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TOM TAT

Ung dung hoc may vao chdn doan viém phéi tir anh X-quang 1a mot bai todn quan
trong va thach thitc. Trong nghién cttu nay, chung toi dé xuat mot phuong phap két
hop dic trung nham khai thac hiéu qua ca déc trung hoc sau va dic trung tha cong.
T4t ca cac dic trung sau d6 dugc giam chidu bang PCA va két hop thong qua co ché
Gated Fusion dé hoc bidu dién déc trung. Cac dic trung hop nhat sau d6 dugc st
dung lam dau vao cho cac bg phan 16p nhw KNN, hoi quy Logistic (LR) va MLP dé
hoc du doan. Két qua thuc nghiém cho thdy hiéu qua du doan dwa trén dic trung
duogc két hop bang phuong phép dé xudt vuot trdi dang k& so véi chi dua trén déc
trung hoc sau hodc ddc trung tht cong. Cu thé trén tap ddc trung hop nhat, b phan
16p KNN cho két qua tdt nhat véi do chinh xac 94.39% va Fl-score 95.59%, LR cho
két qua gan tuong duong 94.23% va 95.47%, trong khi MLP cling dat két qua 93.59%
va 95.02% twong ung.

Tw khéa: Gated fusion, Két hop da ddc trung, Hoc sau, Chest X-ray, Pneumonia.

1. GIOI THIEU

Hoc mdy la mdt nhanh quan trong cua tri tué nhan tao (Al), tap trung vao viéc
xay dung cac mo hinh c6 kha nang hoc tir dit liéu dé€ giai quyét cac bai toan du doan va
nhan dang. Cac phwong phap hoc may tiéu biéu bao gom hoc ¢ giam sat, hoc khong
giam sat va hoc tang cuong, dwgc tng dung rong rai trong nhiéu linh vyc nhw thi giac
may tinh, xt ly ngoén ngl ti nhién va phan tich dit liéu. Vé mat lich st, khai niém hoc
may dwgc hinh thanh ttt nhitng ndm 1950 vdi cong trinh ctia Arthur Samuel. Trong giai
doan 1960-1980, cac md hinh truyén thong nhu hoi quy tuyén tinh va cay quyét dinh
duoc phat trién va tng dung rong rai. Tuy nhién, phai dén sau ndm 2000, cung vdi su
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phat trién ctia dit liéu 16n va nang lyc tinh toan, hoc may méi thuc sy bung no va trd
thanh nén tang cua nhiéu hé thong thong minh hién dai.

Trén nén tang do, hoc sau (LeCun, Y., Bengio, Y. & Hinton, G., 2015) ndi 1én nhu
mot hudng ti€p can tién tién trong hoc may, stt dung cac mang no-ron nhiéu tang dé hoc
biéu dién dit liéu 6 nhidu muc triru tuong. Nho kha nang twe dong trich xuat déc trung
ttr dit liéu tho, hoc sdu vueot qua han ché ctua cac phuong phap phu thudc vao dic trung
thti c6ng va dat hiéu suét cao trong nhiéu bai toan phtic tap. Bat nguon tit cac nghién
ctu vé mang no-ron ttr nhitng nam 1940 va duoc ciing ¢d boi thuét toan lan truyén nguoc
(1986), hoc sau thuc s bung nd tir nam 2012 v4i thanh cong ctia AlexNet trén ImageNet,
mo ra sy phat trién manh mé cta cac kién triic nhu CNN, RNN va Vision Transformer
(ViT) (Dosovitskiy, A. et al., 2020).

Song song vdi sy phat trién ctia hoc sdu, phuong phap két hop dac trung (Feature
Fusion) da tré thanh mot hiedéng nghién ctru quan trong nham nang cao hiéu qua ctia cac
mo hinh hoc may. Phuong phap nay tich hop nhiéu ngudn dic trung dé tao biéu dién
d@ liéu toan dién hon. Xuét phat tir linh viee nhén dang mau va xu ly tin hiéu ttt nhitng
nam 1990, cac ky thuat két hop da phat trién tir cac cach don gian nhu néi dac trung,
trung binh c6 trong sd dén cac co ché hién dai nhu attention va gated fusion, cho phép
mo hinh tw dong diéu chinh mrc doéng gop cta ting ddc trung.

