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Tém tat. Cac md hinh hoc sau doc 1ap thuong bi han ché do thién kién quy nap vén c6 ctia chiing:
mang no-ron tich chdp (CNNs) vuot tréi trong viéc tw déng trich xuét cac két cdu, dic trung cuc bd,
nhung thiéu nhan thiic ngit canh toan cyc. Vision Transformer (ViT) ¢6 thé ndm bat cac phu thudc tam
xa nhung c6 d6 phtc tap cao, can lwgng dir liéu 16n. Bai bdo nay dé xuat mot khung két hop lai tich
hop céc th€ manh khac nhau ctia cac mé hinh CNN (ResNet-50, DenseNet-201) va Transformer (Swin-
T). Thay vi ap dung phuong phap bo phiéu mém tiéu chuan, trong dé tat ca cdc md hinh duoc xem xét
nhu nhau, ching t6i gidi thiéu chién lugc bo phiéu mém cé trong s6 dua trén tim kiém ludi. Bong gdp
01 wu ctia mdi md hinh co s& dwoc tinh chinh théng qua tim kiém lwdi toan dién trén mot tap dit liéu
xac thue, va danh gia cudi cung trén tap dit liéu kiém thwe doc 1lap nham tranh ro ri dit liéu. Cac thuc
nghiém duwoc thuc hién trén hai by dit liéu anh X-quang nguc, mdi bd gom bon 16p bénh ly. Phuong
phap cai tién duya trén bo phiéu mém ctia ching tdi dat hiéu qua phan 16p tot hon so véi cac m6 hinh
co sO riéng lé va cdc phuong phap hoc két hop truyén thong. Trén tdp dir liéu ChestXray-
ImageDataSet, d6 chinh xac tdng 0,23% va 3,22% so véi md hinh tot nhat Soft Voting va mé hinh kém
nhat ResNet-50. Trén tap dit liéfu COVID-19, phuong phap dé xuét ting 0,54% vé do chinh xac so voi
mo hinh t6t nhat ResNet-50 va 4,76% d6 chinh xac so véi md hinh co sé kém nhat Swin-T véi cung mot
phuwong phap huédn luyén.

Tw khoa: tim kiém ludi, bo phiéu mém c6 trong s6, hoc két hop, phan 16p anh X-quang
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Abstract. Independent deep learning models are often limited by their inherent inductive bias:
convolutional neural networks (CNNs) excel at automatically extracting local textures and features but
lack global contextual awareness. Vision Transformers (ViTs) can capture long-range dependencies but
are highly complex and require large datasets. This paper proposes a hybrid framework that integrates
the different strengths of CNNs (ResNet-50, DenseNet-201) and Transformer (Swin-T) models. Instead
of using the standard soft voting method, where all models are treated equally, we introduce a
weighted soft voting strategy based on a grid search. The optimal contribution of each baseline model
is refined via a comprehensive grid search on a validation dataset, and the final evaluation is
performed on an independent test dataset to avoid data leakage. Experiments were conducted on two
chest X-ray datasets, each comprising four pathological classes. Our proposed soft voting-based
improvement achieved better classification performance compared to individual baseline models and
traditional ensemble methods. On the ChestXray-ImageDataSet dataset, accuracy increased by 0.23%
and 3.22%, respectively, compared with the best-performing model, Soft Voting, and the worst-
performing model, ResNet-50. On the COVID-19 dataset, the proposed method increased accuracy by
0.54% compared to the best-performing ResNet-50 model and 4.76% compared to the worst-

performing baseline model Swin-T, using the same training method.

Keywords: Grid search, Weighted soft voting, ensemble learning, X-ray classification

1 Mo dau

Hoc két hop (Ensemble Learning) la mot
phuong phap trong hoc may, dwoc xay dung dua
trén triét ly "Tri tué dam dong". Muc tiéu cot 16i
cua phuong phap nay la két hop sttc manh duw
doan ctia nhiéu mo6 hinh hoc mday co sd (base
learners) d€ tao ra mot mo hinh tong hop (strong
learner) c6 do chinh x4c, tinh dn dinh va kha néng
tong quat hoa vuot trdi so voi bat ky mo hinh don
lé nao trong tap hop [1]. Hoc két hop da duoc
nghién cttu va phét trién manh tir nhitng nam
1990. Hoc két hop xay dung nhiéu bd phan loai
hodc mo6 hinh hoc co sd, sau d6 két hop cac két
qua du doan cta chung d€ cai thién hiéu qua
phan loai. Cac mo hinh co sé dwoc goi la cac mod
hinh yéu [2]. Cac phuong phap két hop toan hoc
8 gang xay dung md hinh va suy ra cic quy tac

két hop bang cach st dung logic va thdng ké [3].

Fumera va cdng su [4] da tién hanh mot
nghién ctru toan dién, két hop gitra phan tich ly
thuyét va thuc nghiém, nham danh gia hiéu qua
ctia cdc mo hinh phan loai, trong d6 trong tam dét
vao cac phuong phéap két hop tuyén tinh. Cac téc
gia da tap trung khao sat hai co ché& két hop phd
bién: trung binh don gian va trung binh c6 trong

s0. Két qua phan tich cho thay hiéu nang cua cac

mo hinh két hop tuyén tinh khong chi phu thudc
vao d6 chinh xdc riéng 1é cua titng b phan loai
thanh phan, ma con chiu anh huong dang ké boi
muc dd twong quan gitta cac dau ra cua chang.
Khi cac bd phéan loai cd sai s6 ddc lap hodc cd
twong quan thap, viéc két hop sé mang lai loi ich
ro rét hon. Dang cha y, cac tac gia chitng minh
rang phuong phap trung binh cé trong s§ thuong
dat hiéu qua vuot trdi so voi trung binh don gian.
biéu nay duoc ly giai boi kha nang phan bd mtc
do dong gdép khac nhau cho titng bd phan loai,
qua d¢6 khai thac tot hon thong tin ttr cac mo hinh
6 hiéu suét cao va han ché anh huong cua cac mo
hinh kém chinh xdc. Kittler va cong su [5] da dé
xuat moét khung ly thuyét tong quat cho bai toan
két hop cac bo phan loai. Cac tac gia ddc biét tap
trung vao cdc mo hinh t& hop, trong d6 mdi bd
phan loai duoc xay dung trén nhitng tap dac
trung riéng biét, qua d6 khai thac tinh bd sung
thong tin gitta cac khong gian ddc trung khac
nhau nham nang cao hiéu qua phan loai tong thé

[5].

