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LOI CAM POAN

Téi xin cam doan céc két qua trinh bay trong luan 4n 1a cong trinh nghién
cliu clia t6i dudi su dinh hudng, hudng dan, gidm sat ctia tap thé gido vién hudng
dan. C4c két qua dudc viét chung véi cic tac gia khic déu dudc su dong y clia
dong tac gia trude khi dua vao luan an. Cac két qua trong luan 4n 12 trung thuc
va chua tiing dudc cong bd trong cac cong trinh khéc.

Nghién citu sinh

Nguyén Thi Tan Tién



LOI CAM ON

Trong sudt thdi gian hoc tip va nghién ctiu, t6i di nhan dudc su dinh
hudéng, ho trg va dong hanh quy bau tif nhiéu tip thé va ca nhan. Vi tit ca long
biét on va tran trong, tdi xin giti 15i tri 4n sdu sic t&i nhitng ngudi thiy, ngudi
co, cac dong nghiép, ban bé va ngudi than da ludn sit canh, sé chia va tiép thém

nghi luc cho tdi trén sudt hanh trinh nay.

Trude hét, toi xin dudc bay té 1ong biét on tran trong nhét téi hai thay
PGS.TS Pham Vin Cudng va TS. Nguyén Vin Tao. Nhiing chi dan tan tinh, su
dinh huéng sang sudt ciing nhitng nhan xét quy bau ciia cac thay khong chi gitip
toi hoan thién luan 4n ma con md ra cho t6i nhitng chan troi tri thiic mdi, tao
nén tang viing chic cho con dudng nghién cifu khoa hoc sau nay.

To6i xin tran trong cam on Ban Giam hiéu, Khoa Cong nghé thong tin,
Phong Dao tao, Truong Pai hoc Cong nghé thong tin va Truyén thong, Pai hoc
Thai Nguyén da tao dung mot mdi trudng hoc tap va nghién ctiu thuén I¢i dé
t0i c6 thé hoan thanh tot luan an.

Toi xin gtii 151 cdm on chan thanh dén cac bac si tai Hoi Y hoc Lao dong
Théi Nguyén cing tap thé cac nha khoa hoc thuc hién dé tai “Nghién ctiu dic
diém dich t& hoc phan ti7, yéu td nguy co va ting dung k¥ thuit tién tién trong
chan dodn s6m bénh bui phéi Silic tai Viét Nam” do GS.TS. Lé Thi Huong lam
Chti nhiém. Su tin tAm, nhiét huyét clia cdc bac si va nhiing két qua nghién ciiu
gid tri tir dé tai da trd thanh ngudn hd trg thiét thuc va dong Iuc quan trong cho
toi trong sudt qua trinh thuc hién luan 4n.

Mot 15i cam on chan thanh va siu sic toi xin gii dén thy co khoa Tri tué
nhan tao, Hoc vién Cong nghé Buu chinh Vién thong, vi nhiing chia sé chuyén
mon va tinh than hoc thuit quy bau, da gép phan dinh hinh phuong hudng
nghién ctu va nudi duong dam mé khoa hoc trong toi.

T6i xin chan thanh cam on Truong Pai hoc Y-Dudgc, Pai hoc Thai Nguyén
ndi toi cong tac, da tao diéu kién thuan 1gi vé thdi gian va cod s vat chit, gitp

toi chuyén tam hoc tap, nghién ctu va hoan thanh luan an.

Cuoi cung, toi xin gui 10i cam on sau sac t6i gia dinh, ban be va dong

il



nghiép, nhiing ngudi da ludn bén canh, sé chia, dong vién va tiép thém nghi
luc. Chinh su thiu hiéu va ing ho bén bi 4y 1a di€ém tua tinh than quy gi4, gitp
toi ki€n dinh, viing buéc trén con duong nghién ciu khoa hoc.

Xin tran trong cam on.
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PHAN MG DAU

1. Tinh cép thiét ciia ndi dung nghién ciu

Bénh nghé nghiép 1a hé qua truc tiép ctia qud trinh lao dong trong moi
trudng c6 yéu td nguy co, gdy anh hudng lau dai dén sic khoe va chit lugng
séng clia ngudi lao dong. Theo bdo cdo cia Tong Lién doan Lao dong Viét
Nam, dén cudi nim 2023, ca nudc c¢6 khoang 33.000 lao dong mic bénh nghé
nghiép, véi trung binh moéi ndm c¢6 khoang 7.000 trudng hgp dugc chin dodn
mdi va 500 trudng hop dudc giam dinh dé hudng bao hiém xa hoi [[1]]. Trong
danh muc 35 bénh nghé nghiép dugc bao hiém y té chi tra, bénh bui phdi silic
nghé nghiép 12 bénh phdi bién, chiém ty 1& cao va gdy anh hudng ning né dén
hé ho hip [2]. Bénh tién trién am tham, khong c6 triéu chiing dién hinh & giai
doan dau, nhung theo thdi gian sé din dén xo hoa phdi khong hoi phuc, suy ho
hap man tinh, suy giam chic ning lao dong, gidm tudi tho, va tham chi ti vong
néu khong dugc phat hién va can thiép kip thdi [3]]. Theo bdo cdo ctia Cuc Quan
ly moi trudng Y té (BO Y té), bénh bui phdi silic van dang 1a mot ganh ning
bénh tat ctia Viét Nam, sb ngudi mic va tif vong thuc té cao hon nhiéu so véi
s6 liéu bdo cdo va dudc giam dinh hang nim. Mic du hién nay chua c6 phuong
phdp diéu tri dic hiéu, nhung bénh hoan toan c6 thé dudc du phong néu dugc
phat hién s6m va kiém sodt tot cac yéu t6 nguy co [4,/5]. Vi vay viéc du phong
va chan doan s6m bénh bui phdi silic nghé nghiép rat quan trong trong cong tic

cham soc suc khoe ngudi lao dong.

Hién nay, chup X-quang nguc van 13 phuong phdp phd bién trong chin
dodn va sang loc bénh bui phdi silic [6]. Tuy nhién, k§ thuit ndy con ton tai
mot s6 han ché. P nhay chan doan & giai doan sém con thip, dé bod sét cac
ton thuong nhd, khong dién hinh [7,8]. Ngoai ra, két qua chdn dodn phu thudc
nhiéu vao trinh do va kinh nghiém ctia béc si, trong khi cic diu hiéu ctia bénh
bui phdi silic trén X-quang c6 thé bi nham 1an véi cac bénh 1y ho hip khac nhu
lao phdi, viém phdi, hoic bénh phdi tic nghén man tinh [9]. Su khong nhét
quén trong chin dodn khong chi anh hudng dén hiéu qua diéu tri ma con lam

cham tré trong cong tdc quan ly, gidm sat va phong ngita bénh tién trién.

Trong bdi canh chin dodn hinh anh y t& doi hdi do chinh xdc cao va tu dong



hoa, tri tué nhan tao (Al), dac biét 1a hoc sau (Deep Learning), dugc ghi nhan
1a giai phap d€ nang cao hiéu qua chin doan. Tai Viét Nam, mot s6 nghién ctiu
da ing dung Al trong chin doan c4c bénh ly 16ng nguc. Tiéu biéu nhu hé thong
VinDr dugc phat trién bdi VinBigdata tit nam 2018, ho tr¢ bac si phan tich dnh
X-quang nguc dé chan dodn cdc bénh ly nhu viém phdi va ton thuong lién quan
dén COVID-19, v6i muc tiéu ting téc dd va do chinh xac chan dodn [[19]. Dé tai
“Nghién ciiu ting dung tri tué nhan tao (AI) hd trg chan doan hinh 4nh X-quang
phdi tai Bénh vién Pa khoa thanh phd Vinh” do S Khoa hoc va Cong nghé
Nghé An nghiém thu (23/10/2024) da chiing minh kha nang cai thién do chinh
xéc, tbc do chan dodn cac bénh ly phéi phd bién. Pé tai cAp Nha nuéec KC4.0
“Nghién cttu xay dung hé thdng hd trg chin dodn va du bdo dich t& dia khong
gian bénh lao phéi bang anh X-quang nguc & Viét Nam”, do PGS.TS Nguyén
Viét Nhung chi nhiém, Bénh vién Phéi Trung uong chi tri, huéng ti phét trién
hé thdng ho trg chan dodn lao phdi va du bao nguy cd dich té trén quy mo qudc
gia. Nhitng n6 Iuc nay minh ching cho xu hudng ting dung ngay cang rong rai
ctia tri tué nhan tao trong linh vuc y té tai Viét Nam. Tuy nhién, chua c6 nghién
ctiu chuyén biét nao tai Viét Nam tap trung vao bénh bui phdi silic nghé nghiép
— mot bénh ly dic thu vdi tén thuong khong dién hinh, dit liéu khan hiém.

Céc cong trinh qudc té da chi ra cac mo hinh hoc sau c6 thé hd trg phat
hién céc ton thuong md hoic khé nhan dién trén dnh X-quang nguc, nhiing dau
hiéu ma phuong phap chin doan truyén thong déi khi bo sét [[11,45]. Cac hudng
nghién cifu mdi nhu hoc sau trén do thi (Graph Neural Network) va hoc siu it
mau (Few-Shot Learning FSL) mé ra trién vong trong viéc ning cao hiéu qua
chan doan trong diéu kién dif liéu khan hiém va mat can bang. Viéc ting dung
cac md hinh nay khong chi giup cai thi€n kha nang phat hién s6m bénh ly ma
con gép phan giam phu thudc vao danh gid chii quan, ting tinh tin cdy va kha
ning trién khai tai cic co sé y té c6 ngudn luc han ché. Do doé, viéc nghién ciiu
va ting dung cdc md hinh hoc sau hién dai nham hd trg chdn doan bénh bui phdi
silic khong chi mang tinh cp thiét vé mit y té, ma con phi hop véi dinh huéng
Nghi quyét s& 57-NQ/TW ngay 22/12/2024 ctia Bo Chinh tri vé dot ph4 trong
phat trién khoa hoc, cong nghé, ddi méi sang tao va chuyén d6i s6 qubc gia,
trong d6 dic biét nhidn manh dén viéc thic ddy ing dung tri tué nhin tao trong

linh vuc y té va cham séc stic khoe cong dong [12].

Xuat phét tif nhitng co s thuc tién va dinh hudng chién ludc néu trén, dé
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tai ludn 4an tién si: “Nghién ciu phdt trién mot sé6 mé hinh hoc sdu trong ho
tro chdn dodn bénh bui phoi silic nghé nghiép dua trén dnh X-quang nguc” 13
hoan toan phit hop véi yéu cau thuc tién, mang y nghia khoa hoc, tinh tng dung
cao va gop phan gidi quyét mot vin dé cip bach trong chim séc stic khde nghé
nghiép hién nay.

2. Muc tiéu nghién citu
2.1. Muc tiéu tong qudt

Nghién citu phat trién cac md hinh hoc siu nham hd trg chdn doan bénh
bui phdi silic nghé nghiép tir anh X-quang nguc, dua trén bd dit lidu da 16p dudc
xay dung va chuin héa, két hop hai huéng tiép can hoc it mau va hoc siu trén

do thi nham nang cao do chinh x4c va kha niing tong quét ctia md hinh.

2.2. Muc tiéu cu thé

Dé dat dudc muc tiéu tong quat néu trén, luin 4n dit ra cdc muc tiéu cu
thé nhu sau:

Nghién ctiu va ddnh gid téng quan: phan tich, hé thong héa cic phuong
phap chin doan bénh bui phoi silic tif &nh X-quang nguc, dic biét 1a cac ky
thuat tng dung tri tué nhan tao nhu hoc mdy, hoc sau tién tién; xac dinh huéng
nghién cttu d€ 1am co s& dé xuit mo hinh mdi.

Xay dung tap dif liéu: dé xuit, ting cudng va hé thong héa bo dit liéu anh
X-quang nguc c6 gan nhian gdm bén nhém: bui phéi silic nghé nghiép, viém
phdi do virus, viém phéi do vi khudn va dbi tugng binh thudng; dam bdo dit
liéu dudc chudn hoéa, cin bang va c6 gid tri phuc vu huin luyén mé hinh hoc
sau.

Phat trién md hinh: nghién cttu va dé xuAt md hinh hoc sau céi tién cho bai
toan phan ving va phan loai ton thuong phéi, dua trén hai hudng tiép can:

(i) Pé xuat ing dung phuong phdp hoc it miu (Few-Shot Learning) cho

phép dong thdi thuc hién phan doan va phan loai trong diéu kién dit liéu han
ché.

(ii) Phat trién kién tric Graph Transformer Post-hoc (GTP) két hop ham
méit mat can bang (Balanced Loss) va ky thuat hoc téng hdp (Ensemble Learn-



ing) dé khai thac mdi quan hé khong gian gitta cac vung dic trung, nang cao do

on dinh va hiéu ning phan loai.

Panh gia va dng dung: Panh gia mo hinh theo cac chi sb y sinh (dd nhay,
do dic hiéu, AUC, Fl-score...), truc quan héa két qua va so sanh véi chan dodn
ctia chuyén gia nhim xac minh kha niing ¢ng dung Iim sang.

Nhitng muc tiéu cu thé nay sé dugc trién khai tuong ng theo bd cuc ndi
dung cac chuong trong luan an, tu dé lam ro gia tri khoa hoc va tinh ting dung

thuc tién cta luan 4n.

3. Pbi twong va pham vi nghién citu
3.1. Péi tuong nghién ciiu
Lu4n 4n tap trung vao hai nhém dbi tugng nghién citu chinh:

Tap du liéu anh X-quang nguc c6 gan nhan, dugc xay dung phuc vu bai
todn chin doan bénh bui phdi silic nghé nghiép. Tap di liéu bao gdbm bén nhém:
bénh bui phdi silic nghé nghiép, bénh viém phdi do vi khuan, bénh viém phdi

do virus va nhom binh thuong.

Céac mo hinh hoc sau tdng dung trong chin dodn hinh 4nh y té, bao gdm
mang no-ron tich chap (CNN), mang hoc siu trén do6 thi (Graph Neural Net-
works — GNN) va mang bién d6i (Transformers). Lu4n 4n tip trung trién khai
cac hudng tiép can chinh: mé hinh hoc sau it miu (Few-Shot Learning); md
hinh Graph Transformer Post-hoc (GTP); cdc ky thuét hoc tong hop (Ensemble
Learning). Pic biét, mo hinh dudc tdi uu héa véi ham mit mat can biang BalCE

nham cai thién hi€u qua phan loai trong di€u kién dir li€éu mat can bang.

3.2. Pham vi nghién cvcu

Pham vi nghién citu ctia luan 4n dudc xdc dinh trong gidi han cu thé nham
tap trung giai quyét bai toan chin dodn bénh bui phdi silic tif &nh X-quang nguc

dudi goc nhin cua khoa hoc dit liéu va hoc sau.

Vé dit liéu: luan 4n st dung bd dif liéu anh X-quang nguc dudc thu thap
tl ngudn trong nudc va qudc té, bao gdbm bon nhém chinh: bui phéi silic nghé
nghiép, viém phoi do vi khuin, viém phdi do virus va nhém binh thudng. Dit
liéu dugc xi ly va chudn héa dé€ dam bio dau vao thdng nhit cho cdc mo hinh



hoc sau. Luan an khong md rong sang cac loai dit liéu y hoc khac nhu CT.

Vé bai toan nghién cifu: luan 4n tap trung vao hai huéng chinh: (i) Phan
loai 4nh X-quang nguc da 16p trong diéu kién dit liéu mat cin bang; va (ii) HS
trg chian doan véi s6 lugng mau han ché, tiép can theo hudng hoc sau it mau.
Céc bai toan dugc xay dung trén co sé phit hdp véi dic diém cia di lidu thuc té
va ning luc x{ 1y ctia mo hinh dé xut.

Vé mo6 hinh trién khai: ludn 4n tip trung nghién ctfu cdc md hinh hoc siu
c6 giam sat, bao gdm céc kién triic mang nd-ron tich chap nhu DenseNet va
MobileNet, cung v6i mo hinh Transformer hién dai la Swin Transformer, phu
hop véi dii liéu anh y té.

Ngoai ra, luan 4n trién khai kién tric mo hinh Few-Shot Learning (FS-CS)
dé€ giai quyét bai toan hoc tir s6 lugng mau han ché, va kién triic mo hinh Graph
Transformer Post-hoc thudc nhém mang hoc sau trén do6 thi nham nang cao hiéu

qua phan loai.

Luén an khong mé rong sang cac phuong phap hoc khong giam sat, hoc
ting cudng, hodc cic hé théng da phuong thiic, nham tap trung vao khai thac

hiéu qua cac mo hinh c6 gidm sat trong diéu kién dit liéu y té thuc té.

Vé danh gia: Hiéu qua ctia mo hinh dugc ddnh gid chii yéu thong qua céc
chi s6 dinh lugng nhu do chinh x4c, do nhay, do dic hiéu, F1-score va AUC.
Ngoai ra, luin 4n ciing thuc hién truc quan héa dau ra mo hinh va phan tich ma
tran nham 1an nham hd trg viée giai thich két qua. Viéc trién khai 1am sang hoic
tht nghiém trén hé théng thuc té khong nam trong pham vi nghién ctiu ctia dé tai.

4. Phuong phap nghién ciu

Lu4n 4n st dung phuong phdp nghién citu tng dung, két hop gitta phan
tich ly thuyét, thuc nghiém ky thuat va tham van chuyén gia:

Phuong phdp nghién cifu ly thuyét: tong quan va hé thdng héa cic cong
trinh lién quan dén bénh bui phdi silic va cdc md hinh hoc sau nham xac dinh
huéng nghién ciu, dinh huéng dé xuit mé hinh phut hgp véi bai toan.

Phuong phap thuc nghiém k¥ thuat: thu thap, x& ly va gan nhan di li€u
anh X-quang nguc; xay dung tap dif liéu; trién khai va huin luyén cdc mé hinh
hoc sau vé6i nhiéu kién tric khac nhau, két hop thir nghiém ham méat mat can



bang va k¥ thuat hoc t&ng hop.

Phuong phdp danh gia va kiém chiing: st dung céc chi s6 chuidn nhu do
chinh xac, do nhay, d¢ dic hi€u, Macro-F1, AUC-ROC:; truc quan héa vé6i Grad-
CAM va kiém dinh chéo d€ dam bdo do tin cy.

Phuong phdp tham van chuyén gia: Tiép nhén y kién clia bac si va chuyén
gia trong sudt qua trinh gdn nhin, x4c thuc moé hinh va ddnh gia kha ning ting

dung thuc tién trong chan doan 1am sang.

5. Bo cuc cta Luan an

Luin 4n v6i tén dé tai “Nghién citu phdt trién mét s6 mé hinh hoc sdu
trong hé tro phdt hién bénh bui phéi silic nghé nghiép dwa trén dnh X-quang
nguc” dudc ciu tric gdm bdn chuong, cu thé nhu sau:

Chuong 1 — Tong quan: Trinh bay téng quan vé bénh bui phdi silic nghé
nghiép, cic phuong phap chin doan hién nay, va khdo sit hé théng cic nghién
ctiu lién quan trong linh vuc hoc may va hoc sau. Trén co s do, chuong xac
dinh huéng nghién ctiu va dinh hudng tiép can phit hop cho luan an.

Chuong 2 — Xay dung tap co s dit liéu: Mo ta quy trinh thu thap, xi ly va
chuin héa tap dif liéu anh X-quang nguc, dong thdi phan tich dic diém dif licu
va dinh dang dau vao cho cdc md hinh hoc sau.

Chuong 3 — Pé xuit md hinh hoc sau it mau hd trg chdn doan bénh bui phdi
silic nghé nghiép: Trinh bay mo hinh Few-Shot Learning véi cau tric phan doan
— phan loai két hgp (FS-CS), dudc thiét ké d€ xi ly bai toan thiéu mau. Chuong
cling trinh bay thiét 14p thi nghiém va két qua danh gid hiéu niing mo hinh.

Chuong 4 — Pé xuit mo hinh hoc sau hd trg phan loai bénh bui phéi silic
nghé nghiép: Gidi thiéu moé hinh Graph Transformer Post-hoc (GTP), két hop
ham mat mat can bang va ky thuat hoc tdng hop. Chucng nay trinh bay chi tiét
quy trinh xay dung md hinh, thuc nghiém so sanh vdi cdc phuong phap nén,
d4nh gia vé hiéu suit va kha ning ting dung mo hinh.

6. Dong gop khoa hoc cua Luin an
Luan 4n c6 mot s6 dong gép khoa hoc chinh nhu sau:

1. Bé xuét, ting cudng va hé thdng héa dugc bd dit liéu.
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Pé xuit, ting cudng va hé thong héa dudc bd dit liéu anh X-quang nguc
c6 gan nhin bao gdm 4 nhém: bénh bui phdi silic nghé nghiép, viém phdi do
virus, viém phdi do vi khuin va ddi tuong binh thudng. Viéc st dung bo dit liéu
nay dé€ huin luyén cac mo hinh hoc sau cho muc dich hé trg doan bénh bui phéi
silic nghé nghiép. Noi dung dugc trinh bay tai Chuong 2.

2. Bé xuit cai tién mo6 hinh phan viing va phan loai tdn thuong bénh bui

phdi silic nghé nghiép tir anh X-quang nguc dua trén hai hudng tiép can:

(1) Diéu chinh va ing dung phuong phdp hoc it mau cho phép dong thoi
phan doan va phan loai. N6i dung dudc trinh bay tai Chuong 3.

(2) Phit trién kién tric Graph Transformer Post-hoc (GTP) két hop ham
méat mat can bing (Balanced Loss), két hop k§ thuat hoc tdng hop (Ensemble
Learning nham khai thac mdi quan hé khong gian gilta cic ving dic trung, cai
thién dd 6n dinh, nang cao hiéu qua mo hinh phan loai. Ndi dung dugc trinh
bay tai Chuong 4 .

7.Y nghia khoa hoc va ¥ nghia thuc tién
7.1. Y nghia khoa hoc

Luin 4n gép phan md rdng va diéu chinh mot sé phuong phdp hoc siu
hién c6, phit hgp véi dic thu clia dit liéu y té, von thuong khan hiém va mat can
bang. Cu thé, viéc dé xuat md hinh Graph Transformer Post-hoc cho phép khai
thac quan hé lién anh dué6i dang dd thi, md rong kha ning ting dung cta hoc
sau trén do thi trong chin dodn hinh 4nh. Bén canh d6, md hinh hoc sau it mau
(Few-Shot Learning) tich hgp phan loai va phan doan cling giip lam rd6 pham

vi ting dung ctia cdc phuong phap meta-learning trong bai toan y hoc thuc té.

7.2. Y nghia thuc tién

Céc két qua nghién citu ctia luan 4n c6 tiém ning dng dung trong linh vuc
y hoc nghé nghiép, vdi cac gia tri ting dung cu thé nhu sau:

Két qua nghién cttu c6 thé hd trg bude dau trong viéc phat trién hé théng
hd trg chdn dodn bénh bui phdi silic, dic biét phit hop kham sang loc d6i véi co
s6 y té thiéu nhan luc.

Céc md hinh dé xuit c6 tinh kha chuyén, c6 thé dudc md rong cho cac bénh



ly phéi khac c6 biéu hién anh hoc tuong dong, gép phan thic ddy xu huéng ting
dung Al trong hd trd chdn dodn hinh 4nh y té tai Viét Nam.



CHUONG 1: TONG QUAN

1.1 Tong quan vé bénh bui phdi silic nghé nghiép
1.1.1 S0 lugc vé bénh nghé nghiép

Theo Luit An toan, vé sinh lao dong sb 84/2015/QH13 ctia Qudc hoi
(2015), “bénh nghé nghiép 1a bénh phat sinh do diéu kién lao dong c6 hai cia
nghé nghiép tac dong dbi v6i ngudi lao dong”. Nhiing cin bénh nay khong chi
tiém 4n nhiéu rii ro, 1am suy gidm thé chit va tinh than, ma con 4nh hudng truc
tiép dén thu nhap cia ngudi lao dong. Pong thdi, doanh nghiép cling phai d6i
mit véi cdc chi phi lién quan dén bdi thudng va chiam séc y té cho ngudi mac
bénh. Do d6, viéc chim séc y té k§ ludng, thuc hién kham stic khée dinh ky va

duy tri hd so theo doi riéng biét 12 rat can thiét d€ ddm bio an toan cho ngudi lao dong.

Hién nay, c6 35 loai bénh nghé nghiép dugc bio hiém xa hoi (BHXH) ho
trg khi ngudi lao dong ddp ting dd diéu kién [13]]. Trong sb do, bénh bui phdi
silic 1a mot trong nhiing cin bénh nghiém trong nhét, v6i ty 1é mac cao va giy
ra ton thuong nghiém trong.

1.1.2 S0 ludc vé bénh bui phoi silic nghé nghiép

Bénh bui phdi 12 mot bénh phdi xo héa khong hdi phuc, hinh thanh do
ngudi lao dong hit phai bui chia tinh thé silic dioxit trong qua trinh lao dong
nghé nghiép [14]. Khi di vao hé ho hép, cac hat bui kich thudc nhd nay gay tdn
thuong nhu mo phdi, din dén phan ting viém kéo dai va xo héa md phdi — mot
qud trinh tién trién man tinh, khong thé ddo ngugc Bénh bui phdi silic di tao
ra ganh ning tai chinh rat 16n cho ngudi lao dong, gia dinh ctia ho, ciing nhu
tac dong tiéu cuc dén phat trién kinh té xa hi [3}15-17]. Theo théng ké ctia TS
chiic lao dong Qudc té (ILO), u6c tinh mdi nim c6 khoang gan 3 triéu ngudi ti
vong c6 nguyén nhan tif bénh nghé nghiép, con s nay tuong duong vdi khoang
5.500 ngudi chét mbi ngay [18]].

Tai Viét Nam, bénh bui phéi silic dd dudc nhan dién tit nhiéu thap ky va
lu6n nam trong nhém bénh nghé nghiép trong diém can gidm sat. Mot nghién
ctfu hdi ciu dua trén bo sb lidu cia 63 tinh/thanh phd giai doan 2016-2020
cho thiy bénh bui phdi silic chiém khoang 11,9% t6ng s ca bénh nghé nghiép
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Hinh 1.1 Hinh dnh X-quang bénh nhdn bénh bui phoi silic
Hinh A la X-quang nét xo bénh bui phéi silic don thuan,
Hinh|l.1|B la X-quang bénh xo hoa tién trién nhanh

dudgc ghi nhan, tuy nhién day méi chi 12 s liéu tif mot co s& dit lidu y t& nhét
dinh . Nghién ctiu dich t€ hoc cat ngang tai mot sd noi lam viéc c6 nguy co
da xdc dinh ty 1& mic bénh bui phdi silic hién mic dang k& [21,22]. Bénh bui
phdi silic chua c6 thudc diéu tri dic hiéu (khong chita dudc) nhung c6 thé du
phong dugc. Do vay, viéc chan doan phat hién bénh sém khi chua c6 biéu hién
lam sang ro rang, xdc dinh dudc ty 1é mac ¢ mdi thoi diém, tai ting vi tri, tit d6
dé xuét dugc cac bién phap quan ly, theo ddi va diéu tri 12 yéu cau dic biét cip
thiét trong chim sdc siic khde nghé nghiép.

1.1.3  Triéu chiing, chin dodn bénh bui phoi silic nghé nghiép

Theo Théong tu 15/2016/TT-BYT vé bénh nghé nghiép dugc hudng bao
hiém xa hdi, huéng dan chan dodn bénh bui phdi silic dugc thuc hién dua trén
cac yéu t6 1am sang, cin 1am sang, tién st tiép xtic nghé nghiép va loai trit bénh
khac:

- Lam sang: Bénh nhan c6 thé gip cac triéu chiing: Kho thd khi ging siic,
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dan trd thanh kho thd thudng xuyén. Pau tic nguc, ho, khac ddm. Nghe phdi
c6 thé phat hién ran nd, ran 4m (thé cip).

- Can lam sang:

+ V6i kha nang dng dung rong rai, X-quang nguc dudc coi la phuong
phap chan doéan chinh ctia bénh bui phoi silic, gitip nhan dién céic dic diém ton
thuong dic trung. Theo hudng din ctia T6 chic Lao dong Quéc té (ILO) nim
2011 [24], hinh 4nh X-quang c6 thé biéu hién:

Céc ndt md nhd, tron, déu (ky hiéu p, g, r) hodc cdc ddm md 16n hon (ky
hiéu A, B, C), dudc so sanh va danh gid theo bo phim mau k¥ thuat s6 ILO 2011.

Hinh 4nh c6 thé kém theo cdc diu hiéu nhu khi phé thiing, hoai tif khoang,

hodc cac voi hoa dang vo tring.

+ Chup cat 16p vi tinh (CT): Pudc chi dinh khi can thiét d€ cung cp hinh
anh chi tiét hon vé t&n thuong phdi, hd trg trong cac trudng hop X-quang chua

du ro rang hodc can xdc dinh thém mic dd tén thuong.

+ Panh gia chic niing ho hip: Thudng dudc thuc hién dé xdc dinh mic do
rdi loan chifc ning phdi, bao gdm r6i loan thong khi han ché, tic nghén hoic
hén hop.

- Tién st tiép xiic nghé nghiép: Ngudi lao dong 1am viéc trong moi trudng
c6 nong dd, sd luong, kich thude hat bui va ham lugng silic tu do vudt qua gidi
han cho phép.

Muic do tiép xtc: Tiép xtic véi bui chia silic tu do & nong do6 > 0,1 mg/m?
trong thoi gian lam viéc 8 gio/ngay.

Thoi gian tiép xdc: It nhét 3 thang cho cdc trudng hop cip tinh va 5 nim
dbi véi cac truong hop man tinh.

Thoi gian phat bénh: Di véi bénh bui phdi silic cap tinh, bénh thudng phat
trién trong vong 1 nim sau khi ngling tiép xiic. Trong trudng hdp man tinh, thoi
gian phat bénh c6 thé kéo dai dén 35 nim sau khi ngiing tiép xdc.

Trong thuc té 1am sang, anh X-quang nguc van 1a cong cu chd dao trong
quy trinh chin dodn nhd tinh phd bién, chi phi thip va kha ning nhan dién dic
trung hinh thai bénh. Tuy nhién, viéc doc va dién gidi hinh anh X-quang phu

thudc nhiéu vao kinh nghiém ctia bac si, dé xay ra sai st trong céc trudng hop
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bi€u hién khong dién hinh hoiic bénh 1y chdng 14p. Do dé, viéc két hop X-quang
v6i cac k§ thuat hién dai nhu chup CT scanner va danh gid chifc ning ho hip
gitip tdng do chinh x4c trong chan doan, hd trg phan loai mic do ton thuong.
Pay ciing 12 co s quan trong dé xay dung va phat trién cac hé thong chin dodn
hd trg bing tri tué nhan tao, gép phan ting tinh nhit quan, giam sai léch chi

quan va nang cao do tin cdy trong thuc hanh y khoa hién na

1.1.4 Phan loai tiéu chudn bénh bui phdi silic nghe nghiép

Trén 4nh X-quang nguc, cic bat thudng do bui phdi silic thudng biéu hién
qua su thay d6i mat do phoi, phan dnh mic do can tia X. Nhiing viing ton thuong
nay xuat hién dudi dang cac ving md phdi, bao gdom: dong dic, xep phdi, va
dic biét 1a ton thuong ké — dang dién hinh trong bénh bui phoi silic.

Nim 2011, T8 chic Lao dong Quéc té (ILO) da dua ra huéng din phan
loai trén phim X-quang nguc cho bénh bui phdi silic nghé nghiép [25]. Cac bat
thudng trén X-quang nguc dudc phan loai thanh hai nhém chinh: Ton thuong
nhu mo phdi (ndt md nhd, nét ma 16n) va tdn thuong mang phoi.

- P6i v6i ndt ms nhd (< 1 cm):

+ Phan loai theo mtic do tap trung: ILO da dé xuat hé théng phan loai bénh
bui phdi theo miic dd bén cip do: tir 0 dén 3, véi cap 0 1a binh thudng va cap 3
12 nghiém trong nhét.

Thang diém phan loai cAp d6 nét md nhd gdm 12 phan cip tit nhe dén
nang: 0/-, 0/0, 0/1, 1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/+.

Trong hé théng phan loai ILO, mdi cip ky hiéu X/Y ¢ y nghia nhu sau:
X: cip dd chinh (primary category), phan anh mtc do tip trung ndt md chi yéu.
Y: chp do phu (secondary category), phan 4nh mic do ké can néu hinh 4nh c6
dic diém dao dong gitta hai muc.

+ Phan loai theo hinh dang va kich thudc, ndt md nho dudc chia thanh hai
nhém: Hinh dang ndt tron va khong tron.

Hinh dang ndt tron:
p: cac ndt md nho c6 dudng kinh < 1,5 mm (nhém nho nhit).

q: cdc ndt md nhé c6 dudng kinh trong khoang tir 1,5 mm dén 3mm (nhém
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Bdng 1.1 Thang phdn loai mitc do tdp trung ciia cdc not mo
nho theo tiéu chudn ILO 2011

Cép do | Phan cap Y nghia
0 0/-, 0/0, 0/1 | Khong c6 hoac rat it not
1 1/0, 1/1, 1/2 | Mat do nhe
2 2/1,2/2,2/3 | Mat do trung binh
3 3/2, 3/3, 3/+ | Mat do cao (t6n thuong nang, lan toa)
trung binh).

r: cic ndt mo nhd cé dudng kinh trong khoang tif 3 mm dén 10mm (nhém

16n nhét trong cic ndt md nho).

Hinh dang n6t khong tron: Nhiing nét md nay dudc quan sat va danh gia
tai sdu ving chinh ctia phdi gdm ba viing (trén, gitta, dudi) ctia mdi bén phdi
trdi va phai nhu minh hoa trong Hinh [I.2] Ngoai cach phan loai theo ky hiéu (p,
q, 1), kich thuéc cac nét md nhod con dudc phan loai cu thé dua trén tiéu chuin

do dac tryc tiép tif hinh anh X-quang nhu sau:

Nhém nho nhét s: dusng kinh < 1,5 mm.

Nhém trung binh t: dudng kinh tif trén 1,5 mm dén 3 mm.

Nhém 16n nhét u (trong cac n6t nho): dudng kinh tif trén 3 mm dén 10 mm.

- Bbi véi cac ndt mo 16n: Cac nbét md ¢6 dudng kinh 16n hon 10 mm dugc

xép vao nhém ndt mo 16n va tiép tuc dudc phan loai chi tiét thanh ba nhém dya

trén dién tich bé mit:

Nhém A: dién tich tir 0 dén 50 mm?.

Nhém B: dién tich tit 50 dén 125 mm?.

Nhém C: dién tich 16n hon 125 mm?.

