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TOM TAT

Khéi u ndo 12 mot bénh 1y nghiém trong, anh hudng dén hé than kinh trung wong va
de doa dén chirc ning sdng ctia con nguoi. Mic du chup cong hudng tir (MRI) 13 cong cu
chinh trong phat hién va phan loai khdi u ndo, viéc chan doan dya trén hinh anh van gip
nhiéu thach thire do su twong dong hinh thai giita cac loai khéi u va su khong dong nhat
trong chat luong anh, 1am giam d¢ chinh xac. Cac md hinh hoc sau da dugc ung dung va
mang lai nhiéu két qua tich cuc trong phan loai anh MRI. Tuy nhién, phan 16n van dya
trén cac mo hinh don 1¢, din dén hiéu suét chua 6n dinh trong cac trudng h0‘p phuec tap.
Nham khic phuc han ché nay, bai bio dé xuat mot phuong phap hoc sau két hop Fuzzy-
EDTrans, két hop ba m6 hinh mang 1a EfficientNet, Vision Transformer va DenseNet
bang phuong phap Fuzzy Sugeno Integral. Phuong phap niy giup tin dung uu diém
cua tirng mo hinh va céi thién d¢ chinh xac trong phan loai. Thir nghi¢ém trén tap dir li¢u
BrTC2020 cho thiy Fuzzy-EDTrans dat d6 chinh xac an tuong 97,91%.

Tir khéa: U nio, Hoc sau, Fuzzy Sugeno Integral, Hoc tong hop.

ABSTRACT

Brain tumors are serious medical conditions that affect the central nervous system
and pose a threat to vital human functions. Although Magnetic Resonance Imaging
(MRI) is the primary tool for detecting and classifying brain tumors, image-based
diagnosis still faces many challenges due to morphological similarities among tumor
types and inconsistencies in image quality, leading to reduced accuracy. Deep learning
models have been applied and have shown promising results in brain MRI classification.
However, most approaches still rely on individual models, which often produce unstable
performance in complex cases. To address this limitation, this paper proposes a hybrid
deep learning approach named Fuzzy-EDTrans, which integrates three neural network
architectures-EfficientNet, Vision Transformer, and DenseNet-using the Fuzzy Sugeno
Integral. This method leverages the strengths of each model to enhance classification
accuracy. Experiments conducted on the BrTC2020 dataset demonstrate that Fuzzy-
EDTrans achieves an impressive accuracy of 97.91%.

Keywords: Brain Tumor, Deep Learning, Fuzzy Sugeno Integral, Ensemble Learning.
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1. GIOI THIEU

1.1. Giéi thi¢u bai toan

U ndo va cac bénh 1y lién quan dén
hé than kinh trung wong dang 1a mdi
quan ngai nghiém trong vé sitc khoe toan
cau, v6i khoang 347.992 ca mic méi va
246.253 ca tir vong duoc ghi nhan moi
nam trén toan thé gidi [1]. Tai Viét Nam,
ung thu ndo xép thtr 14 trong sb cac loai
ung thu phd bién nhat, véi khoang 2.829
ca mic méi hang nim va ty 1¢ tr vong 1én
dén 48%, chu yéu do vi¢c phat hién va
chan doan muon [2]. Mic du chi chiém
khoang 1,6% tong s6 cac loai ung thu, u
ndo co6 ty 1& tr vong bét thuong cao, véi
chi 13% bénh nhan sdng s6t sau nim nim
ké tir thoi diém chan doan tai Vuong quéc
Anh [1]. Pang chu y, 38,9% s6 ca duogc
phat hién tai Anh thong qua nhdp vién
cap ciru, cho thdy nhiing han ché dang
ké trong kha ning phat hién som [1]. U
ndo cling la mot trong nhitng nguyén nhan
tr vong hang dau do ung thu ¢ tré em va
thanh thiéu nién tai nhiéu qudc gia, bao
gdém ca Viét Nam. Hién nay, chup cong
huong tir (MRI) 1a cong cu chan doan
chinh nho kha ning cung cip hinh anh
giai phiu chi tiét [3]; tuy nhién, qué trinh
giai thich anh MRI van phu thudc nhiéu
vao kinh nghiém chuyén gia va mat nhiéu
thoi gian. Nham ning cao do chinh xéc va
tinh 6n dinh trong phan loai khdi u nio,
bai bao nay dé xuat Fuzzy-EDTrans - mot
mo hinh hoc sau tich hop ba kién tric hién
dai gém EfficientNet, DenseNet va Vision
Transformer, két hop thong qua phuong
phéap Fuzzy Sugeno Integral.