Hoc sau da ndi 1én nhue mot nhanh quan
trong cta hoc may va duwoc tng dung rong rai
trong cac bai toan thi gidc may tinh. D6 la mot
phuong phap xtt ly dir liéu st dung nhiéu 16p cau

truc phtec tap hodc nhiéu 16p xtt 1y bao gom nhiéu
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phép bién d6i phi tuyén tinh [6]. Tkt ndm 2012,
sau thanh cong ctia AlexNet [7] trong bai toan
phéan loai anh tw nhién, hoc sdu duoc tdp trung
nghién cttu va tng dung rong rai. Hoc sau duwoc
tng dung trong phéan loai hinh anh 1a mét chu dé
thu hat sy quan tdm nghién ctu. Trong s6 do,
mang no-ron tich chap (Convolutional Neural

Networks - CNNs) duoc str dung rong rai nhat.

Hinh anh y t€ 1a mot loai hinh anh truc
quan ddc biét, da thu hat su cht y cta nhiéu nha
nghién cttu. Trong nhitng nam gan day, hé thong
chan doan c6 su ho tro ctia may tinh (Computer-
Aided Diagnosis - CAD) dua trén hoc sau (Deep
Learning) da tao ra mot budc ngoat 16n trong linh
virc phan tich hinh anh y khoa [8]. Nho kha nang
trich xuat ddc trung ty dong voi dd chinh xac cao,
cac mo6 hinh CNNs da tré thanh cong cu dic luc
giup giam tai ap luc cho cac chuyén gia y t€ va
han ché€ t6i da cac sai sét chdn doan mang tinh
chu quan. Trong d6, mang no-ron tich chap ttr lau
da thiét 1ap tiéu chudn vang trong cac tac vu phan
loai anh X-quang nho ddc tinh bat bién khong
gian va thién vi quy nap (inductive bias) manh
mé, cho phép nhan dién xudt sic cic vi tén

thuong cuc bo.

Tuy nhién, cu trtc tich chdp cuc bd cta
kién truc CNNss lai boc 16 gidi han trong viéc nim
bat cdc mdi lién hé khoang cach xa va bdi canh
giai phau toan cuc. D& giai quyét rao can nay,
Vision Transformer (ViT) [9] da duoc gidi thiéu va
nhanh chéng chitng minh sy wru viét thong qua co
ché ty cha y (self-attention), giup md hinh hoa
xuat sac cac dac trung ngir canh toan cuc (global
context). Du vay, ViT thuong doi hoi khoi luong
d@ liéu huédn luyén khong 16 va c6 xu hudng bo
qua cac chi tiét vat ly tinh vi & cap do pixel néu
khong dwgc thiét ké tdi vu cho hinh anh y té. Do
do6, xu hudng nghién citu hién dai dang dich
chuyén manh mé sang viéc xay dung cac hé thong
lai, cdc mo hinh hoc két hop nh3m tao sttc manh
cho su két hgp gitta kién trac CNNs va

Transformer. Mdc du su két hop cac kién trac
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khong dong nhdt mang lai tiém nang to 1on, cac
chién lwoc két hop hién tai van con nhitng diém
nghén nghiém trong. Cac phuwong phép phd bién
nhuw Bo phiéu cing (Hard Voting) hay Bo phiéu
mém tiéu chudn (Soft Voting) thuwong dp dung
chién lugc "cao bang" quyén lic gitta cac mo hinh,
v0 tinh lam loang cac dy doan c6 d¢ tin cdy cao va
khong khai thac triét dé€ thé manh riéng biét ctia
tieng kién trac. Trén cac tap dix liéu y t€ thuong bi
gidi han vé quy mo va cé su mat can bang 16p sau
sdc, cach tiép can nay tiéu ton luong 16n tai
nguyén tinh todn va cuc ky dé dan dén hién
teong qua khop (overfitting), lam suy giam
nghiém trong kha ndng khai quéat hoéa khi trién

khai trén lam sang.

Hoc tap két hop la mot phwong phép toan
hoc tiéu chuan nham giam thiéu nhitng diém yéu
ctia cAc md hinh riéng 1é. Bang cach tong hop cac
du doan tit nhiéu mo6 hinh doc lap, cac phuong
phap két hop lam giam phuong sai va sy khong
chéc chin trong du doan. Ky thuét két hop phd
bién nhat, bé phiéu mém tiéu chuan, tinh toén
trung binh cong khong trong sd ctia xac suat 16p
[10]. M&c du don gian vé mat tinh toan, phuong
phap nay gia dinh rang tit ca cac md hinh thanh
phéan déu c6 do tin cdy du doan nhu nhau. Trong
cac tap hgp khong dong nhéat chita ca CNNs va
Transformer, gia dinh nay la sai lam. Mot so d6
trong s6 dong nhat thuong lam giam do tin cay
cua cac dg doan cao cia mot md hinh vuot troi
béng cach 1dy trung binh ching véi cac dau ra ctia

cac mo hinh kém chinh xac hon.

Véi nhitng rao can néu trén, nghién cttu
nay dé xuat mot khung hé thong hoc két hop, két
hop hai mang CNNs tién tién (gom ResNet-50,
DenseNet-201) va mot kién triic Swin Transformer
(Swin-T). D€ t6i wu hda qua trinh két hop, ching
toi gidi thiéu co ché bo phiéu mém cb trong s6
(Weighted Soft Voting) duoc tinh chinh théng qua
thuat toan tim kiém ludi (Grid Search) toan dién.
Bf“mg cach thyc hién hiéu chudn hau ky trén mot

tap kiém dinh doc lap, hé thong cé kha nang tuw
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dong do tim ty trong phan bd trong s6 t6i wu cho
tirng mang co s6 ma khong can bat ky chi phi lan
truyén nguoc (backpropagation) bd sung nao,
dong thoi tranh dwgc hoan toan rui ro ro ri di
liéu (data leakage). Y tuong két hop cac md hinh
hoc sau co s& khong phai 1a méi, nhung van con
rat nhiéu tiém nang d€ phat trién cac phwong
phép két hop mdi, cac loai dac trung va bo phan
loai duoc stt dung, ciing nhu cac ttng dung mdi

trong linh vuc y t€.