Trong nhitng nam gan day, Al da dat duoc nhiéu thanh tyu quan trong trong
linh vuc y sinh, ddc biét la trong chan doan hinh anh y khoa (Kermany et al., 2018). Cac
hé thong dua trén hoc may va hoc sdu c6 kha nang hd tro béc si trong viéc phan tich anh
nhanh chéng va chinh xac hon. Trong d6, bai toan chan doan viém phdi tir anh X-quang
[ong nguc la mot huwéng nghién ctru c6 y nghia thuc tién cao, gép phan phat hién sém
bénh va nang cao hiéu qua diéu tri. Trudc day, cac phuong phap xtt ly anh y khoa chu
yéu dua trén cac ddc trung tha cong va cac ddc trung thong ké, von cd wu diém vé tinh
giai thich nhung han ché vé kha nang biéu dién. Vi vay, su ra doi ctia cac mo hinh hoc
sau hién dai, dac biét la ViT, da mo ra kha nang hoc biéu dién dic trueng manh mé tie d
liéu anh. Tuy nhién, viéc chi st dung mot nguon déc trung riéng lé van chua khai théc
hét thong tin tiém an trong dit liéu. Do d6, xu hudng két hop da ddc trung gitta dac
trung hoc sau va déc trung thti cong dang duoc quan tdm nham nang cao hiéu suit md
hinh. Tuy nhién, trong b&i canh cac ngudn ddc trung khong dong nhat mang nhiing
thong tin bd sung nhung c6 mirc d6 quan trong khac nhau, cac phuong phap két hop
truyén thong nhu néi dédc trung hodc trung binh don gian thuwong dp dung co ché cao
bang, khong phan anh ding déng gop thuc su ctia tirng thanh phan. Diéu nay dic biét
bat lgi trong cac bai toan y sinh, noi di liéu thuong han ché va dé bi nhiéu, dan dén
nguy co suy giam hiéu nang va kha nang tong quat hoéa.

Nghién ctru nay hudng dén muc tiéu nang cao hiéu qua chan doan viém phoi ti

anh X-quang long nguc thong qua viéc xay dung mot hé thong két hop da dac trung
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hoan chinh. Cu th€, cac nguon ddc trung bao gom ViT, Radiomics, Statistical va Wavelet
Scattering Transform (WST) duoc chuan héa va giam chiéu thong qua PCA nham loai
bo nhiéu va gidam d6 phtic tap ctia khong gian biéu dién. Sau d6, co ché Gated fusion
duoc ap dung d€ diéu chinh dong mirc d6 dong gop cua tiing thanh phéan thong qua cac
cong hoc dugc, gitp mo hinh ty ddng nhan manh cac thong tin quan trong va han ché
anh huwong ctia cac yéu t6 kém lién quan. Biéu dién hop nhat thu dwoc duoc st dung
lam dau vao cho cac bo phan 16p hoc may truyén thong nhue KNN va LR cung v6i bd
phan 16p hoc sdu MLP @€ thuc hién nhiém vu phan 16p.

Déng gbp chinh ctia nghién cru nam & viéc dé xuat mot cach tiép can két hop
hiéu qua gitta ddc trung hoc sau va ddc trung thu cong, tan dung dong thoi kha nang
hoc biéu dién manh mé va tinh 6n dinh, dé dién giai. Pong thoi, co ché Gated Fusion
duoc ap dung dé ty dong diéu chinh mc dong gdp cha tiing nguon dic trung, giap cai
thién chat lwong biéu dién. Két qua ciing cho thdy cac bo phan 16p truyén théng van dat
hiéu nang cao khi stt dung dac trung t6t, dong thoi mé ra tiém nang tng dung trong hod
tro chan doan y khoa.

Phan con lai cta bai bao duoc t6 chitc nhu sau. Phén 2 trinh bay cac nghién cttu
lién quan. Phan 3 gidi thiéu phuong phap dé xuat. Phan 4 mo ta thiét 1ap thuc nghiém
va cac két qua dat dugc. Phéan 5 thao luan va phan tich sau vé két qua. Cudi cung, Phan
6 dua ra két luan va dinh hudng nghién cttu trong twong lai.

2. CAC NGHIEN CUU LIEN QUAN

Trong bo6i canh nhu cau tu dong hoa cac hé thong hd tro chan doan ngay cang
gia tang, viéc khai thac thong tin tir anh X-quang nguc da trdé thanh mot huedng nghién
cttu quan trong trong linh viec y sinh. Cac phuwong phap hién dai tap trung vao viéc xay
dung nhitng biéu hién dic trung cé kha nang phan anh day du ca cau tric cuc bo 1an
ngtt canh toan cuc ctia anh, ttt d6 nang cao dd chinh xac ctia bai todn phan 16p bénh. Dac
biét, mo6 hinh ViT da mo ra hudng tiép can mai trong thi giac may tinh bang cach st
dung kién trtc Transformer d€ hoc biéu dién déc trung toan cuc. Khong gidng nhuw cac
mang tich chap truyén théng, ViT khai thac co ché self-attention d€ mé hinh héa méi
quan hé gitta cc viing anh, gitip cai thién kha nang nhan dién cau trtc giai phau. Bén
canh d6, nhiéu nghién ctru da ap dung cac md hinh hoc sau tién tién cho bai todn phan
16p bénh phoi tir anh X-quang va dat duoc két qua kha quan (Khanh, N. ,2023) (Pham,
T. A, Hoang, V. D., 2024).

Song song v&i d6, cac phrong phép trich xuét dic trung thu cdng van déng vai
tro quan trong trong phan tich anh y hoc. Phwong phap Radiomics (Lambin et al., 2012)

cho phép trich xuat sd luong 16n cac dac trung dinh luwong tir anh nhw két cau (texture),
hinh dang (shape) va cuong d9 (intensity), ho tro cai thién kha ning giai thich ctia md
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hinh. Bén canh d¢, cac ddc trung két cau thong ké (statistical texture features) dua trén
ma tran dong xuat hién muc xam (GLCM) (R. M. Haralick, K. Shanmugam and I.
Dinstein, 1973) van duoc st dung rong rai nho kha nang mo ta chi tiét cau trtc anh.
Ngoai ra, cach tiép can WST (Mallat, S., 2012) cling cung cap cac dac trung on dinh truede
bién dang va khong yéu cau qua trinh huan luyén. Déc biét, cac nghién ctru gan day cho
thdy viéc két hop ddc trung wavelet v6i radiomics c6 thé cai thién dang ké hiéu qua phan
16p trong cac bai toan y sinh (Tang et al., 2023).