Dua trén thang di€m trén, muc do ton thuong c6 thé dudc phan loai nhu sau:

Nhe: cac ndt md nhd & mic 0/- dén 1/2.

Trung binh: n6t md nhd muc 2/1 dén 2/3.
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Ning: nét md nhé tir 3/2 dén 3/+ hoic c6 xuat hién ndt md 16n (A, B, C).
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thude ndt tron va khong tron (p, g, 1, S, t, 1), va phan loai n6t 16n (A, B, C) theo
viing ton thuong trén 4nh X-quang nguc [25]].

Mic du hé thdng ILO mang tinh tiéu chun, nhung trong thuc té, viéc x4c
dinh chinh xdc c4c nodt tdn thuong nhé van gip nhiéu khé khin: Nt c¢6 kich
thuéc nhd, md, phan bb thua thét. C6 thé bi che 14p bdi xuong sudn, mach mau,
tim. Tén thuong mang phdi d& nham 1an véi cac bénh Iy khac nhu viém phdi,

lao phéi, bénh bui amising hoidc cac bénh phdi nghé nghiép khac.

Do d6, viéc nghién cttu va phat tri€n cdc mo hinh hoc mdy dé€ tich hgp vao
cac hé thong chin doan hd trg bang mdy tinh (CAD) 1a rét can thiét nham nang
cao do chinh xdc trong viéc phat hién bénh bui phdi silic (BPSi) nghé nghiép.
Cac md hinh hoc sau nhu CNN, Transformer c6 kha nang xu ly va phéan tich
cac dic trung phuc tap tir hinh anh X-quang nguc [26-29], gitp phat hién sém
va chinh x4c hon cac diu hiéu ctia BPSi. Viéc tich hop cac mé hinh hoc mdy
vao hé thong CAD khong chi gitp giam thi€u sai sét trong qua trinh chan dodn
ma con hd trg cac bac si dua ra quyét dinh diéu tri hiéu qua va kip thoi, dic biét

trong cic trudng hop bénh BPsi khé nhin biét & giai doan dau.

1.2 Khao sat nghién citu lién quan
1.2.1 Cdc phwong phdp chin dodn lim sang bénh bui phoi silic nghé nghiép

Hién nay, chian doan bénh bui phdi silic nghé nghiép van dit trong tam vio
khai thdc tién st phoi nhiém nghé nghiép két hgp thim kham 1am sang. Theo
hudng din ctia BO Y t, ngudi lao dong can c6 thdi gian tiép xtic di dai véi bui
chita silic tu do, céc triéu ching thudng gip bao gom khé thd khi gang stic, ho
khan, dau nguc hodc biéu hién hoi chiing han ché/tac nghén ho hip. Tuy nhién,
cac triéu ching nay thudng xuét hién muon; giai doan s6m ctia bénh thudng
ngheo nan biéu hién va nhiéu trudng hop dudc phat hién tinh ¢ qua kham siic
khoe dinh ky.

Cac phuong phap cin l1am sang gitt vai tro quan trong trong viéc xac dinh
chan doan, phan biét v6i bénh ly khac va danh gid bién chiing. Bao gom:

Chin doan hinh anh: X-quang phdi tiéu chudn (phim thang) la céng cu
sang loc chi dao trong khdam bénh nghé nghiép [3]]. Trén phim X-quang nguc,
thé man tinh thudng biéu hién bing cic nét md nho kich thudc 1-3 mm, phan

bd chii yéu & céc thuly trén clia hai phdi; kém theo d6, voi héa hach ron phdi va
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trung thit 12 nhitng du hiéu goi y quan trong. Khi bénh tién trién, cc ndt nay
c6 thé hop nhit tao thanh khbi xo héa 16n. Tuy nhién, hinh 4nh tuong tu ciing
c6 thé gip trong cac bénh ly khac nhu bui phdi than, lao ké, sarcoidosis, viém

phdi k&, nhiém nim hoic ung thu di cin phdi.

Chup cét 16p vi tinh (CT), dic biét 1a CT dd phan gidi cao: C6 do nhay cao
hon trong phat hién céc ton thuong nhd va theo doi tién trién bénh. CT hd tro
phan biét bui phéi silic v6i cac bénh phdi khac. Han ché chinh 1a chi phi cao,
liéu phoi nhiém tia X 16n nén khong phu hop sang loc dién rong.

Thiam do chic ning hoé hip: Pudc st dung d€ danh gid r6i loan thong khi
(han ché hoic tac nghén). Tuy khong dic hiéu cho bui phéi silic, nhung cé gid
tri trong theo doi tién trién bénh va danh gia miic do suy gidm chiic ning phdi.

Sinh thiét phdi: Hiém khi dugc chi dinh, chi thuc hién khi hinh 4nh hoc va
tién st phoi nhiém khong dién hinh, nhiam loai trit cdc bénh ly khac.

Xét nghiém sinh hoc phan tif va diu 4n sinh hoc: Hién van chua c6 xét
nghiém sinh hoc dic hiéu; mot sé nghién ciu dang khao sit cac dau 4n sinh
hoc, chang han nhu bién di gen TNF-q, v6i ky vong hé trg chin doan sém va
du bao nguy cad [30].

Tém lai, viéc chdn doan bénh bui phdi silic nghé nghiép hién van chu yéu
dua vao phim X-quang nguc tiéu chuin két hop khai thac tién st phoi nhiém,
day 1a phuong phap don gian, chi phi thip va phu hop cho cong tic tAm soat
trén quy mo 16n 6 nhém lao dong nguy co cao. Tuy nhién, han ché 16n 1a tinh
chti quan trong chian dodn, két qua phu thudc nhiéu vao trinh do, k¥ ning, kinh
nghiém ctia bac si. Chinh vi vdy, nhu ciu ting dung céc cong nghé hd trg chin
dodn dua trén tri tué nhan tao, dic biét 1a hoc sau dugc ngly cang trd nén cip
thiét, nham nang cao do chinh xdc, ting tinh nhit quin giita cic béc si va cai
thién kha ning phat hién sém dudgc cac ton thuong trén anh X-quang bui phoi
silic nghé nghiép.

1.2.2 Cdc phuong phdp hoc mdy truyén thong

Tru6e khi cac md hinh hoc sau dudc phat trién rong rai, cidc phuong phap
hoc mdy truyén thong thudng dudc trién khai trong phan tich 4nh y t€, bao gdm
anh X-quang nguc, nham hd trg phat hién cac bénh phdi nghé nghiép. La mot

phan nhénh cda tri tué nhan tao, hoc mdy dudc ting dung trong nhiéu bai todn
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1am sang trén 4nh y t& nhu du dodn mic do xAm 14n md hoc va kha ning séng
s6t & ung thu phdi [31], phan loai ndt phdi [32], cling nhu chdn doan va phan
loai COVID-19 [33]]. Tuy vay, so véi nhiéu bénh phdi khéc, nghién citu vé bénh
bui phdi silic nghé nghiép con han ché, din dén thiéu hut cac cong cu Al chuyén
biét; thuc trang ny bat nguodn tir diic diém bénh hoc phiic tap va su khan hiém
bd dit liéu X-quang nguc dudc gan nhin phuc vu huin luyén.

Viéc phat hién bénh phoi tir anh X-quang nguc néi chung, dic biét 1a viém
phdi, vin 12 mot thach thic 16n do han ché vé s6 luong mau dif liéu c6 nhan
[34,35]. C4c k¥ thuat trich xult dic trung cé két cAu (texture features) nhu
bi€u dd cudng dd va ma trin dong xuit hién mic xdm (GLCM), két hop bod
phan loai dua trén mang no-ron, da dugc st dung d€ phan biét bénh bui phoi
(pneumoconiosis) v6i hinh dnh phoi binh thudng [36]. Bén canh d6, md hinh
cdy quyét dinh (Decision Tree) va riing ngau nhién (Random Forest) ciing dudc
4ap dung nham nhén dién cac dau hiéu t&n thuong dic trung, hd trg bac si phan
biét nhanh va giam sai léch chu quan [37]].

O mdc do nghién ctiu cu thé, Chandra va cdng su [38]] trich xuit cac dic
trung thdng ké (cudng do trung binh, dd 1éch chuin va dic trung két ciu) tir anh
X-quang dé phan loai viém phdi bang md hinh MLP, dat do chinh x4c 95,39%
trén 412 anh. Nam 2019, Kuo va cong su [39]] da két hop 11 dic trung 1am sang
v6i anh X-quang va md hinh ciy quyét dinh d€ chin doan viém phdi & bénh
nhan tAm than phan liét, dat do chinh xdc 94,5%. Ngoai ra, Yue va dong su [40]
st dung sdu dic trung radiomics bac hai trich xuét tif anh CT dé du dodn thdi
gian nam vién ctia bénh nhan COVID-19, cho AUC Ién t6i 0,97.

Mic du cac phuong phéap hoc mdy truyén théng c6 uu diém vé su don gian
va kha ning tinh toan hiéu qua trong bdi canh dit liéu hun luyén han ché, ching
van boc 16 nhiéu gidi han dang ké. Trudc hét, hiéu ning cia cic md hinh nay
phu thudc 16n vao viée trich xuit diic trung thi cong — mot qua trinh doi hoi
nhiéu thdi gian va kinh nghiém chuyén mon — dong thdi dé bo sét cac tin hiéu
tinh vi, phiic tap trong dit liéu 4nh [41]. Bén canh d6, hiéu suit phan loai clia
chiing thudng suy gidm khi phai xit 1y c4c bo dit liéu c6 quy md 16n, chita nhiéu
nhiéu hoiic mét can bang mau [42,43]]. Chinh vi vdy, cdc nghién ctiu gin day c6
xu huéng chuyén dich sang hoc siu nham tan dung kha nang tu dong hoc dac
trung tu du liéu phuc tap.
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DAu vay, hoc may truyén thdng van gitt mot vai trd nhit dinh trong nghién
ctfu y hoc, dic biét khi dit liéu bi giSi han hoiic khi can cac md hinh c6 kha
nang dién giai va ki€m chiing. Ngoai ra, cdc phuong phap nay con dong vai tro
12 nén tang dé doi chiéu, so sanh va danh gia hiéu qua cta nhitng md hinh hoc
sdu tién tién hon [42,44].

1.2.3 Cdc phwong phdp hoc sdu trong chin dodn dnh X-quang y té
1.2.3.1 Mang no-ron tich chap (Convolutional Neural Networks - CNNs)

Su xuat hién ctia Mang no-ron tich chap (CNN) da ddnh ddu mot buéc tién
trong linh vuc thi gidc mdy tinh va phan tich hinh anh y té. Khac véi cic phuong
phdp hoc may truyén théng, CNN c6 kha ning tu dong trich xuit cic dic trung
phan cap truc tiép tir dit liéu anh thd, nhd d6 loai bd hoan toan giai doan trich
xuat dic trung thd cong von ton nhiéu cong sic va phu thudc vao chuyén gia.
Véi quy trinh hoc “tif diu dén cudi”, md hinh c6 thé nhan dién nhiing mau hinh
anh phuc tap va tinh vi ma con ngudi dé bd qua, mang lai nhiing cai thién vé

hiéu qua chan doan.

Thanh cong ctia mang no-ron tich chdp CNN trong chin doan anh X-
quang phdi dudc minh chiing 16 nét qua nghién ctiu kinh dién vé CheXNet
ctia Rajpurkar va cdc cdng su vao nam 2017 [45]. Bang cach st dung kién tric
DenseNet-121 va ky thut hoc chuyén giao (Transfer Learning), mo hinh nay
da dat dugc hiéu suit phat hién bénh viém phdi c6 thé sanh ngang vdi cac bac
s chan doan hinh 4nh X-quang, khdi dau cho mot 1an séng ting dung CNN vao
chin doan y té. T d6 dén nay, hoc chuyén giao trd thanh mot chién ludc phd
bién, gitip cdc md hinh CNN dat hiéu qui cao ngay ca véi cac bd dit liéu y
té c6 sO luong mau han ché. Cac cong trinh nghién ctiu cia Rahman va cong
su (2020) [49] cung vé6i Liang & Zheng (2020) [50] da khezlng dinh stic manh
ciing nhu do hiéu qua ctia phuong phap nay trong viéc chan doan viém phoi néi
chung va viém phdi cho bénh nhi ndi riéng.

Tinh linh hoat gitip mang CNN c6 thé dudc 4p dung dé gidi quyét nhiéu
bénh ly vé phdi khac nhau, ti viém phdi [46], COVID-19 [51] cho dén cic bénh
ly it phS bién hon nhu bénh bui phdi silic [54]. Cac phuong phap tiép cin da
dang, tif viéc so sanh cac bd phan loai khac nhau [47] dén viéc phan tich cic

yéu t6 anh hudng dén do tin cdy ctia mo hinh [52], déu cho thiy tiém ning to
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16n ctia CNN trong xu ly anh y té, dic biét 1a trong linh vuic phat hién bénh phdi
dua trén anh X quang.

Tuy nhién, cdc mo hinh mang CNN ciing tdn tai nhitng thach thiic dang
ké. Thi nhét, ching thudng dudc coi 1a cac "hdp den" (black box), khién viéc
dién gidi, giai thich quyét dinh ctia mo hinh tré nén kho khin, day 1a mot trong
nhiing rao c4n 16n trong linh vuc y khoa, noi tinh minh bach 1a yéu t6 t6i quan
trong. Thu hai, cic m6 hinh nay doi hoi mot Iugng 16n du li€u dudc gan nhan
chét lugng cao cho qué trinh huin luyén. Thi ba, hiéu suét clia ching c6 thé
bi 4nh hudng bdi cac yéu td khong lién quan dén bénh ly, hay con goi 1a céc
"duong tat" (shortcuts), thay vi hoc c4c diu hiéu 1am sang thuc su [52]. Nhiing
han ché nay thdc ddy su phét trién cla cac phuong phap hoc siu tién tién hon
nhu hoc sau trén do thi va hoc siu it mau, nham gidi quyét cac bai toan vé tinh

dién giai va su khan hiém di liéu.

Bdng 1.2 Tong hop cdc nghién citu tiéu biéu vé bai todn phdt

hién bénh phéi sit dung Mang no-ron tich chdp (CNN) trén dnh

X-quang nguc.
Nghién Phuong  Bodirlitu Kétqua Uudiém Han ché
ciu phap
Rajpurkar  DenseNet- ChestX- AUC: Chiing minh Tinh dién giai
etal., 2017 121 vé6i ray14 0.768 CNN ¢6 thé ctia mo hinh
[45]] Hoc (NIH). (viém dat hiéu sudt  con han ché.
chuyén phdi). ngang tim
giao. chuyén gia.
Stephen et Mo hinh Bo dit liéu Do chinh Xy dung mdé MO0 hinh c6
al., 2019  CNNtuy  X-quang Xac: hinh CNN thé khong tong
[46] chinh. nguc nhi 93.73%  hiéuquacho  quit tot trén
khoa (Kag- phan loai viém cac bd du liéu
gle). phoi. ngudi 16n.
Al Mam- So sanh Bo dit liéu CNN dat Cung cAp mot  Khong tap
look et al., nhiéu X-quang hiéu sudt sosdnhtoan  trung siu vio
2020 [47]  mo hinh nguc (Kag-  caonhit. dién giftacac  viéc tdi uu hoa
(bao gdbm  gle). bd phanloai  mdt kién triic
CNN). khéc nhau. CNN cu thé.
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Nghién Phuong Bodirlitu Kétqua Uudiém Han ché
cuu phap
Zhang et Phathién B du liéu Sang loc  Tiép can Hiéu qua phu
al., 2020 bat thudng  riéng va hiéu qua  theo hudng thudc vao viéc
(48] dua trén cong khai viém phat hién bat dinh nghia
CNN. (COVID-19, phéi thuong, htu "binh thuong".
viém phoi).  virus. ich khi dir liéu
bénh hiém.
Rahmanet Hoc Bo di liéu Do chinh  Chiing minh Hiéu suit c6
al., 2020  chuyén X-quang xdc: hiéu qua vudt  thé bi gidm
[49] giao v6i nguc (Kag-  98.0% trdi cua hoc khi ap dung
cac CNN  gle). chuyén giao. cho du liéu
phd bién. lam sang thuc
té.
Liang & Hoc Bo du liéu D06 chinh Ap dung thanh Tap trung vao
Zheng, chuyén X-quang Xac: cong ResNet mot nhém do6i
2020 [50]  giao voi nguc nhi 96.8 % cho dit liéu nhi  tuong cu thé
ResNet. khoa. khoa. (nhi khoa).
Ozturket  Mangno- Bodu Do chinh  Phan tng Bo dii liéu
al., 2020 ron sau liéu X- Xac: nhanh v6i dai  ban d4u con
[51] (Dark- quang nguc  98.08%  dich, dé xuidt  nho, can kiém
CovidNet). (COVID- (phan mot kién tric  chiing trén tip
19 va binh loai 2 chuyén biét. 16n hon.
thuong). 16p).
DeGrave Phantich  Anh X- Al hoc Nghién ctu Cho théy su
etal., 2021 cac md quang cac nén tang, vach nguy hiém
[52] hinh Al COVID-19. "dudng  trAn van dé cua viéc trién
(CNN). tat" thay  hoc *dudng khai AI "hop
vi ddu tat’ (shortcuts) den’ ma khong
hiéu clia AL ki€m tra ky
bénh. ludng.
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Nghién Phuong Bodirlitu Kétqua Uudiém Han ché
ciu phap
Tunceret CNN+F- Bodi Do chinh  Kéthgp CNN  Ciu triic mo
al., 2021 transform  liéu X- Xac: v6i mot ky hinh phuc tap,
(53] dé trich quang nguc  98.14%  thuat xt ly kho trién khai
xuat dic (COVID- tin hiéu (F- thuc té trén
trung. 19, viém transform) d€  quy mo 16n.
phoi, binh cai thién hiéu
thudng). Suét.
Sharma et Mo hinh Anh X- Phat hién MG rong ting  Can xem xét
al.,, 2024  Hoc quang bénh  bénhbui dung CNN chi tiét vé
[54] chuyén bui phoi phoi silic  sang mot bénh  "Extended"
giao md silic. hiéu qui. phdi nghé model. C6 thé
rong. nghiép cu thé.  di liéu khong
cong khai.

1.2.3.2 Hoc sau trén do thi

Dé khic phuc nhitng han ché vé kha ning dién giai, m6 hinh héa cac mdi quan hé
phtic tap ctia CNN, mdt hudng tiép cin méi 1a Hoc sau trén do thi, dic biét 1a st dung
Mang nd-ron do thi (Graph Neural Networks - GNNs). Thay vi xit Iy tiing 4nh X-quang
don thuan va riéng 1é, phuong phép nay biéu dién dit liéu dau vao dudi dang mot do thi,
trong d6 céc nut (nodes) dai dién cho cdc ving giai phau hodc cac dic trung cuc b, va
cic canh (edges) mad héa mbi quan hé khong gian hoic ngit canh gitta chiing. Céch tiép
cAn nay cho phép md hinh hoc dudc cdc cu triic quan hé tinh vi, von 1a yéu td quan
trong trong chan dodn y té [55,/56].

Céc dng dung cbt 16i ctia GNN trong chin doan X-quang nguc thudng tap trung
vao viéc xdy dung do thi tlf cic viing anh va hoc cac mdi tuong quan giita chiing. Chang
han, mot s6 nghién ctiu xay dung do thi trong d6 mdi nit 13 mot ving dic trung dudc
trich xuét bdi mot CNN, sau dé6 GNN dudc st dung dé€ tdng hop thong tin va dua ra
chin dodn cudi cung. Huéng di nay da duoc trién khai hiéu qua trong viéc phan loai da
bénh ly 16ng nguc, do c6 thé md hinh héa mdi quan hé phiic tap gitta cac bénh 1y khac
nhau [57,58].

Tuy nhién, mot huéng nghién citu tiém ning khac ciia GNN nam & viéc ung dung
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vao céc bai toan ting cudng kha ning dién gii va do tin cdy clia md hinh. Mot trong
nhiing cach tiép can mdi 1a xay dung do thi dua trén cic dif liéu bd trg tir chuyén gia.
Vao nam 2024, cong trinh nghién ciiu GazeGNN cua Wang va cdng su [59]] da tich hop
dit liéu 4nh nhin (eye gaze) clia cac bac si X-quang vao qua trinh xay dung do thi, gitip
mo hinh tap trung vao cac vung anh quan trong ma chuyén gia quan tam. Cling trong
nim 2024, Sultana va cong su [60] da két hop thém bao cdo giong néi (speech report)
cling véi dit liéu anh nhin ctia bac si d€ tao ra mot do thi da phuong thiic, cho phép mo
hinh "nhin qua di mét cia chuyén gia".

Tém lai, vu diém chinh ctia hoc siu trén do thi 12 kha ning md hinh héa tudng
minh cdc mdi quan hé cAu tric va ngit canh, diéu ma CNN chua thuc sy giai thich dudc
mot o rang. Piéu niy khong chi c¢6 kha ning cai thién do chinh xdc ma con mé ra co
hoi 16n cho viéc dién giai md hinh, gitp bac si hiéu dudc "ly do" ding sau mot chin
dodn. Mic di vdy, phuong phap nay ciing c6 nhiing han ché. Viéc xay dung mot do
thi c6 y nghia tu anh X-quang la mot thach thic khong nhé va thudng doi hoi tri thic
chuyén mon hoic céc ky thut tién xi ly phiic tap. Hon nita, GNN van 12 mot linh vuc
tuong d6i mdi va can thém nhiéu nghién cifu d€ ki€ém chiing hiéu qua trén quy mo 16n.

Bdng 1.3 Tong hop cdc nghién citu tiéu biéu sit dung Hoc sdu

trén do thi trén dnh X-quang.

Nghién Phuong Bodirlitu Kétqua Uudiém Han ché
ciu phap
Ahmedt-  Tong Téng quan  Téng hgp Cung cap Khong tap
Aristizabal quan/Khdo nhiéubd dit  cic xu cdinhin tdng  trung vao mot
et al., sat cac liéu y té. hudng quan, hé théng ting dung cu
2021b [55] phuong vathach  hoéakién thic  thé.
phép thuc. vé GNN trong
GNN. y té.
Sekuboyina Mang dd ChestX- Hiéu M06 hinh hoéa Viéc xac dinh
etal., thi quan hé¢ rayl4 sut ro rang moi cdc vling gidi
2021 [56] (Relational (NIH). vudt tr0i  quan hé gitia phau (niit) c6
Graph honcidc  cac ving gidi  thé can tién xt
Network). phuong  phau vabénh  ly phuc tap.
phap ly.
CNN.
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Nghién Phuong Boditlitu Kétqua Uudiém Han ché
cliru phap
Zhanget  Tong Téng quan  Hé thébng Clngcénén  Khong di siu
al., 2023  quan/Khio céc ting héaciac  tangly thuyét  vao chi tiét k§
(571 sat cac dung hinh phuong  vachiracac thuat cua mot
phuong dnhy té. phép huéng nghién  mo hinh.
phap GNN. cifu tiém ning.
GNN.
Raghu et Framework Kaggle X- Do chinh  Két hop sic Tinh phtic
al., 2024 lai CNN-  ray vaCT Xac: manh trich tap cia mot
[158]] GCN. scan. 98.5 % xuét dic trung framework hai
cia CNN va giai doan.
kha nang hoc
quan hé cua
GCN.
Wang et GNN dugc BO du liu Cai thién Dot phd trong  Yéu cau bo dit
al., 2024 dan datbsi X-quang do chinh  viéc tich hop liéu dac thu
[59] anh nhin nguc cé kem xac va tri thiic chuyén (c6 kem du
(Gaze- dit liéu 4nh  tinh dién  gia (qua 4nh liéu anh nhin),
Guided nhin ciia bac  giai. nhin) vao md  kho thu thap.
GNN). si. hinh.
Sultanaet  Hoc sau Bo6 du liéu Nang Hudng ditién DO phuc tap
al., 2024  ddthida  X-quang cao hiéu  phong, két hop cao, yéu cau
[60] phuong nguc da Suit va nhiéu ngudn bo dit lidu rat
thic phuong kha nang thong tin ti dac thu va kho
(GNN + thiic. dién gidi. chuyén gia. thu thap.
Gaze +
Speech).

1.2.3.3 Hoc siu it mau (Few-Shot Learning)

Mot trong nhitng thach thiic 16n nhét clia cdc mo hinh hoc sau nhu CNN la yéu
cau can c6 tap dit liéu gan nhan dii 16n d€ bio ddm qua trinh huin luyén hiéu qua. Trong
thuc té, diéu nay khoé kha thi d6i véi cac bénh Iy hiém gip hoic trong bdi canh dit liéu
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y té con han ché. D& khac phuc van dé nay, hoc sau it miu (Few-Shot Learning — FSL)
dugc xem 12 mot hudng tiép can tiém niing, gitp gidm su phu thudc vao dit liéu quy mod
16n. Trong sb c4c phuong phap gan diy. Muc tiéu ctia FSL 1a xay dung cidc md hinh ¢
kha ning hoc va nhan dang cac khai niém mdi chi tf mot vai mau vi dy, tuong tu nhu
kha ning hoc ctia con ngudi. Hudng tiép cin nay dic biét c6 gia tri trong y té, nhit 1a
véi cdc bai toan nhu chan dodn bénh bui phdi silic nghé nghiép, noi dit liéu bénh nhan
cuc ky khan hiém [65]).

Trong nhitng nim trd lai day, cac ky thuat FSL da dugc d4p dung phd bién trong bai
todn chin doan X-quang phdi. Mot trong nhitng nhanh dugc ing dung manh mé nhét 12
Siéu hoc tap (Meta-Learning), hay con goi 1a "hoc cach hoc". Thay vi hoc dé phan loai
mot tap hop bénh cd dinh, md hinh dugc huin luyén qua mot loat cic tic vu phan loai
nhd, gitp né hinh thanh kha niing tdng quit héa nhanh chéng dén cic loai bénh méi chi
v6i vai anh X-quang [98]. Mot nhanh phd bién khac 1a Hoc theo ciip (Metric Learning),
di€n hinh 12 st dung Mang Siamese (Siamese Networks). Phuong phap nay khong hoc
cach phan loai truc tiép ma hoc mot ham do ludng su tuong dong, cho phép so sanh
mdt anh X-quang chua biét v6i mot vai anh mau da biét d€ dua ra chan doan [63].

Bén canh d6, mot sd cac phuong phap khéc tiép can bang cach két hop nhiéu ky
thuat/nhiéu mod hinh dé tdi vu héa hiéu sut. Vi du, mot sb6 cong trinh nghién citu da s
dung hoc tap hop (Ensemble Learning) d€ ting cudng do on dinh cling nhu do chinh
x4c cho cic mod hinh FSL [61]. Mot s6 phuong phép phic tap hon con tich hgp thém
hoc tu giam sat (Self-Supervised Learning) va Siéu hoc tap d€ tin dung tbi da luong dit
liéu khong nhin c6 san, truée khi tinh chinh trén mot vai mau cé nhan [66]. Mot trong
nhiing nghién cttu dot phd hon cé 1a cic kién tric FSL khong giam sat (Unsupervised
FSL), vdn c6 tiém ning chin dodn bénh tit mot vai mau ma khong can dén bat ky nhan
nao, giai quyét dong thdi ca hai bai toan 16n nhét 12 thiéu dit liéu va thiéu nhan [64]).

Mic du FSL md ra mot huéng tiép can trong viéc chdn dodn céc bénh hiém gip,
né6 ciing c6 nhitng han ché nhét dinh. Hiéu suét ctia cic mo hinh FSL thudng nhay cim
véi chit lugng ctia mot vai mau hd trg va c6 thé khong 6n dinh biang cac md hinh dudc
huin luyén trén di liéu 16n. Hon nita, cic thuét todn FSL, dic biét 1a Siéu hoc tap,
thuong rat phiic tap d€ thiét ké va tdi vu héa.
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Bdng 1.4 Tong hop cdc nghién ciiu tiéu biéu sit dung Hoc sdu

it mdu (FSL) trén dnh X-quang phoi.

Nghién  Phwong  Bédiliéu Kétqua Uudiém Han ché
ciu phap
Paul et al., Hoc tap ChestX- Cai thién Tang cuong Tang do phuc
2021 [61]  hop (En- ray14 dd chinh  dd 6ndinh va  tap tinh toan
semble (NIH). Xac va chinh xdc cho  do phai huin
Learning) O6ndinh. cdc mo hinh luyén va két
cho FSL. FSL. hop nhiéu mo
hinh.
Chen et Siéu hoc Bo du liéu Xac dinh Mo hinh "hoc  Cac thuat
al., 2024 tap (Meta- X-quang viém cach hoc", toan Meta-
(62] Learning). nguc. phdi hiéu  c6 kha ning Learning
qua tirit  tong quat héa  thudng phiic
mau. nhanh véi cic  tap va kho tbi
16p bénh mGi.  uu hoa.
Atukunda, Mang Bo dit liéu Cai thiéen Hoc motham  Hiéu suét phu
2024 [63]  Siamese X-quang phéan loai do luong su thudc vao viéc
+ Hoc nguc. viém tuong dong, lua chon cac
chuyén phoi tr it manh mé hon  cidp 4nh trong
giao. mau. khi d6i mit qud trinh huin
vGi cac 16p luyén.
moi.
Kimetal., Hocitmau BO di liéu Chén Giai quyét La hudng di
2024 [64]  khong X-quang dodn dong thdi van  rit méi, hiéu
giam sit  nguc. bénh dé thiéu dit suét c6 thé
(Unsu- phdima liéuvathiéu  chua bang cic
pervised khong nhan gan. phuong phap
FSL). can c6 giam sat.
nhan.
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Nghién Phuong Bodirlitu Kétqua Uudiém Han ché
ciu phap

Atukunda  Hoc tap Boditlieu  Nangcao Kéthdpnhiéu Mo hinh rat

& hop+Tu  X-quang hiéu sudt ky thuattién  phiic tap, doi

Mwangi, giam sat+ nguc. phat hién tién d€ tan hoi tai nguyén

2025 [66]  Siéu hoc viém dung tdi da tinh toan 16n.
tap. phoi. dir liéu c6

va khong c6

nhan.

Céac nghién citu vé Few-Shot Learning (FSL) trong bang chii yéu tap trung vao
bai todn phan loai va phat hién viém phdi trén dnh X-quang nguc. Két qua cho thiy khi
s6 Iuong mau huin luyén bi gi6i han, do chinh xdc ctia mo hinh suy giam dang k€ so
v6i kich ban hoc trén tip dit liu ddy di. Tuy vay, véi su hd trg cta cac ky thuat nhu
Meta-Learning, Siamese Network hodc hoc tu giam sat, mic suy giam nay dugc kiém
soat, gitip md hinh duy tri hiéu qua chin doan & mic chip nhan dudc ngay ca trong
diéu kién di liéu han ché.

1.3 Co s6 Iy thuyét
1.3.1 Mot s6 mé hinh hoc siu tiéu biéu

1.3.1.1 Mo hinh MobileNet

MobileNetV3 1a mot kién tric mang no-ron tich chap (CNN) tién tién, ducc
Google phat trién nham t6i wu héa hiéu suét tinh todn trén cac thiét bi c6 tai nguyén
han ché nhu thiét bi di dong va hé thdng nhiing [[107]]. Phién ban MobileNetV3 Small
12 bién thé nhe hon so v6i MobileNetV3 Large, dudc thiét k& d€ can bing giita d6 chinh
x4c va hiéu qua, dic biét phu hdp cho cac bai todn phan loai anh y té véi dit lidu c6 kich
thuéc nhd va nhiéu cao [[108]].

MobileNetV3 ké thita cac cai tién tif cdc phién ban trudc (MobileNetV1 va V2),
dong thai tich hop céc ky thuat hoc sau hién dai, bao gom: Depthwise Separable Con-
volution: gidm déng k€ sb lugng tham sd va chi phi tinh todn. Hard-Swish Activa-
tion: ham kich hoat phi tuyén dudc t6i wu cho suy luin nhanh. Squeeze-and-Excitation
(SE) Block: tang cudng kha nang hoc déc trung theo kénh. Neural Architecture Search
(NAS): hd tr¢ tim kiém kién triic mang t6i uu tu dong.
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MobileNetV3-Small c6 kién triic phan cip, gdm céc thanh phan chinh: Lép dau
vao: anh chuin héa kich thu6c 224 x 224 x 3. Tang tich chap ban dau: két hop BatchNorm
va Hard-Swish. Chudi khéi Inverted Residual: st dung Depthwise Convolution, SE
Block va Linear Bottleneck. Global Average Pooling: rut gon dic trung khong gian.
Tang fully connected: diéu chinh d€ phu hop v6i phan loai nhi phan. Tang dau ra: st
dung sigmoid d€ du dodn xac suit.

MobileNetV3-Small ndi bat véi thiét ké gon nhe, tc do suy ludn nhanh va khi
ning trién khai hiéu qua trén cac thiét bi han ché vé tai nguyén. Trong nghién ctiu nay,
md hinh dudc chon 1am kién triic hoc sau tiéu chuin nhe d€ so sanh hiéu qua phan loai
bénh bui phdi silic nghé nghiép véi cdc mo hinh phiic tap hon nhu DenseNet201 va
hién dai hon nhu Swin Transformer.

1.3.1.2 M6 hinh DenseNet201

DenseNet (Densely Connected Convolutional Network) 12 mot kién tric mang
no-ron tich chip siu, ndi bat vé6i thiét ké két ndi diy dic (dense connectivity), trong
d6 mdi 16p dau ra dugc truyén dén tat ca cic 16p ké tiép trong cung mot khbi. Co
ché nay gitip ting cudng kha ning truyén thong tin, tii st dung dic trung hiéu qua,
giam thiéu s6 luong tham sb va khic phuc hién tuong mat mat gradient trong cic mang
sau [106-109,/111]]. DenseNet da dudc phat trién thanh nhiéu bién thé nhu DenseNet-
121, DenseNet-169, DenseNet-201 va DenseNet-264, véi s6 16p khac nhau d€ phi hop
vGi quy mo bai toan va tai nguyén tinh toan [[112-114].

Trong luan 4n, kién triic DenseNet-201 dudc chon d€ phan loai 4nh X-quang nguc
nham chin dodn bénh bui phéi silic nghé nghiép, nhd kha ning hoc cic dic trung tinh
té tif cdc ton thuong mo nhat va khong dong déu. DenseNet-201 c6 khoing 20 triéu
tham s6, véi chi phi tinh toan cao hon MobileNetV3 Small, nhung thip hon Swin
Transformer, phit hdp dé can bang hiéu suat va tai nguyén.