Nhitng dong gép chinh ctia nghién cttu nay

6 thé duoc tém tit nhu sau:

e Dé xuat mo6 hinh két hgp cac kién tric
khong dong nhat: Dé xudt mot khung hoc két
hop lai ghép hiéu qua gitta kha nang trich xuét
vung ton thuong cuc bo cia CNNs (gdm ResNet-
50, DenseNet-201) va kha nang ndm bat bdi canh
toan cuc ctia Transformer (Swin-T), gitp bu dép
cdc khiém khuyét vé kha ning biéu dién dic
trung cua hinh anh y khoa.

e T6i wu hoa trong sd hiéu qua: Trién khai
chién lwgce t6i wu hda trong s6 thong qua thuat
toan tim kiém luéi. Phuong phap cua chung toi
nham t6i da hda truc tiép cac chi s§ chdn doan
(F1-Score) trén tap xac thue, dong thoi van duy tri
kha ning dién giai trén tap kiém thtt ma khong
phat sinh thém chi phi hudn luyén. Day la mot cai
tién cua phuong phap dé xudt so véi phuwong
phéap bo phiéu mém st dung trung binh xac suéat

ctia ba mo hinh co sé.

2 Cacnghién cttu lién quan

Trong thap ky qua, su bung nd cta hoc sau
(Deep Learning - DL) da tao ra mot budc ngoat
16n trong chan doan hinh anh y khoa. Viéc ap
dung ky thudt hoc chuyén giao (Transfer
Learning) [11] tit cac bd trong s6 dwoc tién hudn
luyén trén ImageNet da tré thanh phwong phap
tiéu chuan nham khac phuc tinh trang khan hiém
d@ liéu y t€ duoc gan nhan. Nhiéu nghién cttu da

chiing minh tinh hiéu qua cta céc kién tric mang

no-ron tich chap nhu ResNet [12] va DenseNet
[13] trong viéc nhan dién cac bénh ly ¢ [6ng nguc.
Véi cdu tric két ndi tat va két ndi day déc (dense
connectivity), cic mang nay giai quyét thanh cong
véan dé triét tiéu dao ham, cho phép trich xudt cac
dac trung vi mo cuwe ky rd nét nhu cdc ndt mo hay
vung ton thuong trén phim X-quang. Manaee va
cong su [14] da st dung phuwong phép hoc chuyén
giao trén md hinh ResNet, DenseNet dé tu dong
phat hién COVID-19. Phuong phap cua ho dat ty
1é d6 nhay la 98% (+ 3%), trong khi ty 1é do dac
hiéu khoang 90%.

Gan day vd6i sy xudt hién cua Vision
Transformer (ViT) [9] va nhitng m6 hinh cai tién
dua trén Transformer tiéu biéu 1a kién tric Swin-
Transformer [15] da mang dén mot cach tiép can
moi. Thay vi phu thudc vao cac bd loc tich chap
cuc bd, Swin Transformer st dung co ché ty cht y
dang ctta s6 dich chuyén (shifted-window self-
attention) d€ mé hinh hoéa cac mdi quan hé ngir
canh toan cuc (global context) ctia cac co quan giai
phﬁu. Maic du ca CNNs va Transformer déu dat
duoc nhiing két qua an tuwong, nhitng nghién ctru
gan day chi ra rang: m6 hinh CNNs throng c6 uu
thé trong viéc ndm baét, trich xut cac két cdu cuc
bd (local textures), trong khi Transformer lai viot
trdi ¢ kha ndng nhan dién hinh théi ciu truc tong
thé. Su bu trit nay chinh la tién dé cho cac mo
hinh két hop khong dong nhat [16]. Pham va
Hoang [17] da cai tién mo6 hinh Transformer d€
phat hién cac bénh phoi sit dung phim X-quang,
dai voi phat hién 16p COVID-19 ty 1é dat 99.78%.

Dé€ khai thic sttc manh ctia nhiéu md hinh
khac nhau, nhiéu giai phdp dé xudt st dung ky
thuat hoc tap két hop. Cac phuong phap nhu bo
phiéu cting (Majority/Hard Voting) va bd phiéu
meém (Soft Voting) [5], [10]. Trong bo phiéu ctng,
mdi bd phén loai dwa ra mot nhan 16p riéng. Dy
doén cudi cing duwoc xac dinh bang bo phidu da
s0, trong d6 16p nhan duwgc nhiéu phiéu bau nhat
sé duwgc chon. Véi phuong phap bo phiéu mém,

moi bo phan loai cung cap mot phan phdi xac sudt



Tap chi Khoa hoc Pai hoc Hué: Ky thuit va Cong nghé
Tap 135, S6 24, 5-20, 2026

pISSN 2588-1175
elSSN 2615-9732

trén tat ca cac l1op. Cac xac sudt nay duoc tinh
trung binh, va 16p c6 xac suat két hop cao nhat
duoc chon lam du doan cudi cung. Mdc du cach
tiép can hoc két hop cai thién d¢ chinh xac so voi
cac md hinh don 1é, cdc phuong phap truyén
thdng nay van ton tai 2 khiém khuyét mang tinh
hé théng khi 4p dung vao moi truong y t€ lam
sang: Th& nhét la gia dinh vé mtc d§ tin cay
ngang nhau gitta cdc mo6 hinh. Phuwong phap bo
phiéu mém gia dinh réng moi md hinh co s& déu
déng gop vai tro ngang nhau, diéu nay la mot
thiéu sot 16n vé mat todn hoc. Trén thuc t& mot
mang DenseNet c6 thé cuc ky nhay bén véi bénh
ly A, trong khi Swin-T lai chan doan chinh xéc
hon véi bénh ly B. Viéc gia dinh vé x4c suat ngang
nhau sé lam giadm mic d6 déng gép cua mo hinh
c6 kha ning duw doén tot hon va khuéch dai sai
lAm cta md hinh du dodn kém, dan dén giam
hiéu suét tong thé. Bo qua hién twong mat can

bang 16p. Mot s8 phuong phap khac gén trong s

(weighted voting) thuong sit dung thuat toan tim
kiém ngau nhién (Random Search) hodc Heuristic
(dwa trén kinh nghiém) d€ t6i vu hoa do chinh xac
tong thé (Global Accuracy). Nhu da phan tich,
trong cac b dir liéu y khoa thuwong xay ra méat can
béng (gitta ca bi bénh va ca binh thuong), viéc t6i
wu hda Accuracy sé day hé thdng roi vao "Nghich
ly dd chinh xac" - noi m6 hinh c6 xu hwdng thién
vi khi du dodn cho cac ca binh thuong (16p da s0)
va bo sot nghiém trong cac ca bénh ly thuee sw (16p
thiéu s0).