Nham tan dung wu diém ctia cac loai ddc trung khac nhau, nhiéu nghién cttu da
dé xuat cac phuong phép két hop dac trung. Cong trinh Multimodal Deep Learning
(Ngiam et al., 2011) dat nén méng cho viéc hoc biéu dién chung ttr nhiéu nguon dit liéu,
mo ra hudng nghién ctu vé két hop déc trung trong hoc sdu. Cac phuong phap két hop
truyén thong nhu ndi dac trung hodc tong hop tuyén tinh tuy don gian nhung chwa phan
anh duoc mc 46 dong gép khac nhau cta tirng nguén dac trung. D€ giai quyét van dé
nay, cac phuong phap két hgp ddc trung thich nghi da duwoc dé xuat. Tiéu biéu la co ché
Gated Fusion (Arevalo et al., 2017), cho phép md hinh ty dong diéu chinh trong s6 ctia
ting nguon ddc trung dua trén dit liéu dau vao. Ngoai ra, mot s6 nghién ctru khac cling
tap trung vao viéc hoc biéu dién két hop thong qua céc chién lwoc két hop nang cao
(Baltrusaitis et al., 2017), nhdm khai thac t6t hon mdi quan hé gitta cac dac trung khéc
nhau. Cac nghién cttu gan day con cho thay hiéu qua cta viéc két hop ddc trung trong
phén tich anh y hoc, tir d6 thuc ddy phat trién cac phuong phap két hop thich nghi
(ADehbozorgi P, Ryabchykov O, Bocklitz TW., 2025).

Tuy nhién, phan 16n cdc phuong phap hién tai van chi tap trung vao viéc két hop
mot s6 luong han ché cac loai ddc trung hoac chwa khai thac day du tinh b sung gitra
cac mién déc trung khac nhau. Dac biét, viéc tich hop dong thoi cac dic trung da dang
nhw ddc trung hoc sau ViT, Radiomics, Statistical va Wavelet Scattering Transform van
con la mét thach thie chua dwoc nghién ctru day du trong bai toan phan 16p viém phdi
ttr anh X-quang 16ng nguc.

3. PHUONG PHAP DE XUAT
3.1. Téng quan phwong phap

Trong nghién cttu nay, chung t6i dé xuat mot phuwong phap lai két hop gitta hoc
sau va hoc may cho bai toan chan doan viém phdi tir anh X-quang [6ng nguc, nhu minh
hoa trong Hinh 1.
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Phuong phéap dugc xay dung theo hudng két hop da dic trung nham khai thac

Hinh 1: So do phwong phdp dé xuadt

dong thoi thong tin tir cdc nguodn déc trung khac nhau. Nghién cttu duoc tién hanh trén
tap dit liéu anh X-quang Iong ngrc gom hai 16p: NORMAL (khéng mac bénh) va
PNEUMONIA (mic viém phoi). Tap dix liéu duoc chia thanh tap hudn luyén, tap kiém
thir va tap tham dinh trong d6 tap huan luyén duoc st dung dé xay dung mo hinh va
tap kiém tht duoc dung dé€ danh gia hiéu suat.
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Cu thé, ddc trung sau duoc trich xuat tit mo hinh ViT, trong khi cac ddc trung
thti cong bao gom Radiomics, Statistical va WST nham bd sung thong tin vé két cau, hinh
dang va déc diém tan s ctia anh. Cac déc trung nay sau d6 duwoc giam chiéu bang PCA
dé'loai bo nhiéu va t&i vu héa khong gian dic trung.

Sau d¢, cac ddc trung sau khi dwoc xtr ly duoc tich hgp thong qua co ché Gated
Fusion, cho phép hoc biéu dién d3c trung hop nhét bang cach diéu chinh trong sd gita
cac nguon dac trung mot cach thich nghi. Cac dac trung sau khi diéu chinh dwgc két hop
bang phép trung binh c6 trong sd, tao thanh bidu dién déc trung hop nhat c6 kich thwdc
¢ dinh.

Biéu dién dic trung thu duoc duoc st dung lam dau vao cho cac bd phan 16p
hoc may truyén thong, bao gom KNN, LR va bo phan 16p hoc sau MLP d€ thyc hién
phan 16p. Qua trinh t8i wu siéu tham s§ dugc thiee hién bang Grid Search két hop xac
thuc chéo (k-fold Cross-Validation), sau d6 mo hinh t6i vu dugc st dung dé€ suy luan
trén tap kiém thu.

Cudi cung, hiéu suét cia phuong phap duoc danh gia trén tap kiém thtr thong
qua cac do do chuan nhu Accuracy, Precision, Recall, F1-score va AUC, nhdm dam bao
danh gia toan dién va khach quan.