1.2. Cac nghién ciru lién quan

Trong nhirng nim gan ddy, viéc ung
dung hoc sau vao phan loai khdi u ndo tur
hinh &nh MRI da thu huat sy quan tdm dang
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ké, phan anh nhu ciu cap thiét trong viéc
nang cao do chinh xic chan doan. Nhiéu
nghién ciru da hudng dén cai tién hiéu qua
mo hinh, don cir nhu J. Cheng va cong
su [4] v6i phuong phép tang cudng vung
quan tam (ROI) két hop biéu d6 cuong do,
GLCM va BoW, dat d6 chinh xac 91,28%
trén dit licu MRI T1. V. Sajja va Kalluri [5]
stt dung Fuzzy C-Means két hop VGG16,
dat do chinh xac 96,70% trén tap BRATS.
Céc nghién ctru sir dung hoc chuyén giao
voi EfficientNet cling ghi nhan hi¢u qua
cao: Sameh Samir [6] dat 97,98%, Medina
va Sanchez [7] dat 97,5%, va Sharma va
Shukla [8] dat 98,00% trén tap dur li¢u
Kaggle SARTAJ BrTC2020. Muhannad
Alanazi va cong sy [9] da ung dung hoc
chuyén giao bang cach st dung mot mang
no-ron sau gém 22 16p, duoc huan luyén
trén tap dir liéu khdi u ndo Figshare, va
dat duoc dd chinh xac 96,89%. W. Chen
va cong su [10] da thiét ké mot khung hop
nhat dic trung lai bang cach két hop cac
dac trung sau tir ResNet101, DenseNet121
va EfficientNetB0, dat d§ chinh xac phan
loai 1an luot 14 99,18% va 97,24% trén hai
tap dir liéu khac nhau. Jacyong Kang va
cong su [11] da dé xuit mot phuong phap
tong hop cac dic trung sau duoc trich
xudt tr DenseNet-169, ShuffleNet V2
va MnasNet, sau d6 phan loai bing May
Vector HO tro (SVM), dat do chinh xéc
93,72% trén tap dit liéu MRI. Nhitng két
qua nay cho thiy tiém ning ciia hoc sau
trong chan doan khdi u ndo, tuy nhién da
sb van dya trén cac mo hinh don 1é. Diéu
nay lam noi bat nhu cau vé cac phuong
phép tich hop nhiam cai thién tinh 6n dinh
va kha nang khai quat h6a-muc ti€u chinh
cua nghién clru nay
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2.COSO LY THUYET

2.1. Cic loai khoi u nio va chén
doan MRI.

Céc triéu ching pho bién cua khéi u
ndo bao gém dau dau, budn ndn, cac van
dé vé thi luc, co giat va suy gidm nhan
thirc [12], [13]. Pau dau vao bubi sang va
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non khong rd nguyén nhan c6 thé bao hiéu
tang ap luc ndi so. Phat hién som la diéu
can thiét dé diéu tri. Hinh la—1Ic cho thay
cac loai khéi u dién hinh: u than kinh dém
(hung hing, tién luong x4u), u mang nio
(chu yéu lanh tinh) va u tuyén yén (lién
quan dén hormone). Hinh 1d cho thdy MRI
ndo binh thudng dé so sanh.

b) Meningioma

a) Glioma

¢) Pituitary Tumor d) No Tumor

Hinh 1. Hinh anh MRI vé cdc loai khéi u tir tdp dit liéu BrTC [6][7][8]

2.2. Hoc chuyén giao - Transfer learning

Hoc chuyén giao-Transfer learning
[14] khai thac cac mé hinh dd duoc huin
luyén trude dé giai quyét cac tac vu méi
v6i dir liéu gidi han, diéu nay dac bi¢t phu
hop trong xtr Iy anh y té, noi dir liéu gan
nhan thu’(‘mg khan hiém. Trong nghién ctru
nay, ba kién triic ndi bat duoc sir dung trong
moé hinh phan loai khdi u ndo bao gom:
EfficientNet [15], Vision Transformer [16],
va DenseNet [17].