Kién triic DenseNet-201 bao gdbm bén Dense Block, vdi s6 16p 1an luot 12 6, 12,
48, va 32. Mbi Dense Block gdom céc budc: chuin héa hang loat (Batch Normalization),
ham kich hoat ReLLU, va cac 16p tich chap (1 x 1 va 3 x 3 xen ké). Gitia cac Dense Block,
mot Transition Layer st dung tich chap 1 x 1 va gdp trung binh (Average Pooling, kich
thude 2 x 2, stride 2) d€ giam kich thudc dic trung va ki€m soat qua khdp. Sau Dense
Block cubi, mot 16p Global Average Pooling dudc 4p dung, két nbi véi 16p phan loai st
dung ham Softmax dé€ xuit két qua phan loai (0: binh thudng, 1: mic bénh).
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Layer Label Input Layer Dimension Output Dimension

Input Layer 244 x 244 x 3
Filter size =7 x 7
Convolution 112 x 112 Strike = 2
Padding = 3
, Maximum Pooling = 3 x 3
pooling 56 x 56 )
Strike = 2
1 1
Dense Block 1 56 x 56 x X 6
3 x 3
.. 56 X 56 1 x 1 convolution
Transition Layer 1 - -
28 x 28 2 x 2 average pooling, stride = 2
1 1
Dense Block 2 28 x 28 8 x 12
3 x 3
. 28 x 28 1 x 1 convolution
Transition Layer 2 . :
14 x 14 2 x 2 average pooling, stride = 2
1 1
Dense Block 3 14 x 14 8 x 48
3 x 3
o 14 x 14 1 x 1 convolution
Transition Layer 3 . :
7TxT 2 x 2 average pooling, stride = 2
1 1
Dense Block 4 TxT7 8 x 32
3 x 3
Average Pooling =7 x 7
Pooling Strike = 7
1x1
FC Layer 1000

Hinh 1.3 Kién triic DenseNet201 [110]

1.3.1.3 M6 hinh Swin Transformer

Swin Transformer [[109] 12 mot kién tric hoc sdu tién tién dua trén Transformer,
dudc t6i vu cho cac bai todn thi gidc mdy tinh, dic biét v6i dif liéu anh do phan gii cao
nhu anh X-quang nguc. Khac véi Vision Transformer (ViT) st dung self-attention toan
cuc (do phuc tap O(n?)), Swin Transformer dp dung Window-based Multi-head Self-
Attention (W-MSA) va Shifted Window-based Multi-head Self-Attention (SW-MSA)
trong céc clia s6 trudt, gidm do phic tap xudng O(n) ma van duy tri kha ning hoc ngit
canh hiéu qua.
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Cd ché chinh:

W-MSA: Tinh self-attention trong céc clia sd c6 dinh (kich thudc 7 x 7), tip trung
vao dic trung cuc bo va tiét kiém tai nguyén tinh todn.

SW-MSA: Dich chuyén ciia s gitta cdc ting dé két ndi cc ving 4nh, mé rong
viing tiép nhin ma khdng can attention toan cuc.

CAu tric phan cip: St dung Patch Merging dé€ giam kich thudc khong gian va
ting chiéu biéu dién, hoc dic trung tir chi tiét cuc by dén téng quat.

Chi tiét vé vai tro va kich thudc dau ra ctia cdc thanh phan trong mo hinh Swin
Transformer dudgc trinh bay cu thé trong bang 1.5. Su két hop ctia cic co ché nay gitip
mo hinh Swin Transformer dat dugc hiéu suét cao trong viéc phan tich cic dic trung
tinh té va phan bd khong dong nhét trén anh X-quang BPSi, dong thdi t6i uu héa hiéu
qua tinh todn so véi céc kién tric Transformer toan cuc.

Uu diém chinh ctia Swin Transformer so v6i ViT va CNN bao gom:

(1) CAu triic phan cAp (Hierarchical Representation) Tuong tu CNN, Swin Trans-
former st dung cac tang xi 1y véi kich thudc khong gian giam dan (qua Patch Merging),
trich xuét dic trung ti chi tiét cuc bo dén biéu dién tdng quat toan anh. CAu tric nay rat
phl hop vé6i anh X-quang, ndi t&n thuong bui phdi silic ¢ thé khu tri (nét nhd) hoic
lan téa (rai rac nhiéu ving phdi).

(2) Co ché self-attention cuc bd hiéu qua (Local Window-based Attention): Khac
v6i ViT (st dung attention toan cuc, do phuc tap O(n?)), Swin Transformer tinh atten-
tion trong c4c ctia s6 nhd (7 x 7), giam do phic tap xudng O(n). Co ché nay gitip md
hinh tip trung vao dic trung cuc bo, rat can thiét d€ phat hién céc t6n thuong md nhat
trén X-quang nguc ctia bénh nhan mic bénh bui phdi silic nghé nghiép.

(3) Co ché dich chuyén ctia s6 thong minh (Shifted Window Mechanism): Ctia s&
dugc dich chuyén giiia cac tang dé két ndi cac ving anh lién k&, mé rong trudng tiép
nhin (receptive field) ma khong ting chi phi tinh toan. Piéu nay dic biét quan trong
trong céc ton thuong lan tda, khong tip trung ctia bénh bui phoi silic, ddm bao hoc dugc
ngl canh lién vung.

(4) Kha niing téng quat héa tdt: Nho két hop attention cuc bd va ciu triic phan
cip, Swin Transformer dat hiéu qua cao trén tip dif liéu y té ¢d vira, phit hop véi thuc
té y hoc ndi dif liéu gdn nhin thudng han ché va chi phi thu thap cao.

Kién triic Swin Transformer dudc trinh bay chi tiét trén day khong chi tdi uu héa
kha ning trich xuét dic trung hiéu qua tir dit liéu hinh anh X-quang, ma con cho thiy
kha niing can bing tt giita do phiic tap tinh todn va hiéu suit du dodn. Chinh co ché
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Bdng 1.5 Vai tro va kich thudc ddu ra ciia cdc thanh phdn

trong moé hinh Swin Transformer

Budc| Thanh phan Vai tro chinh Kich thuée dau ra
1. | Input Tensor Anh X-quang dau vao (32, 3,224, 224)
2. | Conv2D + Permute | Trich xuét dic trung ban | (32, 128, 56, 56)

dau, chia patch
3. | LayerNorm Chuén héa dau vao trude | (32,128, 56, 56)
attention
4. |Swin Block x2|Hoc déc trung cuc bd qua| (32,56, 56, 128)
(Stage 1) attention ctia sO
5. |Patch Merging 1 | Giam kich thudc khong | (32,28, 28, 256)
gian, ting chiéu dic trung
6. |Swin Block x2 | Hoc ddc trung sdu hon | (32,28, 28, 256)
(Stage 2) trong khong gian nho hon
7. |Patch Merging 2 | Tiép tuc gidm kich thudc, | (32, 14, 14,512)
ting chiéu dic trung
8. |Swin Block x18|Hoc biéu dién phic tap, | (32,14, 14,512)
(Stage 3) tritu tuong
9. |Patch Merging3 |Giam vé kich thudc nhd | (32,7,7,1024)
nhat, ting chiéu sau
10. |Swin Block x2|Biéu dién sau nhat trudc | (32,7,7,1024)
(Stage 4) phan loai
11. |LayerNorm + Per-|Chuin héa va sip xép lai | (32,1024,7,7)
mute th tu chiéu tensor
12. | AdaptiveAvgPool2d Tong hop dic trung toan | (32,1024,1,1)
anh
13. |Flatten + Dense Lam phang va phan loai | (32, 2)
nhi phin
14. | Output Dy dodn xdc suét hai 16p | (32, 2)

Self-Attention cuc bo két hop véi cac k¥ thuat thu gon kich thuéc khong gian va ting

chiéu diic trung da giip mo hinh dat hiéu suét tot hon, phit hop dé tng dung vao bai

toan chan dodn bénh bui phdi silic nghé nghiép.
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1.3.2  Hoc sdu trén do thi

1.3.2.1 Tong quan vé dit liéu dang do thi

Céc m6 hinh hoc sau truyén thdng nhu mang neuron tich chap (CNN) thudng dua
trén dif liéu dau vao c6 cau tric ludi déu din nhu anh (2D) hoic chudi (1D) [111]. Tuy
nhién, nhiing cAu tric nay lai khong phi hop dé€ biéu dién nhiéu loai dit liéu quan trong
trong thuc té, diic biét 12 dit lidu trong y hoc, sinh hoc vi mang xa hoi von mang dic tinh
phi tuyén, phiic tap, va khong thé dé dang mé ta bang ciu tric 1ui thong thuong [[112].
Su han ché nay dit ra yéu cau cip thiét phai phat trién cc ky thuét biéu dién di liéu
hiéu qua hon, trong d6 dit liéu dang d6 thi ndi bat nhu mot phuong phap manh mé, c6
khd ning phéan 4nh diy dd cdc mdi quan hé phic tap gitta cac thuc thé [[113]).

Mot do thi G dugc dinh nghia gdm tap cdc nit V' (vertices hoic nodes), tip canh
E (edges) gitta cac niit d6. Mot do thi G = (V, E) dugc dinh nghia bdi tip cic nit V' va
mot tip cac canh E gilta cdc nit d6. Mot canh di tli nit v € V dén nit v € V' dudc ky
hiéu 1a (u,v) € E.

Trong nhiéu trudng hop, dbi tuong nghién ctiu thudng 12 d6 thi don vo hudng, tic
la canh gitta hai nut khong c¢6 huéng. Khi do, (u,v) € E < (v,u) € E.

Céch thic biéu dién d6 thi 13 thong qua mdt ma tran ké (adjacency matrix) A €
RIVIXIVI DE biéu dién ma tran ké, ngudi ta sap xép céac nit trong dd thi theo thi tu hang
va cdt, cdc canh dugc biéu dién nhu céc thuc thé trong ma tran d6: Afu,v] = 1 néu ¢
canh gitta u, v va ngudc lai thi Afu, v] = 0.

1.3.2.2 Mang ng¢-ron do thi Graph Neural Networks

Mang no-ron d6 thi GNN 12 16p mé hinh hoc sau ¢6 kha ning x{ ly thong tin trén
cdc dd thi phi cAu tric. Diém ndi bat ctia GNN 12 qud trinh truyén thong tin gitta cic
nit thong qua céc két ndi trén do thi [[114]. Phuong phdp truyén tin nay thudng goi 1a
qua trinh Message Passing va thudng bao gdm hai budc chinh:

Aggregation: Tong hgp thong tin tif cac niit 1an can.

Update: Cap nhat vector dic trung clia nut dua trén thdng tin tdng hop tif budc
trude.

Trong mdi 1an lip truyén thong diép trong GNN, mot dic trung an 1" tuong ting

ctia mdi nit v € V dudc cap nhat theo thong tin dugc két tap tif cac nit hang x6m
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v € N(u). Céac thong diép dudc cap nhat theo cong thuc (1.1):

h&”” = Updatel(h&l), Aggfegate(” ({hz(l)’vv < N(u)}))

= Updatel(hg),mg\l[)(u)). (1.1)

Tai 16p thit k£ cia GNN, ham Aggregate tong hop cic dau vao clia niit « va sinh ra

@)

thong di€p m y; (

) dua trén cc thong tin hang xém dudc két tip cla no.

(0

v6i dic trung biéu dién trude d6 ctia nuit u
N(u) :

Ham Update két hop thong diép m
nU=1) 48 sinh ra vec-td dic trung nD

Khdi tao ban dau [ = 0, dé thiét 1ap cac dic trung dau vao cho tit ca cic nuit (vi
du: 1Y = 2. Vu € V).

Sau khi I 16p GNN truyén thong diép, ta c6 dau ra ctia 16p cudi ciing nhu 1 cic
embedding cho moi niit (vi du: z, = rY vu e V).

1.3.2.3 Mt s6 bién thé cha GNN

K& tir khi dugc gidi thiéu, mang no-ron do thi di khong ngiing dudc cai tién va
md rong v6i nhiéu kién tric khac nhau nhiam ting cudng kha ning biéu dién, hiéu qua
tinh toan va kha ning khai quat héa trén cdc dang do thi da dang. Mdi bién thé dudc
phat trién déu thé hién mot cach tiép can riéng biét trong viéc thiét ké ham lan truyén
thong tin, tdng hop dic trung tl 1an can, hodc gan trong s cho cac méi lién két, tr do
md ra nhiéu huéng ting dung thuc tién. Duéi day 1a mot sb kién GNN tiéu biéu.

Graph Convolutional Networks (GCN): Pugc dé xuat bdi Kipf va Welling [[111]],
GCN mé rong khai niém tich chap tir dit liéu ludi sang dit liéu do thi, biang cach st
dung phép chuin héa ma tran ké dé lan truyén thong tin qua cic dinh lan can.

Trong mo hinh GCN, méi 16p thuc hién phép tich chap trén do thi bang cach tong
hop dic trung tli c4c nit 1an cn, dong thdi chuin héa theo bac clia cic nit d€ ddm bao
su 6n dinh trong huin luyén. Cong thiic cip nhat diic trung cho mot nit v tai 16p [ + 1
nhu sau:

_ )

nitY — a( Z Lw(l)hv )
\Y ﬁuuf)vv ’

vEN (u)U{u}

(1.2)

trong do:

. hg ) 1a vector dac trung ctia nut v tai 16p ;
« W 1a ma tran trong s6 can hoc tai 16p I;

« A = A +1Ilama trin ké da dudc bd sung self-loop;

32



« D 1a ma trin béc tuong ting véi A;
e o(-) 1a ham kich hoat phi tuyén, thuong 1a ReLU;

* N(u) la tap cac nit 1an céan cua u.

F 1a tap céc canh dudc biéu dién bdi hai ma tran, ma tran thudc tinh cac dinh (X),
ma tran ké biéu dién két nbi cac dinh (4). X € RV*F thé hién cho N niit, mdi nit dudc
bi€u dién bdi vector F' chiéu, A € RY*Y ]am ma trin vuong bi€u dién két ndi c6 hay
khong gitia hai nut.

Graph Attention Networks (GAT): Velickovic va cong su [[115] dua ra co ché
attention trong GNN, cho phép md hinh hoc trong s6 khac nhau cho titng dinh 1an cin
khi tong hop thong tin.

GraphSAGE: Hamilton va cdng su [116] dé xuit GraphSAGE — mot k§ thuat hoc
biéu dién theo hudng suy dién (inductive), c6 khéa ning tao dic trung cho cdc dinh chua
tiing xuat hién trong qu4 trinh huin luyén.

Graph Isomorphism Network (GIN): Xuét phat tif nhu cau ting kha ning phin
biét cau triic do thi, GIN [[117] dudc ching minh la c6 ning luc bi€u dién manh tuong
duong véi kiém dinh dang ciu dd thi Weisfeiler-Lehman.

1.3.2.4 Graph Transformer va co ché Attention

Co ché chu y (Attention) 12 mot co ché anh xa mot truy van (Query) va mot tap
cac cip khéa-gid tri (Key-Value) t6i mot dau ra. Pau ra dudc tinh todn nhu mot téng c6
trong sb clia cac gid tri, trong d6 trong s6 ctia mdi gid tri dudc xac dinh bdi do tuong
thich giita truy vin va khéa tuong ting.

Kién tric Transformer st dung mot co ché attention dic biét va hiéu qua, dugc xay
dung tit hai thanh phan chinh: Scaled Dot-Product Attention va Multi-Head Attention.

Scaled Dot-Product Attention

Co ché nay tinh todn attention dua trén cic ma tran dau vao: truy van Q, khéa K
(c6 s6 chiéu cot 1a dj,), va gid tri V. Cong thifc tinh todn dudc biéu dién nhu sau:

Attention(Q, K, V) = softmax <Q—KT) A\ (1.3)
s Vdj, '

Trong cong thiic nay, ma tran QK” chifa cic diém sb tuong thich gifta cac truy van va
cac khéa. Viéc chia cho /dj, 1a mot bude chia ty 1€ (scaling) quan trong gidp 6n dinh
gradient trong qua trinh huan luyén.
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Multi-Head Attention

Thay vi thuc hién mot phép chi y duy nhit, co ché chi y da dau (Multi-Head
Attention) cho phép md hinh cuing liic chii ¥ dén thong tin tif cic khong gian con biéu
dién khéac nhau. Co ché nay thuc hién 4 phép chii y khac nhau mdt cach song song.
Dau tién, cac ma tran Q, K, V dudc bién ddi tuyén tinh % 1an bang cdc ma tran chiéu
(projection matrices) riéng biét:

head; = Attention(QW<?, KWX vwY) (1.4)

7

v6i cic ma tran chiéu la cac tham s6 c6 thé hoc duge: W& WK ¢ Rimwerxdi va WY e
Rdmodel X dv .

Két qua dau ra tif h dau chi y sau dé dudc ghép ndi (concatenated) va mot 1an
nita dugc bién d6i tuyén tinh bang mot ma tran chiéu dau ra WO e R/ v X dmode;

MultiHead(Q, K, V) = Concat(heady, .. ., headh)WO (1.5)

Trong kién triic Transformer, co ché ndy dudc 4p dung theo dang tu chi y (self-
attention), trong d6 Q, K,V déu dugc tinh toan tif cing mot ngudn 1a dau ra cta 16p
truée do.

Scaled Dot-Product Attention Multi-Head Attention

)

Linear

l Concat I

r ¥

L
Scaled Dot-Product JZ h

Attention .
I JH— |
. ¥ -
[ Linear ]J Linear Linear
¥ ¥ T
V K Q

Hinh 1.4 Kién triic Attention: Scaled Dot-Product va
Multi-Head Attention [118]

Tich hop cau tric do thi trong Graph Transformer

Mot thich thic 16n khi 4p dung Transformer 1én do thi 12 kién tric nay von "mu"
vé cau triic. D€ gidi quyét van dé nay, cdc md hinh nhu Graphormer da dé xuit cic ky
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Qutput
Probabilities

. N\
Add & Norm =
Feed
Forward
s 1 ™\ I Add & Norm ;
- Add & Norm J Multi-Head
Feed Altention
Forward 77 Nx
L =
Nx Add & Norm
,—r-| Add & Norm | Masked
Multi-Head Multi-Head
Altention Attention
At At 2
— y, . —
Positional Positional
Encodi D s> -
ncoding y Encoding
Input QOutput
Embedding Embedding
Inputs Qutputs

(shifted right)

Hinh 1.5 Minh hoa co ché ciia mét I6p Graph Transformer,
trong do Attention dwgc diéu chinh theo cdu tric do thi. [118]

thuat hiéu qua dé "tiém" thong tin cAu triic vao co ché tu chd y. Céc k¥ thuat ndy déng
vai tro nhu nhiing thién kién quy nap (inductive biases), giip mé hinh hoc dudc cic
biéu dién dd thi t6t hon.

Ma hoa d6 trung tam (Centrality Encoding)

Dé gitdp mo hinh nhan biét tAm quan trong ctia cic dinh, Graphormer ma héa do
bac (degree) cia mdi dinh. Cic embedding c6 thé hoc dudc, tuong ting vdi bac vao va
béc ra cia dinh, dugc cong truc tiép vao dic trung dau vao. Cong thiic khdi tao biu
dién ctia dinh v; dudc stra ddi nhu sau:

L -

R +
ioTXt Zdeg’(vi) T Zdeg*(vi) (1.6)
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trong d6 x; 1a dic trung ban diu, z~ va z* 13 cdc vector embedding c6 thé hoc dudc,
dudc xac dinh bdi bac vao (deg™ (v;)) va bac ra (deg™ (v;)).
Ma héa chu tric trong Attention
Graphormer dé xuit sira ddi truc tiép qua trinh tinh todn diém sb chi y dé tich
hop thong tin vé quan hé khong gian va dic trung canh giita cac dinh. Cong thiic tinh
toan phan tif (i, j) trong ma tran chd y dudc mé rong nhu sau:
(hiWg)(h;W k)"

A= a + b¢(Vi7Vj) + Cij (1.7)

trong d6 A;; 1a di€ém sd chu y trude khi qua ham softmax. Hai thanh phan mdi dugc

thém vao bao gom:

* Ma hoéa khong gian (Spatial Encoding): by, v,) 1a mot hé s6 diéu chinh (bias)
vO hudng c6 th€ hoc dugc, phu thudc vao quan hé khong gian ¢(v;, v;) gita hai
dinh (vi du, khoing cich dudng di ngan nhit - SPD). Thanh phan nay gitip md
hinh nhan biét dudc c4c dinh "gan" hay "xa" nhau vé mit cu tric.

 Ma héa canh (Edge Encoding): c;; 1a mot hé s6 diéu chinh khdc, dugc tinh bing
cach 14y trung binh cic embedding c6 thé hoc dudc cla cac dic trung canh trén
dudng di ngin nhit gifta v; va v;. Thanh phan nay cho phép md hinh tan dung
thong tin tlf c4c loai lién két khac nhau.

Biing cach nay, ma tran chi y khong chi phu thudc vao su tuong dong vé dic trung ma
con dudc diéu chinh béi cau tric lién két va thudc tinh ctia do thi.

1.4 Cac chi s6 danh gia hiéu ning

Ma trin nham 14n 12 mot cong cu gid tri trong viéc danh gia hiéu qua ctia mo hinh
§ cac tac vu phan loai, mang lai géc nhin toan dién vé hiéu suit trén ting 16p cu thé.
Trong y hoc, viéc ddnh gid chinh x4dc d6 chinh xdc chdn doan 13 ratD quan trong; céc
chi sb dudc riit ra tif ma tran nham 14n cho phép do ludng chi tiét va c6 y nghia vé hiéu
nang cia md hinh.

True Positive (TP): trudng hop mic bénh dude du dodn ding 14 bénh.

True Negative (TN): trudng hop khong mic bénh dude du doan diing 12 khong
bénh.

False Positive (FP): trudng hop khong mic bénh nhung bi du dodn nham thanh
bénh (bdao dong gia).

False Negative (FN): trudng hop mac bénh bui phéi silic nhung bi du dodn nham
l1a khong bénh (bo s6t bénh).
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Tir cac thong sb nay, mot s6 chi sd quan trong dudgc st dung trong luin 4n gom:
(a) Do chinh xac (Accuracy)
Do chinh x4c cho biét ty 1 cac du doan diing trén tong s6 du doan

TP +TN
TP+TN+ FP+ FN

Accuracy = (1.8)

Do chinh x4c cung cAp cdi nhin tdng thé vé hiéu suét ctia mo hinh nhung c6 thé bi
4nh hudng bdi su mat can dbi gitta cac 16p (khi s6 luong mau clia cac 16p khong tuong
duong).

(b) Do chuén (Precision - PRE)

Do ludng do tin ciy clia cic du dodn duong tinh, tiic 1a trong s tAt ca cac ca dugc
du dodn 12 bénh, c6 bao nhiéu ca thuc su mac bénh.
TP

Precision = TP+ FP (1.9)

Precision cao c6 nghia 1a hau hét bénh nhan dugc mo hinh du doan 1a mic bénh
thuc su bi bénh, gidp giam tinh trang bao dong gia.
(c) Do nhay (Sensitivity)

Do ludng kha ning phat hién diing cdc ca mac bénh, tiic 1a trong sd tit ca ca bénh
thuc su, c6 bao nhiéu ca dudc du doan dung.
TP

Day 1a chi s6 quan trong trong y té. P9 nhay cao cho thiy mé hinh c6 kha ning
phat hién t6t cic ca bénh. Do nhay thip nghia 1a m6 hinh bdt s6t nhiéu bénh nhan (FN
16m).

(d) F1-score
Trung binh diéu hoa giita Precision va Recall.

71— 2 x Precision x Recall
~ Precision + Recall

(1.11)
Trong bai toan hd trg chin doén bui phdi silic, can dong thoi gidm thi€u bdo dong
gia (FP) va bé sét bénh (FN). Do vy, F1 -score 1a chi s cin bing va ddng tin ciy hon

Accuracy khi dit liéu khong can bing.
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(e) Macro-F1

4
1 QxRZ'JEPZ'
Macro — F1 = -
4~ R+ D

1=

(1.12)

trong d6 P; va R; 1an lugt 12 do chinh x4c va do hdi phuc ctia 16p i trong bai todn
phan loai da 16p.

(f) Do dac hiéu (Specificity)

Do ludng ty 1& cic trudng hop khong mic bénh dudc mo hinh phan loai ding
(true negative rate).

TN
Specificity = ———— 1.13
pecificity = PP (1.13)
Chi s6 nay c6 y nghia trong viéc han ché tinh trang chidn doén nhim ngudi khoe

manh thanh méc bénh, gidp giam chi phi va lo ling khong can thiét cho bénh nhan.
(g) AUC (Area Under the ROC Curve)

AUC-ROC (Area Under the Receiver Operating Characteristic curve) la dién tich
dudi dudng cong ROC, dugc st dung d€ ddnh gid kha ning phan biét gitta cac 16p clia
m6 hinh. Puting cong ROC dudc vé bang cach biéu dién ty 1& duong tinh that (True
Positive Rate - TPR) theo ty 1€ duong tinh gia (False Positive Rate - FPR) & cac ngudng
phén loai khéac nhau.

1
AUC = / TPR(FPR™'(z)) da. (1.14)
0
Trong do,
TP . FP
TR =rp iy PR = mp

Trong nghién ctiu ndy, AUC dudc st dung d€ so sanh truc tiép hiéu ning giiia cic
md hinh hoc mdy khac nhau trong chan doan bénh bui phdi silic nghé nghiép.

(h) Grad-CAM (Gradient-weighted Class Activation Mapping)

Grad-CAM khong chi 1 chi s6 dinh lugng, ma 1a cdng cu truc quan héa dugc
st dung rong rai d€ phan tich va dién giai md hinh hoc sdu.huong phap nay dua trén
viéc tinh toan gradient ctia 16p cudi cling theo tiing dic trung trong ban dd kich hoat
(feature map), tif d6 1am ndi bat cac ving hinh &nh ma mé hinh tap trung khi dua ra du
dodn [120]. Trong bdi canh chan doan y khoa, Grad-CAM dic biét hitu ich vi cho phép
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xdc dinh truc quan ving phoi hodc khu vuc ton thuong ma mo hinh xem Ia quan trong,
qua d6 gitp bdc si kiém chiing xem md hinh c6 thuc su dua vao nhiing diic diém 1am
sang hop ly hay khong. Pay chinh 13 yéu td quan trong trong viéc nang cao tinh giai
thich (interpretability) va kha nang tin cdy (trustworthiness) cia mo hinh.

Trong luén dn, Grad-CAM dudc st dung d€ truc quan hoa cic ving phdi ma mo
hinh quan tAm khi du doan. Nhd d6, c6 thé kiém ching mic dd hop 1y ciia két qua va
so sanh truc quan gitta caic mo hinh khac nhau.

1.5 Nhirng han che cua cac nghién ctru da ¢6 va muc tiéu nghién ciou

Trén cd s& tdng hop cdc cong trinh lién quan, NCS nhén thiy ring nhiéu nghién
ctfu hién nay da dat dugc nhiing tién bo nhét dinh trong viéc ap dung hoc mdy va hoc
sau vao cdc bénh ly phd bién nhu viém phdi, ung thu phdi, lao phdi hay bénh phéi tic
nghén man tinh (COPD). Tuy nhién, bénh bui phdi silic nghé nghiép du 12 mot trong
nhitng bénh nghé nghiép nguy hi€m, tién trién 4m tham va c6 ty 1&é mac dang k€ trong
mot s6 nhém nganh lai chua dudc nghién ciiu siu rong, dic biét 1a dudi géc nhin cia
cdc mo hinh hoc sau hién dai. Su thiéu vang nay khong chi tao ra mot khoang trong
trong linh vuc tri tué nhan tao Ung dung trong y hoc nghé nghiép, ma con cho thiy nhu
cAu cap thiét phai phat trién cac mo hinh chin dodn chuyén biét, tin cdy va phi hop véi
thuc tién 1am sang.

Tit thuc tién d6, luin 4n nhan dinh ring van con ton tai mot sd han ché trong linh
vuic nghién cdu nay, cu thé nhu sau:

Thit nhét, thiéu dit liéu chuyén biét va gan nhin diy di: Hau hét cac nghién ciu
st dung 4nh X-quang téng quit v6i cac bénh phd bién nhu viém phdi, COVID-19, lao
phdi. .., trong khi dif liéu vé bui phdi silic nghé nghiép, dic biét theo giai doan bénh
con han ché va chua dudc chuin hoa.

Thit hai, han ché vé phuong phap: Nhiéu phuong phdp hién tai van dua trén ky
thuat trich xult dic trung thi cong, von khé phat hién dudc cac dau hiéu tén thuong
md nhat va lan tda ctia bénh bui phdi silic nghé nghiép. Trong khi d6, cac mo hinh hoc
sau c6 uu thé trong viéc hoc dic trung tu dong tir dif liéu hinh 4nh. Tuy nhién, phan 16n
cac nghién cdu hién tai vin chua gidi quyét tot bai todn gidi thich két qua, khién viéc
kiém chiing va thuyét phuc béc si trong ing dung 1am sang con nhiéu thach thic.

Thit ba, han ché vé kha ning téng quat héa: Su khong dong nhét gilta cdc ngudn
dit liéu, két hop véi hién tuong mat can bang va s6 lugng mau bénh han ché, khién mo
hinh dé bi qua khép v6i tap huin luyén va giam hiéu suit khi 4p dung trén céc tap dif
liéu méi. Ngoai ra, do dic di€ém hinh 4nh clia bénh bui phdi silic nghé nghiép dé bi
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nham 14n véi cdc bénh phdi khic, md hinh cang can c6 kha ning thich nghi cao dé€ dim
bio do chinh x4c trong cic tinh hudng thuc té da dang.

Tu nhitng phan tich trén, luan 4n xdc dinh muc tiéu nghién ctiu tong quat nhu sau:

Nghién citu, phét trién va ddnh gid cic mo hinh hoc mdy, hoc siu tién tién nham
ning cao hiéu qua phat hién va phan loai bénh bui phdi silic nghé nghiép tir hinh 4nh
X-quang nguc, dic biét trong diéu kién dif liéu han ché va mét cin bang nghiém trong.

1.6 Nhirng huéng nghién ctru chinh cua luén an

Xuét phat tif nhitng bat cip da phan tich & Muc luan 4n xdc dinh muc tiéu
tong quat 12 nghién ctu, phat trién va danh gia cac mod hinh hoc may, hoc siu tién tién
nham nang cao hiéu qua phat hién va phan loai bénh bui phdi silic nghé nghiép tit hinh
anh X-quang nguc, dic biét trong diéu kién dif liéu khan hiém va mét can bing nghiém
trong. D€ hién thuc hdéa muc tiéu nay, ludn 4n tip trung trién khai cdc hudng nghién
ctu chinh sau:

(1) Xay dung mot tap di liéu anh X-quang nguc phuc vu nghién citu hd trg chan
dodn bénh bui phdi silic nghé nghiép, c6 gan nhan dang tin ciy va tich hop thong tin
lam sang lién quan.

(2) Phat trién kién tric mo hinh hoc sau tich hdp véi mang no-ron dd thi (Graph
Neural Networks): Pé xuét va hién thuc héa md hinh Graph Transformer Post-hoc,
trong d6 tich hop Graph Transformer Plugin (GTP) dé khai thac mdi quan hé ngit nghia
giffa cdc ddc trung hinh anh trong batch dif liéu. Hudng tiép cin nay nham vugt qua
gi6i han ctia cdc mo hinh hoc sau truyén thdng von xit ly titng 4nh mot cach doc 1ap va
tdng cudng kha ning hoc bi€u dién theo ngl canh, giip mo hinh nhan dién chinh xéc
hon cac bi€u hién md nhat ctia bénh bui phéi silic.

3) ﬁng dung cic chién lugc hoc thich nghi va linh hoat: Khai thac cac ky thuat
nhu Few-Shot Learning dé hoc hiéu qua trong bdi cinh sb lugng mau bénh han ché,
ciing nhu 4p dung k¥ thuat hoc tong hop nham ting cudng do 6n dinh va kha ning tdng
quat héa ctia md hinh trén cic tap dit liéu khac nhau. Cac chién lugc nay dong vai tro
then chdt trong viéc dbi pho v6i mit can bang dit liéu va nang cao hiéu ning mo hinh
trong moi trudng trién khai thuc té.

(4) Panh gia toan dién hiéu qua md hinh dé xuat: Thuc hién danh gia hiéu ning
md hinh theo nhiéu géc dd: (i) dinh lugng qua céc chi s6 nhu accuracy, recall, precision,
F1-score; (ii) truc quan héa su chii y ctia mo hinh bang ky thuat Grad-CAM dé xéc dinh
viing ton thuong dugc mo hinh tip trung; va (iii) so sanh két qua chdn doan ctia mo hinh
véi ddnh gia clia bac si chuyén khoa nhim kiém chiing tinh kha thi, do tin cdy va gid tri
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ung dung 1am sang ciia md hinh.

Thong qua cic hudng nghién cifu trén, luan 4n khong chi huéng dén viéc gidi
quyét céc thach thic ky thuit cu thé trong bai toan chin dodn bui phdi silic tif 4nh
X-quang, ma con gép phan thiic ddy tng dung thuc tién cda tri tué nhan tao trong linh
vuc y hoc nghé nghiép.

1.7 Két luin chuong 1

Chuong 1 da trinh bay tdng quan vé bdi canh nghién ciiu, tinh cap thiét, muc tiéu,
pham vi va phuong phap tiép cin cta luan 4n trong viéc ting dung tri tué nhan tao vao
chin dodn bénh bui phdi silic nghé nghiép. Thong qua phén tich c6 hé théng cac nghién
cifu trong va ngoai nudc, ludn 4n da chi ra rang du cdc md hinh hoc may va hoc sau da
dat dudc nhitng két qua dang ghi nhan trong chin doan cac bénh phdi phd bién, nhung
viéc 4p dung vao bénh bui phdi silic vin con rit han ché, dic biét 12 tif goc nhin cia
hoc sau hién dai.

Tir d6, luan 4n xdc dinh rd cdc huéng nghién ciiu can tip trung gidi quyét, bao
gdm: han ché vé dit liéu (khong dong déu, mat cin bang, thiéu chuin héa), han ché vé
phuong phép (thiéu co ché hoc ngit canh, khé dién giai), va han ché vé kha ning tong
quat héa mo hinh. Trén co s do, luan 4n da dé xuit muc tiéu nghién ctu tdng quat va
bdn hudng nghién ciu chinh, bao gom: (i) xay dung va chuin héa bd dit liéu chuyén
biét, (i) phat trién md hinh hoc sau tich hop mang nod-ron dd thi, (iii) tng dung céc
chién lugc hoc thich nghi va téng hop, va (iv) ddnh gid toan dién hiéu qua md hinh ca
vé dinh luong va tinh kha thi 1am sang.

