licu.

Hinh 1 va 2 minh hoa hai vi du dién hinh v& hinh anh
X-quang nguc trong bd dir li€u, dai dién cho 16p ‘Binh
thuong” va “l6p Bui phdi silic”, 1am ndi bat sy khac biét
vé mit hinh anh giira hai nhom.

Hinh 1. Hinh dnh X-quang nguc cta ngudi khéng méac
bénh
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Hinh 2. Hinh anh X-quang nguc cua nguoi méc bénh
bui phéi silic nghé nghiép

B. Tién xit Iy dit liéu va tang cwong dit liéu

Tién xir Iy dir li¢u: Pay 1a mot budc khong thé thiéu
nham chuyén do6i dir liéu th6 sang dinh dang phu hop va
toi uu cho viéc huan luyén mo hinh hoc sau.

Dinh dang dit liéu: Dit hinh anh ban dau dwoc luu triv
& dinh dang DICOM (.dem), 1a dinh dang chuan trong y
té, chira day du thong tin vé hinh anh va metadata lién
quan. Mic da DICOM 1y tuéng cho luu trit va xem béang
phan mém chuyén dung (nhu MicroDicom, RadiAnt), viéc
xtr 1y tryc tiép trong cac framework hoc sdu thudng yéu
cau dinh dang hinh anh phé bién hon nhu JPG hoic PNG.

Quy trinh xtr Iy: D& chuan hoa va tu dong hoa quy trinh
nay, ching t6i da phat trién mét script Python dé chuyén
d6i hang loat cac tép DICOM sang dinh dang JPG. Sau khi
chuyén d6i, tat ca cac hinh anh dugc chudn hoa vé kich
thudc dong nhat 1a 224x224x3 (chiéu rong x chiéu cao x
s6 kénh mau) dé phu hop véi yéu cau dau vao cua kién trac
DenseNet duoc st dung trong nghién ciru nay. Dé giam do
phirc tap tinh toan va nang cao hiéu suit mé hinh, cac gia
tri diém anh dugc chuén hoa bé“mg cach chia cho 255. Viéc
nay gitp dua cac gia tri vé ciing mot thang chudn trong
khoang [0, 1], tir 6 cai thién tinh 6n dinh va hiéu qua trong
qué trinh huén luyén va kiém thir mé hinh.

Téng quan bd dir liéu: Sau qua trinh tién xir ly, b di
liéu cudi cung bao gom 2089 hinh anh X-quang, v6i phan
bo cu thé 1a:

- 535 hinh anh ciia bénh nhan mic bénh silicosis.
- 1554 hinh anh cua ngudi khong méc bénh.

Dé nang cao kha ning téng quat hoa (Generalization)
va giam thiéu hién twong qua khop (Overfitting), dic biét
khi lam viéc véi tap dit li€u c6 kich thude han ché, k¥ thuat
tang cuong di liéu (Data augmentation) da dugc ap dung.
Céc phép bién dbi ngdu nhién duoc thuc hién trén cac hinh
anh huén luyén bao gdbm: xoay anh (Rotation), 1at ngang
(Horizontal flipping), phong to (Zooming), va thay doi do
sang (Brightness adjustment). Bang cach tao ra nhiéu bién
thé cua cung mot hinh anh gdc, ting cuong dit liéu gitp
mo rong khong gian mau, budc mé hinh phai hoc cac dic
trung manh mé& va bat bién hon ddi véi cac bién ddi nho,
tir d6 cai thién dang ké d6 chinh xac va kha nang ap dung
ciia mo hinh trén dit liéu méi. Cau hinh tham sb cho cac
phép bién dbi dir liéu cu thé nhu sau:

- Xoay anh (Rotation): Anh X-quang duogc xoay ngiu
nhién trong khoang tir —10° dén +10°, nhdm mo phong su
thay ddi nhe trong tu thé chup ma khong lam bién dang
cu triic giai phau.
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Hinh 4. Kién tric mé hinh Swin Transformer

- Lat ngang (Horizontal Flipping): Anh c6 thé dugc lat
dbi xung tir trai sang phai hodc nguoc lai, gitp mo hinh
hoc dugc dac trung bénh 1y & ca hai bén phéi va gidm su
phu thudc vao huéng anh gbe.