2.3. Hoc tong hop — Ensemble learning

Soft Voting [18] 1a mot phuong phép
téng hop, trong d6 xac suat du doan cua
ting 16p tir cac mo hinh thanh phan duoc
tinh trung binh dé dua ra quyét dinh cudi
cung. Cu thé, déi v6i mdi 16p c, gid sir p 1a
xac suat ma mo hinh thir i gan cho 16p do.
Khi dé, xac suit voting téng hop cho 16p c,
ky hi€u 1a Pyoting(c) , duogce tinh theo cong
thirc:

votmg (c) = Z p(C) (1)

Hard Voting [19] la m(_)t phUO’ng phap

téng hop, trong d6 16p dau ra cudi cung
dugc xac dmh dwa trén nguyén tic biéu
quyét da sb gitta cac mo hinh thanh phan.
Cu thé, m6i mé hinh dua ra mot phiéu cho
16p ma nd dy doan c6 xac suat cao nhét.
V&i mot 16p ¢ bat ky, diém biéu quyét
Pyoting(c) dugc xdc dinh theo cong thire:

Paoting (€) = Z(p“) ©vie# ) 2)

Fuzzy Voting [20] la mdt phuong
phap tong hgp mé hinh dya trén logic mo.
Thay vi coi cdc mo hinh 1a doc 1ap nhu
trong Hard Voting hoac Soft Voting, Fuzzy
Voting str dung fuzzy measure dé mo ta
muc do dong gép cua tung mo hinh, cling
nhu cac t6 hop md hinh, vao quyét dinh
phan loai cudi clng.

Trong nghién ctru nay, ching t61 ap
dung Fuzzy Sugeno Integral [20][21] —m{t
ky thuat tich phan mo c¢6 kha ning tong
hop céac gia tri du ra tir nhiéu mo hinh.
Cu thé, Sugeno Integral str dung mot d6 do
mo (fuzzy measure), nham thé hién mirc
do anh hudng cua tirng con mo hinh trong
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qué trinh tong hop dé dua ra du doan cudi
cung thay vi gia dinh tit ca c6 dong gop
nhu nhau. Gia su tdp hop cac mo hinh la
X ={x1,x2,..., xn}, trong d6 mdi mo hinh
xi dua ra mét gia tri dy doan p(xi) € [0,1],
d6 do mo p théa man:

uX) = Z u(x;) 3)

X;EA

Sau do, Py, (c) duoc xac dinh theo
cong thuc Fuzzy Sugeno Integral nhu sau:

PVoting(c) = max (min P(xa(i))'z u(xa(j)) 4)
j=i
Tai day, o 1a mot hoan vi clia cac chi s6
sao cho: p(xo (1)) < (xa(z) <plxo (n))
va cac gla tr1 phép do mo tuong ng p, )
duogc sip xép theo do

3. PHUONG PHAP DE XUAT

Hinh 2 minh hoa quy trinh phan loai
khéi u ndo dé xuét, két hop hoc siu va
phuong phap tong hop Fuzzy Sugeno
Integral (FSI). Quy trinh gdm céc giai doan:
tién xur 1y dir liéu, trich xuét dic trung va
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huin luyén moé hinh, hoc két hop, va du
doan phan loai. Dau tién, dir liéu MRI duge
chuén hoa dé df)ng nhat kich thude, dinh
dang va chét luong, roi chia thanh tap huén
luyén va kiém thir. Ba mo hinh transfer
learning: EfficientNet-B0O, DenseNet-169,
ResNet-101 duoc huin luyén riéng biét dé
trich xuat dic trung va du doan bdn 16p:
Glioma, Meningioma, Pituitary Tumor,
No Tumor. Thay vi chon 16p cé gié tri cao
nhat, tit ca du doan tir cac md hinh duge
giir lai dé tong hop. Cu thé, v6i mot miu
anh va mot 16p ¢, dau ra xac suat du doan
tir ba md hinh lan lugt 1a: P o Paoi Py
Pong thoi, mo1 mod hinh cling dugc gan
mot trong s6 u(1); u(2); u(3), cac gia tri
nay dugc str dung 1am dau vao FSL Qua
trinh tong hop gitip tinh toan lai xac sut
du dodn Pyoting(c) theo cong thire (4) ting
16p ¢ va chon 16p c6 xéc suat du doan cao
nhit dé dua ra quyét dinh cudi cung. Trong
nghién ctru nay cac gia tri u(1); w(2); u(3)
duoc lya chon trong qua trinh thyc nghié¢m.
Chung t6i thuc nghiém nhiéu t6 hop khac
nhau cia bo u.