Nhiing ndi dung néu trén la co sé dinh huéng cho cic chuong tiép theo ctia luin
4n va dugc NCS cdng bd trong cic cong trinh CT1, CT4, CT7. Trong chuong 2, luan 4n
sé trinh bay co s ly thuyét lién quan dén bénh bui phdi silic, phuong phap chan doan
trén anh X-quang nguc, ciing nhu cac moé hinh hoc sau hién dai c¢6 lién quan, 1am nén
tang cho c4c gidi phap dé xuit trong c4c chuong sau.
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CHUONG 2: XAY DUNG TAP DU LIEU

Chan doan bénh bui phdi silic dua trén 4nh X-quang nguc 12 mot bai toan nhiéu
thach thiic, khong chi do cac diu hiéu t&n thuong thudng md nhat, bénh tién trién Am
tham, ma con do biéu hién 1am sang dé nham lan véi cac bénh phdi khac nhu lao, viém
phdi, COPD hay ung thu phdi.

Trong pham vi nghién ciu, 4nh X-quang nguc dudc lua chon 1am nguodn dit liéu
chinh d€ xay dung va huin luyén md hinh. Viéc Iya chon niy xuat phat tlif ca co sd y
hoc 1am sang va co s& khoa hoc ky thuat. Anh X-quang nguc 14 phuong tién chin dodn
tiéu chuan dugc T6 chitc Lao dong Quédc té (ILO, 2011) khuyén nghi trong phan loai va
danh gia bénh bui phdi silic nghé nghiép. Diéu nay khang dinh vai tro ctia 4nh X-quang
nguc trong phat hién, phan loai va theo déi tién trién bénh bui phdi silic nghé nghiép.
So vé6i cdc phuong phap chin dodn hién dai hon nhu CT, 4nh X-quang phé bién cao,
chi phi thu nhan thip va dé trién khai tai cc co s& y té co s8, gitip mo hinh dé xuit c6

kh4 niing ting dung thuc té va nhan rong trong cdng tac sang loc bénh nghé nghiép

DE hé trg chin dodn bénh bui phdi silic nghé nghiép doi héi hai yéu t6: (1) bd
dit liéu huin luyén phai dy dd, chinh xdc va phan 4nh dudc tinh da dang trong thuc té
1am sang; (2) md hinh hoc siu can dudgc thiét k& phit hop véi dic diém ciu triic clia 4nh
X-quang va su phan bb khong dong déu giita cac 16p bénh.

Trong chuong nay, lun &n trinh bay qua trinh khéo sat, thu thap, x{ ly, va kiém
dinh di liéu anh X-quang nguc phuc vu nghién ciu. Day la tap dit liéu chuyén biét cho
bai toan chdn dodn bénh bui phdi silic nghé nghiép, dudc xiy dung thong qua su phbi
hop chiit ché giita nghién ciu sinh va cdc chuyén gia y té trong nudc

2.1 Khao sat vé cac tap dit liéu
2.1.1 Tap di liéu quéc té

ChestX-ray14: Bo dit liéu cong khai c6 quy md 16n, gom 112.120 anh X-quang
nguc cta 30.805 bénh nhan, dudc phat trién bdi Vién Y té Qudc gia Hoa Ky (NIH). .
Dit lidu dudc gan nhan ban tu dong ti bdo cdo chin dodn bang ky thuat xi Iy ngdn ngit
tu nhién (NLP) v6i 14 loai bénh ly phéi (nhu viém phoi, tran dich mang phoi, xep phdi,
gian phé nang, n6t phdi, u phéi, xo hoa. ..) [45,83]. Tuy nhién, khong c6 nhan cu thé
cho bénh bui phdi silic nghé nghiép. Nhan “xo héa” c6 thé lién quan gidn tiép nhung
khong dugc phan loai theo tiéu chuidn qudc té ILO. Ngoai ra, phuong phap gan nhan
bang NLP c6 thé thiéu chinh x4c so véi chu thich truc tiép tif bac si chuyén khoa.
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MIMIC-CXR: B¢ dit liéu quy md 16n v6i 377.110 anh X-quang nguc kem bao
cdo chin dodn, thu thap tit Trung tim Y té Beth Israel Deaconess va cong khai bdi Vién
Cong nghé Massachusetts. Dit liéu dudc 4n danh héa nham bao vé quyén riéng tu ctia
ngudi bénh va cdng khai. Tuy nhién, khong chita nhan cu thé cho bénh bui phoi silic
nghé nghiép. [84].

LIDC-IDRI: B dit liéu gdbm 1.018 anh CT nguc dudc chi thich ton thuong phdi
tif bon bac si chuyén khoa [[85]. Tuy nhién, dit liéu 12 4nh CT thay vi X-quang nguc va
khong c6 nhin lién quan dén bénh bui phdi silic nghé nghiép

Silicodata: Bo dit liéu cong khai dau tién tap trung vao bénh bui phdi silic, gdm
cac anh X-quang nguc thu thap trong vong 3 nam ti cong nhan khai thac da tai cac tram
y té tuyén co s& & Rajasthan, An Do. Dit lidu dugc chi thich béi bac si chuyén khoa va
bao gdm céc 16p: binh thudng, bui phdi silic, bui phdi lao va lao phdéi. [86]. Bo dit liéu
dugc cong bd cho muc dich nghién ciu va gido duc, khong st dung thuong mai. DE
truy cép, cic t6 chic nghién ctiu can gii théa thuin cip phép (license agreement) do
ngudi ¢ thim quyén phép ly ctia don vi ky.

Han ché chung ctia cac tap dit liéu qudc té:

(i) Khong c6 nhin cu thé cho bénh bui phdi silic nghé nghiép (ngoai tr tap di
liéu silicodata).

(ii) Chua phéan dnh dic diém dich t€ hoc va mdi trudng lao dong tai Viét Nam.

Do do, viéc xay dung mot bo dit 1i€u ndi sinh phu hgp véi dac thu bénh tat va moi
trudng lao dong tai Viét Nam 1a can thiét.

2.1.2 Tap dii liéu trong nudc

Trong bdi canh nghién citu vé chan dodn bénh bui phdi silic tai Viét Nam, viéc
xay dung va st dung céc tap dit liéu phu hop véi dic diém dich t€ hoc va moi truong
lao dong trong nudc 1a rat quan trong. Hién nay, c6 hai tip dit liéu trong nuéc dang chi
y 1a VinDr-CXR, tap dit liéu tir dé tai KC.10.33/16-20 .

Vé tap dit liéu VinDr-CXR [87]: VinDr-CXR 12 mot tip dit liéu 4nh X-quang nguc
dudc xay dung bdi Vién Dit liéu 16n VinBigdata, v6i muc tiéu ho trg nghién citu va phat
trién cac md hinh hoc may trong linh vuc chian dodn hinh anh y khoa. Tap dit liéu bao
gdm 18.000 dnh X-quang nguc thu thap tit Bénh vién Trung uong Quan doi 108 va
Bénh vién DPai hoc Y Ha Nai trong giai doan tif nim 2018 dén nim 2020. Mbi 4nh
dudc chu thich bdi nhém géom 17 béc si chdn doan hinh dnh c6 kinh nghiém, véi 22
nhan cuc b (local labels) va 6 nhan toan cuc (global labels). Dt liéu dudc chia thanh
hai phan: tip huin luyén gdm 15.000 anh va tip kiém tra gdbm 3.000 anh. Qua trinh
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gan nhan dugc thuc hién thong qua nén ting VinDr Lab, mot hé thong dua trén PACS
(Picture Archiving and Communication System). Mi anh trong tap huin luyén ducc
gdn nhan doc 1ap bdi 3 bac si, trong khi cdc anh trong tap ki€ém tra dudc gan nhan dua
trén sy dong thuén clia 5 bac si. Mic dit VinDr-CXR 12 mdt tap dif liéu c6 chit luong
cao va dudc chu thich bdi cac chuyén gia, nhung hién tai chua c6 nhan cu thé cho bénh
bui phéi silic.

Vé tap dit liéu KC.10.33/16-20: Tai Viét Nam, s6 liéu vé bénh bui phdi silic nghé
nghiép chii yéu dugc ghi nhin trong cdc dé tai nghién citu cip bd hoic cip nha nudc,
v6i pham vi trién khai tai cdc co s3 y té chuyén nganh lao dong — bénh nghé nghiép.
Trong d6, dé tai KC.10.33/16-20 1a mot trong nhitng cong trinh c6 quy md 16n, dudc
Bo6 Khoa hoc va Cong nghé phé duyét va nghiém thu vao nim 2021. Pé tai nay ¢ y
nghia dic biét quan trong trong viéc xdy dung nguodn dif liéu chuin héa vé bénh bui
phdi silic nghé nghiép & Viét Nam. Tap dit liéu dudc xay dung trong khudn khd dé tai
nay bao gdm anh X-quang nguc, thong tin dich t& hoc va chin doan 1am sang cta 8030
cong nhan. Toan bo dii liéu da dugc kiém duyét va gan nhan bdi cac béc si chuyén khoa
nghé nghiép.

Nho vao quy trinh xay dung nghiém ngat va su tham gia cia cac chuyén gia, tap
dit liu nay dudc coi 1a mot ngudn tai nguyén dang tin ciy. N6 déng vai tro 1a co sé di
liéu dau vao cho nhiéu nghién citu ¥ng dung tri tué nhén tao trong viéc chan doan bénh
bui phdi silic nghé nghiép tai Viét Nam [88]].

2.2 Xay dung tap du liéu

Trong bdi canh nghién ctiu bénh bui phdi silic nghé nghiép, mdt trong nhiing
thach thic 16n nhét 12 su thiéu hut c4c tap dit liéu dnh X-quang nguc da dudc gan nhin
chinh x4c va t3 chiic theo dang phu hop d€ huin luyén mé hinh Al Tru6c tinh trang
nay, luan 4n da ké thira va phat trién quy trinh chuén héa, t6 chiic va tai cau tric bo di
liéu anh X-quang nguc nham dam bao tinh théng nhét va chit lugng phuc vu cho qua
trinh huAn luyén mo hinh.

2.2.1 Nguon goc dit liéu

Trong Luan 4n nay, NCS di sit dung bo dif liéu, dudc téng hop tif cic ngudn trong
nuée va qudc té. Cic ngudn dif liéu ndy déu da dugc gan nhan bdi chuyén gia y té, hoic
cong bd cong khai trong cic nghién ciiu trudc dé. Nho vy, bd dit liéu ddm bao tinh dai
dién, do tin cay 1am sang, dong thdi cho phép so sanh két qua mo hinh.

(i) Nguon dit liéu trong nudc: Dt lidu tir dé tai khoa hoc cip Nha nudec KC.10.33/16-
20: Bo dit liéu dudc thu thap tir dé tai mang tén “Nghién ctiu dic diém dich té hoc phan
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tl, yéu td nguy co va ting dung k¥ thuét tién tién trong chin dodn sém bénh bui phdi
silic tai Viét Nam” (Ma s6: KC.10.33/16-20). Dit liéu dudc thu thap tif cdc bénh vién
chuyén khoa tai cic tinh Thai Nguyén, Hai Duong, Binh Pinh, Phi Yén va Pong Nai,
ndi c6 ty 1& mic bénh bui phdi silic cao do hoat dong khai thac khoang san, xiy dung
va san xult vat liéu xay dung. Mbi ngudi lao dong tham gia nghién citu déu dudc sang
loc va chin doan bdi ddi ngii bac si chuyén khoa, ddm bao rang bo dit liéu khong chi
day di vé s6 luong ma con dat do tin ciy cao vé mit 1Am sang.

(ii) Nguon dit liéu qudc té: Dit liéu nay bao gdbm cdc anh X-quang nguc dudc
chu thich va xac thuc, dugc mo ta va phan tich trong nghién ciu "Deep learning-based
classification and referral of treatable human diseases". Dt liéu dudc chia thanh cac
tap huén luyén va kiém tra doc 1ap, v6i cac nhin bao gdom binh thudng, viém phdi do vi
khuén, viém phdi do virus. Bo dif liéu nay dugc cong bd cong khai va c6 thé truy cap
tai: Mendeley Data [89].

Viéc st dung dit li€u trong nghién ctiu dugc thuc hién hoan toan theo cac quy
dinh vé bdo mat, dao diic nghién cifu va quyén riéng tu clia ngudi bénh. Toan b dit liéu
da dudc 4n danh va chi phuc vu cho muc dich khoa hoc, tuan thid céc huéng dan ctia Bo
Y té vé dao duc trong nghién citu y sinh hoc.

2.2.2 Thdch thiic trong viéc xdy dung va xu ly du liéu

Viéc chuén bi dit liéu y khoa d€ huin luyén md hinh hoc sau dit ra nhiéu thach
thiic, khong chi & khia canh k§ thuit ma con lién quan dén tinh phtc tap va khong dong
nhat ctia dit liéu 1am sang. Trong pham vi luin 4n, viéc xdy dung va xu ly dit liéu gip
phéi mot sb thach thiic sau:

(1) Khé khén trong thu thap dit liéu thuc té

Viéc thu thap anh X-quang nguc phuc vu cho nghién ciu bénh bui phoi silic gip
nhiéu thich thiic do tinh chét dic thi clia bénh 1y nay. Bénh phan bb khong dong déu
theo ving dia ly va nganh nghé. Qu4 trinh tiép cin va s6 héa dit lidu tir cic co sé y
té yéu cau: Su hdp tac chinh thic v6i cdc bénh vién chuyén khoa va t3 chiic y té dia
phuong; Su chip thuan tit Hoi dong dao diic nghién citu y sinh hoc; Quy trinh 4n danh
héa thong tin ¢4 nhan nghiém ngit. Ngoai ra, viéc dong bd dit liéu tif nhidu co s (cac
tinh Thai Nguyén, Pong Nai, Binh Dinh, Hai Duong...) doi hoi cong cu td chic luu
trif, kiém dinh chit luong va thdng nhit dinh dang k¥ thuat s6, von 12 mot budc khong
thé thiéu truéc khi dua vao mo hinh hoc sau.

(2) Pa dang trong bi¢u hién bénh

Tén thuong bui phéi silic biéu hién rit khac nhau gitta cac bénh nhan. Mot sb
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trudng hop chi c6 ndt md nhd, khu tri va khé phat hién, trong khi cdc ca ning c6 thé
xuat hién xo hoéa lan téa 1am bién dang toan bo mo phdi. Piéu nay khién cho viéc huin
luyén mo hinh trd nén khé khin do nguy co thiéu dai dién cho cac miic dd bénh ly trong
tap huén luyén, 1am suy giam kha niing t6ng quit héa va dd 6n dinh ctia md hinh.

(3) Tuong dong hinh anh giita cic bénh Iy

Mot thach thiic quan trong khac 12 kha niing nham lan giita tdn thuong do bui phdi
silic va cac bénh ly phoi khéc c6 biéu hién tuong tu trén 4nh X-quang nguc.

Do d6, mé hinh hoc sau can khong chi nhan dién dic trung cta bui phdi silic, ma
con phan biét dugc cac dang ton thuong c6 hinh thdi tuong dong, diéu nay doi hdi tap
dii liéu phai dugc gan nhan chinh xdc va c¢6 cau tric phan I6p o rang.

(4) Mit can bang di liéu

S6 lugng ca mac bui phdi silic trong tap dit liéu thuc té luén nhé hon dang ké so
v6i nhém khong mac bénh hoic cac bénh phd bién hon. Néu khong xi 1y, diéu nay sé
din dén mo6 hinh bi thién 1éch vé 16p chiém wu thé, 1am gidm do nhay trong phat hién
ca bénh.

Nhiing thach thic néu trén khong chi 1a rao can trong khiu chuén bi dit liéu, ma
con dit ra yéu cau vé thiét ké kién tric mo hinh, chién ludc huin luyén va danh gia két
qua. Viéc nhan dién va xt ly ding céc thach thifc nay 1a diéu kién can thiét &€ dam bio
cac mo hinh hoc siu phat trién tit di liéu y khoa c6 th€ dat dudc dd chinh xéc cao, kha
ning téng quat hda tdt va tiém ning ting dung trong mdi trudng 14m sang thuc té.

2.2.3 Tiéu chudn la chon va tiéu chudn loai trit dit liéu

P& dam bao chit lugng va tinh dai dién cta tip dif liéu dau vao phuc vu huin
luyén mo hinh hoc siu, qua trinh lya chon anh X-quang va thong tin bénh nhan dudgc
thuc hién theo mot bo tiéu chi ro rang, duge thong nhit gitta nhém nghién cifu va céac
chuyén gia y t& tham gia thim dinh. Cac tiéu chudn nay nham t6i wu héa do tin ciy lam
sang, dong thdi gidm nhiéu va bién thién khong mong mudn trong dif liéu dau vao.

(1) Tiéu chi l1am sang

Chén doan xac dinh: Chi lua chon céc trudng hop da dugc bac si chuyén khoa
bénh nghé nghiép hodc chdn doan hinh anh xdc dinh mic hodc khong mic bénh bui
phdi silic, theo tiéu chuin phan loai ctia TS chifc Lao dong Qudc té (ILO 2011).

Déi chiing 16 rang: Cac trudng hdp dude xép vio nhém binh thudng (khong méc

bénh) phai c6 két ludn am tinh tlf bac si chuyén khoa.

(2) Tiéu chi ky thuat anh
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Dinh dang chuin: Chi st dung cdc 4nh chup X-quang nguc hau — trudc (PA) hoic
chinh dién c6 dinh dang DICOM hoic JPEG chét luong gdc.

Do phan gidi: Anh phai dat tbi thiu 1024 x 1024 pixel (hoic cao hon), ddm bao
do sac nét can thiét d€ quan sat rd cAu triic phdi, dic biét 1a cac nét md nh.

Tu thé ding: Loai trit anh chup nghiéng, 1éch hoic c6 tu thé sai (vi du: khong hit
sau, che khuat phan phoi).

Loai bd nhiéu: Khong sit dung cic 4nh bi mo do chuyén dong, qua sang/tbi, co
bong che pha (tir vat thé€ ngoai co thé bénh nhan hoic may moéc), hodc c6 nhiéu anh
hudng dén kha ning trich xuét dic trung

(3) Tiéu chi lua chon phan 16p bénh

Nhém bénh bui phdi silic: Bao gom cac trudng hop da dudce chidn dodn xic dinh
12 mic bénh bui phdi silic, khong phan biét theo mic d6 ning nhe do han ché vé nhan
chi tiét trong dit liéu gbc. Viéc gop cac mic do ton thuong vao mot nhan duy nhét gitip
dam béo tinh nhit quan trong phan loai va phit hdp véi muc tiéu ctia cac mo hinh hoc
sau nhi phan hodc da 16p trong nghién ctu.

Nhém viém phéi: Bao gdm céc ca viém phdi da dugc xac dinh tif ngudn dit lidu
cong khai c6 nhan dang tin cly. Cac truong hop khong xac dinh can nguyén hoac co
bi€u hién chong 14n véi cac bénh phdi khac dudc loai trit d€ tranh ting do nhiéu trong
huin luyén.

Nhém binh thudng (d6i chiing): Bao gém céc anh X-quang nguc khong c6 biéu
hién bénh 1y o rang, dudc x4c nhan 1a khong mac bénh bui phéi silic hoic cic bénh ly
phdi khac. Pay 12 nhém déng vai trd nén d€ mo hinh hoc sau phan biét dugc dic trung
cua 16p bénh.

(4) Tiéu chi dir liéu nhan khau hoc

Tu6i lao dong: Chi Iya chon cac bénh nhan trong do tudi 18—65, 1a nhém c6 nguy
co nghé nghiép cao nhit. Thong tin di: Cic mau chi dudc dua vao tap dif liéu chinh
thic khi di kém v6i ddy di thong tin nhan khiu hoc co ban (gidi tinh, dia phuong, sb
nim lam viéc, nghé nghiép).

Viéc ap dung dong bo céc tiéu chuin trén gidp dam bao ring tap dif liéu khong
chi dat do tin cdy cao vé mit 1am sang, ma con c6 tinh nhit quan vé ky thuat va phu
hdp véi yéu cau clia cac md hinh hoc sau.

Mic du dit liéu da trai qua ki€ém dinh ban dau tit nhém nghién citu thudc dé tai
cip Nha nudc, nhém nghién cifu tiép tuc thuc hién quy trinh kiém dinh thi cdp nham
d4dm bao dit liéu phit hop véi muc tiéu nghién ciu, ddp tng cic tiéu chuin can thiét dé
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Bdng 2.1 Tiéu chi lua chon va vai tro cdc nhom bénh trong
phdn [op dit liéu

Loai bénh

Tiéu chi lua chon

Vai tro trong mo hinh hoc sau

Bui phoi silic

- Chan dodn xac dinh
theo tiéu chuin ILO.

- Khéng phan muc do do
thi€u nhan chi tiét.

Lép chinh can nhan dién; st
dung huin luyén mo hinh nhi

phan hoac da 16p.

Viém phdi do

virus

- Nhan bénh dudc xac
thuc tif ngudn dit liéu

cong khai.

Ldp nhiéu doi trong; gitp mo
hinh hoc dugc dic trung phan
biét gitta viém phoi va bui phoi

silic.

Viém phdi do
vi khuén

- Tuong ty nhu trén:
nguyén nhan xac dinh,

nhan ro rang.

Ldp nhiéu ddi trong; gitp mo
hinh hoc dugc dic trung phan
biét gitra viém phdi va bui phoi

silic.

Binh thuong
(ddi chiing)

- Khong ¢6 dau hiéu
bénh ly phoi. - Pudc xac
nhan am tinh bdéi chuyén

gia.

Nhém dbi ching; dung dé phan
biét 10 cac ca khong bénh véi ca
bénh bui phoi silic.

huin luyén mo hinh hoc sau. Qua trinh ki€m dinh nay bao gdm ba budc chinh:

Budc 1. Ra sodt chdt lwong hinh dnh X-quang

Muc tiéu: Pam bao chi nhitng hinh 4nh ddp dng tiéu chuin vé do phan giai, do

tuong phan va mic do thé hién ton thuong méi dudc st dung trong nghién ciiu.

Phuong phap: Nhom nghién ciu phdi hdp v6i bac si chuyén khoa chin doan

hinh anh va bac si bénh nghé nghiép dé danh gia toan bo tap dit liéu. Hinh 4nh dugc

kiém tra theo céc tiéu chi loai bd dit liéu, bao gdm: Hinh 4nh bi md hoic nhiéu qua

miic, lam gidm kha nidng nhan dién ton thuong. Hinh anh c¢6 t6n thuong khong 16 rang

hoic khong ddong nhét véi nhan gan ban dau, c6 thé din dén sai 1éch trong huin luyén

mo hinh. Hinh 4nh khong dap dng tiéu chuidn vé do phan giai, 4nh hudng dén qua

trinh tién xd ly va kha ning trich xuit dic trung.

Budc 2. Kiém tra tinh nhdt qudn ciia nhan dit liéu
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Muc tiéu: Pam bio nhin dit liéu chinh x4c, thong nhét va phu hop vdi cac tiéu
chi chan do4n ctia md hinh hoc sau.

Phuong phéap: Cac hinh 4nh di dudc chon sé tiép tuc dudc sodt xét lai nhin gin
bdi hoi dong chuyén gia y té, bao gdm: Béc si chuyén khoa chin dodn hinh 4nh ddnh
gi4 lai ton thuong trén phim X-quang. Béc si bénh nghé nghiép kiém tra mic do phu
hop véi tiéu chi bénh bui phdi silic. Cac nhan gan sé dudc dbi chiéu v6i ho so bénh an,
két qua kiém tra 1am sang va céc tiéu chuin chin doan ctia ILO 2000.

Budc 3. Ddanh gida miic do phu hop cua duw liéu véi mé hinh hoc sdu

Muc tiéu: Pam bdo tip dit liéu dau vao phu hop véi dic trung cia md hinh hoc
sau, gidp tdi tu héa qua trinh huin luyén va ting do chinh x4c trong chin doan.

Phuong phap: Kiém tra thit nghiém dif liéu trén md hinh hoc sau bang cach: Huin
luyén tht nghiém trén mot tip con clia dif liéu d€ danh gid hiéu suit ban dau. Xac dinh
céc 158i phan loai phé bién va diéu chinh dit liéu néu cin. Néu phat hién ty 1 16i cao
hoic sai 1éch trong phan loai, nhém nghién cifu sé ra soat lai dif liéu dau vao, xac minh
nguyén nhan va thuc hién diéu chinh.

Két luan vé quy trinh kiém dinh thd cip: Hai cip kiém dinh gitip ddm bdo chét
lugng co s dit liéu. Kiém dinh ban dau do nhém nghién cifu thudc dé tai cip Nha nuée
thuc hién d€ sang loc dit liéu ding tiéu chuin y khoa. Kiém dinh thi cAp do nhém
nghién cifu trong luan 4n thuc hién nham tdi vu héa tinh chinh x4c va dam bao dit liéu
phit hop v6i huin luyén mo hinh hoc sau. Chi nhitng hinh anh dat chudn qua tat ca céc
giai doan kiém dinh méi dugc st dung trong nghién ctu, dim bao dit liéu c6 do tin cay
cao nhit, gidm thi€u sai 1&ch va t6i uu héa kha ning ting dung ctia moé hinh Al trong
chan dodn bénh bui phdi silic.

Sau khi hoan thanh c4 hai giai doan kiém dinh, chi nhiing hinh 4nh dap dung day
dd cdc tiéu chudn vé chét lugng, tinh chinh x4c trong chin dodn va tinh nhit quin vé
nhan dit liéu mé6i dudc dua vao st dung trong nghién ciiu nay. Viéc thuc hién kiém dinh
hai cip gitip ddm béo d6 tin cdy cao cta dif liéu, gidm thiéu sai léch va ti uu héa hiéu
suét ctia md hinh hoc sau trong chdn dodn bénh bui phdi silic.

Ve tiéu chuén loai trir: Trong qua trinh tiép nhin va xt ly dit liéu X-quang nguc,
mot s trudng hop hinh anh khong dap tng tiéu chuin chin dodn va khong du gia tri
st dung cho huin luyén mé hinh hoc sau nén budc phéi loai trit. Cac tiéu chi loai trir
dugc xac dinh nhu sau: Loai bo cac trudng hdp c6 hinh anh X-quang nguc bi md nang,
nhiéu cao, hoic khong dat tiéu chuan chin doan (mit mot phan khung phéi, bi che bdi
dung cu y t&). Loai bd anh thiéu nhin chin dodn xic thuc tif chuyén gia. Viéc loai bd
cac anh khong dat chuan gitip ddm bao tinh dong nhit va dd tin ciy cta dif liéu dau
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vao, dong thdi gidm thi€u nguy cd md hinh hoc cic dic trung sai 1éch do &nh hudng tit
dit liéu kém cht lugng.

2.2.4 Tién xu ly dit liéu

Qua trinh tién xi ly va ting cudng dit liéu dong vai tro thiét yéu trong huin luyén
cac mo hinh hoc sau, dac biét 1a trong linh vuc thi gidc may tinh v6i dit liéu hinh anh
y té. Muc tiéu chinh ctia quy trinh nay 12 cai thién chat luong dif liéu dau vao va ting
cudng tinh da dang cia miu huin luyén, tir d6 gitip mo hinh hoc dudc cac dic trung
mang tinh khai quat t6t hon, tranh bi phu thudc vao mot s6 bi€u hién cb dinh trong tap
dit liéu ban dau. Céc budc chinh trong qua trinh tién xi ly bao gom:

(1) Chuyén d6i dinh dang dit liéu: Cac anh X-quang thu thap dudc ban dau dudc
luu duéi dinh dang DICOM (.dcm) — mdt tiéu chuin qudc té danh riéng cho linh vuc
hinh anh y khoa. Dinh dang DICOM khong chi Iuu trit anh chét luong cao ma con tich
hop nhiéu dit liéu quan trong lién quan dén bénh nhan (thong tin c4 nhan, thoi gian
chup, thiét bi st dung, diéu kién ky thuat...). DICOM dugc thiét ké dé€ dam bao do
tuong thich cao gitta cac thiét bi y t& va ho trg tiéu chuin hda viée truyén tai, luu trif va
xtt ly dit liéu hinh &nh y t.

T TR TR T V=T T Ve 2 V) Pr jaro0

s i@ E -
DICOM Tags

NGUYEN THI MY (e e \ '& % et 22-December-2018 8:05:34 Search

Edit

NGUYEN THI MY [

& No series description
® 20181222 080534 1

Study Date 22.December-201
Study Time 804:39

Study ID 11216

Study Modality DX

Study Description

ST: ©.00 mm

[
LittleEndianExplicit ] 0 mA okv
Images: 1/1 B: Zoom £ [RE%

Series: 1 -‘“ WL: 7453 WWG0A793
! Patient inf..| AllTags FavoriteT.

Frame: 1/1 3064 pxx 2554 px (428 mm x 357 mm) Measured size: Calibrated 2% (=) O

Hinh 2.1 Hinh minh hoa dnh X-quang nguc duoc luu o dinh
dang DICOM

Tuy nhién, d€ phuc vu cho qu4 trinh huén luyén mo hinh hoc sau, viéc xi 1y truc
tiép cac tép DICOM giip nhiéu tré ngai do dinh dang nay khong dugc hd trg truc tiép
bdi cac thu vién hoc sau phd bién nhu TensorFlow hoic PyTorch. Ngoai ra, cic mod
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hinh hoc sau hién nay thudng dudc thiét ké d€ nhan diu vao la 4nh dinh dang JPEG
hodic PNG c6 kich thudc va kénh 4dnh cb dinh. Vi vay, viéc chuyén d6i anh X-quang tir
dinh dang DICOM sang JPEG hoic PNG la can thiét d€ dam bao tuong thich véi qua
trinh hu4n luyén va chuin héa dau vao. Qu4 trinh chuyén déi nay gidp loai bé phan
siéu dit liéu khong can thiét, giam dung ludng tép, dong thdi van gilt nguyén do phan
giai cao nham bao toan cdc chi tiét bénh ly.

(2) Chuén héa dit liéu: Trong thuc té, cdc dnh X-quang dudc thu thap cé thé c6
nhiéu kich thudc va ti 1é khac nhau, tiy thudc vao thiét bi chup va quy trinh ky thuat tai
tiing co sd y té. Tuy nhién, cic md hinh hoc su, dic biét 12 mang nd-ron tich chap yéu
cAu dau vao c6 kich thuée cd dinh dé c6 thé xi 1y dong bo trong cic tang tich chap va
giam thiéu 16i tinh todn.Vi vay, tat ca anh déu dudc chuin héa vé cting mot kich thuée
chudn (224 x 224 pixel), trudc khi dua vao huan luyén. Kich thuc nay khong chi tuong
thich v6i nhiéu mé hinh hoc siu dudc tién huin luyén (pre-trained) trén céc tap dit liéu
16n nhu ImageNet, ma con dam bao tinh nhit quan gitta cdc mau dit liéu.

(3) Ting cudng dif liéu (Data Augmentation): Trong bdi canh s6 luong anh X-
quang nguc mac bénh bui phdi silic nghé nghiép con han ché, viéc ting cudng dif liéu
nham md rong khong gian mau huin luyén ma khong can thu thap thém dit lidu thuc
té. Muc tiéu clia cac k¥ thuat nay 12 mo phdng cac bién thé c6 thé gip trong thuc té 1am
sang (chang han sy thay ddi tu thé bénh nhan, diéu kién chiéu sang khac nhau, vi tri
ton thuong thay ddi nhe.. . .), tif d6 gitip mo hinh hoc sau ting kha ning khdi quat héa
va tranh hién tugng hoc thudc (overfitting). Céc k§y thuit chinh bao gdm:

Xoay nhe anh (Rotation £-10°): M6 phdng su thay d6i nhd trong tu thé bénh nhan
khi chup X-quang. Pham vi xoay +10° ddm bdo khong 1am bién dang ciu tric giai phau
ma van tang tinh da dang. Ky thuat nay gitip mo hinh hoc dugc cdc dic trung bénh ly
bat bién véi géc chup — diic biét hitu ich trong viéc nhan dién ndt md hoic xo héa khong
phu thudc hudng chiéu.

Lat ngang 4nh (Horizontal Flip): D hai bén phdi c6 mot s6 khéc biét vé giai phau
(tim nam léch trai), viéc 1at anh van c6 gid tri trong viéc ting cudng mau va budc mo
hinh nhan dién dic trung bénh ly mot cach d6i xing. Diéu nay dic biét quan trong khi
mot bén phdi xuét hién nhiéu mau bénh hon bén con lai, gdy mit cin bing.

Dich chuyén anh nhe (Translation +5 pixels): Phan dnh céc sai 1éch nhé vé cin
chinh thiét bi hoic chuyén dong bénh nhan. Dich dnh +5 khong 1am mét thong tin chin
dodn, nhung gitip mo6 hinh khong phu thudc vao vi tri tuyét di clia tén thuong — diéu
dic biét hitu ich trong chan doan hinh anh, noi cing mot tén thuong c6 thé xuat hién &
cac vung khac nhau do géc chup.

51



Thay d6i do sang (Brightness Adjustment +20%): M6 phdng cac diéu kién chiéu
sang thay ddi trong qua trinh thu nhan dnh hodc xt 1y hau ky. Diéu chinh do sang gitip
md hinh duy tri kh4 ning nhan dién dic trung bénh 1y (vi du: nét silic, mang xo hda)
bét k€& anh sang hon hoic t6i hon mic tiéu chuan. Tuy nhién, viéc diéu chinh can gidi
han & miic hop 1y d€ khong 1am mét thong tin.

Tat ca cac phép bién ddi néu trén déu dudc thuc hién mot cach cé kiém soat dé
dam bao khong 1am thay d6i ban chit t6n thuong hodc ciu tric gidi phiu quan trong.

(4) Can bang dit liéu va giai quyét mat can bang 16p: Tap dit liéu c6 su mat can doi
gitta s6 lugng bénh nhan mic bénh va khong mac bénh. Néu khong diéu chinh, mo hinh
sé thién léch vé 16p chiém da sb. D€ khac phuc, ky thuat 1y mau c6 trong s6 (weighted
sampling) dudc ap dung. Theo dé, cic mau thudc 16p thiéu sd (mic bénh) dudc uu tién
chon vao cdc mini-batch trong qua trinh hu4n luyén. Nhd vy, md hinh c¢6 kha niing hoc
dugc dic trung cta 16p bénh ly mot cach diy di va cii thién do nhay (sensitivity) trong
bai todn phat hién sém bénh bui phdi silic.

(5) Loc nhiéu va cai thién chit lugng dnh: Mot s6 anh vAn con nhiéu nhe hoic
thiéu tuong phan sau budc sang loc ban dau. Do d6, bd loc Gaussian dudc st dung dé
1am min 4anh, loai bé nhiéu tan s6 cao ma khong anh hudng dén chi tiét quan trong. Ky
thuat CLAHE (Contrast Limited Adaptive Histogram Equalization) cling dugc ap dung
d€ ting do tuong phan cuc bd, hd trg mo hinh nhin dién cic tén thuong nhd nhu nbt
md, x6 hda hodc day mang phoi.

(6) Chuén héa dit liéu dau vao: D& dam bio su 6n dinh trong qu4 trinh tdi uu héa,
anh dugc chuin héa bing Min-Max Scaling (dua gid tri pixel vé khoang [0, 1]).