- Phong to (Zooming): Phép bién dbi phong to dwoc ap
dung ngdu nhién trong pham vi 1én dén 20%, gitp mo
phéng cac truong hop anh chyp ¢ khoang cach khac nhau,
ddng thoi tang tinh da dang cho dit liéu hudn luyén.

- iéu chinh d6 sang (Brightness Adjustment): Do sang
ctia anh dugc thay ddi ngiu nhién trong khoang +20%
nham phan anh cac diéu kién chiéu sang khac nhau trong
qué trinh thu nhan anh, dong thoi gitip mo hinh tré nén linh
hoat hon trudc su thay doi anh sang.

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

A. M6 hinh tong quan

Hinh 3 minh hoa mo hinh tong quan str dung kié:n tric
Swip Transformer dé ho trg phat hién bénh bui phoi silic
nghé nghiép tur hinh anh X-quang nguc.

Input: Lo anh X-quangviét nguc trong tap dir liéu duoc
chia thanh hai nhém: Nhom binh thuong, nhom méc bénh
bui phdi silic nghé nghiép.
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Output: M6 hinh dy doan nhan phan loai tuong tng
cho tirng hinh anh (0 - binh thuong, 1 - mac bénh).

Trong nghién ctru nay, Swin Transformer duoc ap
dung vao bai toan chan doan bénh bui ph01 silic nghé
nghiép theo mot quy trinh bon glal doan: tién xt 1y dit ligu,
xay dung klen trac md hinh, cau hinh huan luyén va danh
gi4 hiéu sudt. Anh X-quang nguc duoc chuyen dbi tir dinh
dang DICOM sang PNG/JPEG, resize vé kich thudc
224x224 pixel, va ap dung ky thudt tang cuong dir ligu dé
glam thleu mét can bang 16p. Dit liéu sau xir ly duoc dua
vao kién trac Swin Transformer phan cp, v6i cac tang
Window-based va Shifted Wmdow -based Multi-head
Self-Attention nham trich xuat cac dac trung cuc bd va
toan cuc hiéu qua. Lép phén loai Dense ¢ dau ra thuc hién
nhiém vu phén biét hai 16p: binh thuong va mic bénh bui
phai silic.

B. Kién truc mé hinh Swin Transformer

Kién triic mé hinh duogc 4p dung trong nghién ctru nay
la Swin Transformer, mot mang no-ron tién tién két hop
hiéu qua co ché Self-Attention theo cira s6 cuc bd véi cau
trac phan cdp (Hierarchical) . Viéc Iya chon kién tric nay
nhim tan dung kha ning hoc biéu dién da ty 1 va mé hinh
héa quan h¢ khong gian hi¢u qua ctia Transformer, vbn rat
quan trong trong phan tich anh X-quang nguc dé phat hién
bénh bui phdi silic nghé nghiép.
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Mb hinh xir 1y anh X-quang dau vao qua nhiéu giai
doan. Ban dau, dir liéu duoc dua qua 16p tich chép dé trich
xudt dic trung cap thap va chia thanh cac patch. Tiép theo,
cac giai doan cua Swin Transformer Blocks va Patch
Merging layers lan luot thyc hién hoc biéu dién ngit canh
cuc bd (su dung Window-based Self-Attention - W-MSA
va Shifted Window-based Self-Attention - SW-MSA) va
giam dan kich thuéc khong gian trong khi tang sé chiéu
dic trung, cho phép mo hinh nim bit cac dic trung & cac
muc d9 truu twong khac nhau. Sau cung, cac dac trung
duoc téng hop va dua qua 16p két ndi ddy du dé thuc hién
phan loai nhi phan (Binh thudng/Méc bénh).

Chi tiét vé ciu trac mang, bao gom trinh ty cc 10p, vai
tro chuc nang va kich thudc tensor dAu ra tai mdi budc,
dugc trinh bay cu thé trong Hinh 4. Su két hop ciia cac co
ché nay gitip mo hinh Swin Transformer dat dwoc higu suat
cao trong viéc phan tich cac ddc trung tinh té va phan b
khong dong nhat trén anh X-quang BPSi, dong thoi ti wu
hoéa hiéu qua tinh toan so v&i cac kién trac Transformer
toan cuc.