Split Data

Multi

Classification

Ensemble

Trained Model
i-! 1o-{" Classifier-2

Final Prediction ¢ ¢ ¢ g ¢

Glioma Meningioma  Pituitary Tumor No Tumor

Hinh 2. Mé hinh téng qudt cho phuong phdp dé xudt.
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4. THU'C NGHIEM VA PANH GIA

4.1. Tap dir liéu

Nghién ctru nay st dung tap dir licu
phan loai u ndo tr anh MRI BrTC2020 [7]
[8], bao gom 3.264 anh MRI nao dugc chia
thanh bon 16p: u than kinh dém (glioma),
u mang ndo (meningioma), u tuyén yén
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(pituitary tumor) va khong c6 khéi u. Tap
dir liéu dugc gan nhan thu cong va chia
theo ty 1¢: 70% dé huan luyén, 15% dé xac
thuce, va 15% dé kiém tra. Bang 1 trinh bay
phan bd s6 lwong miu theo timg 16p duoc
su dung trong qua trinh xay dyng va danh
gid mo hinh.

Bang 1. Bang thong ké so lwong anh MRI trong hai tdp dit liéu thiee nghiém

Dataset Class Training Validation Testing
Glioma 648 138 140
No Tumor 277 59 60
BrTC2020 —
Meningioma 655 140 142
Pituitary 630 135 136

4.2. Cdc kich bin hudn luyén dp dung

Nghién ctru nay dugc trién khai véi
sau kich ban, bao gdm ba mé hinh huin
luyén va ba phuong phép hoc téng hop.
Bang 2 tom tit cau hinh cua timg kich ban.
Trong d6, Kich ban 1 dén 3 1 cac mo hinh
dugc huén luyén doc 1ap véi cung mot

tham s6 hudn luyén. Kich ban 4 dén 6 ap
dung lan luot ba phuong phap téng hop:
Soft Voting, Hard Voting va Fuzzy Voting,
duogc thuc hién trong giai doan kiém thur.
T4t ca cac mé hinh déu thuc hién phan loai
4 16p: Glioma, meningioma, Pituitary va
No Tumor.

Bdng 2. Céc kich ban va tham sé hudn luyén

Kich ban M6 hinh Batch Size | Num Classes | Learning Rate | Epochs
1 EfficientNet-BO 32 4 le-4 100
2 Vision Transformer 32 4 le-4 100
3 DenseNet-169 32 4 le-4 100
4 Soft-EDTrans - 4 - -
5 Hard-EDTrans - 4 - -
6 Fuzzy-EDTrans - 4 - -

4.3. Két qua huén luyén

Do do Loss cua cac kich ban huan
luyén

Hinh 3 trinh bay db thi loss huan luyén
va loss validation cua ba kich ban. Kich
ban 2 hoi tu nhanh va 6n dinh nhét, véi loss
xac thye dung lai & muc 0,0391. Kich ban

1 ciing cho thay hiéu suit 6n dinh véi loss
validation cudi cung dat 0,0386. Trong khi
do, Kich ban 3 ghi nhén loss validation cao
hon, & mtc 0,0989, cho thdy kha ning khai
quat hoa kém hon. Nhin chung, Kich ban 1
va 2 thé hién kha nang hoi tu tot hon so vai
Kich ban 3.
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Hinh 3. Biéu dé Loss ctia cdc kich ban

Do do Accuracy cua cdc kich ban huan luyén

Training and Validation Accuracy

Training and Validation Accuracy
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Hinh 4. Biéu dé Accuracy cuia cdc kich ban

Hinh 4 biéu dd thé hién do do Accuracy
trén tap huin luyén va validation. Kich ban
1 va 2 cho théy hiéu suét cao va dn dinh,
vo1 do chinh xac validation dat khoang
0,9873. Pang chu y, Kich ban 2 dat do
chinh xac hun luyén cao nhét 1a 0,9995.
Trong khi d6, Kich ban 3 mic du c6 do
chinh xac huén luyén cao nhung chi dat
0,9661 trén tap validation, cho thiy dau

glioma_tumor 134 0 6 0 12
10
no_tumor - 0 0 0
80
v
2
- 60
meningioma_tumor - 5 0 0
- a0
pituitary_tumor - 1 0 0 29

no_tumor  meningioma_tumor pituitary_tumor
Predicted

glioma_tumor

Kich ban 1
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hiu overfitting.