3  Phuwong phéap dé xuat

3.1 Tdong quan vé phuong phap

Trong nghién cttu nay, chung toi dé xuat
phuwong phap két hop cac md hinh st dung bd
trong s6 t0i uu thdong qua phuong phéap tim kiém
lwedi duoc thuc hién qua ba giai doan, dwoc tém
tat nhur sau (Xem Hinh 1):

X-ray Dataset

l

l

l

Train (80%)

Val (10%)

Test (10%)

) !

Phase 1: Fine - tuning 3 model : Resnet-50,
DenseNet-201, SWin_T

l

Phase 2. Trich xuét xac suat
dw doan cac mau trén tap Val
cia cd 3 mé hinh

Tim gia tri max ctia
ham F1-Score bang cach |
tim bé trong sé t6i wu
théng qua Grid Search

Bé trong s6 téi Lru
w* = (w1, wi, w3)

1l

Trich xuat xdc suéat
dy dodn ctia 3 mé
hinh p1, p2, p3

Ground
Truth

Pens = Wyxpq +
WyxPg + W3xp3

Ap dung bs
trong s6
ket hop

Kétqua ¥

Hinh 1. So d6 phuwong phap dé xuét

DOI: 10.26459 /hueunijtt.v135i2A.8390



Pham Thanh An va CS.

Giai doan 1: Tap d@ liéu hudn luyén (tap
Train) va tap xéac thuce (tap Val) duoc st dung dé
thuc hién huan luyén tinh chinh (fine-tuning)
nham tao ra cdc mo hinh co sé t8i vu. M6 hinh ¢
dd chinh xac cao nhat trén tap xac thuc trong qué
trinh fine-tuning dwoc luu lai d€ danh gia va thuc

hién viéc tim kiém lwdi cac bd trong so ti wu.

Giai doan 2: St dung ba mé hinh t6i vu da
tim ra ¢ giai doan 1, ap dung cac mo6 hinh nay vao
tap dir liéu xac thuwc d€ trich xudt xac sudt duw
dodn cua tat ca cac mau trong tap xac thue. Tt cc
xac sudt dy doan ctia ba m6 hinh va nhéan cua tap
xac thue, st dung thuét toan tim kiém luéi d€ im

bd trong sd két hop t6i wu ctia ba m6 hinh.

Giai doan 3: Sit dung ba md hinh t6i vu da
tim, tinh xac suadt dw doan trén tap dw liéu danh

gia doc lap (tap Test) cia ba md hinh co s¢, ap

dung bo trong sd t6i wu da tim ra ¢ giai doan 2,
tinh xac sudt dw doan cudi cung ciia mé hinh két
hop trén tap Test, d€ xac dinh nhan du doan cho

tirng mau.

3.2 Thuit toan tim kiém luwéi trong s6 t6i wu
va suy luan t8i wu
Gia st tap xac thyce (tap Val) c6 N mau va
bai todn phan loai gom C 16p bénh ly. Sau khi
thirc hién qua trinh suy luan bang ba mé hinh co
s6 doc lap trén tap Val, ta thu dwgc cac bo tham s6

dau vao sau:

P1, P2, P3s € RNC: La 3 ma trn xac sudt dau
ra (da qua ham Softmax) ctia ba m6 hinh ResNet-
50, DenseNet-201 va Swin-T. Mdi hang trong ma
trdn bidu dién phan phdi xac suat du doén cho

mot mau.

Thuét toan 1: Tim b trong s6 t6i wu (Grid Search)

Input:

Yvaie RN: La vector chita N nhén thuyce t€ (Ground Truth) cua tap Val.

P1, P2, P3 € RNC La ba ma tran xac suat du doan tir ba mo hinh

Aw: La budc nhay tim kiém trong khong gian ludi
F: Ham muc tiéu d€ tim gia trj t6i wu (F1-Score)
Output:
w*= [w1, wz, ws] la véc to trong s6 t6i uvu
Smax: Gid tri max ham muc tiéu trén tap Val

. Initialization:

. Smax <~ 0

.w*=1[1/3,1/3,1/3]

. Grid Traversal

for w2=0to (1 - w1) step Aw do
ws < 1 — (w1 +w2)

1

2

3

4

5. for w1 =0 to 1 step Aw do
6

7

8 if ws< 0 then
9

continue
10. end if
11. Pens = wixP1 + w2xP2 + wsxPs
12. Yo = argmax(Pens)
13. Scurrent = F(Yval, Yva1)
14. if (Scurrent > Smax)

10
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15. Smax <— Scurrent

16. Wk «— [w1, w2, W3]
17. end if

18.  end for

19. end for

20. Return w¥*, Smax

Thuit toan 2: Suy ludn 4p dung trong sd t6i wu trén tip Test

Input:

Drest = {X1, X2, ... XNtest} : Tap test cd Niest mau

M1, Mz, M: cac md hinh t6t nhat trén tap xac thwe thu dwgc sau khi thuc hién Fine-tuning

w*= [w1, w2, ws] la by trong sd t6i wu tim dwoc tir thudt toan 1

C: S6 luong 16p bénh ly muc tiéu
Output:

Y: Nhan du doén ctia tap mau Test

—_

.fori=1 to Nest do

P1[i] « Softmax(Mi(xi))

P2[i] « Softmax(Ma2(xi))

Ps[i] « Softmax(Ms(xi))

. end for

. Khéi tao mang Y kich thuwdc Niest
.fori=1 to Nest do

Pens — wixP1[i] + w2xP2[i] + waxP3[i]
10.  Y[i] < argmax(Pens)

11. end for

12. return Y

© ® N O W N

3.3 Phan tich d¢ phittc tap thuat toan

D06 phtic tap thuat toan tim kiém lwdi: Gia

st chiing ta cé cac hang s6 sau:
e N: S8 lwong mau trong tap Val.
¢ C: S6 luong 16p bénh ly (16p).
e Aw: Buwdc nhay cua ludi (0.05).

e K: S8 Iwong mdc phan chia trén truc trong
s0. K=1/ Aw

Vong ldp ngoai duyét w1 chay (K + 1) Tan.