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

Céc thi nghlem dugc tién hanh trén nén tang phan cing
manh mé& bao gom GPU NVIDIA Tesla T4 va 15GB
RAM. Viéc xay dung va huin luyen md hinh dugc thuc
hién hiéu qué bang thu vién hoc méay PyTorch.

Qué trinh huan luyén sir dung Adam Optimizer v6i
learning rate ban dau 0.0001, ham mat mat Cross-Entropy
va ky thuat early stopping nham t&i wu hoa tde do hoi tu
va han ché overfitting. Sau huén luyén, mo hinh dugc danh
gia trén tap kiém tra dya trén cac chi so Accuracy,
Precision, Recall, F1-score va Fl-marco, dong thoi phan
tich thém thong qua ma tran nham 1an (Confusion Matrix)
va tryc quan hoa Grad-CAM. Quy trinh nay dam bao mo
hinh khong chi dat hi¢u suat cao vé mat dinh luong ma con
¢6 kha ning giai thich t6t d6i v6i cac quyét dinh chan doan
duya trén hinh anh.

M5 hinh duogc huan luyén trong 50 epoch day dua, véi
kich thudc batch ¢b dinh 12 32 mau trén moi lan lap, dam
bao qua trinh hoc dién ra 6n dinh.

Tap dir liéu nghién ciru bao gdm hai 16p: Binh thuong
va Bui phdi silic. Tap dit liéu duoc chia thanh tap huin
luyén (80%) va tap kiém tra (20%) dé danh gia doc lap
hiéu nidng mo hinh. Chi tiét vé sb lwong mau trong ting
tap trude khi tang tudng va sau khi ting cuong duogc trinh
bay cu thé trong Bang 1.

Béng I. Chi tiét b dir ligu

Dit liu B‘-‘Sii{’ilcléi Binh thuong | Téng sb
Tap huin luyén 428 1244 1672
Tap kiém tra 107 310 417
Téng sb 535 1554 2089
B. Két qua
1) Thang do danh gia

Tién hanh danh gia hi¢u suat cia Swin Transformer,
mo hinh dugc so sanh véi hai kién triic hoc sdu phd bién
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12 DenseNet201 va MobileNetV3-Small dugc huin luyén
trén bo dit liéu X-quang nguc thu thap tir bénh nhan mac
bénh bui phdi silic va ngudi binh thudng. Hai nhém chinh
duoc phan loai gf)m Binh thuong (Normal) duge gan nhan
1a 0 va Bui phoi silic (Silicosis) duoc gan nhén 1a 1. Cac
thude do hiéu suat chinh dwgc tinh toan dua trén céc cong
thirc dudi day:

Accuracy (D6 chinh xé4c tong quat):

TP +TN
TP+ TN + FP + FN

Accuracy =

Precision (P9 chinh xac):

TP
b6 chinh xac = ——
) TP + FP
Recall (P9 nhay):
. TP
bé nhay = ——
TP+ FN
F1-score:

2 * Precision * Recall
F1l =

Precision + Recall
F1-marco:

N
1
F1 —macro =NZF11-

i=1

Trong do:

TP (True Positive): S6 lwong dy doan dang cho 16p
bénh buyi phoi silic.

TN (True Negative): S6 lugng du doan ding cho 16p
binh thuong.

FP (False Positive): S6 lwong du doan sai cho 16p binh
thudng thanh bui phoi silic.

'FN (False Negative): S6 luong du doan sai cho 16p bui
phoi silic thanh binh thuong.

N: S6 luong 16p.

Nhig thudce do nay duoc ap dung nham danh gia toan
dién hiéu suét phan loai cua timg md hinh trén tap dit liéu
kiém tra (test set). Két qua dat dugc gitp 1am r6 muc do
hi€u qua va dd chinh xéc cua céc kién truc hoc sau khi ap
dung vao bai toan phat hién bénh bui phéi silic tr anh X-
quang nguc.

2) So sanh d¢ chinh xac gitra cac mo hinh

Dé kiém chimg hiéu qud cua Swin Transformer, md
hinh dugc so sanh véi hai kién truc hoc sau ph() bién 1a
DenseNet201 va MobileNetV3-Small. Cac md hinh nay
déu dugc huan luyén va dénh gia trén cung mot tap dir licu
anh X-quang nguc da tién xtr 1y, voi tap huén luyén chiém

80% va tap kiém tra 20%.