4.4. Két qua kiém thir

Dé ap dung phuong phap Fuzzy Voting
v6i tich phan Fuzzy Sugeno, chiing toi can
xac dinh x4 cho trng md hinh. Ching t6i
xac dinh dugc u cua tirng mo hinh trén tap
dir li¢u 1a [¢,=0.7; ,1,12=0.9; 1,=0.6] dq Qat
do chinh xac cao nhat thong qua mdt so lan
thtr nghiém.

glioma_tumor 1 2 0 120
100
no_tumor - 2 57 1 0
80
60
meningioma_tumor - 5 0 2
- 40
pituitary_tumor - 0 0 1 20
' ' ' -0
glioma_tumor no_tumor  meningioma_tumor pituitary_tumor
Predicted
Kich ban 2
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glioma_tumor

no_tumor - 0 58 2 0

80

v
H
60
meningioma_tumor - 7 0 2

-40

. 20

pituitary_tumor - 1 0 0
' ' ' -0
glioma_tumor no_tumor  meningioma_tumor pituitary_tumor
Predicted
Kich ban 3
glioma_tumor 0 2 0 120
100
no_tumor - 0 59 1 0
80
60
meningioma_tumor - 5 0 2

- 40

pituitary_tumor - 1 0 0 20

no_tumor  meningioma_tumor pituitary_tumor
Predicted

glioma_tumor

Kich ban 5
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glioma_tumor

no_tumor - 0 59 1 0

80

60

meningioma_tumor - 5 0 2
- a0
pituitary_tumor - 1 0 0 20
' . . -0
glioma_tumor  no_tumor  meningioma_tumor pituitary_tumor

predicted
Kich ban 4

glioma_tumor

100

no_tumor - 0 60 0 0
80
- 60
meningioma_tumor - 5 0 2
- 40
pituitary_tumor - 1 0 0 20

no_tumor  meningioma_tumor pituitary_tumor
Predicted

glioma_tumor

Kich ban 6 (Fuzzy-EDTrans)

Hinh 5. Ma tran nhdm lan cia cdc kich ban

Hinh 5 trinh bay ma tran nham I4n ciia
tat ca cac kich ban. Kich ban 1 xay ra mot
s6 nham 14n khi phan loai cac trudng hop
glioma thanh meningioma, trong khi Kich
ban 2 d3 giam thiéu 15i ndy nhung xuat
hién nham 13n nhe véi 16p khong co khbi
u. Kich ban 3 ghi nhan ty 1¢ nham 1an cao
nhat, dic biét giita glioma va meningioma.
Céc kich ban tong hop trong Kich ban 4
dén 6 da cai thién rd rét kha nang phan biét
giita cac 10p. Kich ban 4 giam 15i ¢ tat ca
cac 16p, Kich ban 5 tiép tuc giam thiéu su
nham 14n, va Kich ban 6 dat duoc su phan
b can bang nhat, bao gdm phan loai chinh
xéc tuyét ddi dbi voi 10p khong c6 khbi u.
Nhiing két qua nay cho thay hiéu qua cua

hoc tap tong hop, trong d6 Kich ban 6 sir
dung phuong phép Fuzzy Voting dat do
chinh x4c va 6n dinh nhét.