To

r . ‘M'_. Resize -  Random 1  Random Normalization

Horizontal Flip Rotation tensor

stalletal ol le
TTOVORD

Hinh 2.2 Hinh minh hoa tién xit 1y dit liéu

Originalimage

Trong hinh[2.2|minh hoa chudi c4c phép bién d6i nhu chuin héa (resize), 1at ngang
ngau nhién (random horizontal flip), xoay ngiu nhién (random rotation), va chuan hod
(normalization) dudc 4p dung tuan tu 1én anh gbc nham bién ddi khong gian dau vao
theo cic cach hop ly nhung khong 1am thay ddi ban chit ndi dung hinh anh. Céc bién
ddi nay md phdng su thay ddi cé thé xay ra trong thuc té nhu hudng chup, vi tri bénh
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nhan hoic diéu kién thu nhan anh, tir d6 giip md hinh trd nén bén viing hon trudc cac
sai 1éch, bién thé trong mdi trudng trién khai thuc té.

Mic du qua trinh nay dudc goi la tang cuong du li€u (data augmentation), nhung
khong 1am ting s luong mau thuc té trong tip huin luyén. Thay vao dé, tai modi epoch
hodc mdi lan truy xuat anh trong qud trinh huin luyén, md hinh sé thiy mot phién ban
bién d6i khac nhau cta anh gbc, nhd d6 c6 thé hoc dudc nhiing dic trung bat bién quan
trong hon. Pay 12 mot chién ludc ngiu nhién va dong, khic véi viéc nhan doi dit liéu
mot cch tinh. Piéu nay khong chi gitip md rong khong gian dic trung ma con lam
giam nguy co overfitting (hién tuong phd bién khi moé hinh hoc qua ky trén mot tap di
liéu c6 quy md han ché hoic it bién dong).

2.2.5 Cdu triic va ddc diém tip dit liéu

Sau quy trinh sang loc va ki€ém dinh chit luong nghiém ngit trinh bay tai Muc
trén cd sé di liéu thu thap va xay dung, Luan an chia dit liéu thanh ba tap di liéu
nhd dé st dung & ba phan noi dung v6i cdc ba muc dich nhau, cu thé: LungDiasePTIT,
DNNBPSI, va SVBCX véi ciu triic 16p bénh dudgc thé hién trong Bang

Bdng 2.2 S6 luong dnh X-quang giita cdc I6p bénh trong ba
tdp dir liéu nghién ciiu

L Tén tap du liéu

Lop bénh - - —
' LungDiseasePTIT | DNNBPSi | SVBCX
BPSi 445 535 535
Binh thuong 509 1554 1554
Virus 520 0 1493
Vi khuén 531 0 2772
Téng s6 anh 2005 2089 | 6354
Téng sb 16p 4 2 4
Muc dich Phan loai da I6p | Phéan loai Phan loai
st dung v6i s6 mau it nhi phan da 16p

Ba tap dit liéu trén dudc xay dung véi cu tric 16p va muc tiéu khac nhau, phuc
vu cho tiing giai doan cu thé trong thiét k& va ddnh gia md hinh:

Tap dit liéu LungDiseasePTIT: 13 két qui clia qu4 trinh xay dung va chuin héa
dit liéu do NCS va céc cdng su tai Hoc vién Cong nghé Buu chinh Vién thong (PTIT)
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thuc hién, nham phuc vu cho céc nghién citu hoc siu it mau dudc trinh bay tai Chuong
3. Dit lidu nay dudc tdng hop tir ba ngudn chinh da trinh bay tai Muc bao gom dit
liéu dudc thu thap, téng hop tir trong va ngoai nude. Tat ca anh déu dudc sang loc, xit 1y
tién xt 1y va gdn nhan lai dudi sy huéng dan va thim dinh ctia cic chuyén gia y té. Tap
dit liéu LungDiseasePTIT dudc t6 chiic thanh bbn 16p: bui phdi silic, binh thudng, viém
phdi do virus, va viém phdi do vi khuén, véi tong cdng hon 2005 anh. Tap dit liéu nay
dugc st dung trong mdi trudng huan luyén han ché dit liéu, déng vai tro ki€ém chiing
kha nédng thich nghi va tong quét héa ciia mo hinh trong kich ban Few-Shot Learning.

Tap dit liéu DNNBPSi: Tap dit liéu phan loai nhi phin, bao gdm hai 16p: anh binh
thudng va anh bénh bui phdi silic. Viéc loai trir I6p viém phoido virus, viém phoi do
vi khuén gitp tap trung vao viéc danh gia kha ning phan biét dic trung hinh thai cliia
md hinh hoc siu trong moi trudng it nhi€u. Trong luin 4n, DNNBPSi dudc sit dung tai
Muc 4.1/ — Chuong 4, d€ huin luyén va danh gid hiéu ning ctia cic kién tric hoc siu
tiéu chuan nhu MobileNetV2, DenseNet201 va Swin Transformer.

Tap du liéu SVBCX (Silicosis — Viral — Bacterial — Chest X-ray): la tap du liéu
phan loai da 16p (multi-class classification), dudc xay dung véi quy md 16n nhit va ciu
triic phic tap nhit trong luan 4n. Tap dif liéu nay gdm bdn 16p bénh: binh thudng, viém
phdi do virus, viém phdi do vi khuin va bui phdi silic. Viéc b6 sung hai 16p viém phéi
c6 muc dich ting midc d6 khé va gan véi tinh hudng thuc té, noi ton thuong bui phdi
silic d& bi nham 14n véi cdc dang viém nhiém dudng ho hép.

SVBCX dong vai tro trung tam trong cac thuc nghiém tai Muc — Chuong 4,
ndi mo6 hinh Graph Transformer Post-hoc (GTP) dugc dé xuét va danh gid. Véi hon
6354 4anh, SVBCX cung cp nén tang di 16n d€ ki€m dinh kha ning hoc quan hé ngi
canh va phan biét hinh thdi phiic tap ctia mo hinh d6 thi, dong thdi cho phép danh gia
md hinh trong kich ban nhiéu 16p bénh.

Hinh [2.3| va Hinh 2.4l minh hoa hinh anh X-quang nguc ctia ngudi binh thudng va
ngudi mac bénh bui phdi silic nghé nghiép, gidp lam ré su khac biét vé hinh thai hoc
gitia cac 16p bénh dudc dua vao mo hinh hoc sau.

Bo dif liéu nay c6 y nghia quan trong trong viéc danh gid hiéu suit ctia cic mo
hinh hoc sau trong nhiém vu phat hién va phan loai bénh bui phoi silic. Viéc xay dung
md hinh dua trén tap dit liéu nay khong chi hd tr¢ qua trinh chdn doan s6m hon ma con
g6p phan ning cao hiéu quéi giam sat stic khde nghé nghiép, dic biét déi v6i nhém lao
dong c6 nguy cd cao tiép xiic véi bui silic.

B0 dit lidu da dudc xu ly va chuan héa dé dam bao:

(i) Tinh dai dién, phan 4nh cic cip do tdn thuong phdi trong bénh bui phéi silic.
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Hinh 2.3 Hinh dnh X-quang nguc ciia nguoi khong mdc bénh
bui phoi silic nghé nghiép

Hinh 2.4 Hinh dnh X-quang nguc cia nguoi mdc bénh bui phoi

silic nghé nghiép

(ii) Tinh can bang, gitip md hinh hoc dudc su khac biét giita tinh trang binh thudng va
bénh ly.

(iii) Do chinh xdc, nhd quy trinh kiém dinh nghiém ngit, gitp ting do tin cdy trong
thuc nghi€ém mo hinh.

Bing cach st dung bo dit liéu nay, nghién ctiu c6 thé kiém tra hiéu suét cia cac
mo hinh trong nhiém vu chin dodn bénh bui phéi silic, huéng dén ting dung thuc té
trong ho trg bac si va hé thong chin doan 1am sang.

Hinh [2.5] trinh bay phan b s6 lugng ngudi dudc chian doan mic bénh bui phéi
silic theo gidi tinh va dia phuong trong tap du liéu SVBCX.
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Hinh 2.5 Thong ké ca bénh bui phéi silic nghé nghiép theo gidi
tinh

Két qua thong ké cho thy sd ca bénh tip trung tai nim tinh: Thai Nguyén, Binh
Dinh, Hai Duong, Pong Nai va Phii Yén — day déu 12 cac khu vuc c6 hoat dong khai
thac khodng san, san xuat vat liéu xay dung hoic cong nghiép ning. Thai Nguyén 1a dia
phuong c6 s6 luong ca mic cao nhat, vudt troi so vdi cac tinh con lai, phan anh diing
thuc trang phan bd nghé nghiép va moi trudng lao dong c6 nguy co cao trong khu vuc
nay. Ty 1é gi6i tinh cho thy nam gi6i chiém uu thé tuyét d6i trong hau hét céc tinh.
Mot s dia phuong nhu Hai Duong va Pong Nai c6 ghi nhan mdt lugng nho ca bénh &
nit gidi, tuy nhién con sd nay van & muc rat thip. Su chénh léch nay phu hop véi dic
thi lao dong ning nhoc trong cic nganh c6 nguy co cao phoi nhiém bui silic, von chii
yéu st dung lao dong nam gidi.

Hinh trinh bay phan b ty 1& ngudi lao dong mic bénh bui phdi silic theo
nhém sd nim 1am viéc tai moi trudng c6 nguy co phoi nhiém bui silic trong tap dif
liéu SVBCX. Dit liéu dudgc thé hién dusi dang biéu dd tron véi nidm phan nhém: dudi 5
nam, to 5 dén 10 nam, tir 10 dén 15 niam, tit 15 dén 25 nim va trén 25 nim. Phén tich
bi€u dd cho thiy phan 16n cic ca bénh tip trung vao nhém lao dong cé thoi gian 1am
viéc tir 10 - 15 nim (27.9%) va 5 - 10 nim (24.0%), cho thay nguy co mac bénh ting
dang ké sau khodng 5 nim tiép xtic. Nhém 15 - 25 niim chiém ty 1& 19.3%, tiép theo 1a
nhém O - 5 nim véi 16.5%, phan anh kha ning xuét hién bénh ly ngay ca khi thdi gian
lam viéc chua dai. Nhém trén 25 nim chiém 12.3%, phan nao thé hién xu huéng nghi
huu hodc chuyén d6i nghé nghiép & lao dong 16n tudi.
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Hinh 2.6 Thong ké ca bénh bui phoi silic nghé nghiép theo sé

nam kinh nghiém

2.3 Két ludn chuong 2

Trong chuong nay, luan 4dn da trinh bay qua trinh x4y dung, x{ Iy va chuin hoa tap
dit liéu X-quang nguc phuc vu cho bai toan hd trg chan doan bénh bui phdi silic nghé
nghiép. Pay 1a giai doan nén ting, c6 anh hudng dén chit lugng huén luyén va hiéu qua
ctia cac md hinh. Cac ndi dung dudc trinh bay trong chuong nay bao gom:

- Ngudn gbc dit liéu dugc thu thap va xay dung tli cac ngudn trong va ngoai nudc.
- Quy trinh chuin héa dinh dang anh, tién xi ly dif liéu.

- Phén tich cAu triic, quy mo, su phan bd cic 16p bénh trong tap dit liéu. Phan tich
dic di€m, thach thiic cta tap di liéu.

Nhiing phan tich va xt ly trong chuong nay khong chi ddm bio mot nén tang dit
liéu dang tin cdy cho huin luyén cdc mo hinh hoc siu, ma con gép phan dinh huéng
thiét ké kién triic mo hinh va chién lugc huin luyén dudc trinh bay 6 Chuong 3 va
Chuong 4. Mot phan ndi dung trinh bay trong chuong nay da dudc NCS cong b trong
cac cong trinh CT1, CT4, CTS.

57



CHUGNG 3: PE XUAT MO HINH HOC SAU iT MAU HO
TRQ PHAT HIEN VA KHOANH VUNG BENH BUI PHOI
SILIC NGHE NGHIEP

3.1 Dait van dé va dong luc nghién ciu

Chén doan bénh bui phoi silic tif anh X-quang nguc 1a mot nhiém vu phtc tap do
dic diém hinh anh t6n thuong thudng rat mo nhat, phan bé khong dong déu va dé bi
nham 1an véi cic bénh 1y phdi khac. Hon nita, sd luong mau cé nhin trong linh vuc
nay con han ché, do chi phi gdn nhén cao va yéu cau trinh do chuyén mon sau tif bac
s chuyén khoa. C4c mé hinh hoc sau truyén théng doi hoi luong dif liéu huin luyén
16n, dé dan dén qua khép va kém hiéu qua trong tinh hudng khan hiém dit liéu. Trong
bdi canh do, viéc phat trién cdc md hinh hoc sau it mau (Few-Shot Learning — FSL) tré
thanh mot huéng tiép can kha thi nham tin dung hiéu qua cdc mau bénh hiém, dong
thdi ddm bao kha niing tong quét hoa tot.

Few-Shot Learning (FSL) 1a mdt nhanh dac biét cua linh vuc hoc may, dugc phat
trién dé giai quyét bai todn phan loai dif liéu khi s6 lugng mau dudc gin nhan rat
it [92,093]. Trong FSL, md hinh hoc mdy sé dudc huin luyén dua trén nhiing tap dit liéu
rit nho (thAm chi chi mot vai miu mdi 16p), nhung van c6 kha ning dua ra du doan
chinh xdc cho nhiing dit liéu méi chua tiing thay truée day.

Few-Shot Learning bao gdm céc hudng tiép can chinh nhu sau:

One-Shot Learning [94]: M6 hinh dudc huin luyén v6i duy nhit mot miu cho mbi
16p. Mot trong nhiing kién tric phd bién trong One-Shot Learning 1a mang Siamese, st
dung cip anh dau vao dé€ danh gid sy tuong dong gitta ching thong qua mot haim do do
khoang cach nhu Euclid hodc cosine.

N-Way K-Shot Learning [95]]: M6 hinh dudc huin luyén theo tliing episode, mdi
episode gom N 16p véi K anh gan nhan (support set) vd mot sd anh chua gan nhin
(query set). Muc tiéu 1a phan loai ding anh query dua trén thong tin ti support. Cac
mo hinh dién hinh thudc nhém nay gdom Prototypical Networks, Matching Networks va
Model-Agnostic Meta-Learning (MAML).

Meta-Learning [96]: Tap trung vao viéc “hoc cach hoc”, cho phép mo hinh thich
ting nhanh véi cac nhiém vu méi chi v6i vai mau. Meta-learning thudng gitip nang cao
kha niing khéi quat héa khi huan luyén trén nhiéu tic vu nhé va da dang.

Trong linh vuc chin dodn 4nh X-quang nguc — noi dif liéu c6 nhin chat lugng cao
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thuong rit khan hiém — nhiéu nghién cifu gan day da khai thac thanh cong FSL véi céac
mo hinh va chién Iudc khic nhau. Galdn-Cuenca va cong su da ap dung mang Siamese
két hop ham mat mat c6 trong s6 dé phan loai COVID-19 trong diéu kién dii liéu mat
can bing nghiém trong [97]. Chen va cong su st dung meta-learning dé khai thac moi
quan hé phan cap gifta cic dang viém phdi, qua d6 ting cudng kha ning khai quat héa
trong thiét 1ap few-shot [98]. Pramana va cong su da dat do chinh x4c gan 99% khi
phan loai lao phéi v6i mo6 hinh Prototypical Networks [99]. Ngoai ra, cac nghién ciu
ctia Jadon [100] va Angshuman [[101] cho thiy tiém ning dng dung FSL trong céc bai
toan chan dodn bénh phdi hiém gip bang cach két hop hoc phan biét, autoencoder va
hoc chuyén giao.

Tir nhitng phan tich trén, viéc nghién ctiu va d& xuat moé hinh hoc sau it mau phu
hop 1a huéng tiép can tiém ning nham nang cao hiéu qua chin doan bénh bui phdi silic
trong diéu kién dit liéu khan hiém.

Nhiing déng goép chinh ciia chuong nay cé thé dugc tém tit nhu sau:

» Thiét ké va 4p dung md hinh hoc sau it miu (Few-Shot Learning) chuyén biét cho
bai toan chan doan bénh bui phdi silic tif &anh X-quang nguc, giup cai thién hiéu
suat ctia mé hinh so v6i mot sé kién tric hoc it mau khac.

* X4y dung chién ludc huan luyén va tinh chinh mé hinh phu hop véi dic thu ctia bd
dit liéu anh X-quang bénh bui phdi silic d€ ting cudng kha ning hoc va téng quat
hoa.

* Thuc hién danh gia va so sanh hiéu qua gitta cac mo hinh hoc sau khac nhau, qua
d6 chiing minh tinh phut hop va wu thé clia mo6 hinh hoc su it miu dudc dé xuét
trong viéc chian doan bénh bui phdi silic trong diéu kién dit liéu han ché.

3.2 Phat biéu bai toan trong ngit canh dir liéu y té han ché

Trong chuong nay, nghién ctiu st dung tap dif liéu LungDiseasePTIT gom tong
cong 2005 anh X-quang nguc. Mbi anh dudc gan nhin theo mot trong sdu 16p, bao gdbm
hai 16p k¥ thuat (Background va Bone) va bon 16p lién quan dén tinh trang phdi, bao
gdm binh thudng, viém phdi do vi khuin, viém phéi do virus, va bui phdi silic nghé
nghiép. Lép Background (viing nén 4nh) dai dién cho khu vuc bén ngoai phdi — thudng
1a cdc vung tbi khong chia thong tin chin dodn c6 gid tri. Lép Bone (viing xuong) thé
hién c4c ciu triic xuong bao quanh phdi nhu xuong sudn va cot sbng. Hai 16p nay xuat
hién trong toan bd anh va déng vai trd ho trg trong céc tdc vu phan doan, gitip mé hinh
hoc sau nhan biét va loai trif cic ving khong lién quan dén t&n thuong phdi. Ngudc lai,
bdn 16p con lai phan 4nh céc tinh trang bénh 1y thuc thé va dudgc sit dung trong céc thiét
l1ap phan loai va phat hién bénh.
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Bang trinh bay ma 16p, tén 16p, vai tro va sb luong anh tuong dng trong tip
du liéu LungDiseasePTIT. Trong do, hai 16p Background va Bone phuc vu cho bai toan
phan doan k¥ thuat, trong khi bén 16p con lai dugc sit dung 1am muc tiéu trong cac bai
todn phan loai bénh phdi dua trén hoc sau.

Bdng 3.1 Phdn loai l0p ky thudt va lop bénh ly trong tdp dir

liéu
ID Tén 16p Loai 16p | S6 luong Vai tro
0 Vung nén 4anh | Ky thuat 2005 |Vung nén ngoai phdi,
(Background) | (Technical) khong chia mo ton
thuong.
1 Vung xuong Ky thuat 2005 | Xuong sudn, xuong song,
(Bone) (Technical) hé tr¢ phan doan ving
phai.
2 | Phdi binh thudng | Bénh ly 509 Lop khong bénh, lam
(Normal) baseline trong phan loai.
3 Bui phdi sili Bénh ly 445 Lép bénh hiém, dung
(Silicosis) trong ki€m tra mo hinh
Few-Shot.
4 Viém phdi do Bénh ly 520 |Lép bénh dudc huin
virus (Viral) luyén trong tap co sé.
5 Viém phoi do Bénh ly 531 Lép bénh dugc huin
vi khuéan luyén trong tip cd sG.
(Bacterial)

Tap co s6 DT (Base set): La tap dit liéu ding dé€ huin luyén mo hinh, gdm cic
4nh X-quang nguc thudc cac 16p da biét, c6 sb luong anh dan nhin day da.

Tap méi DF (Novel set): La tap dif liéu ding d€ kiém tra mo6 hinh, gdm céc anh
X-quang nguc thudc 16p bénh méi, it mau, chi xuat hién trong gia doan danh gia nham
kiém tra kha ning tong quat héa ctia mo hinh.

C™ 1a danh sach/ISp cic loai bénh phéi ¢6 trong DT

C 1a danh séch cdc loai bénh phéi 6 trong DF.

Dit liéu LungDiasePTIT dudc chia chién Iudc thanh hai tp con: tip huin luyén
(DT va tap kiém tra (D). Tap huan luyén bao gdm nhiéu 16p co sd, trong khi tip ki€ém
tra chifa cdc 16p bénh méi ma mo hinh chua tiing gip trong qud trinh hu4n luyén. Ky
hiéu tap céc 16p tuong tng v6i DT, DF CT va C¥ v6i mdi tp con c6 mdt tip 16p bénh
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phdi riéng biét, trong d6 |CT| + |CF| = 6,
Bai toan nhu sau:

DPau vao: mot tip anh X-quang chua gan nhan (query set) cung véi mot s rat it
anh c6 nhan thudc cung 16p bénh (support set).

Pau ra: nhan phan loai (vi du: c6/khong mic bui phdi silic) va/hoic ban do phan
doan vung ton thuong trén anh truy vin. D€ phat hién bénh phdi bang md hinh Few-
Shot Learning, md hinh dugc huén luyén theo cd ché episodic learning, trong d6 mdi
episode mo phéng mdt tic vu hoc nho theo thiét 1ap N-way K -shot

N: S6 16p can phan biét trong episode,

K: s6 mau c6 nhidn mdi 16p trong suppor set.

Phuong phap nay tao ra nhiéu tip huin luyén Few-Shot trong qu4 trinh huin
luyén, trong d6 mdi tac vu chon mdt tip nhd dit lidu tit tap huan luyén D7 va chia né
thanh tap ho trg ST va tap truy vin Q7.

Tap hd trg ST chifa cdc hinh 4nh c6 gan nhian vé céc loai bénh phdi khic nhau,
giip md hinh hoc dudc nhiing thong tin can thiét. Tap truy van Q7 bao gdm cic hinh
anh chua dudc gan nhan, thach thic mo6 hinh trong viéc phan loai va phan doan céac
viing bénh dua trén kién thiic da hoc tir tap hd trg. Bang ciach md phéng moi trudng
Few-Shot Learning, phuong phap nay gidp mo hinh thich nghi véi cac truong hgp méi
v6i luong dit lidu tbi thiéu, gidm su phu thudc vao cac bo dit liéu 16n.

Trong khung hoc theo tip hdp nay (episodic learning framework), méi tip huin
luyén (episode) dudc xac dinh bdi hai tap dit liéu chinh: Tap hd tr¢
S* = {(xf,af) | wf € RTWXC 8 ¢ RIWANI (3.1)
trong do
« 2¢: hinh &nh hd tr¢ ¢6 kich thuéec H x W x C, trong d6 H 1a chiéu cao, I 1a chiéu
rong, C' 12 s6 kénh mau,

* a$: nhan tuong tng c6 kich thude H x W, bi€u thi khu vyc bénh 1y trén hinh anh,
nhan trong tap hd trg,

* N: s6 luogng 16p, s6 loai bénh 1y can phan loai,
* K: s6 lugng mau trén mbi 16p (shot),
* chi s6 * biéu thi giai doan, c6 thé 12 huin luyén T, hoic kiém tra F.

DAu * biéu thi tap dif liéu thudc giai doan huin luyén (7) hoic kiém tra (E), N
1a s6 lugng 16p can phan loai, va K 1a s6 luong miu dudc gan nhan trén mbi 16p, diéu
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ndy tao thanh bai toan N-way K-shot. H, TV va C lan ludt 1a chiéu cao, chiéu rong va
s6 kénh mau cia anh.

Tap hd tr¢ chida cac cip (hinh anh, nhin) dudc st dung d€ cung cip thong tin
cho m6 hinh vé cic 16p bénh phdi. Trong bai toan N-way K-shot, tdp S* c6 tong cong
N x K mau, giip mo hinh hoc cich nhan dién cic dit trung clia tiing 16p véi sb lugng
mau han ché

HxWxC\M
Q* = {IL’? ’ x? € R XWX }j:17 (32)

trong do, « 1a mgt hinh anh trong tap truy van, va M la s6 lugng hinh anh trong tap
truy van. Chi s * bi€u thi giai doan huin luyén hoic kiém tra, chi s6 j danh d4u tiing
mau trong tap truy van.

Tap truy vin Q* chifa c4c hinh 4nh can dugc phan loai va phan doan bdi mo hinh,
dua trén thong tin hoc dudc ti tAp ho trd. Mo hinh sé du doan nhan va mit na phan
doan cho mdi hinh anh trong Q*.

Trong bai toan, muc tiéu 1a xdc dinh vector xuit hién da nhin yc € R” bing
cach st dung ham phan loai fc. Pong thdi, trong bai todn phan doan can tao mot mit
na phan doan Yg € R¥*W @€ x4c dinh viing tdn thuong trén anh X-quang, thong qua
ham phan doan fg.

Céc phuong trinh toan hoc mo ta hai nhi€ém vu nay nhu sau:

yc = fe(zd,8% 6c),
J (3.3)
Ys = fs(x}, S™;0s).
fc nhan dau vao 13 hinh 4nh truy van x;]. va tap ho tr¢ S*, sau d6 du doén céc 16p
bénh phdi xuat hién trong hinh 4nh. ¢ 14 tham s6 hoc cia mo hinh phan loai.
fs 12 ham phan doan, nhin dau vao 1 hinh anh truy van 29 va tap hd trg §*, sau
d6 tao ra mit na phan doan dé xac dinh ving bénh ly trén hinh 4nh X-quang nguc. 6g
12 tham s6 hoc ctia md hinh phan doan.

3.3 Giai quyét bai toan véi Few-Shot Learning
3.3.1 Mo hinh hoa bai toan

Trong hoc sau (deep learning), mdt mang no-ron cé thé dudc coi nhu mot ham
4nh xa tif dit liéu dau vao (anh, chudi, tin hiéu. . .) sang dau ra (nhan 16p, mit na, gia tri
s6). Ddi v6i bai toan chdn dodn bénh bui phdi silic nghé nghiép trong diéu kién dit liéu
han ché, luan 4n md hinh héa theo khung hoc it miu (Few-Shot Learning — FSL). Cu
thé:
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Thay vi tdi uu héa riéng biét cac ham fc va fg, nghién ciiu tip trung vao mot
phuong phép tiép can hdp nhét, nham tdi vu héa chung mot ham duy nhét fcg két hop
ca hai nhiém vu phan loai va phan doan Few-Shot (FS-CS).

{vc. Ys} = fes(2§, 8™ 0cs) (3.4)

Trong do:

* fcs: tp tham sb hoc dudc tdi uu trong qua trinh huén luyén.
* yc: vector phan loai (cho biét 16p nao c6 trong anh).

* Yg: mat na phan doan (chi 16 vi tri ting 16p trong anh).

fCS

Phan
— loaida (— V¢
Mang lGp
f —
Sinh
bando |{ym)"
, ~ n=1
Xxac suat Phan
N — Y.
doan ]

Hinh 3.1 Luéng téng quan bai todn

Sinh ban do xac suét (Probability Maps)
D€ tao ra hai dau ra trén, mo hinh tru6c tién sinh ra mot tap ban do xac suit ), mdi ban
dd ng v6i mot 16p trong tap hd tro:
Y= f(l,8%0) = {YM}T, (3.5)
Trong do:
« Y ¢ RF*W: ban d6 xac suit cho 16p n, kich thude biang anh gbc.
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« Gid tri tai mdi pixel Y (p) thé hién x4c suét pixel p thudc vé 16p n.

Néi cach khac, thay vi du dodn truc tiép nhan, mo hinh trudc tién phan bd xac suit trén
tiing diém &nh, r6i tif d6 suy ra phan loai va phan doan.

Suy luan chi tiét (Inference)

1. Phan loai da I6p (Class-wise Occurrence Prediction)
Tir mdi ban d6 Y™, md hinh quyét dinh 16p n c6 xuét hién trong anh hay khong. Quy
tic nhu sau:

)1, néu maxpermywy Y™ (p) > 6

Yoo = . B (3.6)
0, ngudc lai

* §: ngudng quyét dinh (decision threshold), trong thuc nghiém dit mic dinh gid tri
nay la 0.5.

* Ly do diing max pooling thay vi average pooling: ngay ca khi viing bénh rét nho,
chi can mot s6 pixel c6 x4c suat cao 1a dd d€ mo hinh phat hién.

2. Phan doan (Segmentation)
DPé dam bao ring mdi pixel déu dudc gan nhin, md hinh b3 sung thém mot 16p nén
(background). Xdc suit nén dudgc tinh nhu:

N
1
Yig = > -y (3.7)
n=1

Sau dé ghép 16p nén véi cic ban dd xdc suit d€ tao thanh tensor phan doan:
Y = [Y|[Yog) € REWXNHD (3.8)

Mit na phan doan cubi ciing dudc 1ay bang cach chon 16p ¢ xdc suit cao nhét tai moi
pixel:

Y —arg max Yg 3.9)
ne[N+1]

Nghia 13, véi mdi diém anh, md hinh sé& gan nhin theo 16p c6 x4c suit cuc dai, bao gom
ca background.

3.3.2 Kién triic mé hinh

Trong bai todn phan loai bénh phdi silic nghé nghiép v6i hoc it mu, luan dn ké
thita va phat trién tif cic cong trinh nghién ciiu truéc ddy nhu cic kién tric ASNet,
HSNet... Céc thanh phan quan trong dudc gidi thiéu trong cac nghién citu niy, bao gom
Hypercorrelation Construction va Attentive Squeeze Layers, da dudc tich hop va diéu
chinh trong phuong phdp dé xuét.
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Decoder

Hypercorrelation Attentive Squeeze Layers
Construction

Encoder @j
Feature

Extractor

ResNet-50

N

Hinh 3.2 Kién triic mang va luong xit Iy dit liéu ciia mo hinh

Qua trinh thiét k& va thuc nghiém cho thay viéc sap xép va céu tric lai cic 16p
mang dong vai tro quan trong trong viéc nang cao hi€u nang cia md hinh. Pac biét,
trong kién triic ASNet gdc, cic siéu tuong quan (hypercorrelation features) & tang thi
2 va 3 dudc xt 1y qua cing mot chudi bién ddi, dan dén kha ning khai thic thong tin
chua t6i vu. T quan sat nay, nghién ciiu dé xuit mot kién tric theo dang kim tu thap
(pyramid-like structure), trong do céac siéu tuong quan c6 kich thuéc 16n hon sé dudc
dua qua nhiéu phép bién ddi hon. Céch tS chiic nay cho phép mo hinh trich xuét dudc
nhiéu thong tin hon tif cac diic trung c6 do phan giai cao, dong thdi 1am giau va cd dong
biéu dién & céc tang sau hon. Céc két qua thuc nghiém sau d6 da chiing minh hiéu qua
ctia kién tric dé xut, cho thiy su vuot troi dang ké so véi cac phuong phap tham chiéu.

Kién tric dé xuAt gdm bdn khdi chinh: (i) Feature Extractor, (ii) Hypercorrelation
Construction, (iii) Attentive Squeeze Layers, (iv) Decoder. Qua trinh lan truyén di liéu
dudc mo ta nhu sau:

(i) Feature Extractor - Encoder

Anh truy van z,, va anh hd tr¢ z, dugc dua qua backbone ResNet-50 dé thu dugc
dic trung & nhiéu mifc do:

Fl = ¢!(zy), Fl = ¢! (z,),1 € {2,3,4}. (3.10)

Trong d6 ¢'(-) biéu thi phép trich xuit dic trung tai tang . Két qua thu dugc 1a ba cip
dic trung song song (K7, F7), (Fg, FY), (F, FY).

Viéc khai thac dic trung & nhiéu ting ddm bo ring mo hinh khong chi nim bt
dudc cac tin hiéu cuc bd nhu bién va két ciu (tang thap), ma con duy tri dugc thong tin
ngil nghia toan cuc (tAng cao).

(ii) Hypercorrelation Construction

Tir cac dic trung da trich xuit, m6 hinh xay dung khong gian tuong quan bing
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phép anh xa:
H' = Corr(F), F!),1 € {2,3,4}. (3.11)

Trong d6 Corr(-) 1a phép tinh tuong quan diém-diém (pixel-to-pixel correlation).
Bué6c nay tao ra mot biéu dién chung phan 4nh mbi quan hé giita anh truy van va dnh
hé trg. Khong gian tuong quan cho phép md hinh dinh vi cdc viing trong anh truy van
c6 muc do tuong dong cao v6i viing da gdn nhin trong anh hd trg. Pay chinh 1a co ché
giip Few-Shot Learning vudt qua han ché vé dit liéu gan nhén it.

(iii) Attentive Squeeze Layers

Mbi khong gian tuong quan ! dudc tinh chinh qua chudi 16p Attentive Squeeze
(AS):
H' = AS(HY, 1 € {2,3,4}. (3.12)

Ung v6i mdi 16p, sd khoi attentive squeeze 12 khiac nhau dé bién ddi cac dau vao véi
kich ¢d khac nhau, ting dan theo [ tif 2 dén 4. Két qua thu dugc sé dudc bién ddi thanh
cdc ma tran véi cdc kich thudc ting dan, 1a ba ludng dic trung H2, H3, H*. Sau d6, dic
trung & ting 2 sé dudc di qua 16p tich chap dé ting kich thudc 1én sao cho tuong dong
véi kich thuée ctia 742, Tiép theo, chiing sé dudc két hop v6i nhau qua phép cong tiing
phan tii. Dau ra & pha nay sau d6 lai dudc tiép tuc di qua 16p bién d6i conv dé ting kich
thudc va tdng hop véi H*. Cac ban dd dic trung sé dudc sinh ra sau khi qua budc bién
ddi cubi cung.

(iv) Decoder: Cic dic trung hop nhat cubi cing dudc dua qua céc 16p conv dé
sinh ban do phan viing t&n thuong, dong thdi téng hop thanh dau ra phan loai.

Lép AS bién ddi cac dic trung tuong quan, dong thdi 4p dung co ché chi y nham
nh4n manh céc viing tuong quan quan trong, dong thdi loai bé nhiéu tir cic viing nén.
Viéc két hop thong tin tif nhiéu mifc d6 ddm bdo mo hinh vira nhay véi chi tiét nho, vira
duy tri bdi canh ngit nghia tong thé.

Viéc thiét ké kién triic mang nhu trén thé hién su phdi hop chit ché gitta trich
xuat dic trung, xay dung tuong quan va co ché chi y da tang. Dong chdy dif liéu qua
cac khdi dudc S chic hop ly, cho phép mo hinh tan dung t6i da thong tin tif s6 it dnh
ho trg.

Trong qué trinh hun luyén mo hinh, viéc lua chon ham mét mét dong vai tro
quan trong d€ dinh huéng t6i uu héa. Luan 4n st dung hai loai ham mat mat chinh,
tuong ng véi hai nhiém vu khdc nhau: mit mat phan loai (classification loss) va mat
mat phan doan (segmentation loss).