DOI: 10.26459 /hueunijtt.v135i2A.8390

. Khéi tao 3 ma tran x4c suat du dodn Pi, P2, P3 € RNtest<C

Vong ldp trong duyét w2 chay trung binh
(K+1)/2 Tan.

Tong s6 kich ban trong so (t6 hop) can quét
la: M = (K+1)x(K+2)/2.

Bén trong mdi [an 1ap, hé thong thuc hién
phép cong ma tran kich thudc NxC, tim argmax
va tinh F1-Score. Cac phép toan nay ton O(NxC).

D6 phtc tap thuat toan tim kiém luéi:
O(K2xNxC), vi K va C la hang s8. D9 phtic tap la
O(N).

11
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Phan tich do phttc tap thuat toan suy luan

to1 vu. Goi

. Neest: Tong s6 lwong mau dau vao

trong tap kiém thu.

. M: Téng s6 mo hinh co sd trong hé
théng (M = 3).

] Fm: DO phtic tap ctia mo6 hinh co so
tht m (m {1, 2, 3}).

Chi phi Tinh toan Xac suat Dy doan (Base
Model Inference): Vi thuéat toan chay tuan tu qua
M mé hinh dé tinh toan ra M vector xac suat phan
phdi du doan cho mdi biic anh, chi phi tiém can

cho Niest mau 12 O(Neest X Max™, Fm).

Chi phi két hgp dy doan: Chi phi thuc hién
vong 1ap Neest lan 4p dung bd trong sd tdi wu lén
cac vector xéac suat, trong moi lan 1&p thuc MxC
phép nhan, (M-1)xC phép cong gia tri va (C-1)
phép so sanh argmax . Tong dd phtc tap chi phi
két hop du doan la O(NesxMxC). M, C la cac
hang s8, vi vay chi phi két hop du doan 16p
1a O(Nest).

Mot cach tong quat: PO phtic tap thuéat toan
suy luan la O(Nx Max[Z,Fm).

4  Thycnghiém va danh gia

41 Tap dit liéu thuc nghiém

Trong nghién cttu nay, chung toi tién hanh
thiee nghiém trén 2 tap dit liéu anh X-quang nguec.
Tap d@ liéu ChestXray-ImageDataset [18], gom
bdn 16p phan loai bénh ly phoi, dwoc lya chon dé
danh gid phuong phap dé xuét. Bo dit liéu hinh
anh X-quang nguc ChestXray-ImageDataset la
mot bd dir liéu cong khai dugce sit dung dé€ chan
doan va nghién cttu cac bénh vé phoi, bao gom ca
COVID-19. B6 dir liéu nay chtta cac hinh anh
duoc thu thap tr nhiéu bénh vién khac nhau &
Bangladesh, noi cac chuyén gia cham séc sttc khoe
da theo doi va thu thap can than cic hinh anh X-
quang cho muc dich nghién cttu va chidn doan. Bo
d@t liéu cung cap tong cong 4.350 hinh anh chat
lwong cao, dugc phan loai thanh bon 16p riéng
biét. Day la tap dit liéu kha can bang, phan b cac
16p kha déng déu, phan bo chi tiét dugc md ta o

Bang 1:

Bang 1. Phan bé tap dit liéu ChestXray-ImageDataset

Lé6p S6 mau Ty 1€ (%)
COVID-19 1.100 25,3
LUNG OPACITY 1.200 27,6
NORMAL 1.000 23,0
VIRAL PNEUMONIA 1.050 24,1

Téng 4.350 100

Trong tap dit liéu ChestXray-ImageDataset,
l6p COVID-19 (phan bd goébm 1100 hinh anh):
Nhom nay chtta cac hinh anh X-quang ctia bénh
nhan duoc xac nhan hoac nghi ngo mic COVID-
19, hd tro phat hién sém va theo doi bénh. Lép
bénh ly mo phdi (Phan b6 nhém: 1200 hinh anh):
Nhiing hinh anh nay thé hién cac truong hop mo
phoi hodc bat thuong can duoc kiém tra va chan

doan thém. Lép binh thuong (Phan b6 nhom:

12

1000 hinh anh): Nhém nay bao gom cac hinh anh
X-quang cua phoi khoe manh, duoc sit dung lam
tai liéu tham khao d€ so sanh véi phdi bi bénh
hodc nhiém trung. Lép bénh ly viém phdi do
virus (Phan b nhém: 1050 hinh anh): Cac hinh
anh X-quang trong nhom nay lién quan dén cac
treong hop viém phdi do virus, gitp xac dinh va

hiéu ro hon vé loai nhiém trung phoi dac biét nay.
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Tap dit liéu COVID-19 [19], day la tap di
liéu mat can béng, duoc tdng hop va chon loc
gom cac hinh anh X-quang ngwc COVID-19 thu
dugc bang cach d6i chiéu 15 tap dit liéu cong
khai. Tap dit liéu chita 1281 hinh anh X-quang

bénh ly COVID-19, 3270 hinh anh X-quang binh
thuong, 1656 hinh anh X-quang viém phoi do
virus va 3001 hinh anh X-quang viém phéi do vi
khuéan. Day 1a tap dit liéu mat can bang. Phan bd
tap dit liéu duoc trinh bay ¢ Bang 2.

Bang 2. Phan bé tap dit liéu COVID-19

L6p S6 miu Ty 1& (%)
COVID-19 1.281 13,9
Normal 3.271 35,5
Bacterial Pneumonia 3.001 32,6
Viral Pneumonia 1.656 18,0

Téng 9.208 100

Chting t6i thuec hién phan chia nggu nhién,
cac tap dir nghién ctru thanh tap huén luyén, tap
xac thye va tap kiém thi theo ty 1€ 80:10:10. Céc
tap hudn luyén, tdp xac thuc va tap kiém thwe
dugc lvu trie trong 3 thu muc vat ly doc lap dé
dam bao tinh nhat quan khi so sanh danh gia cac
mo6 hinh khac nhau va gitta cac lan chay

thuat toan.