3.2. Thuat toan

Sau day chting t6i trinh bay chi tiét quy trinh dé xudt nham trich xuat, chuan héa
va két hgp cac dic trung da ngudn thong qua co ché Gated Fusion. Muc tiéu ctia phuong
phap la tan dung dong thoi thong tin toan cuc tit ViT va thong tin tha cong tir Radiomics,
Statistical va Wavelet, tir d6 xay dung mot biéu dién dic trung thong nhat va giau tinh
phan biét.

Quy trinh duwoc chia thanh hai giai doan chinh: (1) trich xuat va hop nhat dac
trung thong qua co ché€ hoc cd trong s6 dong (Gated Fusion), va (2) t6i wu mo hinh phan
16p va thuc hién suy luan trén tap di liéu kiém tha. Chi tiét tiing budc dugc mo ta trong
cac thuat toan duwdi day.

Thuat toan 1: Trich xuét va két hop déc trung b.%mg Gated Fusion

Input:
Dirain = {X,y}: Tap dit liéu huan luyén gom N mau
Fyit, Fraar Fsta) Fwse € RNV*% : Cac déc trung dau vao
d: SO chiéu khong gian dic trung an

Output: Ff;%% € RN*: Dic trung hop nhat

1. Két hop ddc trung thu cong:
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Fraasta < [Fraa Fsta ]
2. Giam chiéu déc trung:
Fyie < PCA(Fy;t)
Fyst < PCA(Fyst)
3. Chiéu vé khong gian dac trung chung:
H; « W;F;, i€ {vit,radsta, wst}
4. Chuan hda dac trung:
H; « LayerNorm(H;)
5. Tinh hé so gate:
G; < o(W,;H;)
6. Diéu chinh dac trung:
H <« H O1+G6)
7. Két hop dac trung:

1, _ — —
Ffused < 3 (Hvlt + Hyqasta + stt)

8. Huédn luyén md hinh bang Cross-Entropy

9. Trich xuat ddc trung hop nhat:

train
Ffused < Ffused

Thuit toan 2: Toi vu phan 16p va suy luan trén tap kiém tha

Input:
FHO%, Yirain: Ddc trung va nhan huén luyén
F;’,fsled, Yvar © Pac trung va nhan tham dinh
Ffseq: Ddc trung kiém thir
0: Khong gian siéu tham so
k: S6 fold trong Cross-Validation

Output:
¥: Nhan du doan

Céc d6 do danh gia: Accuracy, Precision, Recall, F1-score, AUC, MCC, Specificity,
NPV .
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Giai doan 1: T6i wu siéu tham s6 (Grid Search)
1. Khéi tao:
BestScore « 0

2. Duyét luéi:

forB e0do
Huan luyén md hinh véi 8 bang k-fold Cross-Validation
Tinh d¢ do trung binh: Sy
If (S¢ > BestScore) then
BestScore « Sy
0" <6
M_best « M
End if

© *® N 9 oW

10.End for
11.Huén luyén lai mo6 hinh t6i vu:
M* « M(0") trén FL 30 U Ffdl.,
Giai doan 2: Suy luén trén tip kiém tho
12.Dw dodn nhan: 9« M (Ffesty
13.banh gia mo6 hinh: Accuracy, Precision, Recall, Fl-score, AUC, MCC,
Specificity, NPV

Phan tich d¢ phttc tap

Do phtic tap tinh toan cua phuong phap dé xuat dwgc phan tich theo tirng thanh
phan chinh.

Trong giai doan Gated Fusion, cac phép bién ddi tuyén tinh, chuan hda va tinh
toan hé s6 gate déu duoc thuc hién trén titng mau véi chi phi tuyén tinh theo s& chiéu
ddc trung. Do d06, d¢ phtic tap cta giai doan nay la O(N - d).

D6i véi qua trinh t8i wu siéu tham s6 bang Grid Search, md hinh can dwoc hudn

luyén 13p lai véi K t6 hop tham s8 khac nhau. Mbi [an huan luyén cé chi phi xap xi
O(N - d), dan dén tong chi phila O(K - N - d).
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Trong giai doan suy luén, viéc di doan nhan trén tap kiém thtr cling c6 d6 phtc
tap tuyén tinh theo s6 mau va sd chiéu dic trung, twong ting O(N - d).

Tong thé, do phtic tap cua toan bé phuong phép la O(K - N - d). Trong truong
hop s0 t6 hop siéu tham sO K va sd chiéu ddc trung d duoc xem la hmeg s0, do phuec tap
o thé dwgc rut gon vé O(N), cho thdy phuong phap c6 kha nang mo rong tot ddi véi cac
tap dix liéu o kich thudce 16n.

4. THUC NGHIEM
4.1. Tap dir liéu

Trong nghién ctru nay, dit liéu dwoc st dung cho ca qua trinh hudn luyén va
kiém thtr 1ay tir bo di liéu Chest X-Ray Images (Pneumonia) dwgc phat hanh boi
National Institutes of Health (NIH) va duoc tong hop boi nhém nghién ctu tir trung tam
Guangzhou Women And Children’s Medical Center, Trung Quéc. Bo dit liéu bao gom
cac anh X-quang 16ng nguec cua tré em tir 1 dén 5 tudi va da duoc st dung rong rai trong
cac nghién ctru vé hoc mdy va thi gidc mdy tinh cho bai toan chan doan viém phoi. Bang
1 mod ta tap dit liéu bao gom 5.856 hinh anh duoc chia thanh hai 16p riéng biét la
Pneumonia va Normal.