Ham mat mat phan loai
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Ham mAt mat phan loai dugc xdy dung dua trén binary cross-entropy, tinh trén
vector nhan da 16p (multihot labels). Pau tién, cic ban dd xac sut Y™ dudc tdng hop
bing average pooling theo khong gian, sau d6 so sanh vdi nhan thuc té. Cong thic dudc
bi€u dién nhu sau:

N
Zygt logHW Z Y™ (p) (3.13)

PE[H]x[W]
trong do:
N: s6 16p quan tam,
ygz): nhin thyc té, dugc biéu dién dudi dang multi-hot encoded vector,

Y™ (p): x4c suét tai vi tri pixel p thudc 16p n.
Nhu vdy, L£¢ phan dnh miic do khép giita nhidn 4nh thuc té va du dodn sau khi gdp
khong gian.

Ham méit mat phan doan

Déi v6i nhiém vu phan doan, ham mat mat dudc xay dung dudi dang cross-entropy
trung binh gita phan bd x4c sut tai tiing di€ém 4nh va mit na nhin thuc t&. Him mat
mat nay dudc dinh nghia:

N—+1
_ (n)
Lg=— N+1HWZ > Y (p)log Y (p) (3.14)
n=1 pe[H]x[W]

trong do:

Ygg) (p): gid tri nhan thuc té tai vi tri p,
Yg") (p): x4c suét du doan tai vi tri p,
N + 1: s6 16p, bao gdm ca 16p nén (background).
Lg danh gid truc tiép kha ning phan loai chinh xdc ctia mé hinh trén ting pixel, tit d6
huéng din mang hoc dudgc ciu triic khong gian va ranh gi6i ving bénh.
C4 hai hAm mat mat £ va Lg déu chia sé muc tiéu phan loai, nhung khac nhau &
cAp do giam sat:
L¢: phan loai trén toan anh, phu hdp khi chi ¢6 nhan anh muc cao (weak supervi-
sion).
Lg: phan loai tiing diém &nh, phi hop khi ¢6 mit na nhin day du (strong supervi-
sion).
Trong qua trinh huin luyén, viéc lua chon giita hai ham méat mét phu thudc vao
muc dd giam sat dif liéu sén co.
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3.4 Thiét ké thuc nghiém va ciu hinh huan luyén
3.4.1 Cdu hinh thuc nghiém

Trong nghién ctiu nay danh gia phuong phap dé xuét bang cach so sanh né véi
bon thuat todn Few-Shot tiéu biéu trong phan doan va phat hién ddi tugng.

M0 hinh IG-FSL dudc so sanh véi cac phuong phéap cd s noi bat trong linh vuc
phan doan va phat hién déi tuong sau:

» Path Aggregation Network (PANet) [[102]: dat gidi cao trong cudc thi COCO
2017 Challenge, dat hang nhét trong phan doan ddi tugng va hang nhi trong phat hién
ddi tugng, nho kha ning tich hdp hiéu qua cac dic trung trén nhiéu cip do.

 Prior Guided Feature Enrichment Network (PFENet) [103[]: Mot phuong phap
manh trong Few-Shot Learning (FSL), gitip tong quat héa tdt trén tip di liéu han ché
bing cach tan dung thong tin tif cdc dic trung da c6 trude do.

* Hypercorrelation Squeeze Networks (HSNet) [104]: Pé xuit mot mo hinh méi

cho Few-Shot Classification va Segmentation (FS-CS), sit dung tich chip 4D nhe dé
can bang giita hiéu suét va do chinh x4c.

« Attentive Squeeze Network (ASNet) [105]: Pat hiéu qui cao nhd co ché Atten-
tive Squeeze, tang kha nang phan biét dac trung gitta cac 16p trong FSL.

Hai chi s6 danh gia

Hai nhiém vu chinh (phén loai va phan doan) dudc danh gia bang cic chi sb riéng
biét.

Phéan loai da nhan (Multi-label classification) diing chi s6 Exact Ratio (ER) do
luong do chinh xdc cua vecto phan loai da nhan

ER = 1[yc = Y] (3.15)

trong d6: Yy; Vector nhan thyc t€ ctia dit liéu, bi€u thj cdc 16p bénh c6 mit trong anh
yc Vector nhan du doan bi mo hinh.

Phan doan hinh anh (Segmentation evaluation) Stt dung chi s6 trung binh IoU

(Mean Intersection over Union - mloU)

1
mloU = — Z ToU,, (3.16)

n

trong do: IoU,, biéu dién gia tri Intersection over Union cho I6p bénh thi n, do Iudng
do trung 1ip gitta mit na du dodn va mit na thuc t& cho 16p n.
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3.4.2 Cdu hinh hudn luyén

Qui trinh t6i vu héa siéu tham s dugc thuc hién bing phuong phap tim kiém theo
1u6i (grid search) trén mot tap validation dudc tach tir dif liéu huin luyén. Céc tham s
quan trong dudc khao sat bao gom

Learning rate: {1073,107%,5 x 107°}
Batch size: {4, 8, 16,24}

S6 epoch: {50, 75,100, 125, 150}
Ngudng phan loai: 6 € [0.3,0.7]

Két qua cho thiy IG-FSL dat hiéu suét t6i uu khi st dung Adam véi learning rate 104,
batch size = 8, va s6 epoch = 100. Céc gi4 tri tdi wu nay, cuing véi siéu tham s clia cac
md hinh so sanh, dudc tong hop trong Bang

Trong huén luyén meta, mo hinh dudc tdi uu theo phuong phap huin luyén theo
tap (episodic training). Mdi episode bao gdbm mot tap hd trg (support set) véi N 16p va
K mau mbi 16p, ciing mdt tap truy van (query set). V6i bai todn 1-way 1-shot, mdi task
chi bao gdm mot mau hd trg, trong khi bai toan 2-way 1-shot chiia hai 16p, mbi 16p mot
mau ho trg.

Trong qua trinh huin luyén, chia di liéu thanh céc episodes cho training, valida-
tion va testing theo ty 1¢ 8:1:1. Tap training dudc st dung d€ cap nhat tham sd mo hinh,
validation d€ lua chon siéu tham sb va diéu chinh chién ludc hoc, con test set dé danh
gid hiéu ning tong quat.

3.5 K&t qua thuc nghiém
3.5.1 So sdnh két qud vdi cdc phwong phdp nén ting

Két qua trong Bang [3.3} Két qua hiéu suit ctia cac phuong phép khac nhau trong
hai thiét 1ap tht nghiém 1-way 1-shot va 2-way 1-shot, dudc danh gia trén cac hiéu sb
phan loai (0/1 ER) va phan doan (mlIoU) cho thiy tit ca cdc mo hinh déu hoat dong
hiéu qua trong ca nhiém vu phan loai va phan doan, phu hop véi hiéu biét chung vé
Few-Shot Learning.

Trong thiét 1ap 1-way 1-shot: IG-FSL (84.40% ER) va ASNet (83.13% ER) dat
hiéu suit phan loai cao nhit, vudt troi hon cac phuong phap khac. PFENet va PANet c6
hiéu suit thap hon (77.57% va 74.70%) trong phan loai. V& phan doan, két qua mloU
cia IG-FSL (46.00%) 1a t6t nhit, theo sau 13 ASNet (44.16%), trong khi PANet va
PFENet c6 két qua thip hon (40.10% va 40.82%).
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Bdng 3.2 Cdu hinh hudn luyén va siéu tham soé

Tham so

Gia tri

Kich thuéc anh dau vao

224 x 224 pixels

Backbone

ResNet-50 (tién huén luyén trén ImageNet)

Optimizer Adam [[106]

Learning rate 104

Batch size 8

S6 epoch 100

Ngudng phan loai o 0.5

Chia du liéu Train : Val : Test=8:1:1

Thiét 1ap thit nghiém | 1-way 1-shot; 2-way 1-shot; 1-way (1-4 shot)
Cé4u hinh phan ciing GPU NVIDIA Tesla T4, 16GB VRAM

Bdng 3.3 Két qud hiéu sudt ciia cdc phwong phdp khdc nhau

trong hai thiét ldp thit nghiém

Két qua hiéu suat

Phuong phap| 1-way 1-shot (%) 2-way 1-shot (%)
metric cls. 0/1 ER |seg. mIoU |cls. 0/1 ER |seg. mIoU
PANet 74,70 40,10 62,62 39,78
PFENet 77,57 40,82 62,40 40,22
HSNet 82,11 43,78 63,79 41,52
ASNet 83,13 44,16 63,40 42,35
IG-FSL 84,40 46,00 65,00 43,05

Trong thiét 14p 2-way 1-shot: Tat cd cac mo hinh déu gidm hiéu suét do sb luong
16p can du dodn ting 1én. IG-FSL van dat hiéu suét cao nhit (65.00% ER), tiép theo
1a ASNet (64.40%). Phan doan (mlIoU): IG-FSL dan dau (43.05%), ASNet theo sau
(42.35%). PANet va PFENet c6 su suy giam manh nhit, dic biét trong phan doan, véi
mloU ctia PFENet giam xubng 38.22%.

Trong bai toan 1-way, md hinh chi can xac dinh li€u anh truy van c6 thudc vao

mot 16p bénh da biét hay khong, tiic 13 mot bai toan phan loai nhi phan don gian. Tuy
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nhién, trong bai toan 2-way, mo hinh phai phan biét gitta hai 16p khac nhau, l1am tang
muc do phc tap va kéo theo su suy giam do chinh xac.

Xu hudng nay ciing thé hién rd trong nhiém vu phan doan. Trong bai todn 1-way,
md hinh chi can phét hién mot ving t&n thuong duy nhét, trong khi bai toan 2-way yéu
cAu md hinh phai phan biét hai viing t6n thuong khic nhau trén anh. Piéu ndy din dén
su suy giam dang ké ctia chi s6 mIoU, do mé hinh phai ddi mit véi su chdng chéo gitta
cac vung ton thuong, 1am ting do kho trong viéc x4c dinh ranh gidi chinh x4c.

Nhin chung, IG-FSL va ASNet thé hién hiéu suit vuot troi trong ca hai kich ban
thtt nghiém, ching minh kha niing tdng quit héa ngay ca khi diéu kién dit liéu han
ché. Trong khi d6, PFENet va PANet kém hiéu qua hon, dic biét trong bai todn 2-way
1-shot, khi yéu cau phan biét nhiéu 16p bénh hon.

3.5.2 So sdnh két quad dua trén s6 lwong ldp

Phan nay tap trung vao viéc danh gid anh hudng cta s6 luong 16p (ways) dén hiéu
suAt ctia md hinh IG-FSL trong bai todn phat hién va khoanh viing bénh bui phdi silic
nghé nghiép. Cac thi nghiém dudc thuc hién biang cach thay ddi sb lugng 16p tir 1 dén
4, v6i muc tiéu phan tich kha ning tong quat héa ctia mo hinh khi do phiic tap cua bai
todn tang lén.

—— PANet —#— HSNet —&— IG-FSL
- PFENet —— ASNet

46 -

44

42 A

40

38 4

Segmentation mloU

N3

36

34

1.0 2.0 3.0 4.0
N (Number of ways)

Hinh 3.3 Két qud phdn doan dua trén sé lugng I0p ciia FSL
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Trong nghién ctiu nay, chiing t6i d€ danh gia tic dong cta s6 luong 16p bénh can
phan loai N-way dén véi hiéu suit cta cac md hinh. Thi nghiém dudc thién hién véi
N ={1,2,3,4)}.

Déi véi thiét 1ap 1-way, 16p bénh bui phdi silic dudc chon lam muc tiéu cho tap
kiém tra. Khi s Iugng 16p ting 1én (N > 1), phan chia tap huin luyén thanh N — 1 16p
bénh phdi, gitt lai cac 16p con lai d€ lam tAp ki€m tra (ddm bdo tinh khong trung lip
gitta tap huén luyén va kiém tra).

Hinh[3.3]thé hién rd xu huéng suy giam hiéu sudt phian doan (mloU) khi s6 lugng
16p (ways) ting 1én. Tuy nhién, IG-FSL duy tri vi tri d4n dau 6n dinh, véi chi s6 mIoU
cao nhit & tat ca cdc thiét 1ap N. Su chénh I&ch hiéu suét gitta IG-FSL va céc phuong
phap khac nhu PANet, PFENet, HSNet va ASNet cang tré nén rd rét hon khi N tang,
cho thiy kha niing khdi quat héa manh mé ctia IG-FSL trong diéu kién do phiic tap cao.

N pPANet I HSNet I IG-FSL
[0 PFENet Hl ASNet

Classification ER (%)
J W - n h =] [s2]
o o =) o o =] o
1 1 1 1 L 1 1

=
o
|

[l [12] =t
N (Number of ways)

Hinh 3.4 Két qud phdn logi dua trén sé luong I6p ciia FSL

Hinh cho thdy xu huéng tuong tu ddi véi nhiém vu phan loai: ty 18 16i (error
rate) ting dan khi s6 16p (IV) ting ti 1 1én 4. Tuy nhién, IG-FSL va ASNet van duy tri
dugc hiéu suit tuong ddi tét va 6n dinh hon so véi cac phuong phap con lai, dic biét
khi N = 4 trong khi PANet va PFENet c6 xu huéng sut giam manh hon.

Diéu nay nhin manh mot diém quan trong: bai toan Few-Shot trd nén thach thic
hon khi s6 16p muc tiéu ting, do khong gian quyét dinh phan loai mé rong, tit d6 doi hoi
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mo hinh phai phan biét dugc nhiéu 16p hon véi s6 mau van giit nguyén. Viéc IG-FSL
van dat hiéu qua cao trong bdi canh nay chiing to tinh linh hoat va kha ning md rong
(scalability) ctia md hinh dbi véi cac tinh hudng thuc tién phiic tap, nhu khi phai phan
loai nhiéu dang t6n thuong phdi khac nhau tif 4nh X-quang.

3.5.3 So sdnh hiéu sudt giita cdc mé hinh theo sé luong madu

Phan nay tp trung vao viéc danh gia anh hudng ctia s6 luong mau (shots) dén
hiéu suét cia mo hinh IG-FSL va cdc phuong phdp nén ting trong bai todn phat hién
va khoanh viing bénh bui phéi silic nghé nghiép. Cac thi nghiém dudgc thuc hién bang
cach thay d6i sd luong mau tir 1-shot dén 4-shot, véi muc tiéu phan tich kha ning cai
thién hiéu suat khi md hinh dudc cung cip thém dit liéu huén luyén.

Bdng 3.4 So sdnh cdc phuong phdp khdc nhau dua trén so liéu
phdn loai (0/1 ER) va phdn doan (mloU)

metric cls. 0/1 ER (%) seg. mloU (%)

methods | 1-shot | 2-shot | 3-shot | 4-shot | 1-shot | 2-shot | 3-shot | 4-shot
PANet | 74,70 | 74,91 | 76,42 | 78,53 | 40,10 | 40,98 | 42,72 | 44,84
PFENet | 77,57 | 78,42 | 79,21 | 79,97 | 40,82 | 41,17 | 43,34 | 45,11
HSNet | 82,11 | 83,78 | 85,34 | 86,74 | 43,78 | 44,44 | 45,02 | 46,29
ASNet | 83,13 | 84,22 | 86,37 | 88,36 | 44,16 | 45,74 | 46,33 | 47,55
IG-FSL | 84,46 | 86,09 | 87,66 | 89,52 | 46,00 | 46,27 | 47,32 | 47,89

Két qua thuc nghiém trong Bang 3.4 c4c kich ban tir 1-shot dén 4-shot, dudgc danh
gia qua hai tiéu chi: Exact Ratio (ER) cho phan loai va Mean Intersection over Union

(mIoU) cho phan doan.

Nhin chung, hiéu suit clia tit ci cdc mo hinh déu ting 1én rd rét khi s6 lugng mau
hd trg (shots) ting, cho thiy 1gi ich ctia viéc cung cip thém vi du hoc trong bbi canh hoc
it mau. Cu thé: PANet cai thién nhe: ty 1& 16i phan loai giam tit 74.70% dén 78.53%,
mloU ting tt 40.10% dén 44.84%. PFENet ciing thé hién su tién bd: phan loai ting tit
77.57% dén 79.97%, phan doan tit 40.82% dén 45.11%. Cac md hinh manh hon nhu
HSNet va ASNet cho thiy miic cai thién ro rét hon, dic biét 1a & céc thiét 1ap 3-shot
va 4-shot. ASNet dat 88.36% chinh xac phan loai va 47.55% mloU & 4-shot — tiém cén
v6i md hinh dé xuit.
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Hiéu ning vuot troi cia IG-FSL: Md hinh IG-FSL tiép tuc khéng dinh vi tri dan
dau & ca phan loai va phan doan. Phan loai: dat 89.52% chinh x4c trong 4-shot — cao
nhét trong tit ca cac mo hinh. Phan doan: dat 47.89% mloU, ciing 1 gia tri cao nhét
dudc ghi nhan.

Céac két qua trinh bay trong Bang [3.4| cho thiy IG-FSL khong chi hoat dong hiéu
qua trong diéu kién cuc ky han ché vé dit liéu (1-shot) ma con ting 6n dinh v manh mé
khi dugc cung cip thém dit liéu huén luyén. Piéu nay khang dinh tinh linh hoat trong
khé ning mé rong (scalability) va tinh thuc tién cia mo hinh trong bdi canh han khiém,
han ché dit liéu y té.

3.5.4 Truc quan héa két qua
Truc quan héa ving chd y ctia mé hinh biing Grad-CAM

Hinh trinh bay két qua truc quan héa bang phuong phap Grad-CAM, nhim
minh hoa viing tap trung chd y ctia mo hinh trong ba tinh hudng: (1) 4nh X-quang binh
thudng, (2) anh mic bénh bui phdi silic, va (3) mot trudng hdp md hinh du doan sai.

normal silicosis Failure case

Hinh 3.5 Bdn do Grad-CAM minh hoa ving chii ¥ cia IG-FSL

Hinh 3.6 Két qud phdn doan trong truong hop xét hai nhan,

trong do ving xanh ld cdy thé hién phdan xuong, ving do thé’

hién viing phoi.
Két qua cho thAy md hinh IG-FSL c6 xu huéng tip trung vao ving phdi, dic biét
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1a céc vung t6n thuong. Diéu ndy phan 4dnh kh ning hoc diing dic trung c6 gid tri chan
dodn, dit m6 hinh chi dudc huin luyén véi s6 lugng mau rat han ché. O cdc trusng hop
du doan sai, ban do Grad-CAM cho thiy md hinh bi nhiéu béi cac yéu td khong lién
quan nhu thiét bi y t& ciy ghép hoic bat thudng gidi phiu, cho thiy do nhay cia mo
hinh véi cic dic trung ngoai lai. Viéc st dung Grad-CAM g6p phan nang cao kha niing
dién gii va do tin ciy ctia mo hinh IG-FSL.

Truc quan héa két qua phan doan

Hinh 3.6 trinh bay két qua phan doan ctia md hinh IG-FSL trong bai toin md rong
c6 nhan cAu tric. Két qua cho thdy md hinh tdi tao kha chinh xdc bién dang cta hai 14
phdi, dic biét & ving trung tim va dinh phdi. Mot s6 sai 1éch nhé xuat hién & ving ddy
phdi va ria gan cot sdng, do tuong phan thip hoic béng tim che phi. Viéc xdc dinh 1o
viing phéi va ciu triic xuong ciing hd trg loai bé nhifu nén, 1a tién dé d€ phat trién mo
hinh chan dodn tich hop (classification-segmentation) trong cic nghién cifu tiép theo.

Ma tran nham lan

Bang 3.5 cho thAy md hinh IG-FSL dat hiéu qua phan loai tot trén bén 16p bénh
phdi. Céc 16p viral pneumonia va bacterial pneumonia dugc nhan dién chinh xéc cao
nhét (trén 75%), trong khi 16p silicosis c6 do chinh x4c thip hon ( 66%), chi yéu bi
nham véi 16p normal (9 mau). Nguyén nhén 1a do dic trung ndt mo nhé, phan bb thua
ctia bénh bui phédi silic giai doan sém dé bi md hinh nham 14n vé6i 4nh phéi binh thuong.
M0 hinh van duy tri kha niing phan biét tot cac 16p bénh chinh, dic biét trong diéu kién

hoc it mau.

Bdng 3.5 Ma trdn nham ldn két qud phdn loai

True \Pred BPSi Binh thuong Vikhuin Virus

BPSi 30 9 2 4
Binh thuong 7 40 2 2
Vi khuén 2 5 39 6
Virus 3 1 7 42

3.6 Két luan chuong 3

Chuong 3 da trinh bay chi tiét qua trinh dé xuit va danh gid mo hinh hoc siu it
mau IG-FSL nham hd trg phat hién va khoanh viing bénh bui phéi silic nghé nghiép tur
hinh 4nh X-quang nguc. V§i dic thu ctia bai toan y té c6 dif liéu han ché, IG-FSL dudc
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phat trién dua trén framework FS-CS, tich hop hiéu qua hai nhiém vu phan loai da nhan
va phan doan trong thiét 1ap N-way K -shot, st dung kién triic ResNet-50 1am b trich
xuat dic trung.

Két qua thuc nghiém cho thdy IG-FSL dat hiéu suét vugt trdi trong viéc phan biét
cac 16p bénh, dic biét v6i bui phdi silic, du chi st dung s6 luong anh gan nhin rat it, cu
thé dat 84,4% ER va 46,0% mloU trong kich ban 1-shot, va 89,52% ER cung 47,89%
mloU trong kich ban 4-shot. Viéc truc quan héa ving chii y bing Grad-CAM da xic
nhén rang mo hinh tap trung ding vao cac dic trung ton thuong c6 ¥ nghia chan dodn,
nhu cédc ndt trang nhé trong silicosis, nhung dong thdi phat hién mot sb yéu td nhiéu tu
thiét bi y té 1am 4nh hudng dén dd tin cdy cta du dodn.

Chuong 3 khang dinh tinh kha thi va hiéu qua cta viéc 4p dung Few-Shot Learn-
ing khi dit liéu khan hiém, dong thdi mé ra mot hudng tiép can thuc tién cho cac hé
thdng hd trg chin doan hinh 4nh tai cic co s6 y té c6 diéu kién han ché, véi cic hudng
nghién ctiu tuong lai bao gdm cai tién kién triic mo hinh va tich hop dit liéu 1am sang,
mot phan ndi dung nay da dudc NCS cong bb trong cong trinh CT1.
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CHUONG 4: PE XUAT MO HINH HOC SAU HO TRO PHAN
LOAI BENH BUI PHOI SILIC NGHE NGHIEP

P& gidi quyét bai todn phat hién va phan loai bénh bui phdi silic tif anh X-quang
nguc, luan 4n tap trung vao hai huéng tiép cin chinh:

Bai toan phan loai nhi phan: Nhim x4c dinh sy hién dién ctia bénh bui phdi
silic, bang cach phan biét gitta hai nhom: binh thuong va bui phéi silic nghé nghiép.

Bai todn phén loai da 16p: Nhim nhan dién va phan biét nhiéu loai bénh phdi
trén anh X-quang, bao gom: bui phoi silic, viém phdi do vi khudn, viém phéi do virus
va binh thuong. Bai toan niy phan anh tinh hudng thuc té tai co sd y té, noi bac si can
phan biét t&n thuong phdi c6 nhiéu nguyén nhin khic nhau.

Tir hai bai toan cdt 16i trén, ludn 4n xdc 14p hé théng sdu cAu hodi nghién ciiu
(Research Questions — RQ), dong vai tro dinh huéng cho viéc xay dung md hinh, thiét
ké thuc nghiém va phan tich két qua:

RQ1: Miic do cai thién cia mo6 hinh Graph Transformer Post-hoc (GTP) so véi
cac mo hinh hoc sau truyén thdng trong phan loai bénh bui phdi silic 1a nhu thé nao?

RQ2: Viéc sit dung ham mét mat can bang Balanced Cross-Entropy (BalCE) c6
gilp nang cao hiéu qua phan loai dbi vdi céac 16p bénh c6 it dit liéu hay khong?

RQ3: Ky thuat hoc tdng hop (ensemble learning) c6 gitp cai thién do chinh xac
va do 6n dinh ctia mo hinh trong céc kich béan thuc nghiém khac nhau hay khong?

RQ4: Hiéu qui phan loai cia md hinh dudc phan dnh nhu thé ndo thong qua cic
chi s6 d4anh gia nhu do nhay, d6 dic hiéu, AUC va ma trin nham 14n?

RQ5: Miic d6 dién gidi mo hinh ddi v6i bénh bui phdi silic c6 gitip 1lam ndi bat
dudc cac viung ton thuong dic trung trén dnh X-quang hay khong?

RQ6: Hiéu suit mo hinh tri tué nhan tao dudc dé xuat cé thé so sanh nhu thé nao

v6i chin doan clia chuyén gia 1dm sang trong mot s6 trudng hop cu thé?

4.1 Ung dung ciac mé hinh hoc sau trong hé trg phan loai bénh bui phdi
silic nghé nghiép

4.1.1 Phdt biéu bai todn
Input: Tap dit liéu anh X-quang nguc DNNBPSi.

Output: Nhin nhi phan tuong ting v6i mdi anh du vao, cho biét 4nh d6 thuoc vé
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bénh nhan binh thuong (0) hoac mac bénh bui phoi silic (1).
Cho mot tap di liéu huén luyén D = {(z;,y;)}.¥,, trong do:

o z; € REXWXC 13 anh X-quang nguc da dudc tién xt ly v6i H 1a chiéu cao, W
1a chiéu rong, T 1a s6 kénh mau ctia anh.

e y; € {0,1} 1a nhan nhi phan tuong dng v4i tinh trang bénh cua anh, trong do
y; = 0 12 bénh nhan khong méc bénh bui phdi silic nghé nghiép, y; = 1 1a bénh nhan
mic bénh bui phéi silic nghé nghiép.

Muc tiéu 1a tim mot ham 4nh xa tdi wu fy : R¥*W*C 5 [0/ 1] sao cho §; =
fo(x;) ~ y;, trong d6 §; 1a xac suét du dodn rang dnh z; thudc 16p duong tinh (bénh
nhan c6 kha niang mic bénh bui phdi silic nghé nghiép).

4.1.2 Kién triic chung ctia mé hinh hoc sdu dp dung trong chéin dodn dnh
X-quang

Nhu da dé cap trong Chuong 1, nhiéu mo6 hinh hoc sau da dudgc phat trién dé hd
trg chan doan viém phdi tir anh X-quang nguc, véi cac chi sb6 hiéu suit da dang nham
danh gia tinh hiéu qua. Tuy nhién, mot thach thic 16n la xac dinh m6 hinh dat dugc su
can bang t6i vu giita hiéu ning phan loai va chi phi tinh toan, dong thdi phu hop véi cac
diéu kién trién khai thuc té trong 1am sang, diic biét d6i vdi cdc bénh 1y c6 tdn thuong
mo nhat va phan bd khong ddong déu nhu bénh bui phdi silic nghé nghiép.

Trén co sé do, Luan 4n lua chon tiép cin bai todn phan loai 4nh X-quang nguc
thanh hai 16p bang cac kién tric hoc siu cé dic diém bo trd 1dn nhau: MobileNetV3-
small, DenseNet201 va Swin Transformer. Téng quan vé kién triic ctia hé thdng hoc sau
dugc trinh bay trong Hinh

Thay d6i kich thud
av do1 ek tuoe ’ MaobileNetV3 Small ]

= Tang cuomg dit lié : .
; » ’ ang cwong dit liéu - ’ S— ‘ » Bui phoi silic nghé nghiép
: I Chuén hoa dir liéu ‘

l Swin Transformer V2b ]
Chia tap dit liéu l

\ Tién xu Iy div 1ié1y Trich xuét dic trung Binh thuong
va phén loai anh \ /

4 \‘r—\/m\

Hinh 4.1 Kién triic khung mé hinh hoc sdu dp dung trong phdn
loai bénh bui phéi silic nghé nghiép
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Khung hoc sau dudc thiét ké gdm hai ting chinh:

Tang thd nhét — tién x{ Iy 4nh: Bao gém cédc budc co ban nhu chuyén déi dinh
dang anh tir DICOM sang PNG hoic JPEG, chuin héa kich thudc dnh vé 224 x 224 x 3,
va 4p dung cdc k¥ thuat ting cudng dit lidu. Dt liéu dudc chia thanh hai tap: tap huin
luyén va tap kiém tra, phuc vu cho viéc huin luyén va ddnh gia md hinh.

Tang thid hai — mo hinh hoc sau: Anh sau tién xd Iy dudc dua vao cic kién tric
hoc sau (MobileNetV3-small, DenseNet201, Swin Transformer) dé trich xuét dic trung

va thuc hién phan loai.

Sau khi trich xuét dic trung, anh dudc dua qua cic tang phan loai va ham sigmoid
dé du dodn xac suét thudc 16p “binh thudng” hoic “mac bénh”.

4.1.3 Két qud thuc nghiém
4.1.3.1 Thiét lap thuc nghiém

Céac thi nghiém dudc trién khai trén nén tang phan cting gom GPU NVIDIA
Tesla T4 (RAM 15GB), sit dung thu vién hoc sau PyTorch dé€ xay dung, huin luyén va
danh gia mo hinh. Muc tiéu 12 so sanh hiéu qua phan loai gitta ba kién triic hoc siu:
MobileNetV3_small, DenseNet201, va Swin Transformer, trong cung mot diéu kién
huén luyén va cing mot tip dif lidu, nhdm dam bao tinh cong bang va nhit quan trong
danh gia.

Tap dit liéu DNNBPSi bao gdm céc anh X-quang nguc dudc gan nhan nhi phan.
Dit liéu dudc chia theo ty 1& 80:20 thanh tip huin luyén va tap kiém tra, chi tiét 6 Bang

Bdng 4.1 Cdu triic phdn bé dit liéu DNNBPSi

Dit liéu Bui phdi Silic | Binh thuong | Tong sb
Tap huin luyén 428 1244 1672
Tap ki€m tra 107 310 417
Tong s6 535 1554 2089

Cac mo hinh dugc huin luyén véi cling s6 epoch, batch size, phuong phdp ting
cuong di liéu va ky thuat dung sém (early stopping). Bang trinh bay chi tiét cic
siéu tham s6 dudc 4p dung cho tiing mo hinh.
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Bdng 4.2 Cdu hinh hudn luyén cia cdc mo hinh hoc sdu

Tham s MobileNetV3 DenseNet201 Swin
Small Transformer
Kich thuéc dnh dau vao | 224 x 224 x 3 224 x 224 x 3 224 x 224 x 3
Batch size 32 32 32
Sé epoch 50 50 50

Ham mat mat

Cross-Entropy

Cross-Entropy

Cross-Entropy

B0 t6i uu hoa Adam Adam Adam
Learning rate ban dau | 1-10~* 1-1074 1-1074
Weight Decay 0.0001 0.0001 0.0001

Early Stopping Patience = 10 Patience = 10 Patience = 10
Tang cuong du li€u Co Co Co

4.1.3.2 Két qua va nhan xét

Do chinh xac va hiéu suat

Béng[4.3trinh bay két qua phan loai ctia ba m6 hinh hoc sau: MobileNetV3-small,
DenseNet201 va Swin Transformer trén cung tap dif liéu DNNBPSi. Trong sb d6, Swin
Transformer thé hién hiéu suét vugt trdi, vdi do chinh x4c cao nhat trén ca tip huin
luyén (95,36%) va tap kiém tra (86,13%). Pong thdi, mé hinh nay dat chi s6 F1-macro
1én t6i 82,96, phan dnh kha ning can bang tét giita ¢ nhay va do dic hiéu trén cic 16p
bénh, dic biét quan trong trong bbi canh dit liéu khong dong déu va ton tai hién tuong
mét cin bing 16p nghiém trong. Piéu nay cho thdy Swin Transformer khong chi hoc t6t
trén tap hudn luyén ma con c6 ning luc khdi quat héa cao trén dit liéu thuc té, vuot troi

hon so v6i cac mo hinh con lai.
Phan tich ma tran nham lan

Ma tran nham lan (Bang ctia mo hinh Swin Transformer cho thiy kha ning
nhén dién chinh xdc c4 hai 16p. Tuy nhién, sd luong trudng hop bé sét bénh (FN = 33)
van con dang Iuu ¥, 4nh hudng dén do nhay. Mic du vdy, do chinh x4c tong thé va kha
ning phan biét 16p “binh thuong” rit tot (TN = 277), khang dinh tinh &n dinh ctia md
hinh.

Ma tran nham 1an cho Swin Transformer:
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Bdng 4.3 D¢ chinh xdc va hiéu sudt gita cdc mé hinh

. Accuracy
Mo hinh - - F1-macro
Huan luyén | Kiém tra
MobileNetV3-small 73.29 74.34 42.64
Densenet201 78.88 76.98 57.32
Swin Transformer 95.36 86.13 82.96

Bdng 4.4 Két qud ma trdn nham ldn

Thuc té
Bui phéi silic | Binh thudng
_ | Bui phdi silic 89 18
Du doan
Binh thuong 33 277

Phan tich Grad-Cam

Phan tich Grad-CAM trong Hinh [4.2| cho thidy Swin Transformer tip trung manh
vao vung phdi, dic biét tai cac vi tri ton thuong dang nét hoidc x0 héa, gitip mo hinh
dua ra quyét dinh chinh xdc. DenseNet201 va MobileNetV3-small c6 xu huéng phan
tan su chu y ra khoi viing ton thuong, khién chét lugng phan loai giam.

Raw image MobilenetV3-small Densenet2o1 SwinT

Binh thuong

Mic bénh
Bui phoi
Silic

» &

Hinh 4.2 Két qud Grad-CAM ciia cdc mé hinh hoc sdu
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Trén cac anh binh thudng, Swin Transformer van duy tri su tap trung chii yéu vao
cAu tric phdi, tranh nhan dién sai vao cdc vung khong lién quan (nhu xuong sudn, mod
mém ngoai phdi. .. ). Nhiing két qua nay chiing minh ring co ché attention trong Swin
Transformer khong chi mang lai hiéu suét tot vé dinh lugng, ma con dam bao tinh hop
ly vé mit ngit nghia va ciu triic 4nh y hoc.

4.2 Pé xuit mo hinh hoc siu trén do thi
4.2.1 Phadt biéu bai todn

Phat bi€u bai todn

Input: Tap du liéu X-quang nguc

Tap dit liéu gdm n mau, véi mdi mau (z;,y;) bao gdm mot anh dau vao z; va nhin
dau ra tuong ng y; ducc lay tif X x Y, trong do:

X ¢ R3>*HxW 13 khong gian dau vao, mdi 4nh dudc biéu dién dusi dang mot ma
tran kich thuéc H x W, dai dién cho chiéu cao va chiéu rong ctia anh.