Két qua tir Bang II cho thidy Swin Transformer vuot
trdi hon cac m6 hinh nhu DenseNet201 va MobileNetV3-
Small v6i d6 chinh xéac dat 87,77% trén tap dir liéu kiém
thur. Déc biét, md hinh Swin Transformer dat gia tri F1-
macro cao nhat — mot chi s quan trong trong bai toan mat
can bang dit liéu, phan anh kha ning cin bang giira d6 nhay
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va do chinh xac. Piéu nay cho thay Swin Transformer
khong chi hoc t6t ma con tong quat hoa hi€u qua trén dir
liéu chua ting thay.

Bang Il. B chinh xéac giita Swin Transformer va

cac mé hinh
Accuracy
M6 hinh £ F1-macro

Huan Kiém thir

luyén
MobileNetV3- 73,29 74,34 42,64
Small
DenseNet201 78,88 76,98 57,32
Swin 95,36 87,77 84,64
Transformer

3) Phén tich ma trin nham 1an

Bang I1I thé hién ma tran nham 13n (Confusion Matrix)
cua mo hinh Swin Transformer khi du doan cac hinh anh
X-quang nguc thudc hai 16p: "Bui phdi silic" va "Binh
thuong".

Swin Transformer cho thy kha ndng nhén di¢n t6t cac
Mo hinh nhan dién dung 89 ca mic bénh va 277 ca binh
thuong, S truong hop bi bo s6t bénh (False Negative) 1a
18, chiém ty 18 dang ké, anh huong dén d6 nhay. S6 truong
hcyp binh thuong bi chin doan _sai thanh bénh (False
Positive) 1a 33 tuy it hon nhung van c6 thé anh huong dén
do tin cdy lam sang.

Mic du ty 1& FN van ton tai, nhung d6 chinh xac tong
thé va do chinh xéac trong nhom binh thuong (TN) la rat
cao, khang dinh m6 hinh hoc dugc dac trung bénh mot
céch dang tin cay.

4) Truc quan hoa ving dic trung trong chan doan byi
phdi silic

Grad-CAM  (Gradient-weighted Class Activation
Mapping) 1a mot phuong phap hitu hiéu trong viéc truc
quan héa cac vung ma mo hinh hoc sau tép trung khi dua
ra dy doén [28]. Cong cu nay khong chi gitp danh gia do
tin cdy cua m6 hinh ma con cung cap thong tin chi tiet dé
cai thién dir liéu hodc t6i wu hoa cau trac md hinh.

Hinh éanh Grad-CAM trong Hinh 5 minh hoa cic vung
tép trung cua trng md hinh khi phan loai. Hinh 5 cho thay
Swin Transformer tap trung manh vao ving phdi, dic biét

Béng lll. Ma tran nhdm I4n cua mé hinh
Swin Transformer

Dy doan
Bui phéisilic | Binh thuong

Bui phéi silic 89 18
o
°
=.
=

= Binh thudng 33 277

tai cac vi tri ton thuong dang nét hodc xo hoa, gitp mo
hinh dua ra quyét dinh chinh xéc. DenseNet201 va
MobileNetV3-Small c6 xu huéng phén tan sy chi y ra
khoi vung ton thuong, khién chat lugng phan loai giam.

Trén cdc anh binh thuorng, Swin Transformer van duy
tri su tap trung cht yéu vao cau tric phdi, tranh nhan dién
sai vao cac vung khong lién quan (nhu xuong suon, mod
mém ngoai phoéi...). Nhitng két qua nay chimg minh ring
co ché attention trong Swin Transformer khong chi mang
lai hi¢u suét tot vé dinh luorng, ma con dam bao tinh hop
1y v& mit ngit nghia va cdu tric anh y hoc.