Bang 1: Tdp di¢ ligu chdn dodn viém phdi

L6p Téng so Ty 1¢ (%)
Pneumonia 4,273 73
Normal 1,583 27
Tong 5,856 100

Bo dit liéu ban dau dwgc chia thanh ba phan: tap hudn luyén (train set) 5.216 anh,
tap thdm dinh (validation set) 16 anh va tap kiém thu (test set) 624 anh, twong tng véi
88,7%, 0,3% va 10% tong s6 mau. Tuy nhién, do tap tham dinh c6 kich thudc qua nhé va
khong dam bao tinh dai dién, phan d@ liéu nay dugc gop vao tap hudn luyén. Sau khi
gdp, tap huan luyén méi gobm 5.232 anh, bao gom 1.349 mau NORMAL va 3.883 mau
PNEUMONIA. Tiép d6, tap nay duoc chia lai thanh hai phan train va validation theo ti
1€ 90%-10%, tuwong ting véi 4.708 anh cho huadn luyén va 524 anh cho tham dinh. Chi tiét
vé by dit liéu nay duwoc md ta ¢ Bang 2.

Bang 2: Bang phin chia tdp dir ligu chdn dodn viém pho.

Lép S6miu | S6mau | S6mau | _, | Tyleé
) Tong so
(Class) Train Test Val (%)
Pneumonia 3,494 390 389 4,273 73
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Normal 1,214 234 135 1,583 27

Tong 4708 624 524 5,856 100

NORMAL PNEUMONIA

Hinh 2: Hinh anh minh hoa tir by dir liéu chin dodn viém phdi

Trong nghién cttu nay, dit liéu anh X-quang nguc duoc tién xu ly nhim phuc vu
md hinh hoc da dac trung. Tat ca anh dwgc chudn hda vé kich thudce ¢6 dinh 128 x 128,
dam bao tinh dong nhat gitra cac tap train va test.

Trén co so do, dix liéu duoc xtt ly theo ba nhanh dac trung khac nhau. Doi véi
nhénh RadSta, anh dwgc chuyén sang dang grayscale d€ trich xudt cac dac trung tha
cong. Voi nhanh WST, anh grayscale sau khi dugc chudn hda kich thude sé duoc dua
vao qua trinh trich xudt ddc trung Wavelet Scattering, sau d6 ap dung PCA dé€ giam
chiéu khéng gian dac trung. DG6i véi nhanh ViT, anh grayscale duoc chuyén sang dang
RGB bang cach 13p lai ba kénh nham phu hop véi dau vao ctia mo hinh Vision
Transformer, dong thoi cac dac trung sau sau khi trich xuét ciing tiép tuc duoc giam
chiéu bang PCA trudc khi thuee hién hop nhat déc trung. Trong ca hai nhanh WST va
ViT, PCA duogc xay dung trén tap huan luyén va sau d6 duoc st dung dé bién doi tap
validation va tap kiém tra nham dam bao tinh khach quan ctia qua trinh dénh gia md
hinh.

Nhu vay, cing mot dit lieu dau vao nhung dugc xtt Iy theo ba huéng biéu dién
khac nhau, twong ting voi ddc trung thong ké (RadSta), dac trung tan s6-két cau (WST)
va dac trung ngtr nghia (ViT), lam co s& cho mo hinh hoc hgp nhét trong bai todn phan
loai viém phoi.

4.2. Tham s6 huin luyén mé hinh

Trong nghién ctru nay, cac dac trung dau vao gom dac trung hoc sau ViT va ba

nhém dic trung tht cdng: Radiomics, Statistical va WST. Su két hop nay nham khai thac
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dong thoi thong tin nglt nghia mtc cao va cac dac trung ceong do—keét cau mike thap ti
anh X-quang nguc.

Dai v6i dac trung ViT, anh X-quang RGB dwgc thay doi kich thuwde vé 128 x 128
pixel bang ham tf.image.resize(). Sau d6, dac trung duoc trich xuat bang md hinh
pretrained google/vit-large-patch16-224-in21k thong qua thu viéen Hugging Face
Transformers. BO tién xw ly ViTlmageProcessor.from_pretrained() dwoc st dung véi
do_rescale=False, va vector dac trung dwoc 1ay tir dau ra truede tang phan loai cudi cung.

D&i véi dédc trung Statistical, anh dwoc lam phang thanh vector mot chiéu va trich
xuat 12 dac trung mo ta phan bd mirc xam nhu trung binh, phuong sai, d 1éch chuén,
skewness, kurtosis, nang lwong va entropy, st dung NumPy va SciPy. Cac ddc trung sau
d6 dwoc chuan hoéa bang StandardScaler().

béi véi déc trung Radiomics, s dung thw vién PyRadiomics két hop SimpleI TK
thong qua RadiomicsFeatureExtractor() voi binWidth = 25 va normalize = True, kich hoat
cac nhom déc trung gom first-order, GLCM va GLSZM. Sau khi loai bo cac treong khong
lién quan, thu dwgc 93 dic trung mdi anh, tiép tuc dwgc chuan héa bang StandardScaler().