Qua trinh chia tdp d@ liéu hinh anh goc
thanh ba tdp con riéng biét: tdp hudn luyén
(Train), tap xac thuc (Val) va tap kiém thtr (Test)
dwoc thuc hién qua hai budc chinh bféng thu vién

NumPy nhw sau:

X40 tron ngau nhién dit liéu (Data
Shuffling). Trudc tién, toan bd danh sach cac
duong dan file anh duoc xdo tréon ngau nhién
béng ham np.random.seed(42) va
np.random.shuffle(). Budc nay la bat budc dé triét
tiéu tinh th tw trong tap dit liéu goc. Viéc xdo
tron gitp dam bao phan phdi dir liéu dong déu o

ca ba tap, tx d6 gitp mo hinh hoc duoc cac dac
trung tong quat va tranh tinh trang hoc vet
(overfitting).

Phan chia tap dit liéu (Data Splitting). Sau
khi dit lieu da dugc xao tron, ham np.split dugc
stt dung dé cat danh sach nay thanh 3 phan theo
ty 1& dwoc thiét lap (80% Train, 10% Val, 10%
Test). Chang ta sé tinh todn cac chi s6 (index) lam
diém cat dpa trén tong s6 luong mau. Ham
np.split s& nhan mang di liéu va cac diém cit nay
dé tach dw liéu thanh 3 mang con hoan toan ddc
lap. Cac mau dir liéu duoc dua vao ba tap huan
luyén, xac thuc va kiém tht, dwgc luu triv trén 3
the muc vat ly doc lap phuc vu cho qua trinh

nghién ctru.

Chi tiét s6 lwong mau trong cac tap huan
luyén, tap xac thyc va tap kiém tra cua hai bo di
liéu nghién ctru duoc moé ta trong Bang 3 va Bang
4. Hinh anh minh hoa cta tap dit liéu ChestXray-
ImageDataset thé hién ¢ Hinh 2.

Bang 3. Phan chia tip ChestXray-ImageDataset thanh tdp huin luyén, tdp xac thuc va tdp kiém tht

Lép S6 mau Tép Train Tép Val Tap Test
COVID-19 1.100 880 110 110
Lung-Opacity 1.200 960 120 120
Normal 1.000 800 100 100
Viral Pneumonia 1.050 840 105 105
Téng 4.350

DOI: 10.26459 /hueunijtt.v135i2A.8390
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(a) (b)

© (d)

Hinh 2. Hinh anh tir tdp ChestXray-ImageDataset: (a) COVID-19, (b) Lung-Opacity, (c¢) Normal, (d) Viral
Pneumonia

Bang 4. Phan chia tip COVID-19 thanh tdp huén luyén, tap xac thuc va tap kiém thi

Lép S6 mau Tép Train Tap Val Tap Test
COVID-19 1.281 1.024 128 129
Normal 3.271 2.616 327 328
Bacterial Pneumonia 3.001 2.400 300 301
Viral Pneumonia 1.656 1.324 166 166
Téng 9.208

(a) (b)
Hinh 3. Hinh anh tir tdp COVID-19 (a) COVID-19, (b) Normal, (c) Bacterial Pneumonia, (d) Viral Pneumonia

42 Phuwong phap ting cuong dit liéu

Dé€ gia tang kha nang tong quat hda ctia mo
hinh va han

(overfitting), trong qua trinh huan luyén cdc mo

ché hién tuong qua khép

hinh, ching t6i trién khai chién lugc tang cuong
dit liéu dong (Online Data Augmentation) thong
qua thu vién torchvision.transforms ctia nén tang
PyTorch. Thay vi thuc hién ting cuong dit liéu
theo phuong phép tao va luu trit cac bién thé ctua
cadc mau dix liéu trén bd nhé ngoai, cac ky thuat
bién d6i hinh hoc va cuong dd sang: bao gom cat
ngau nhién (Random Resized Crop), 1at ngang
(Horizontal Flip) va diéu chinh mau sic (Color
Jitter) duoc thyec thi truce tiép trong qua trinh nap

14

(d)

batch dit liéu. Phuwong phap tiép can nay dam bao
rang tai mdi ky nguyén (epoch) trong qua trinh
hudn luyén, m6 hinh duwoc ti€p can voi cac bién
thé di liéu khac biét vé mat cau truc khong gian
nhung van bao toan dic trung ngir nghia. Phuong
phap tiép can nay khong chi giup giam thiéu
dang k& chi phi luu trix vat ly ma con t6i wu hda
hiéu suét tinh toan théng qua co ché nap di liéu
da ludng, gitip duy tri sy can bang gitta téc d6 xtt
ly cua CPU va kha nang huén luyén ctia GPU.

43 Tham s6 huin luyén mé hinh.

Cac moO hinh co s& ResNet-50, DenseNet-

201, Swin-T duoc st dung tix thu vién
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Torchvision, sit dung by trong s6 ImageNet-1K.
Lop két ndi day du (Fully Connected - FC) cua céc
mo hinh co s6 duoc stra d6i s6 16p dau ra tuong
tng voi s6 nhan bénh ly cua tap dix liéu y t€ lua

chon nghién ctru.

Bang 5. Tham s6 hudn luyén tinh chinh

S6 epoch huén luyén 100
Batch size 64
Learning rate le-04

Trinh t6i vu AdamW,

weight_decay=1e-2

Ubuntu 22.04, RTX 4090,
PyTorch

Moi treong thue nghiém

Kich thwdc anh dau vao 224x224

Ham mat mat Cross-Entropy Loss

Gia tri budce ludi Aw 0.05

Hiéu suét cac md hinh dwgc giam sat lién
tuc trén tap xac thiee. M6 hinh c6 d¢ chinh xac cao
nhdt trén tap xac thuwe, duoc ghi lai trong sudt qua
trinh hudn luyén. D€ kiém soat sy hoi tu trong

qua trinh tinh chinh, ching t6i 4p dung chién luoc

ke .
Accuracy (ACC) = %

TP;

Precisioni= ————
TP; + FP;

TP;
Recalli= ————
TP; + FN;

TN;
TN;+ FP;

Specificityi =

F1-Score; (F1;) =2x —reciston x Recall;

Precision; + Recall;
1sc
Macro-M = Ezi=1 M;

Cac do do Precision, Recall, Specificity, F1-
Score ctia cac md hinh co sé va moé hinh két hop
duoc tinh bang cong thitic trung binh khong c6
trong sO ctia d9 do cac 16p, theo cong thixc (6).