Y C {1,0}* 1a khong gian nhan dau ra, véi mdi nhan y; 1a mot vector one-hot biéu

9% &6 2 ¢

dién xdc suit anh thudc vé mot trong 4 16p: “binh thudng”, “bui phdi silic”, “viém phdi

ST Y3

do vi khuén”, “viém phdi do virus”.
Output: Vector one-hot y; € {1,0}* du doén I6p ctia dnh z;.

Muc tiéu: Huan luyén mot md hinh fj(z;), trong d6 fy : X x Y, 4nh xa tif z; sang

y; va toi uu héa ham mat mat d€ gidm thiéu sai s giita nhin thuc té va du doan.

M0 hinh bao gém hai phan chinh:

B6 ma hoéa (encoder) v : F(z | 6,,) € R? chiu trach nhiém trich xuit cac vector
dac trung kich thudc d tit anh X-quang.

B0 phan loai (classifier) z = W(v | 6,,) € R* tao ra céc gid tri logit z, du dodn
x4c suat anh thudc vé cic 16p bénh.

Cubi cung, mo hinh dudc tbi wu héa dua trén cac gia tri logit 2z va cai thién hiéu
suét phan loai thong qua viéc gidm thiéu ham mit mat.

4.2.2 Dé xudt kién triic Graph Transformer Post-hoc

Kién tric GTP dudc xiy dung dua trén y tudng ctia Graph Transformer va co
ché attention toan cuc ctia Graph Attention Networks. Mic du dugc goi 1a “post-
hoc”, toan bd pipeline van dugc huin luyén theo co ché end-to-end, véi cic backbone
(DenseNet201, Swin Transformer, MobileNetV3) va GTP dudgc t6i uu dong thdi dua
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trén cing mot ham mét mat phan loai. So véi cach tiép can truyén thdng chi sit dung
bd phan loai tuyén tinh sau encoder, viéc tich hdp GTP mang lai uu di€ém dé gidi quyét
bai toan dif liéu y té "tinh vi", khé phan biét va c6 su chénh 1éch sb luong gitta cac 16p
bénh.

Trong luan an, GTP dudc thiét k& nhu mot module dang plugin cé thé tich hop
linh hoat phia sau bat ky backbone nao. Thiét ké nay giip mo hinh nang cao do chinh
x4c phan loai, trong khi vin duy tri tbc d6 suy luan (inference time) va miic st dung bod
nhd (memory usage), ddm bao hiéu qua dong thdi vé hiéu ning va tai nguyén tinh toan.

Ngoai ra, GTP c6 kha niing tin dung thong tin vé mbi lién hé giita cac anh bui
phdi, dudc bi€u dién dudi dang thudc tinh canh (edge attributes) néu dit liéu nay dudc
cung cap. Khi c6 thong tin nay, md hinh c6 thé hoc va duy tri trat tu ciing nhu tinh nhét
quén cta dif liéu anh ban dau, ngay ca khi kich thudc batch giam trong giai doan suy
luan. Trong trudng hop khong c6 thong tin lién két, cac thudc tinh canh dugc khéi tao
réng va mo6 hinh van hoat dong binh thudng. Co ché nay gitip GTP duy tri do dn dinh
va do chinh x4c cao hon trong qua trinh hoat dong, dong thdi mé rong kha ning biu
dién cAu triic dif liéu ma khong 1am ting dang ké chi phi tinh todn.

Kién tric GTP géom hai thanh phan chinh:
(i) bo trich xuét dic trung anh.

(ii) bo lan truyén, téng hop thong tin trén dd thi bing co ché attention.

4.2.2.1 Trich xuat dic trung anh

DNN encoder: trich xuit dic trung dnh

Cho mdt tap huln luyén gém b dnh X-quang ngyc {x;,y;}’_,, mdi anh dugc dua
qua backbone hoc siu dé€ tao ra vector dic trung c; € R¢.

Tap dic trung F = {cy,ca, ..., cy} dong vai tro 1am nit trong dd thi

4.2.2.2 Lan truyén va tong hop thong tin trén do thi

GTN encoder: lan truyén, tdng hdp thong tin trén do thi bang co ché attention
Tur tap dic trung, xay dung dd thi day dia G = (V, &, F) [109].

Xay dung mot do thi diy di tif cic vector dic trung clia cac hinh anh trong cling
mot batch.

V 1a tap hgp cdc hinh dnh trong mdi batch, vé6i |V| = b.
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€ = {eij}; j_13 1a tap hgp cdc canh két ndi cdc hinh anh.
F ={c1,ca,...,c,} 1a tAp hop cdc dic trung clia cic niit trong do thi.

Céc trong s6 canh e;; 1a cdc tham s c6 thé hoc dudge, duge diéu chinh dong theo
dit liéu huén luyén.

Co ché hoat dong ctia GTN Encoder: GTN st dung co ché chd y d€ xi 1y thong
tin trong do thi, gitp md hinh hoc dudc cach cac nit (dic trung cta hinh anh) va canh
(mdi quan hé gilta cic dic trung) tuong tic v6i nhau.

V6i mdi niit ngudn i, GTN tinh toan viéc tdng hop thdng tin tif cic nit khéic j
trong do thi thong qua cong thiic:

Téng hop thong tin tir cac nit lang giéng
V6i mbi nit ngudn i, vector dic trung tdng hdp dugc tinh bdi cong thiic:
&= > i (Wye; + Weey) . (4.1)
JEN (i)
N (i) 1a tap hop tht ca cdc niit lang giéng clia nuit i,
¢; la vector dac trung cap nhat cho nut 4,

a; ; 1a trong sb chd y, dung d€ xdc dinh muc do quan trong (trong sd) cla niit j
khi t6ng hgp thong tin cho nuit 4,

W, 12 bo tham s6 ctia mo hinh dung dé bién déi vector ddc trung c; cua nut j,
W, 12 bd tham s clia md hinh dung d€ diéu chinh trong s6 canh e;; gitta nut 4, ;.

GTN encoder tao ra su tuong tac gitta cac hinh anh trong batch, giip mo hinh
phan biét dugc cac dic trung khac nhau va xt ly t6t hon cac van dé phiic tap nhu tuong
dong cao gitta cac hinh anh hodc mét can bang dit liéu.

Cong thiic trén cho phép md hinh téng hop thong tin tif cdc nit lang giéng, vdi
trong s6 chd ¥ a; ; dudc tinh todn d€ xdc dinh mic do &nh hudng cla tiung nit lang
giéng dbi v6i nit trung tam. Trong s6 chi y nay gitip GTN nhan dién cac mbi quan hé
quan trong gitta cac vung trong anh X-quang, ti d6 cai thién do chinh xac trong qua
trinh phan loai. C4c ma tran trong s6 W, va W, gitip diéu chinh va hoc dudc cic dic
trung tr nut va canh, 1am cho viéc tong hop thong tin trd nén hiéu qua hon.

Tinh hé s6 chi y (Attention Coefficient) o; ;

(Wyei) T (Wiej + Weey))
\/C_Z 9

4.2)

«; i = softmax
1,
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a; j xac dinh muic d§ quan trong ctia nut j ddi v6i nit 7. Hé s nay dugc tinh thong
qua “dot-product attention” (chu y dua trén tich chAm), sau d6 4p dung ham softmax dé
chuin héa. Gid tri nay cho biét miic do anh hudng ctia nit j dbi v6i nit 7.

W, W, : 1a cdc bd tham s dugc dung dé€ tinh toan gid tri ‘key’ va ‘query’ trong
module attention.

W e; 1a phép bién ddi dic trung e; clia nit i thong qua ma tran tham s6 W,

W e, la phép bién ddi dic trung e; ctia nit j thong qua ma tran tham s W. N6
tao ra vector key cho nut j.

W_e;; 12 phép bién ddi trong so canh e;; cla nit j thong qua ma trin tham s6

W.. N6 tao ra vector key cho ntit j.

\/d 1a gia tri chuin héa, v6i d 1a s6 chiéu clia cac vector dic trung, dudc ding dé
tranh gid tri dot product qué 16n, din dén viéc 1am mat can bang trong qua trinh tinh

attention, gitip &n dinh qu4 trinh huin luyén.

Softmax: Ham softmax dugc dp dung 1én tt cd cdc hé sd chud y a; ; d€ chudn hoa
céc trong sb attention, ddm bdo tng cdc gid tri cla o, ; cho tAt ca cdc nit ldng giéng
j € N(i)lasé bang 1.

Viéc tinh toan hé s6 chi y gitip md hinh hoc dudc nit nao déng vai trd quan trong
hon trong qua trinh tong hop thong tin.

Két hgp thong tin residual va théng tin tdng hop

Sau khi tinh todn hé s6 chi y a; j O cong thic (4.2)), m6 hinh da xdc dinh dugc
muc do anh hudng cta cac nit lang giéng j d6i v6i nit . Qud trinh nay gitip mod hinh
thu thap thong tin tif cic nit 1an cin dua trén tAm quan trong cta chdng. Tay nhién,
viéc chi dua vao thdng tin tif cdc nit ldng giéng c6 thé 1am mat di cic dic trung quan
trong ctia nit ; ban dau. P& khic phuc van dé nay, mo hinh d4p dung mdt cd ché residual
nham két hop ca thong tin gbc tir niit 7 va thong tin téng hop tif cac miit lang giéng.

Tiép theo, trong cong thic (4.3), dic trung e; clia nit i dugc tinh bing cach két
hop gitta thong tin ban dau r; va thong tin mdi é; da tdng hop tir cac niit 1an cin, thong
qua mot hé s6 diéu khién ;. Cu thé, qua trinh két hop nay dudc diéu chinh dua trén
muc do anh hudng cia ting loai thong tin, gitip mo hinh duy tri su can bang giita dic
trung ban dau va thong tin thu thap dudc tir cac nit khac.

¢y = Biri + (1 — B¢ (4.3)

Cong thiic (#.3)) nham muc tiéu duy tri thong tin quan trong tif nit ban dau i, dong
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thoi két hop véi thong tin da dudc tdng hop tir cic nit lang giéng. Qua trinh nay giip mo
hinh can bing giita viéc giif lai dic trung gbc va hoc tif cac dic trung khong gian phic
tap, hd trg md hinh trong viéc tranh méat di cic dic diém quan trong trong qua trinh
tong hop thdng tin tif cc niit khéc, tir d6 ¢6 thé gidm thi€u hién tugng over-smoothing.

Cong thiic tinh hé s6 3; d€ két hep thong tin

ri = Wy,

ﬁl‘ = sigmoid(Wg [él, r;; CA:Z — I'Z]) (44)

Hé sb j3; dudc tinh bang ham sigmoid, gitip gi tri nam trong khoang tir 0 dén 1.
N6 gitip m6 hinh diéu chinh ti trong giiia thong tin residual 7; va thong tin tong hap ¢;.

W, 1a trong s hoc dugc cia md hinh, dung dé bién ddi dic trung dau vao.

Hé sb nay dam bao ring su két hop giita hai ngudn thong tin khong bi qua mic
thién 1éch vé mot phia, giip mo hinh tranh hién tugng over-smoothing.

Bién doi va chuan hoa dac trung

Sau khi két hop thong tin tif residual va céc nit ldng giéng, mo hinh sé bién ddi
dic trung qua 16p tuyén tinh, sau d6 chuin héa dic trung dé€ ddm bio cic dic trung dau
ra c6 dang hop 1y, &n dinh hon va hd trg qua trinh huén luyén hiéu qua. Cong thic #.3)
mo ta qua trinh nay:

v; = BatchNorm(Linear(c})). 4.5)

Vector dic trung v; cta nit ¢ dugc chuin hoa thong qua hai budc:

Linear(c}): Bién d6i vector dic trung ¢, thong qua mdt 16p tuyén tinh. BatchNorm:
Ap dung chuin héa trén vector két qua, gidp giam thiéu hién tugng léch phan phdi va
ting toc do huin luyén.

Ludng xt Iy tong quan ctia mé hinh dé xuét

Trong thiét ké dé xuit, embedding ctia mbi nit dudc trich xuét tit DNN encoder
dugc ky hiéu 1a ¢; € R%, trong d6 d. biéu thi sb chiéu dic trung ctia mdi mau anh.
Moi canh nbi mot cip niit (i, j) trong dd thi day di dugc biéu dién biang mot vector
embedding c6 thé hoc dudc e;; € RY%, véi d, 1a s6 chiéu embedding cla canh. D€ béo
dam ca thong tin nit va canh déu dudc chiéu vao mot khong gian tiém 4n chung, ta dua
vao mot tp cic ma tran trong s6 c6 thé huin luyén. Cu thé, ma tran bién ddi niit dugc
dinh nghia 124 W, € R™*% trong khi ma tran bién d6i canh 12 W, € R™*% c3 hai
cung 4anh xa du vao ctia chiing vao khong gian tiém an c6 sd chiéu m.
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Dbi v6i co ché attention, cac phép chiéu query va key 1an lugt dudc tham sd
héa bdi W, € R™*% va W; € R™*d:. NhJ viy, hé s6 attention «; ; dugc tinh nhu
mot vd hudng thong qua tich v hudng gitta query da bién ddi Wc; va td hgp gilia
key cuing embedding canh, tiic Wy.c; + We;;. Nhanh residual dugc tham s6 héa bsi
W, € R™*%_ chiéu embedding gbc clia nit vio cling khong gian tiém an. Mot két
ndi residual c6 cong (gated residual connection) dugc bd sung thong qua cong thiic
Bi = o (W [e;;1;¢; — 1y]), trong d6 W, € RY3™ va ¢(-) 1a ham sigmoid, ddm bao
Bi € (0,1).

Cubi cung, biéu dién nit da cdp nhat ¢, € R™ dugc dnh xa qua mot 16p fully
connected v6i tham s6 Wy, € R¥™ va bias by, € RY, sau d6 dudc chuin héa bing
BatchNorm, dé€ thu dudc embedding cudi cling v; € R%. Nhu vay, dic trung nit, em-
bedding canh va hé sb attention déu dugc xi 1y nhit quén trong khong gian tiém 4n
R™, trudc khi dudc chiéu sang khong gian dic trung dau ra R,

4.2.2.1 Thuét toan lan truyén tién

Dé hé thdng héa toan bd quy trinh xi 1y, Thuat toan 4.1{mo ta cac bube lan truyén

tién (forward pass) ctia mo6 hinh Graph Transformer Post-hoc.

4.2.2.2 Ciu hinh chi tiét cta kién tric GTP trong thuc nghiém

D& phuc vu cho qué trinh thuc nghiém, cAu hinh chi tiét ctia kién tric GTP dugc
chi tiét trong bang

Bang 4.5/ md ta chi tiét kich thuc dau vao, dau ra va cc tham sb chinh clia tiing
tang, tir 16p trich xuét dic trung dén 16p phan loai cudi cing. CAu hinh nay cho phép
mo hinh tin dung dong thdi thong tin hinh anh va mdi quan hé lién mau (inter-sample
relationships), tf d6 ting cuong kha niang hoc bi€u dién, cai thién hiéu qua phan loai.

4.2.3 Tong quan quy trinh xit Iy va khd ndng tich hop mé hinh Graph Trans-
former hdu xu ly

Kién tric t6ng thé ctia mo hinh Graph Transformer Post-hoc (GTP) dudc trién
khai thong qua mot chudi cac bude xu 1y cu thé nhu sau:

(1) Tiép nhan dit liéu dau vao va trich xuat dic trung anh

Céc anh X-quang nguc c6 kich thuéc H x W x 3, dudc chia thanh céc 16 huan luyén
v6i kich thuéc cb dinh.
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Thuét toan 4.1: Lan truyén tién ctia Graph Transformer Post-hoc

Input: L6 huén luyén gdm cic mau {(x;, y;)}o_,
Output: Biéu dién miic anh cubi cung {v;}?_,
1 Budce 1: B6 ma hoa DNN;
2 fori < 1tobdo
3 L c; < DNNEncoder(x;); // Trich xuit vecto dic

trung anh

=

Budc 2: Xay dung do thi day du;

sV {c;} s // Nut ddc trung tu DNN encoder
6 5e{eij}?’j:1; // Trong sb canh duogc hoc
717G+ (V,E,F=YV); // Xay dung dé thi

s Budc 3: Ma hod dd thi bang GTN;
9 fori < 1tobdo

10 C; Zje/\/(i) Qi (chj + Weeij); // Téng hop théng
tin tu cac nut 1lan cén

1 r; < W, c;; // Két nbi du

12 Bi <~ (W [ci;ry; ¢ —ri); // Hé& sb cbdbng hop nhit

B | ¢« pfi-r;+(1—08)-¢; // Pdc trung nut cudi cung

14 Budc 4: Chuan hoa dau ra;
15 for 7 <— 1to b do
16 t v; < BatchNorm(Linear(c})); // Chudn hod dau ra

17 return {v;}’_;;

Mai 4nh trong 16 huin luyén dudc dua qua mdt backbone hoc sau dé trich xuét,
sinh vector dic trung e; € R™. phan dnh cac thong tin ¢ gia tri chan doan. Tap céc
vector dic trung {e;, es, ..., ey} tao thanh dau ra ctia khdi ma héa, dong vai tro 1a dau
vao cho budc xii 1y do thi.

(2) T6 chiic d6 thi:
Do thi diy di G = (V, £) dudc khéi tao. Trong d6: mdi nit biéu v € V dién vector dic
trung anh c;, cac canh e € E gitta hai niit v; va v; trong khong gian dac trung. Khéc véi

cic phuong phdp khdi tao tinh dua trén do tuong dong, cic dic trung canh dudc khdi
tao nhu nhitng tham s6 c6 thé hoc dudc va dudc cip nhat dong trong qud trinh huin
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Bdng 4.5 Cdu hinh chi tiét ciia kién triic GTP trong thuc

nghiém
Layer Label Input Layer Dimension Output Dimension
Input Layer B x 224 x 224 x 3
Feature Extractor | B x 224 x 224 x 3 B x 1024
TransformerConv | Input tensor: B x 1024 B % (1920 X npeqq)

Edge index: 2 x B?
Edge attribution: B2 x 1

Linear B x (1920 X Nphead)s Mhead = 3 | B x 1024
Relu B x 1024 B x 1024
FC Layer B x4

luyén, gitip mo hinh hoc va diéu chinh thich ting cdc quan hé ngit canh giita cac mau
(3) Lan truyén thong tin trén do thi:

Céc vector dic trung niit dugc cip nhat thong qua cac tang Graph Transformer, st dung
co ché truyén thong diép (message passing) va attention da dau (multi-head attention)
dé€ khai thac sau cac mbi quan hé phu thudc va tuong tac ngit canhgitta cic nit trong do
thi.

(4) Tao embedding ngit canh héa:

Két qué ctia qua trinh lan truyén trén dd thi 12 cic vector embedding méi, trong d6 mdi
embedding khong chi giit lai dic trung ban dau clia &nh ma con tich hop thém thong
tin tif cac anh khéc trong 16. Nho d6, embedding nay phan anh tot hon mbi quan hé ngi
canh gitta cac anh, gitp phan biét rd rang hon nhitng déc trung tinh vi va giam thi€u
nham 14n gilta cac 16p c6 dic diém tuong dong

(5) Phan loai 4nh: Céc embedding ducc dua vao céc 16p fully connected dé du
dodn x4c suét phan 16p tuong ting véi cac loai bénh.

(6) T6i vu héa md hinh: Md hinh dugc huén luyén dua trén ham mét mat phan
loai Cross-Entropy hoac Balanced Cross-Entropy.

Hinh [4.3| minh hoa kién triic va quy trinh hoat dong tong thé ctia mo hinh Graph
Transformer Post-hoc (GTP) dugc dé xuét. Mot batch 4nh X-quang nguc x; trudc hét
dugc dua vao bd ma hoa DNN nham trich xuit cic vector dic trung c; € R%. Tap vector
nay dudc st dung dé xay dung mot do thi day dd, trong d6 céac dinh biéu dién 4nh trong
batch va cdc canh dugc tham sb hod bdi embedding c6 thé hoc dugc e;; € R. Do thi
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Hinh 4.3 Kién triic tong thé ciia mé hinh dé xudt:

G = (V,&, F) sau d6 dugc xt ly b6i mod-dun Graph Transformer Network (GTN) dé tao
ra c4c bi€u dién nuit tinh chinh (graph embeddings) v; € R?. C4c embedding nay tiép
tuc dugc dua qua céc 16p fully connected d€ sinh ra logit z;. Cudi cung, du dodn dau ra
dudc tinh bang 16p softmax va md hinh dudc t6i uu bang ham mét mat CE hoic BalCE.

Khic véi cac phuong phdp chi dua trén dic trung cia tiing 4nh riéng 18, kién tric
GTP md rong kha nang hoc sang khong gian tuong tac toan cuc, cho phép md hinh khai
thac va tich hop cdc mbi quan hé ngit canh gitta cac anh trong cung tap di liéu. Nho
vy, GTP c6 kha ning nhan dién tot hon cic dic trung tinh vi, ting cudng kha ning
phan biét gitta cac 16p bénh c6 bi€u hién tuong dong va cai thién do chinh xac trong

chan doén bénh bui phoi silic.

4.3 Lua chon ham méit mat

Trong cac md hinh hoc sau, ham mat mat (loss function) déng vai trd quan trong
trong viéc do ludng sai l1éch gitta dau ra du doan va nhin muc tiéu, tif d6 dinh huéng
qua trinh t6i uu héa trong sb thong qua thuit toan lan truyén ngudc [119]. Viéc lua
chon him mit mat phit hdp c6 anh hudng dang ké dén kha ning hoi tu va hiéu qua phan
biét gitta cac 16p — dic biét trong bdi canh dit liéu huan luyén khong can bang.

Dbi véi bai toan phan loai anh X-quang nguc nham hd trg chdn dodn bénh bui
phdi silic, ching toi nhan thiy ring viéc st dung cdc ham méit mat tiéu chuin nhu
Cross-Entropy (CE) c6 thé din dén su thién 1éch ctia md hinh vé phia c4c 16p phé bién,
chang han nhu 16p anh phdi binh thudng. Hé qua 1a md hinh dat d6 chinh xéc téng thé
cao nhung lai suy giam hiéu qua phat hién cic 16p thi€u s6 — trong d6 c6 bui phdi silic.

Pé gidi quyét van dé nay, Luan 4n 4p dung va so sanh hai loai ham méat mat:
Cross-Entropy Loss truyén théng va Balanced Cross-Entropy Loss (BalCE) [121] —
mot bién thé c6 diéu chinh trong s6 theo phan bd 16p.
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4.3.1 Ham mdt mdt tiéu chudn

Ham mét mt tiéu chuin (Cross-Entropy) c6 ngudn gbc tir 1y thuyét thong tin clia
Shannon [[122], va dudc st dung rong rii trong hoc may nhu 1a hé qua truc tiép cia
nguyén ly cuc dai héa kha ning hop 1y [123]]. Day la Iva chon tiéu chuin cho céc bai
to4n phan loai nhiéu 16p két hop véi ham softmax.

Véi dau ra logit z;, tuong ting vdi 16p &, ham CE dudc dinh nghia nhu sau:

Lop (W(ﬁ(x 105) | Hw),k)

- (4.6)
= —log (p (k‘ ’ X;@f,@w)) = —log —4 |-

j=1¢%
trong d6, #(x | 0;) la ham trich xut dic trung tit &nh X-quang x v6i tham s 0,
thudng 12 mot mang no-ron sdu CNN chuyén dau vao = thanh vecto dic trung.

W (-|0.) 1a 16p phan loai 4p dung 1én vecto dic trung d€ sinh ra logits z. Gia tri
z;, 12 logit (dau ra chua chudn héa) tuong ting véi 16p k&, phan 4nh mic d6 mo hinh “tin
tudng” vao 16p d6 trude khi chuan héa softmax.

ek

i,

Zj:l e

chuan hoa cac logits thanh phan bo xac suat, v6i tong xac suat cua tat ca cac 16p bang
1.

12 x4c suét du dodn cho 16p k, dugc tinh qua ham softmax. Ham softmax

— log 12 ham mét mét Cross-Entropy, do ludng do khac biét giita phan bd x4c suit
du dodn va nhén thuc té. Loy 12 gia tri mAt mat Cross-Entropy cho mot mau dit liéu.
Gi4 tri ndy cang 16n néu x4c suat du doan cang nho.

Ham mAt mat trong cong thiic gia dinh moi 16p c6 phan b dong déu, khong
xét dén su mét cAn bang trong phan bd mau hun luyén. Do d6, trong bai toan phan loai
4nh X-quang nguc, ham mat mat CE c6 thé dan dén thién 1éch vé 16p phd bién (nhu dnh
phdi binh thudng), 1am gidm hiéu qua phat hién 16p thi€u sd (nhu bui phdi silic).

4.3.2 Ham mdt mdt cin bang

Ham mét mat can bang Balanced Cross-Entropy (BalCE) 1a mot bién thé ctia ham
Cross-Entropy truyén théng, dugc thiét ké d€ gidi quyét cdc bai toan phan loai trong
diéu kién di liéu phan b mét can bing .Ham BalCE diéu chinh déng gép cia ting
16p vao ham mét mat thong qua trong sb ty 1& nghich véi tan suit 16p trong tling 16
huén luyén (mini-batch). Cach tiép can niy c6 nén tang tlf cac phuong phap cé trong sd
(cost-sensitive learning) trong hoc sau [[124]], va dudc dinh hinh r6 rang hon thong qua
khdi niém “s6 luong mau hiéu dung” (effective number of samples) [125].
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Ham mét mét cin bang BalCE (Balanced Cross-Entropy Loss ) 12 modt ham mat
mat dudc thiét ké dé xi 1y dit liéu phan 16p mat can bang bang cach diéu chinh trong
s6 cho tling 16p dua trén tan suét xuat hién trong 16 huin luyén [121]).

Khi xét dén s6 luong mau cda tiing 16p 1a ny, ham Bal-CE dugc dinh nghia lai
nhu sau:

Loaco(# (F (x| 67) | 6.), k)= —log [f’“—] . 4.7)

.pZij
jm1 e

Céc hé s6 ny, gidp hiéu chinh x4c sult softmax theo ty 1 xuat hién cta ting 16p
trong tap huin luyén. Nhd d6, dnh hudng clia cic 16p chiém uu thé (nhiéu méu) dugc
giam xudng, trong khi vai trd ctia cac 16p thi€u s6 dudc ting cudng, gitip mod hinh hoc
dugc phan biét tot hon trong méi trudng di liéu mat cin bang.

4.4 Ky thuit két hgp mé hinh

Ky thuat két hop md hinh (ensemble learning) 12 mot huéng tiép can trong hoc
may nham cai thién hiéu suat va do 6n dinh ctia hé théng du doan bang cach tdng hop
dau ra tif nhiéu md hinh hoc thanh phan [124]. Thay vi chi dya vio mot md hinh don
18, hoc két hop tan dung su da dang gitta cdc mo hinh dé€ tao nén mot du dodn hop nhét,
c6 tinh tdng quat cao hon. Cac mo hinh thanh phan c6 thé dudc huin luyén trén céc tap
dit liéu khéc nhau, st dung cac dic trung hoic kién triic mang khac nhau. Du doén cudi
cing dudc téng hop thong qua cic chién ludc phd bién nhu bd phiéu da sb (majority
voting) hoic trung binh c6 trong sb (weighted averaging). Nhiing k¥ thuat nay vira don
gian, dé trién khai, vira cho thiy hiéu qua rd rét trong céc bai toan phan loai phtc tap.

Trong céc bai todn phan loai anh y té, dic biét 1a chin dodn tif 4anh X-quang nguc,
mo hinh hoc sau thuong gap kho khan do déc trung hinh anh gitta cac 16p bénh ly c6
mifc do tuong dong cao. Pic biét, hién tugng mét cin bang 16p nghiém trong — khi cic
16p bénh hiém xuAt hién rét it — khién mo hinh dé& nghiéng vé 16p chiém wu thé va bd
s6t cac dau hiéu quan trong. Trong nghién cifu ndy, 16p bui phdi silic viia c6 tan suat
xuat hién thip, virta dé bi nham 14n véi c4c dang viém phdi (vi khudn, virus). Piéu nay
dan dén hiéu suat mo hinh don 1é thuong khong dong déu va thiéu 6n dinh.

P& khic phuc nhitng han ché trén, luan 4n trién khai k¥ thuét hoc két hop bang
cach tich hop dau ra tif sau md hinh hoc sau khac nhau. C4 sau mo6 hinh dudc huin
luyén trén cung tap dit lidu, sau d6 két hop két qua theo hai chién lugc véi nguyén ly
két hop mo hinh nhu sau:

Gi4 st ton tai mn md hinh hoc siu riéng biét f1, f2,..., f™, tit ca déu dudc huin

luyén trén cing mot tip dit liéu. Trong nghién citu ndy, hai k§ thuat két hop don gian
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nhung hiéu qua dugc ap dung:

(1) B4 phiéu da sb (Max Voting): Mbi md hinh dua ra mot du doén rdi rac, sau
d6 hé thong chon nhin xuit hién nhiéu nhit 1am dau ra cudi cung. Céch tiép cin nay
don gidn va dé trién khai, phi hgp khi cdc mé hinh c6 do chinh xac tuong duong.

(2) Trung binh trong sb (Weighted Averaging): Thay vi du dodn nhan rdi rac, mdi
mo hinh dua ra mot phan phdi xc sut trén cic 16p, sau d6 tién hanh tinh trung binh
c6 trong sd d€ tao ra dau ra cudi cung. Véi x 1a mau dau vao, cong thiic tdng hop dugc
bi€u dién nhu sau:

predgina = Y (%)« v’ (4.8)
=1

trong d6 w’ 12 trong s6 phan dnh miic do tin ciy hoic hiéu suit ciia mo hinh thi 7. Trong
trudng hop cac trong sé6 W; bang nhau, phuong phap nay tré thanh phép trung binh don
gian. Cach tiép can nay dic biét hiéu qua khi cac m6 hinh ¢6 kha ning bé trg 1n nhau
vé mit du doan.

MobileNet MobileNet.V DenseMe DenseNe Swin_V2_ Swin V2
V3_small 3_small-GTP t201 t201-GTP B B-GTP

Max / Average
Voting

< Final >
Prediction

Hinh 4.4 Tong quan ky thudt két hop cdc mé hinh

Hinh 4.4 minh hoa téng quan k¥ thuét két hop sdu md hinh hoc sau dudc huin
luyén trén clng tap dit liéu, bao gdm: MobileNetV3-small, MobileNetV3-small-GTP,
DenseNet201, DenseNet201-GTP, Swin-V2-B va Swin-V2-B-GTP. Mdi md hinh tao ra
mot du dodn riéng (Pred 1 dén Pred 6). Cac du doan nay sau d6 dugc tdng hop theo
hai chién ludc: bo phiéu da sb (Max Voting) hodc trung binh c6 trong sb (Weighted
Averaging). K&t qua cubi cliing 12 mot nhan phan loai duy nhét (Final Prediction).

Viéc tich hgp nhiéu mo hinh hoc sau theo cach tdng hop mang lai nhiéu 1gi ich:
Viéc ap dung ky thuat két hop mo hinh mang lai nhiéu 16i ich: Ting do 6n dinh. Tan
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dung vu di€m mo hinh thanh phan. Cai thién hiéu suét & 16p hiém: ting do nhay & 16p
bui phdi silic, 12 16p v6n dé bi bd sét khi st dung mo hinh don.

4.5 Thiét 1ap thuc nghiém va danh gia
4.5.1 Thiét lap thuc nghiém
Thiét 1ap cAu hinh thurc nghiém

* Su dung GPU: NVIDIA Tesla T4, RAM 15GB.

* S6 epoch: 50

* Kich thuc batch: 32

* B0 tdi uu: Rectified Adam (epsilon = 1.10~%)

* T6c dd hoc (learning rate) = 1.10~°

Cac mo hinh sit dung:
Ba kién triic hoc sau phd bién dugc chon 1am mo hinh nén tang:

* MobileNet [126]]
* DenseNet201 [110,/127]]

e SwinTransformer [[109]
Mai kién triic dudc trién khai duéi hai phién ban

« Phién ban tiéu chuin: St dung nguyén ban md hinh gbc.
e Phién ban tich hgp Graph Transformer Post-hoc (GTP): tuong tng véi mdi kién
triic nguyén ban, thém khbi GTP phia sau bd trich xuét dic trung.

Ky thuat hoc tong hop (ensemble):
Hai co ché tich hgp md hinh dugc 4p dung dé€ nang cao hiéu qua phan loai: Max Voting,
Averaging

4.5.2 Két quad thuc nghiém
4.5.2.1 Anh hudng cia haim méat mat CE va Bal-CE dbi véi hiéu suit mé

hinh

Trong thuc nghi€ém nay, danh gia do chinh xac phan loai cia hai m6 hinh Mo-
bileNet_V3_small va MobileNet_V3_small-GTP trén b6n 16p bénh phéi khac nhau
(bui phdi silic nghé nghiép, binh thudng, viém phdi do vi khuan va viém phdi do virus).
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C4 hai md hinh dudc déu st dung hai ham mit mét: Cross-Entropy (LCE) va
Balanced Cross-Entropy (LBal-CE). Két qua so sanh ctia bén mo hinh dudc trinh bay

tai bang

Bdng 4.6 Két qud tdc dong ciia hai ham mdt mdt lén hiéu sudt

mo hinh
Model Silicosis Normal Bacterial | Viral
Bui phoi Silic | Binh thudng | Vi khuédn | Virus

Lok

MobileNet V3 small 71,96 97,10 85,74 | 71,48
MobileNet V3 small-GTP 74,777 93,87 84,84 | 72,15

Lpa-cE
MobileNet V3 small 72,03 95,16 76,17 83,89
MobileNet V3 small-GTP 79,44 84,83 78,45 85,77

Tir két qua & bang [4.6, nhan thiy:

(1) Tich hop khbi Graph Transformer Post-hoc (GTP) c6 xu hudng cai thién hiéu
ning téng thé clia mo hinh, dic biét trén cic 16p thiéu sb, khé phan loai.

(2) St dung ham mét mat Bal-CE cho phép tdi cin bang déng gép giiia céc 16p
bing cach diéu chinh trong sb trong qua trinh t6i wu, tir d6 cai thién kha ning nhan dién
céc 16p it mau.

(3) Su két hop gitta GTP va Bal-CE cho thiy tiém niing trong viéc xi 1y dif liéu
mét cin bing, tao nén tang d€ cai thién hon nita hidu qua phan loai trén cac 16p bénh
hiém (s6 lugng dit liéu han ché).

Anh huéng ctia viéc tich hop GTP (trong cing ham mét mat CE): So véi md
hinh gbc, MobileNet_V3_small-GTP cii thién do chinh xdc phan loai & 16p bui phdi
silic nghé nghiép (ting tit 71,96% 1én 74,77%) va 16p virus (tit 71,48% 1én 72,15%).
Tuy nhién, hiéu suét & 16p binh thudng lai gidm nhe (tit 97,10% xubng 93,87%), cho
thiy viéc b6 sung GTP gitip md hinh hoc dudc cc dic trung phan biét hitu ich cho cac
16p it dit liéu.