Déi véi dac trung WST, skt dung thu vién Kymatio qua Scattering2D() voi] = 2,
L = 8. Sau khi tinh cac hé sd scattering, 4p dung Global Average Pooling d€ giam chiéu,
thu dwoc vector déc trung 81 chiéu cho mdi anh.

Cudi cung, hai nhém dac trung Statistical va Radiomics dwoc ndi lai, tao thanh
vector dac trung 105 chiéu cho buwde xtx 1y tiép theo. Sau d6, mo hinh Gated Fusion duoc
hudn luyén tir dau d€ hoc cach chudn hoa va két hgp cac ngudn dac trung.

Mang fusion duoc hudn luyén nham hoc biéu dién dic trung két hop trude khi
dwa vao cac bo phan 16p. Do dac trung dau vao da dugc trich xuat tir cac mo hinh tién
hudn luyén, qua trinh huan luyén duoc thiét k€ gon nhe d€ tranh overfitting va dam bao
on dinh. Nhu trinh bay ¢ Bang 3, m6 hinh dwgc huan luyén trong 15 epoch va stt dung
toan bo tap hudn luyén dé€ hoc tham s6. Sau khi hudn luyén, mang fusion khong duoc
dung truc tiép lam bd phan 16p ma chi dwgc st dung dé trich xudt dac trung hop nhat
phuc vu cho cdc bo phan 16p phia sau.

Bang 3: Cau hinh hudn luyén mo hinh

Tham s6 Gia tri
Optimizer Adam
Learning rate 1x10-4

Batch size 32
Number of epochs 15
Loss function Cross-Entropy
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Céc dac trung hop nhat sau d6 duoc st dung lam dau vao cho cac bd phan 16p.
Viéc lua chon siéu tham s8 duoc thuc hién bang Grid Search két hop 5-fold cross-
validation, véi thuéc do danh gia la Balanced Accuracy, dam bao danh gia cong bang
ddi véi dit liéu mat can bang nhu duoc st dung trong thue nghiém nay.
4.3. Cac do do danh gia hiéu nang

D€ danh gid mot cach toan dién hiéu qua cia mo hinh dé xuat, ching toi stt dung
nhiéu dd do khac nhau nhdm phan dnh day du cac khia canh ctia bai toan phan 16p. Luu
y rang, do dit liéu c6 sw mat can bang giita cac 16p, do d6 viéc chi stt dung dd chinh xac
tong thé (accuracy) cd thé khong phan anh ding nang luc thuc su ctia m6 hinh. Vi vay,
cac do do nhu precision, recall, F1-score, Specificity, FDR, FNR, NPV, BAcc, AUC va
MCC duogc lya chon d€ cung cap cai nhin chi tiét va dang tin cay hon. Cac chi s6 nay
giap danh gia kha nang cta mo hinh trong viéc nhan dién chinh xac cac treong hop
bénh va khong bénh, tir d6 dam bao tinh ting dung trong thuc t€ chan doan viém phoi
ttr anh X-quang I6ng nguc.

Céc dd do dwoc tinh todn dua trén ma tran nham 1an (confusion matrix), bao gom
bon thanh phan: s6 mau duong tinh du doan dung (TP), s6 mau Am tinh du doan dung
(TN), s6 mau duong tinh du doan sai (FN) va s6 mau am tinh dy doén sai (FP). Cu thé,
cac d6 do duoc xac dinh nhu sau:

| ~ TP + TN 1)

WAy = TP TN + FP + FN
... TP ()

Precision = TP+ FP

FP » 3)

FDR = TPYFP 1 — Precision

TP
I 4)
ecall = 75T FN
EFN
FNR=———=1- 1 ©)
TP + FN Recall
e TN (6)
Specificity = TN + FP
TN (7)
NPV = TN + FN
2 X Precision X Recall 8)
F1 — score = —
Precision + Recall
Recall + Specifici

BAcc — 2P ty )
Mee TP XTN — FP X FN (10)

B \/(TP + FP)(TP + FN)(TN + FP)(TN + FN)
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Trong do, cac do do nhu Recall va Specificity phan anh kha nang phat hién dung
cac truong hop bénh va khong bénh, trong khi MCC va AUC cung cap danh gia tong
thé vé chat lwong md hinh trong diéu kién dit liéu mat can bang.

4.4.Két qua

Két qua thwe nghiém dwoc thé hién ¢ Hinh 3 cho thdy tat ca cac bo phan 16p déu
dat hiéu suét cao trén khong gian dic trung két hop, khang dinh duwoc hiéu qua ctia
phuwong phap dwoc dé xuat. Trong sd cac mo hinh dwoc danh gia, KNN dat d6 chinh xac
tong thé cao nhat, cho thiy sy phtt hop ctia n6 véi khong gian ddc trung dugce phan tach
0 rang. Tuy nhién, trong chan doan y khoa, viéc giam thiéu sai s6t am tinh la v6 cung
quan trong. Vé mat nay, bd phan 16p MLP cho thay hiéu suat vuot troi, dat s6 luong sai
sot am tinh thdp nhat (FN=8) va d6 nhay cao nhat d6i vdi 16p bénh viém phdi (97,95%).
biéu nay cho thdy MLP dang tin cay hon trong viéc phat hién cac truong hop duong
tinh, giam nguy co bé sét chan doan.