45 Két qua thuc nghiém

Ma tradn nham 1an trén tap kiém the bd dir
liéu ChestXray-ImageDataset thé hién ¢ Hinh 4.
Bang 6 thé hién hiéu suat phan 1ép cta céc

DOI: 10.26459 /hueunijtt.v135i2A.8390

gitt 6n dinh t6c d6 hoc, gitip qua trinh tinh chinh

trong s6 mang on dinh trong sudt huan luyén.

44 Cac d¢ do danh gia hiéu ning

Trong phan tich hinh anh y t€, sy phan bs
di liéu gitra cac 16p bénh ly va 16p binh thuong
(normal class) thwong xuyén xay ra tinh trang mat
can bang. Vi vay, trong nghién cttu nay dé dam
béo su so sanh cong bang va danh gia chinh xac
nang lwc chan doan 1am sang ctia ba md hinh co
sO cting nhu md hinh két hop, ching toi 4p dung
mot hé thong cac dd do toan dién. Déc biét, dé
triét tiéu hoan toan van dé thién vi dir liéu (data
bias), ngoai trir Accuracy duogc tinh trén toan cuc,
tat ca cdc do do danh gia & cap do 1op (class-level
metrics) déu duoc tinh todn tuan thu nghiém ngét
theo chién lwgc trung binh vi mé khong co trong

s0 (Unweighted Macro-averaging).

Gia st bai toan c¢6 C 16p, ma tran nham 14n
(Confusion Matrix) cho 16p thit i cung cap cac gia
tri: Duong tinh thwc sy (TPi), am tinh thuc suw
(TNi), dwong tinh gia (FPi), va am tinh gia (FNi).
Cac d6 do duoc dinh nghia cy thé nhu sau:

)
2)
(©)
(4)
©)
(6)

phuwong phap trén tap d@t liéu nghién cttu
ChestXray-ImageDataset. D chinh xdc cua
phuong phap dé xudt cd su gia ting, trong
khoang ttr 0,23% so voi mo hinh t8t nhat 1a Soft
Voting, va 3,22% so v6i md hinh kém nhat la
ResNet-50. Cac md hinh két hop c6 thoi gian suy
ludn xap xi tong thoi gian suy luan ctia cdc mo
hinh co s, chi tiét thé hién 6 Bang 7.
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ResNet-50

COVID-19-

Lung-Opacity

True label

Viral Pneumonia

Predicted label
Swin-T

covip-19 101

Lung-Opacity

True label

Viral Pneumonia 98
o Q » ®
o 3 )
g &S (\Q’OQ,O e q&\s
N &
&
Predicted label
Soft Voting
covip-1e- 103

True label

True label

True label

True label

DenseNet-201

covip-1e- 104

Lung-Opacity

Viral Pneumonia 102
o Y > &
0‘\\0” o‘?@& e°¢(@ 0@00
& & <

> N

O &
&
Predicted label
Hard Voting
covip1s 103

Lung-Opacity

Viral Pneumonia

Predicted label

Weighted Soft Voting

covip-1o- 103

Lung-Opacity

Viral Pneurmonia 99 Viral Pneumonia 99
1 & ® < & & &
(10‘4@ (g,o‘?a & Q&o‘{\o b@\\o \qo‘?fb & & ¢
e & > &
Predicted label Predicted label
Hinh 4. Ma tran nham lan trén tap Test cia bd ChestXray-ImageDataset
Béang 6. Két qua phan 16p cdc m6 hinh trén tdp ChestXray-ImageDataSet
Model Accuracy Precision Recall/ Sensitivity Specificity F1-Score (%)
(%) (%) (%) (%)
ResNet-50 90,11 90,69 90,24 96,74 90,20
DenseNet-201 91,95 91,94 91,92 97,31 91,93
Swin-T 91,49 91,69 91,54 97,18 91,52
Hard Voting (3 Model) 92,87 93,02 92,94 97,65 92,89
Soft Voting (3 model) 93,10 93,27 93,19 97,73 93,12
Weighted Soft Voting 93,33 93,47 93,40 97,80 93,34

(Phuwong phap dé xudt)
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Bang 7. So sanh hiéu nang cdc mo hinh trén tap ChestXray-ImageDataset

Model Thoi gian suy Thoéng luwong P tré (ms/img)
luén (s) (FPS, img/s)
ResNet-50 0,3354 1296,88 0,77
DenseNet-201 0,3739 1163,57 0,86
Swin-T 0,4453 976,84 1,02
HardVoting 1,1553 376,54 2,66
SoftVoting 1,1546 376,75 2,65
Weighted Soft Voting (Phuong 1,1546 376,75 2,65
phép dé xuat)
ResNet-50 DenseNet-201

True label

Bacteria-Pneumonia

Bacteria-Pneumonia

True label

Viral-Pneumonia Viral-Preumonia

o 52(‘
z‘\;z &
w”é
Predicted label

© @
o Normal R Normal
o o
] [}
E Bacteria-Pneumania E Bacteria-Pneumonia
= =
Viral-Pneumonia Viral-Pneumenia
) > ° & > @ J
2 2 X 5 2 & X
; & & & S &
0“\0 \@ \)@n 5 0&0 %“6\\ 0@0 \‘\a:o
< < \g(\"" & o gez
& « & &
Lid &
Predicted label Predicted label
Weighted Soft Voting
COVID-19 COVID-19
o ©
a Normal o Normal
© )
Q Q
E Bacteria-Pneumonia E Bacteria-Pneumonia
[ (S

Viral-Pneumnonia Viral-Pneumonia

& L
& s & &
< < N & N & &
z&q & & @\9
'oég' - ,bé'e‘ R
Q &
Predicted label Predicted label

Hinh 5. Ma tran nham lan trén tap kiém tht bd dit lieu COVID-19
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Bang 8. Két qua phén 16p trén tap test dit liéu COVID-19

Model Accuracy Precision Recall/ Specificity F1-Score
(%) (%) Sensitivity (%) (%) (%)