Bang 3 tom tat két qua danh gia cua
ca sau kich ban. Kich ban 1 va 2 cho thay
hiéu suét tét trong nhom cac mo hinh don
1¢, trong khi Kich ban 3 dat do chinh xéc
thap nhat. Cac phuong phap hoc tap tong
hop trong Kich ban 4 dén 6 dat hiéu suat
téng thé vuot troi hon, voi Kich ban 6 dat
do chinh x4c cao nhat 1a 0,9791 va diém
F1 cao trén tit ca cac 16p. Nhirng két qua
nay cho thdy hiéu qua cua phuong phap
két hop Fuzzy Voting trong viéc nang cao
tinh nhat quan va giam thiéu sai léch trong
phan loai
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Bdng 3. Tong hop két qua kiém thir

Kich ban Class Precision | Recall | Fl-score | Accuracy

Glioma 0.9571 0.9571 0.9571
No tumor 1.000 1.000 1.000

1 0.9749
Meningioma 0.9580 0.9647 0.9614
Pituitary 1.000 0.992 0.9963
Glioma 0.9432 0.9500 0.9466
No tumor 1.000 0.9666 0.9830

2 0.9707
Meningioma 0.9366 0.9366 0.9366
Pituitary 0.9854 0.9926 0.9890
Glioma 0.9770 0.9142 0.9446
No tumor 0.9833 0.9833 0.9833

3 0.9603
Meningioma 0.9183 0.9507 0.9342
Pituitary 0.9642 0.9926 0.9782
Glioma 0.9643 0.9643 0.9643
No tumor 1.000 1.000 1.000

4 0.9749
Meningioma 0.9650 0.9718 0.9684
Pituitary 1.000 0.9926 0.9963
Glioma 0.9571 0.9571 0.9571
No tumor 1.000 1.000 1.000

5 0.9770
Meningioma 0.9580 0.9647 0.9614
Pituitary 1.000 0.992 0.9963
Glioma 0.9432 0.9500 0.9466
6 No tumor 1.000 0.9666 0.9830

0.9791
Fuzzy-EDTrans | Meningioma 0.9366 0.9366 0.9366
Pituitary 0.9854 0.9926 0.9890

4.5. So sanh va thio luin dir lieu MRI BrTC2020 (gom 3.264 anh).

Bang 4 trinh bay so sanh d6 chinh x4c Phuong phap dé xuat Fuzzy-EDTrans dat

phén loai gitra phuong phap dé xuét vamot A0 chinh xdc an tuong 97,91%, cho thay
s6 phuong phap hoc siu gan day trong bai  tinh canh tranh cao so véi cac phuong phap
toan phan loai khdi u ndo, str dung cing tdp  hién co.
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Bdng 4. So sanh cdc phirong phdp phdn loai khéi u ndo

Author Phwong phap-Mé hinh| Class | Dataset Ac?;: )a <y
Sameh Samir [6] EfficientNet pre-trained | 4 [3264 anh| 97.98
Medina & Sanchez [7] EfficientNet Fine-tuned | 4 |3264 anh| 97.75
Preeti Sharma, Anand Shukla [8]| EfficientNet-B0 & B7 3 13000 anh| 98.0
Phuong phap dé xuét Fuzzy-EDTrans 4 |[3264anh| 97.91
5. KET LUAN dit liéu phirc tap. Két qua thuc nghiém trén

Bai bao dé xuat Fuzzy-EDTrans — mot
phuong phap hoc sdu tong hop mo cho
bai toan phan loai khdi u ndo tir anh MRIL
Diém nbi bat cua phuong phap nim & viéc
tich hop ba kién tric mang tién tién gom
EfficientNet-B0, DenseNet-169 va Vision
Transformer thong qua Fuzzy Sugeno
Integral, cho phép tan dung hiéu qua diém
manh cua tirmng mo hinh dé ting cudng kha
nang phan loai. Khac vdi cac phuong phap
don mo hinh truyén théng, Fuzzy-EDTrans
khong chi cai thién d§ chinh xac ma con
nang cao tinh 6n dinh trong cac tinh hudng

tap dir liéu cho thdy phuong phap dat do
chinh x4c 97,91%, cao hon véi phan 16n cac
mo hinh riéng 1€ va cac k¥ thuat ensemble
hién tai. Tu d6 ching minh hi¢u qua cua
viéc tich hgp mé hinh da kién tric trong bai
toan phén loai anh y t& va mé ra hudng ting
dung thuc tién trong hé théng hd tro chan
doan thong minh. Trong tuong lai, nghién
ctru s€ mo rong sang cac tap dir liéu da mo
thirc va tich hgp cac phuong phap Al c6
kha ning giai thich nham tang cuong kha
ning hd tro chuyén gia y té trong thuc hanh
lam sang.
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