Confusion Matrix - KNN i ix - i i .
usi rix Confusion Matrix - Logistic Regression Confusion Matrix - MLP
350 350
300 ] : - 300
250 250

- 200 - 200

Actual
Actual

150 -150

-100 - - 12 - 100 L -

-50 - 50

Predicted Predicted Predicted

(a) KNN (b) LR (c) MLP
Hinh 3: Ma trén nhiim 1dn ciia cdc mo hinh

Mt khac, KNN tao ra it két qua dwong tinh gia hon, do dé né than trong hon va
¢6 kha nang phu hop hon trong cac treong hop can giam thiéu chdn doan qua mte. Hoi
quy Logistic cho thdy hiéu sudt canh tranh nhung hoi kém hon so v6i KNN va MLP.

Nhin chung, két qua cho thdy su danh d6i gitta d0 nhay va d¢ ddc hiéu, trong do
MLP wu tién d nhay trong khi KNN mang lai su can bang t6t hon vé do chinh xac tong
thé. D€ quan sat hiéu qua ctia ddc trung duoc két hop boi phuong phap dé xuat so véi
c4c dic trung cuia modi phwong phap riéng 1¢, chiing tdi cling tién hanh so sanh chung
trén nhiéu d6 do khac nhau. Két qua tir Bang 4 cho thay phuong phap dé xudt dat hiéu
suat vuot trdi va nhat quan so vdi cac phuwong phap st dung ddc trung don 1é trén ca ba
bd phan 16p KNN, Logistic Regression va MLP. Cu thé, véi KNN, d¢ chinh xac tang
dang ké tir 87,50% (ViT_large) 1én 94,39%, dong thoi hé s6 MCC ciing duoc cai thién
manh tir 73,04% 1én 87,99%, phan anh kha nang phan 16p can bang va dang tin cay hon.
Xu hudng twong tw cling duoc ghi nhan voi Logistic Regression (Acc dat 94,23%, MCC
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dat 87,65%) va MLP (Acc dat 93,59%, MCC dat 86,34%), cho thay tinh 6n dinh cta
phuong phap khi 4p dung trén nhiéu mo hinh khac nhau. Pang ch y, cac chi sd Recall
déu dat mic rét cao (trén 97%) trong khi FNR giam xudng dudi 3%, cho thady md hinh
c6 kha nang phat hién bénh hiéu qua va han ché t6i da treong hop bo sot, diéu dac biét
quan trong trong cac bai toan chan doan y khoa. Ngoai ra, cac chi sd nhw Precision, F1-
score va Specificity cling dwgc cai thién dong déu, cho thdy phuong phap dé xuat khong
chinang cao d9 chinh x4c tdng thé ma con duy tri dwoc sy can bang gitra cac 16p. Nhiing
két qua nay khang dinh rang viéc két hop da dic trung thong qua co ché& Gated Fusion
giup khai thac hiéu qua théng tin bd sung gitra cac nguon dac trung khac nhau, tir d6
nang cao dang ké hiéu suat phan 16p.

Bang 4: So sinh hiéu suit gitta cdc by phan 16p va ddic trung

Cflia:r“ Dictrung Acc  Pre FDR  Rec FNR  Spe NPV F1  BAcc AUC MCC
ViT_large 08750 08786 01214 09282 00718 07863 08679 09027 08573 08573 07304
Radiomics ) 017 08174 01826 09410 00590 0649 08686 08749 07953 07953  0.6365
+ Statistical

KNN  WST 08606 08499 0501 09436 0.0564 07222 08848 08943 08329 08329  0.6999
Phuong
phép dé 0.9439 09404 00596 09718 0.0282 0.8974 09502 09559 09346 0.9346  0.8799
xuat
ViT_large 09263 09257 00743 09590 00410 08718 09273 09421 09154 09154 0.8418
Radiomics o0 08503 01477 09615 00385 07222 09185 09036 08419 08419 07260
+ Statistical

LR WST 08654 08660 0.1340 09282 00718 07607 08641 08960 08444 08444 07092
Phuong
phép dé 09423 09381 00619 09718 0.0282 0.8932 09500 09547 09325 09325 0.8765
xuat
ViT_large 09119 09017 00983 09641 00359 08248 09324 09318 08944 08944 08112
Radiomics —\ovee 07441 02559 09769 00231 04402 09196 08448 07085 07085 05262
+ Statistical

MLP  WST 08590 08528 0.1472 09359 00641 07308 08724 08924 08333 08333 07093
Phuong
phép dé 09359 09227 00773 09795 0.0205 0.8632 09619 09502 09214 09214  0.8634
xuat