ResNet-50 84,09 83,66 82,61 94,33 82,79
DenseNet-201 80,19 79,28 79,20 93,13 78,90
Swin-T 79,87 80,73 79,25 92,85 79,15
Hard Voting 82,47 83,07 81,29 93,68 81,58
Soft Voting 83,33 83,82 82,29 94,02 82,55
Weighted Soft Voting 84,63 84,55 83,43 94,53 83,69

(Phuong phap dé xudt)

Trén tap dit liéu mat can bang COVID-19,
hiéu qua phan 16p ctia cac mo hinh c6 sy khac biét
rd rét, phuong phdp ching tdi dé xuat dat hiéu
qua cach biét, vt xa so v6i cac mo hinh co sé va
cac phuong phap két hgp truyén thong. Do chinh
xac, dd nhay ctia phwong phap dé xuat vuot cac
mo hinh co sd t6t nhat va kém nhét, dao dong
trong khoang ttr 0,54 dén 4,76%, chi tiét thé hién &
Bang 8. Ma tran nham 1an ¢ Hinh 5 cho thdy
phuong phap dé xudt c6 sy cach biét hiéu qua
phéan 16p & 16p bénh ly viém phoi do vi khuan

(Bacterial-Pneumonia).

5 Thao luan

Trong cac hé thong chan doan hinh anh y
t€, sw phan bd dir liéu thuong xuyén d6i mat véi
tinh trang mat can bing nghiém trong gitta cac
16p, trong d6 sd luong ca bénh ly thuong it hon
rat nhiéu so voi cac ca binh thuong. Do do, viéc
lya chon ham muc tiéu d€ danh gia va dinh tuyén
bd trong so trong thuat toan tim kiém ludi (Grid
Search) mang tinh quyét dinh dén hiéu qua phan

16p tong thé cia md hinh.

Vé mit toan hoc, gia tri F1-Score la trung
binh diéu hoa gitta d0 chinh xdc du doan
(Precision) va d6 nhay (Recall). Pac tinh ctia trung
binh diéu hoa la nd sé trieng phat rat nang mo
hinh néu mot trong hai gia tri trén tut xudéng mac
thdp. Nho d6, thuat toan Grid Search hudng t6i
viéc tim bo trong s w* tao ra sy can bang t&i uu
gitra viéc khong bd sot bénh nhan va khéng chan
doan sai nguwoi khdée manh. Hon nita, viéc ap

dung chién lugc tinh toan trung binh vi mo
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(Macro-averaging) dam bao rang hiéu sudt chan
doan trén cac 16p thiéu s6 (minority classes) duoc
danh gid ngang bang véi cac 16p da s§, mang lai
mot thwde do cong bang, khit khe va sat véi yéu
cau thuc tién ctia chan doan. Néu st dung do
chinh xac tdng thé lam ham muc tiéu, thuat toan
t6i uu hoa sé dé dang uu tién 16p da s6 dé nang
cao dd chinh xdc. Cu thé, hé théng c6 xu hudng
don trong s& d€ du doan thién vi cho 16p da s6 (ca
binh thuong) nham t6i da héa ham muc tiéu.
Nguoc lai, néu chi tap trung t6i da hoa dé nhay
(Recall/Sensitivity) nham khong bo sét ca bénh
nao, thuat toan sé sinh ra mdt mo hinh dan nhan

bénh ly cho ca nhitng ngwoi khoe manh.

Trén 2 tap ditr liéu chung to6i thuc hién
nghién cttu, 16p bénh ly COVID-19 1a 16p chiém
s6 mau it nhat. Két qua du doan ctua phuong
phap dé xuat ludn dat hiéu sudt phan 16p ngang
vGi mod hinh co so tot nhat, chi tiét dwoc thé hién &
ma tran nham 1an hinh 4, hinh 5.

6  Kétluin va huong phat trién

Trong nghién cttu nay, ching toi da dé xuat
phuong phap két hop Weighted Soft Voting duoc
cai tién dwa trén phuong phap Soft Voting, st
dung cach tiép can tim kiém luwéi d€ tim ra bo
trong s6 két hop t6i wu. Két qua thyce nghiém trén
hai tdp dir liéu cong khai anh X-quang nguc dé
phéan 16p cac bénh ly vé phdi da dat duoc hiéu
suat vuot trdi so vdi cdc md hinh co sd va cac
phuong phap két hop truyén théng. Mdc du
phuwong phap dé xudt (Grid-Searched Weighted
Soft Voting) st dung dong thoi 3 kién truc hoc
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sau kich thwéc 16n (ResNet-50, DenseNet-201,
Swin-T), thoi gian suy luan van & miic phu hop
v6i yéu cau cta cic ung dung thuc té. Trén hé
thong thit nghiém phan ctiing NVIDIA RTX 4090,
tong thoi gian suy luan tuan tyw trung binh chi méat
2,65 mili gidy cho mdi btrc anh X-quang, tuong
dwong thong lwong 376,75 FPS.

Trong phan thuc nghiém, budc ludi duoc
lya chon 1a 0,05. Két qua thuc nghiém trén 2 tap
d@ liéu cho thdy phuwong phap dé xudt cai thién
hiéu qua phan 16p so v6i cac m6 hinh va cac
phuwong phap két hop truyén thong. Tuy nhién b
trong s6 nay ¢4 dinh cho toan bo cac mau dir lieu
trong tap kiém thu, day la moét han ché cua
phuong phap dé xudt. Phuong phap tiép can theo
trong s8 thich tmg phu thudc déc trung mau dit
lidu dau vao hoic cdc phuwong phép hén hop
chuyén gia (MoE) can phai dugc danh gia trong
nhitng nghién cttu sap t6i. Viéc lua chon, khao sat
gia tri budc nhay trong khong gian tim kiém anh
huéng dén két qua md hinh, vi vy can cac
phuong phap t6i wu héa dé€ lua chon budc ludi.
béay la nhitng huwdéng phat trién trong nhitng
nghién ctu tiép theo nham t&i wu bude nhay, thiét
ké by trong sd thich tng. Ngoai ra, két qua
phuong phap dé xuat chua dugc kiém ching trén
nhitng tap dit liéu ngoai khac, cling nhu thuec hién
xac thue chéo va so sanh toan dién vdi nhiéu
phuong phap két hop hién dai khac gan day.
Nhiing han ché trén mé ra nhitng huéng nghién
ctru sép t6i d€ danh gid mot cach tron ven hon vé

nhiing cai tién duoc dé xuét.
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