Anh huéng ctia ham méit mat Bal-CE: Khi giit nguyén kién triic va thay déi
ham mét mat tit CE sang Bal-CE, hiéu suAt phan loai 16p bui phdi silic nghé nghiép va
virus dudc céi thién & ca hai mo6 hinh. Cu thé: MobileNetV3_small: bui phoi silic ting
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tu 71,96% 1én 72,03%, virus tang manh tu 71,48% 1én 83,89%. MobileNetV3_small-
GTP: bui phdi silic tang tu 74,77% 1én 79,44%, virus tang tu 72,15% 1én 85,77%.
Trong khi d6, do chinh xéc & 16p binh thudng va vi khuan gidm nhe.

Két qua trén cho thay thi tu phan cip hiéu ning
Trén cac 16p thiéu sd (BPSi, virus) nhu sau:

ACCpNN-cE < ACCgrp—cr < ACCGTP_BalCE

Trén céc 16p da s6 (binh thudng, vi khuén) nhu sau:

ACCpNN-cE > ACCerp—cr > ACCGTP_BalCE

4.5.2.2 Hiéu qua cta kién triicc GTP so vdi DNN

Bang4.7|trinh bay két qua thuc nghiém ctia viéc st dung cac md hinh DNN truyén
théng v6i ham mét mét Cross-Entropy (CE) va cac md hinh GTP st dung ham mat mat
Balanced Cross-Entropy (Bal-CE). Cac két qua thuc nghiém dudc danh gia thong qua
hai chi s6: Macro-F1 va AUC ROC, cho tiing 16p bénh ly.

Két qua trong Bang cho thiy ring viéc bo sung GTP vao cac md hinh DNN
khong phai lic nao ciing mang lai di€ém Macro-F1 cao hon. Cu th€, md hinh MobileNet
_V3_small-GTP c¢6 Macro-F1 thip hon 0.02 so vdi phién ban gbc khong tich hgp GTP.
Gia tri Macro-F1 cao hon cho thdy mo6 hinh DNN véi CE duy tri dudc su cin bang tt
hon giita d6 chinh x4c (precision) va do bao phu (recall) trén tt ca cc 16p, mic du vé
miit 1y thuyét ham Bal-CE dudgc ky vong c6 vai tro tdi can bang nay.

Déi véi chi s6 AUC ROC, tit cd cac mo hinh déu dat trén 0.9, phan 4nh ning luc
phan biét xuit sic trong nhiém vu phan loai. Tuy nhién, khi so sanh truc tiép cac md
hinh c6 va khong c6 “-GTP”, két qua c6 su dao dong. Cu thé, MobileNet-V3.small-
GTP cho AUC ROC th4p hon mot chiit so véi phién ban khong GTP; trong khi do,
DenseNet201 va DenseNet201-GTP lai khong c6 su khac biét dang ké.

Vé thoi gian suy luan, viéc tich hdp GTP chi lam ting nhe dd tré: MobileNetV3
_small ttr 0,013s 1én 0,016s; DenseNet201 tu 0,28s 1én 0,29s. Mic tang nay dugc danh
gi 12 khong dang k&, cho phép GTP ¢6 thé dudc trién khai trong cac ting dung yéu cau
gan thdi gian thuc néu dugc t6i uu hop 1y.

Quan sat tdng thé cho thiy, mbi loai mo hinh déu c6 di€ém manh riéng, c6 kha
ning bd sung cho nhau; do do, viéc tich hop ching c6 thé tao ra hiéu qua vuot trdi hon.
Dé& danh gid thém vé tinh 6n dinh va kha ning khai quat, tién hanh kiém ching chéo
5-fold cross-validation.
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Bdng 4.7 Bdng tom tdt két qud ciia cdc mé hinh véi hai chi sé
ddnh gid Macro-F1 va AUC-ROC

Thoi| Dung AUC-ROC
Model gian | lugng |Macro- | Binh Vi .

suy | RAM F1 | BPSi . . | Virus

lugn| GPU thuong | khuan
MobileNetV3_small 0,013| 3.45GB | 0,8210 10,9768 0,9903 |0,9342{0,9103
MobileNetV3_small-GTP |0,016| 3.82 GB | 0,8015 |0,9505| 0,9840 |0,9455|0,9257
DenseNet201 0,28 | 8.63 GB | 0,8368 [0,9557|0,9891 |0,9385{0,9122
DenseNet201-GTP 0,29 | 9.24 GB | 0,8317 [0,9512 0,9902 |0,9493|0,9283
Swin_V2.b 0,82 [14.82 GB| 0,8410 [0,9722| 0,9884 (0,9633|0,9499
Swin_V2.b-GTP 0,84 [15.48 GB| 0,8406 [0,9749| 0,9897 10,9576 |0,9352
Max voting 3 DNNs 1,113 _ 0,8808 {0,9936| 0,9973 |0,98370,9777
Averaging 3 DNNs 1,113 _ 0,9306 {0,9985 | 0,9994 {0,9928]0,9902
Max voting 3 GTPs 1,146 _ 0,9164 {0,9910] 0,9968 [0,9850/0,9793
Averaging 3 GTPs 1,146 _ 0,9214 {0,9903 | 0,9962 [0,98690,9821
Max voting 6 models 2,259 _ 0,9617 {0,9969 | 0,9987 [0,99500,9932
Averaging 6 models 2,259 _ 0,9749 {0,9973 | 0,9989 [0,99730,9964

Bang [4.8| trinh bay két qua do chinh xac phan loai clia cdc md hinh qua 5 1an gép,

kém gid tri trung binh va do 1éch chuan. Két qué cho thiy:

Céc m6 hinh tich hop GTP c6 uu thé hon so vé6i phién ban gdc.

Trung binh qua c4c 1an gap, mo hinh c6 GTP dat dd chinh x4c cao hon. Do 1éch
chuén rit nho (chi 0.7 8 MobileNet-V3.small-GTP), cho thdy c4dc md hinh nay &n dinh
va c6 kha ning tdi 1ap két qua trén cdc phan chia dit liéu khéac nhau.

Diéu nay chiing té qud trinh huin luyén khong qua nhay cam véi thay ddi trong

thanh phan dit liéu, mot tin hiéu tich cuc vé tinh bén viing (robustness) va kha ning

khai quat (generalization).

Ciac két qua kiém chiing chéo da phan 4nh hiéu ning tdng thé ctia md hinh. Tuy

nhién, d€ ddnh gid sau hon vé dong thai huin luyén (training dynamics), ludn 4n bd
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Bdng 4.8 Két qud do chinh xdc phdn loai (%) cuia cdc mé hinh

qua 5 ldn kiém chiing chéo (5-fold cross-validation)

MO0 hinh Fold 1 |Fold 2 |Fold 3|Fold 4 |Fold 5| Mean =4 Std
MobileNet._3_small 79,95 | 80,72 | 80,10 | 80,65 | 81,13 {80,51 4 0,43
MobileNetV3_small-GTP | 81,09 | 82,80 | 82,12 | 82,67 | 83,05 |82,35 + 0,70
DenseNet201 79,14 | 80,30 | 80,76 | 80,45 | 80,32 (80,19 £ 0,55
DenseNet201-GTP 82,93 | 82,71 | 81,93 | 82,19 | 81,98 |82,35 £+ 0,40
Swin_V2.b 82,22 | 82,84 | 82,55 | 83,02 | 82,59 82,64 + 0,27
Swin_V2.b-GTP 84,10 | 84,40 | 84,49 | 84,25 | 84,50 | 84,35 + 0,15

sung phan tich dién tién cia hAm mat mat va do chinh xic theo tiing epoch. Phan nay
tap trung vao ba md hinh GTP tiéu biéu, nham lam 16 tbc do hoi tu ciing nhu tinh &n

dinh trong qu4 trinh huin luyén

Accuracy theo timg Epoch cla 3 mo hinh

= MobileNet.V3_small-GTP
DenseNet201-GTP
ap 4 —— Swin_V2_B-GTP

80

Accuracy
|
=]

&
(=]

50 1

40 41—,

Epoch

Hinh 4.5 Accuracy theo tung Epoch cua 3 mé hinh
Quan sat Hinh[4.5|cho thiy c ba md hinh déu c6 xu huéng gidm loss nhanh chéng

trong nhiing epoch dau va dan tién t6i trang thai hoi tu. Pdng chi y, DenseNet201-GTP
khdéi dau véi gid tri loss cao hon so v6i hai md hinh con lai nhung nhanh chéng thu
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Loss theo tirmg Epoch cda 3 md hinh

= MobileNet.V3_small-GTP
| DenseNet201-GTP
1.2 4 1 = Swin_V2_B-GTP

1.0+

0.8 4

Loss

0.6 4

0.4 4

0.2 4

Epoch

Hinh 4.6 Loss theo tieng Epoch cua 3 mé hinh

hep khoang cdch va dat trang thdi 6n dinh tir khodng epoch thu 20 trd di. Trong khi do,
Swin_V2.b-GTP duy tri mifc loss thip nhit trong phan 16n qua trinh huin luyén, phan
anh kha ning t6i vu héa va ning luc khdi quat héa tot hon.

Veé dd chinh xac (Hinh , c4 ba mo hinh déu dat miic cai thién r6 rét trong nhitng
epoch dau tién va tiép tuc gia ting dan trong sudt qua trinh huin luyén. DenseNet201-
GTP c6 khdi dau cham hon nhung tdc do cai thién nhanh, trong khi MobileNet_V3_small-
GTP duy tri su 6n dinh cao song thudng dat két qua thAp hon hai mé hinh con lai & giai
doan sau. Swin_V2.b-GTP thé hién wu thé ndi bat, dat d6 chinh xac cao nhat vao cudi
qué trinh huin luyén, qua dé khang dinh hiéu qua vuot troi trong bai toan phan loai bui
phdi silic nghé nghiép

Nhu vy, mic du hiéu qua ctia GTP so v6i cac md hinh DNN truyén thong c6 su
khdc biét theo tliing chi sd danh gid va tiing 16p bénh, nhung cic két qua tit ki€ém chiing
chéo ciing nhu phan tich dién tién huln luyén da cho thiy r6 rang ring GTP gép phan
nang cao tinh 6n dinh, kha ning khai quat va cai thién hiéu ning trén céc 16p thiéu so,
qua d6 khang dinh tiém ning ing dung ctia kién tric nay.
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4.5.2.3 Tac dung cua viéc két hop cic mo hinh dbi véi hiéu suét phan loai

Dua trén Bang viéc két hdp cac md hinh hoc siu bang k§ thuét hoc téng hap
cic m6 hinh gidp ning cao hiéu suit phan loai, dic biét trong bdi canh dit liéu mét can
bing.

C6 hai phuong phap chinh dugc 4p dung dé két hdp cdc mo hinh: max voting va
averaging. C4 hai phuong phdp déu cho thiy nhiing két qua cai thién ddng ké trong cac
chi s6 danh gid so véi cac mo hinh don 1é.

Hiéu suét tong thé:

Ky thuat Averaging v6i ba mo6 hinh DNN dat Macro-F1 1a 0,9306, con v6i ba md
hinh GTP 12 0,9214. Péang chii y, khi két hop toan b 6 md hinh (3 DNN + 3 GTP),
Macro-F1 ting 1én 0,9749, vuot trdi so véi moi md hinh don 18 (cao nhét chi 0,8410
v6i Swin_V2.b). Piéu nay cho thiy ensemble c6 kha ning tin dung vu diém vé do 6n
dinh ctia DNN va kha niing phan biét 16p thiéu s6 ctia GTP.

AUC-ROC theo lop:

Ensemble 6 mo6 hinh (Averaging) dat AUC-ROC 1én t6i 0,9964 véi 16p virus va
0,9973 véi 16p bui phéi silic, cho thiy kha ning phan biét cic 16p bénh hiém dudc cai
thién ddng ké khi két hop nhiéu mo hinh véi dic trung hoc khéc nhau.

Thoi gian suy luan va mitc s& dung tai nguyén:

Viéc hop nhit sau mo hinh 1am ting thoi gian suy luan 1én 2,259 gidy, cao hon so
v6i cac md hinh don 18 (tir 0,013 dén 0,84 gidy). Tuy nhién, mic ting nay hoan toan
chip nhin dudc trong cic hé thong ting dung thuc té, noi thdi gian xii 1y tinh theo gidy
van dam bdo yéu cau 1am sang.

Vé miit tai nguyén tinh toan, két qua trong Bang 4.7 cho thiy dung lugng RAM
GPU st dung tang nhe khi tich hgp GTP: MobileNetV3_small tang tir 3.45 GB 1én 3.82
GB, DenseNet201 ting tu 8.63 GB 1én 9.24 GB, va Swin_V2.b tang tu 14.82 GB 1én
15.48 GB. Muc ting trung binh chi khoiang 7% cho thiy chi phi bd nhé 1a khong dang
ké so vdi 10i ich vé hiéu sut.

Tém lai, Phuong phép hoc tdng hdp, dic biét 1a khi két hop gitta DNN va GTP, da
chiing minh hiéu qua trong viéc cai thién hiéu suit phan loai tong thé va nang cao kha
ning nhan dién cac 16p bénh thiéu sd. Miic du chi phi tinh todn va thdi gian suy luin c6
ting, song muc ting nay nam trong gidi han chip nhian dudc va hoan toan kha thi khi
trién khai thuc té.
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4.5.2.4 Panh gia m6 hinh thong qua ma trin nham lan

Ma tran nham 14n 12 mot cong cu trong d4nh gia mo hinh phan loai, dic biét trong
cdc bai todn y hoc, ndi do chinh xac téng thé 1a chua di d€ phan anh chit lugng chan
doan.

Averaging with 3 DNNs Max Voting with 3 DNNs Averaging with 3 GTPs
500
silicosis 76 31 0 0 silicosis 65 42 0 0 silicosis 94 13 0 0
400
< normal 0 310 0 0 < normal 1 0 0 < hormal 0 “ 0 0
o o o 300
= = =
@ o o
2 - = . 2 . =
= bacterial 0 0 527 27 = bacterial 0 0 42 = bacterial 0 0 532 22 200
- 100
viral 0 0 26 272 viral 0 0 40 viral 0 0 24
0
silicosis normal bacterial viral silicosis normal bacterial viral silicosis normal bacterial viral
Predicted label Predicted label Predicted label
Max Voting with 3 GTPs Averaging with & models Max Voting with 6 models
500
silicosis{ 83 24 0 0 silicosis { 86 21 0 0 silicosis { 83 24 0 0
400
5 hormal 5 E 0 0 + hormal 0 0 0 0 = hormal 5 0 0
o o o 300
L. = L]
@ o o
=] . = o "
= bacterial o 0 532 22 = bacterial 0 0 20 = bacterial 0 0 25 200
- > 100
viral 0 0 24 viral 0 0 16 282 viral 0 0 17 281
- - —— ——— - 0
silicosis normal bacterial viral silicosis normal bacterial viral silicosis normal bacterial viral
Predicted label Predicted label Predicted label

Hinh 4.7 Ma trén nhdam ldn

I—ﬁnh trinh bay ma trin nham 14n tuong dng véi sau kich ban tich hgp md hinh,
bao gdm: ba mo6 hinh hoc siu DNN, ba mé hinh GTP, va t§ hop ca sau md hinh. M&i
mo hinh dudc danh gid véi hai chién ludce téng hop: Averaging va Max Voting.

Nhan dién 16p bui phdi silic: Phuong phdp Averaging vudt trdi hon Max Voting
trong viéc nhan dién 16p hiém gip nay. “Averaging véi 3 GTPs” dat hiéu qua cao nhat
v6i 94/107 mau diing, tiép theo 1a “Averaging 6 models” véi 86 mau diing. Két qua nay
chiing minh riang tich hop GTP véi k§ thuat trung binh héa cai thién ddng ké kha ning
chin doan Silicosis, 16p bénh dé bi bd s6t do mit can bang dit lidu.

Nhan dién 16p viém phdi do virus: Ldp thiéu s6 nay dat do chinh xdc cao nhit véi
“Averaging 6 models” (282 mau ding), khang dinh rang két hgp da mo hinh, bao gdm
¢4 DNNs va GTPs, nang cao hiéu qua phan loai c4c bénh phdi c6 biéu hién tuong dong
trén anh X-quang.
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4.5.2.5 Phan tich do nhay, do dac hiéu theo tirng 16p bénh

Trong céc bai toan y té, dic biét 1a dbi véi bénh bui phéi silic — von thudng
tién trién Am thAm va dé bi bd sét — hai chi s6 dd nhay (sensitivity) va do dic hiéu
(specificity) dugc trich xuat tif ma trin nham 14n gitp hi€u rd hon kha ning phat hién
ding bénh (tranh bd sét) va kha ning loai trit chinh x4c cic ca 4m tinh (trdanh nham
lan).

Bdng 4.9 D6 nhay va do ddc hiéu theo ting 10p bénh doi voi

cdc mo hinh

M6 hinh BPSi Binh thudng Vi khuin Virus

Do nhay | Do dac hiéu | DO nhay | B ddc hiéu | B) nhay | PS dic hi€u | D nhay | PO dac hiéu
Averaging 3 DNN | 0,71 1 1 0,97 0,95 0,96 0,91 0,97
Max Voting 3| 0,61 1 1 0,96 0,92 0,94 0,87 0,96
DNN
Averaging 3 GTP 0,88 1 1 0,99 0,96 0,97 0,92 0,98
Max Voting 3 GTP| 0,78 1 0,98 0,97 0,96 0,97 0,92 0,98
Averaging 3 mo| 0,8 1 1 0,98 0,96 0,98 0,95 0,98
hinh
Max Voting 6 mo| 0,78 1 0,98 0,97 0,95 0,98 0,94 0,97
hinh

Bang [4.9]trinh bay chi tiét do nhay va do dic hiéu cia sdau mo hinh tich hop khac
nhau, dudc danh gid trén bn 16p bénh.

Két qua cho thiy: Tit c4 cic mo hinh déu dat do dic hiéu rat cao (gan hoic biang
1), cho thiy kha ning loai b diing cic ca khong mac bénh 1a rit tt. Trong khi d6, do
nhay gitta cac mo hinh ¢6 su khac biét rd rét, phan anh kha nang phat hién dung ca
bénh khac nhau.

M0 hinh Averaging 3 GTP dat d6 nhay cao nhét (0.88) cho 16p bui phéi silic, vuot
trdi so v6i cdc mod hinh khac. Cac md hinh két hop 6 thanh phan (3 DNN + 3 GTP)
cling duy tri do nhay va dic hiéu 6n dinh, cho thiy hiéu qué ctia k§ thuat hoi tu mo hinh
(ensemble)

Két qua phan tich tai Hinh |4.8| D6 nhay do dic hiéu cta cdc md hinh dbi véi 16p
bénh bui phdi silic cho thiy mo hinh Averaging_3 GTPs 1a lua chon tbi uu cho 16p bui
phdi silic (0,88) va duy tri diic hiéu tuyét dbi. Véi chi sd6 do nhay van con khiém ton,
phan 4nh thach thidc ctia bai todn: cac ton thuong thudng md, nho, lan téa va dé bi nham
12n vé6i cac bénh 1y vé phdi khac. Bén canh d6, hién tuong dich chuyén mién dit liéu
(domain shift) gitra dif liéu tu thu thap va di liéu cong khai c6 thé lam giam tinh 6n
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D06 nhay va do dac hiéu theo mé hinh cta [&p bénh
bui phéi silic nghé nghiép

0.8
0.6
0.4
0.2

0

Averaging Max Averaging Max Averaging Max
with 3 Voting with 3 Voting with 6 Voting
DNNs with 3 GTPs with 3 models with 6

DNNs GTPs models

[E=y

Do dac hiéu
Do nhay

H DO nhay mDO dac hiéu

Hinh 4.8 Bo nhay va doé ddc hiéu theo mo hinh

dinh ctia md hinh. Trong céc nghién ctiu tiép theo, can xem xét nhiing huéng tiép can
nang cao hon nhu: md hinh da phuong thiic (multi-modal) két hgp anh X-quang nguc
v6i metadata 1am sang (tudi, gidi, tién sit nghé nghiép, thdi gian phoi nhiém bui...).

T géc nhin ing dung, viéc duy tri do nhay cao trong khi van ddm bdo do dic
hiéu & mic gan nhu tuyét ddi c6 y nghia quan trong trong hd trg chan dodn bénh bui
phdi silic nghé nghiép. Mic dii can than trong khi ddnh gia két luan tdng quat tir mot
tap dit liéu cu thé song két qua budc dau cho thdy mo hinh tich hop GTP véi Averaging
12 Iya chon phii hop vé6i yéu cau vira phat hién chinh x4c vira giam thiéu nguy co nham
1an trong phan loai.

4.5.2.6 Panh gia m6 hinh qua cac dac trung hoc duge va phan tich truc
quan

Hinh [4.9] trinh bay bén d6 nhiét Grad-CAM tt md hinh DenseNet201-GTP, ap
dung trén anh X-quang cho céc 16p bui phéi silic, vi khuin, binh thudng va virus. Céc
ban dd nhiét (mau ving-dd) tip trung chinh xdc vio ving phdi, phan anh kha ning mo
hinh hoc cdc dic trung bénh ly cu thé:

L&p bui phdi silic: Tap trung & vung gitta phdi v6i xac suit cao (0,75), chi ra nhan
dién nét hodic x0 héa dic trung. L6p vi khuin: Khu vuc t8n thuong lan tda & trung tam
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Hinh 4.9 Bdn do nhiét Grad-CAM ciia mé hinh
DenseNet201-GTP cho 4 I6p phdn loai

phdi, véi xéc sut 0,75, phit hop v6i viém phdi vi khuidn. Lép binh thudng: Tap trung
thip (0,25) & trung tdm, x4c suét cao nhit cho Normal (0,75), phan 4nh phéi khde
manh. Lép virus: Ving tn thuong rd & trung tam véi x4c suat gan 1,00, chi ra mé hinh
ty tin nhan dién viém phdi virus. Mau sic va xdc sut di kém minh hoa d6 tin cdy. Mic
dit Grad-CAM chua thé phan 4anh day di co ché hoc bén trong ctia md hinh, song cic
ban d6 nhiét chiing minh rang mo hinh da hoc dudc thong tin cbt 16i tir dit liéu, biét tap
trung vao vung phdi, ndi chia cic dic trung bénh ly.

Ngoai ra, d€ phan tich cach md hinh biéu dién dic trung trong khong gian tiém
4n, luan 4n dp dung k¥ thuat t-SNE. Trén hinh dbi v6i DNN t-SNE, 16p bui phéi
silic va 16p virus phan tan, c6 su chong 1an. Ngugc lai, véi GTP t-SNE, 16p bui phdi
silic va vi khuan gom cum chiit ché hon, phin b tap trung va tach biét rd hon.

Nhiing két qua nay gitp ly giai tai sao trong cac bang 4.6 va 4.7, md hinh GTP
thudng dat do chinh x4c cao hon & cac 16p bénh thiéu s6 nhu bui phdi silic va 16p virus.
Su cai thién nay c6 thé dén tir kha niing hoc dic trung phan biét t6t hon, cho phép cac
cum dif liéu trong khong gian nhiing trd nén rdi rac va dé tach 16p.

4.5.2.7 So sanh hiéu sut mé hinh véi chuyén gia
Dé danh gid kha ning tng dung trong thuc tién 1dm sang, moé hinh dudc kiém thi

trén mot tap dit liéu doc 1ap gdm 417 dnh X-quang nguc, trong d6 c6 107 trudng hop
dugc xdc dinh mic bénh bui phdi silic va 310 trudng hdp binh thuong. Tap dit liéu nay
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Hinh 4.10 Truc quan hoa t-SNE cua cdc ddc trung duoc hoc
bdi mo hinh: DenseNet201 (Hinh bén trdi) va
DenseNet201-GTP (Hinh bén phdi).

dugc Hoi dong chuyén gia thudc Hoi Y hoc Lao dong Thai Nguyén thim dinh, dudi su
chd tri ctia GS.TS D4 Vian Ham — mot chuyén gia lau nim trong linh vic bénh nghé
nghiép.

Qua trinh danh gid dudc thuc hién doc 1ap, tuan thi nguyén tic 4n danh va d6i
chiéu chéo, nham dam bao tinh khach quan t6i da. Céc bac si tién hanh kiém tra ky
thuat anh chup va phan tich hinh anh tiing truong hgp ma khong c6 thong tin dinh danh
bénh nhan.

Két qua danh gid cia chuyén gia dudc trinh bay trong Bang cho thiy c6
40/107 ca bui phdi silic dudc phan loai ding, trong khi 67 ca con lai bi ddnh gia nham
12 binh thudng. Ngoai ra, c6 4/310 ca binh thuong bi chin dodn nham 12 bénh 1y, chiém
ty 1¢ sai s6 thip nhung van dang luu y trong cong tdc sang loc.

Bdng 4.10 Ma trdn nhdm ldn tir két qud chdn dodn ciia chuyén

gia

Du doan BPSi | Du doan binh thuong
Thuc té BPSi 40 67
Thuc té binh thuong 4 306
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Nhiing két qua nay phan anh thach thiic trong viéc chin doéan bui phdi silic, dic
biét & nhiing trudng hop biéu hién khong dién hinh hoic ton thuong md nhat trén phim
X-quang. Pay 14 cd sé quan trong dé so sanh véi két qua tit hé théng dé xuit, nham
dénh gia miic do ho trg ma mo hinh c6 thé mang lai trong thuc hanh 1am sang.

4.6 Két luan chuong 4

Chuong 4 da trinh bay toan bd qua trinh thiét 1ap thuc nghiém, ddnh gi4 va phan
tich hiéu qua ctia cdc md hinh dé xuat dbi v6i bai toan hd trg chdn doan bénh bui phdi
silic nghé nghiép tir anh X-quang nguc. Cac két qua chinh c6 thé tém lugc nhu sau:

(1) Anh hudng cia ham mit mat): Viéc sit dung ham mit mat Balanced Cross-
Entropy (Bal-CE) da cai thién dang ké kha ning nhén dién cac 16p thi€u sd nhu bui
phdi silic va virus, trong khi Cross-Entropy (CE) cho két qua cin bang hon trén céc 16p
da sb. Su két hop gitta GTP va Bal-CE mang lai hiéu qua vuot troi trong xi ly dit liéu

mat can bang.

(2) So sanh GTP v6i DNN truyén thdng: Két qua cho thady mo hinh GTP tuy khong
phai Iic nao ciing dat Macro-F1 cao hon DNN, song GTP cho hi€u qua vugt trdi 6 cac
16p kho phan loai (Silicosis, Viral). Phan tich ki€ém chiing chéo 5-fold chiing minh tinh
on dinh va kha niing tai 1ap két qua ctia cac mo hinh.

(3) Hiéu qud cta ky thuat hoc tong hdp: Ca hai phuong phiap max voting va
averaging déu cai thién hiéu suét so véi cic mo hinh don 18. Dic biét, averaging cho két
qua t6t nht, trong d6 két hop dong thdi 6 mo hinh (3 DNN + 3 GTP) dat Macro-F1 va
AUC ROC cao nhit, khang dinh siic manh ctia hoc tdng hap.

(4) Phan tich theo d6 nhay, do dic hiéu va ma tran nham 14n: Cac mé hinh en-
semble gilip nang cao kha ning phan biét, dic biét & 16p bénh bui phdi silic. Két qua
confusion matrix chi ra su nham 14n cha yéu giita cic 16p c6 biéu hién 1am sang tuong
dong, trong khi Silicosis dudc cdi thién dang ké khi sit dung GTP.

(5) Kha niing gidi thich va truc quan héa: Phan tich Grad-CAM cho thiy cic mo
hinh tip trung vao vung phéi trén X-quang, phu hop véi kién thic y khoa. Biéu dién
t-SNE minh chiing rang GTP gitip diic trung ctia 16p bui phéi silic dude phan bd tap
trung va tach biét rd rang hon so véi DNN, giai thich cho két qui phan loai vuot troi &
cac 16p nay.

(6) Pdnh gia trén tap dif liéu ki€ém dinh doc 1ap, két hop véi chan dodn tir Hoi
dong chuyén gia, chi ra rang hé théng c6 thé hd trg hiéu qua cho béc si trong viéc phat
hién bui phdi silic, dic biét ¢ nhiing trudng hgp biéu hién md nhat hoic khong dién
hinh.

106



Cic thuc nghiém da ching minh ring kién tric Graph Transformer Post-hoc
(GTP), két hop véi haim mét mat Bal-CE va k§ thuat hoc tdng hdp, mang lai su cai
thién dang k€ vé hiéu ning, dic biét trong viéc nhan dién 16p bénh thi€u s6. Tuy nhién,
mot sb chi s6 (46 nhay ctia 16p bui phdi silic) van con khiém ton, va luin 4n chua khai
thac dudc dit liéu bénh bui phdi silic nghé nghiép tit ngudn qudc té do han ché vé diéu
kién truy cap. Pay sé& 1a nhiing huéng nghién ctiu mé rong nhim tiép tuc nang cao do
tin cdy va kha niing tng dung thuc tién cta hé théng.

Téng két lai, Chuong 4 di trinh biy cic déng goép chinh cia luin 4n trong viéc
phét trién mo hinh hoc sau hd tr¢ phan loai bénh bui phéi silic nghé nghiép. Cu thé,
ludn an da:

(i) P& xuit md hinh Graph Transformer Post-hoc (GTP) cho phép khai thac mdi
quan hé li€n anh, giup tang cudng kha nang phan biét gitta cac 16p bénh c6 dac trung
hinh thdi tuong dong.

(ii) St dung ham mat mat can bang (Balanced Cross-Entropy) nhiam khic phuc
van dé& mat can bang dif liéu giita cic nhém bénh.

(iii) Tich hop co ché hoc tdng hop (ensemble learning) gitta cic md hinh hoc sau
khac nhau d€ nang cao do chinh xac, dd 6n dinh va kha ning khai quat.

Nhiing két qua trinh bay da dudc cong bd trong cic cong trinh khoa hoc lién quan
(CT2, CT3, CT4, CT5 va CT6) gép phan minh ching cho tinh kha thi, tiém ning tGng
dung cua huéng nghién cuu.
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KET LUAN

1. Két qua nghién ciru va déng gép chinh ctia Luan an

Xuat phat tif muc tiéu hd trg chian doan bénh bui phdi silic nghé nghiép tir anh
X-quang nguc trong diéu kién dif liéu han ché va khong can bang, luan 4n da dé xuét,
trién khai va ki€ém chiing cac hudng tiép can chinh, v6i nhiing déng gép nhu sau:

Poéng gép thd nhat: Pé xuit, ting cudng va hé théng héa dugc bo di liéu.

Luan 4n da ké thita bd dit lidu tir dé tai KC.10.33/16-20, dong thdi b6 sung thém
ngudn di liéu cong khai, hinh thanh mdt tip dit lidu c6 ciu tric, dudc tién xi 1y, gn
nhan va kiém dinh chit lugng bdi chuyén gia y té. Bo dit liéu nay dudc chuin héa vé
dinh dang, do phan gidi va thong tin nhan, ddm bdo tinh tin cdy va sén sang cho cic
nghién ctiu hoc mdy va hoc sau tiép theo trong linh vuc chin dodn hinh 4nh.

Pong gop thd hai: Pé xuat cai tién mo hinh phan ving va phan loai ton thuong
bénh bui phdi silic nghé nghiép tit 4nh X-quang nguc dua trén hai hudng tiép can:

(1) Piéu chinh va ting dung phuong phap hoc it miu cho phép dong thdi phan
doan va phan loai.

(2) Phat trién kién triic Graph Transformer Post-hoc (GTP) két hop ham mat mat
can bang (Balanced Loss), két hop ky thuat hoc tong hdp (Ensemble Learning) nham
khai thac mdi quan hé khong gian giiia cic ving dic trung, cai thién do 6n dinh, nang
cao hi€u qua mo hinh phéan loai.

2. Pe xuat cac van de can tieép tuc nghién ciou

MG rong bd dit li€u va tich hgp du li€u 1am sang: Du tap du liéu da dugc xay dung
va trién khai, nhung viéc mé rong bo dit lidu nay bang cich két hop vé6i cac ngudn dit
liéu khic, nhu hinh anh tit CT scan, dif liéu 1Am sang hoic thong tin vé tién st bénh
nhan, s€ gilip tang cuong kha nang phan loai chinh xac hon ntta. Hon nita, sy da dang
héa dit liéu huan luyén sé gitip cdc md hinh hoc sau phat trién kha niing tong quat t6t
hon khi dbi dién véi céc tinh hudng thuc té.

Tang cuong kha ning tong quat cia md hinh: Mic du cdc md hinh hién tai da
dat dudc két qua kha quan trong diéu kién huan luyén c6 kiém sodt, song can tiép tuc
nghién cifu cic hudng tiép cin méi nhu hoc sau da ting (multi-level learning), hoc da
nhiém (multi-task learning) hoac hoc khong giam sat (unsupervised learning). Nhiing
hudng nay c6 tiém ning cai thién do bén viing va kha ning thich ing cia m6 hinh.
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Ung dung md hinh trong thuc té 1am sang: Trién khai cic md hinh da phat trién
vao thuc té 1am sang 12 mot thach thic 16n nhung ciing 14 co hdi d€ chiing minh su hiéu
qua. Can tién hanh cic thit nghiém 1am sang vé6i su tham gia clia bac si va chuyén gia
y té d€ danh gid do tin cdy, hiéu ning va kha ning md rong cia md hinh trong hd trg
chan dodn bénh bui phdi silic ciing nhu cic bénh ly phdi, bénh 1y nghé nghiép khac.

3. Han ché va hudng khac phuc
Mic du dat dudc nhitng két qua tich cuc, luan 4n van ton tai mot s6 han ché:

Han ché vé dif liéu: Tap dit liéu con han ché vé quy md va su cin bang 16p, dic
biét dbi v6i bénh bui phdi silic nghé nghiép. Huéng khac phuc: Mé rong quy md di
liéu, két hop thém dit liéu cong khai va dit liéu da phuong thifc d€ cai thién tinh khai
quat.

Han ché vé m6 hinh: C4c md hinh hoc siu yéu cau tai nguyén tinh toan 16n, dong
thoi kha ning dién giai con han ché. Huéng khic phuc: T6i uu héa mé hinh theo huéng
nhe hon, két hdp thém co ché truc quan héa d€ ting kha ning giai thich.

Han ché vé tng dung thuc tién: Két qua hién tai chi yéu méi ding lai & muc
nghién ciu thit nghiém, chua ¢ diéu kién trién khai trong mdi trudng 1am sang thuc
té. Hudng khic phuc: Tiing budc trién khai thit nghiém 1am sang, thu thap phan hdi tur
béc si chuyén khoa, va diéu chinh mo hinh cho phit hop véi nhu cau st dung thuc té.
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