Tém lai, Grad-CAM di chi ra rang Swin Transformer
khong chi ¢6 khd nang hoc déc trung phitc tap hon ma con
¢6 kha ning tap trung chinh xac vao cac ving ton thuong
dic thu ciia bénh bui phdi silic, diéu ma DenseNet201 va
MobileNetV3-Small khong dat dugc. Su khac biét 10 rang
trong viéc xac dinh cdc vung dac trung quan trong khing
dinh wu thé ndi troi cua Swin Transformer, déc biét trong
cac ung dung y khoa can d6 chinh xac cao. Két qua nay
cling ¢6 tiém ning ctia Swin Transformer trong viéc hd trg
céc béc si dua ra chan doan chinh xac va dang tin cdy hon.

VI. KET LUAN

Trong nghién ciru nay, Swin Transformer dd dugc
chirng minh 1a mot kién triic hoc sau hiéu qua trong nhiém
vu phan loai anh X-quang nguc nham phat hién bénh bui
phdi silic nghe nghiép. Nho thiét ké Self- Attention cuc bo
v6i co ché cira s trugt va cdu trac phan cip dic trung, mod
hinh dat dugc F1-macro 84,64%, vugt trdi so voi cac mang
CNN truyén théng nhu DenseNet201 va MobileNetV3-
Small. Bén canh kha ning nhén dién ton thuong nho va

Raw image

Binh thuong

Miic bénh
Bui phoi
Silic

MobilenetV3-small

Densenetzon Swin'T

Hinh 5: So sé&nh vting déc trung duwoc mé hinh tép trung cac mé hinh bing Grad-CAM
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phirc tap, Swin Transformer ciing cho thdy muc d¢ tong
quat hoa cao trong bdi canh dir liéu y khoa nhidu va phan
b  khong d@)ng déu. Tuy nhién, cac han ché lién quan dén
mat can bang dir liéu, ty 1€ bo sot bénh va thiéu kha nang
khoanh ving t6n thuong cu the van dat ra nhitng yéu cau
cép thiét cho cac hudng cai tién tiép theo.

Dé nang cao hon nita hiéu qua mé hinh, nghién ctru
twong lai s€ tap trung tich hop Swin Transformer véi
Graph Transformer Post-hoc nham khai thac cic quan hé
ngit nghia giita cic viing dnh hodc giira cac mau trong tap
dir liéu thong qua biéu dién dd thi. Cach tiép can nay duoc
ky vong khong chi cai thién do nhay bang cach phat hién
céc tin hi¢u bénh 1y tiém 4n ma con ting cuong kha nang
suy ludn nglr canh, tr d6 néng cao do tin cdy khi trién khai
trong cac hé thong hd trg quyét dinh 1am sang. Ngoai ra,
viéc két hop véi cac kién trac phéan doan nhu Swin-Unet
cling s& dugc nghién ciru nham bd sung kha nang xéac dinh
vi trf ton thuong, gop phan hoan thién hon quy trinh hd trg
chan doan hinh anh y khoa.
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Nghién ctru nay 1a san pham cua dé tai KH&CN cip
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“Innovative

APPLICATION OF THE SWIN TRANSFORMER
MODEL IN SUPPORTING THE DIAGNOSIS OF
OCCUPATIONAL SILICOSIS

Abstract:  Occupational silicosis is a serious lung
disease that necessitates early detection to improve
treatment outcomes. This study proposes the use of the
Swin Transformer architecture to automatically classify
chest X-ray images into two categories: normal and
silicosis-affected. A dataset comprising 2,089 chest X-ray
images was collected from hospitals in Thai Nguyen
province. The original images underwent preprocessing
and data augmentation techniques, including rotation,
horizontal flipping, zooming and brightness adjustment,
prior to being input into the model. The Swin Transformer
leverages a hierarchical attention mechanism to effectively

S0 02 (CS.01) 2025

TAP CHI KHOA HQOC CONG NGHE THONG TIN VA TRUYEN THONG

extract image features for the classification task.
Experimental results demonstrate that the Swin
Transformer significantly outperforms several widely
used deep learning architectures, such as DenseNet201
and MobileNetV3-Small. Specifically, the Swin
Transformer achieved an accuracy of 87.77% on the test
set, while DenseNet201 and MobileNetV3-Small attained
74.34% and 76.98%, respectively. These findings
highlight the strong potential of the Swin Transformer
model in supporting early diagnosis of silicosis from chest
X-ray images.

Keywords: Silicosis, CNN, Deep Learning, Swin
Transformer, Chest X-ray.
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