5. THAO LUAN

Két qua thye nghiém cho thdy phuong phéap két hop da ddc trung dé xuat giup

cai thién dang ké hiéu nang phan 16p so vdi viéc st dung tiing nhom ddc trung riéng 1é,
voi cac chi sd Accuracy, F1-score, AUC va MCC déu tang ro rét. Biéu nay cho thdy viéc
tich hop nhiéu ngu6n thong tin gitp nang cao kha nang phan biét trong bai toan chan
doan anh X-quang. Sy cai thién nay xuat phat tr tinh bd sung gitra cac loai dac trung:
dic trung hoc sau (ViT_large) nam bat ngit canh toan cuc, trong khi Radiomics,
Statistical va WST cung cap thong tin vé két cau, hinh dang va tan s6. Nho d6, khong
gian biéu dién tré nén toan dién hon.
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Co ché Gated Fusion doéng vai tro quan trong khi cho phép mo hinh hoc cach
diéu chinh déng gép ctia titng nhém dac trung mot cach linh hoat, gitp gidm nhiéu va
tdng cuong cac ddc trung co tinh phan biét cao—dac biét phu hop voi dix liéu y sinh
phtec tap. Ngoai ra, khi stt dung dac trung hop nhat, cac bo phan 16p nhu KNN, Logistic
Regression va MLP cho két qua twong dwong nhau, cho thdy chat lwgng dac trung quan
trong hon d9 phtec tap m6 hinh. Diéu nay mang lai 1oi thé thuc tién khi c6 thé st dung
cdc md hinh don gian nhung van dat hiéu qua cao.

Khi d6i chiéu v6i mot s6 cong trinh da cong bd trén cung bd dix liéu Chest X-ray
Pneumonia ctia Kaggle, phwong phap dé xudt cho thay hiéu nang canh tranh va c6 kha
ndng cai thién so véi nhigu mod hinh hoc sau truyén thdng. Chang han, nghién ctru ctia
Harsh Bhatt va Manan Shah (2023) da dé xuat mot mo6 hinh CNN két hop dat Accuracy
84,12% va F1-score 88,56% trén tap kiém thir. Trong khi d6, phuong phap dé xuat khong
chi tan dung dac trung hoc sdu ma con tich hop thém Radiomics, Statistical va WST
nham khai thac thong tin da muc tir anh X-quang. Két qua cho thay phuwong phap ctia
chang t6i vuot troi voi Accuracy dat 94,39% va Fl-score dat 95,59% trén b phan 16p
KNN. Diéu nay chiing minh rang hiréng tiép can da déc trung két hop dwa trén co ché
Gated Fusion c6 tiém nang cai thién kha ndng tong quat hoa va tang d6 6n dinh ctia mo
hinh chan doan.

6. KET LUAN

Nghién ctru nay da dé xudt mot phuong phép két hop dac trung thich nghi cho
bai toan phan 16p viém phdi tir anh X-quang 16ng nguc. Bang cach tich hop nhiéu nguén
dac trung khac nhau va st dung co ché Gated Fusion dé€ diéu chinh trong s6 mot cach
linh hoat, phuong phap da xay dung duoc biéu dién dit liéu cé kha nang phan tach tot
gitta cac 16p. Két qua thuc nghiém cho thdy cac ddc trung sau khi két hop gitp cai thién
hiéu nang phan 16p va hd trg hiéu qua cho cdc md hinh hoc mdy truyén thong. Diéu nay
nhan manh vai trd quan trong ctia budc biéu dién dic trung trong toan bo hé théng,
dong thoi cho thdy réng viéc nang cao chat lwgng dau vao cé thé mang lai hiéu qua dang
ké ma khong can tang d¢ phtic tap cia mo hinh phan 16p.

Trong twong lai, phwong phap c6 thé duoc mé rong theo hudng danh gia trén
cac tap dit liéu da dang hon nham kiém chiing kha nang tong quét héa. Bén canh d6,
viéc tich hop co ché Gated Fusion vao cac mo hinh hoc sau dau-cudi hodc két hop thém
cac ngudn di liéu khac cling 1a nhitng hudng nghién ctru tiém nang.

LOI CAM ON

Cac tac gia cam on su ho trg ctia Truong Pai hoc Khoa hoc, Pai hoc Hué€.
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AN ADAPTIVE FEATURE FUSION FRAMEWORK
FOR PNEUMONIA CLASSIFICATION IN CHEST X-RAY IMAGES
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ABSTRACT

Applying machine learning to pneumonia diagnosis from chest X-ray images is an
important and challenging problem. In this study, we propose a feature fusion
method that effectively exploits both deep features and handcrafted features. All
extracted features are subsequently reduced using PCA and integrated through a
Gated Fusion mechanism to learn a unified feature representation. The fused
features are then used as input for classifiers such as KNN, Logistic Regression (LR),
and MLP for prediction. Experimental results demonstrate that the proposed fusion-
based approach significantly outperforms models relying solely on either deep
features or handcrafted features. Specifically, on the fused feature set, the KNN
classifier achieves the best performance with an accuracy of 94.39% and an F1-score
of 95.59%. Logistic Regression yields comparable results with 94.23% accuracy and
a 95.47% Fl-score, while MLP also achieves strong performance with 93.59%

accuracy and a 95.02% F1-score.

Keywords: Gated Fusion, Multi-feature fusion, Deep learning, Chest X-ray,

Pneumonia.

91



