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ABSTRACT

This paper presents a Res-UNet-based deep learning architecture
that incorporates residual learning, an attention mechanism, and
dilated convolutions to improve boundary preservation and feature
representation in medical images. The model was trained and
evaluated using an MRI dataset containing 3,929 images.
Experimental results indicate that the proposed approach provides
better segmentation performance compared with several existing
methods, including traditional U-Net, Fuzzy C-Means (FCM),
Attention U-Net, UNet++, SegNet, Swin-UNet, TransUNet, and
nnUNet. The model achieved BF = 98.0%, SSIM = 99.2%, ACC =
99.7%, Dice coefficient = 86.6%, and loU = 76.6%. Furthermore,
tumor presence classification based on the generated segmentation
labels reached an accuracy of 99.7% on the test set. These findings
suggest that the proposed architecture is a promising approach for
medical image analysis.

Keywords: Brain tumour, diagnosis, MRI images, Res-UNet,
segmentation
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1. GIOI THIEU

Mot trong nhiing thach thirc 16n nhit cta hé
thong cham soc sirc khoe hién nay 1a tinh phic tap
va qua trinh chan doan chinh xac cac bénh mdi ciing
nhu céc tinh trang y khoa khac thong qua hinh anh
chan doan, von ton nhiéu thoi gian va ngudn luc
(Pasche & Kietzmann, 2020). Tri tu¢ nhan tao (Al)
d duogc dua vao linh vyc y té thong qua cac hé thong
chan doan hd tro bang may tinh nham hd trg bac si
phat hién sém cac du hiéu va triéu chung bénh, tu
d6 giam chi phi diéu tri thong qua ké hoach diéu tri
hi€u qua hon (Paschen & Kietzmann, 2020). U ndo
la mot trong nhiing tinh trang y khoa nghiém trong
nhét, dat ra nhiéu thach thire cho viéc chan doan kip
thoi va diéu tri hiéu qua. Anh cong hudng tir
(Magnetic resonance imaging-MRI) dong vai tro
then chét trong viéc phat hién va theo ddi cac bat
thuong & ndo, cung cap hinh anh do phan gidi cao
va khong x4m lan vé cdu trac cling nhu cac ton
thuong mé ndo. Tuy nhién, viéc dién giai anh MRI
van 1a mot qué trinh ton nhiéu cong sic va mang
tinh chi quan, doi hoi cac bac si chan doan hinh anh
phai phan tich ti mi khbi lugng dir liéu 16n, diéu nay
khong chi tao ra sy khac biét trong chan doan giira
cac chuyén gia ma con han ché kha ning mé rong
trong cac hé thong y té thiéu ngudn luc. Trong 20
nam qua, ty ¢ phat hién u ndo da tang hon 40% &
nguoi truong thanh thuge moi do tudi (Farmanfarma
et al., 2019), véi khoang 11 ca mdi duge ghi nhan
mdi ngdy. Néu khdi u dwoc phat hién sém hon it
nhat mot nam, ty 1€ séng sot ciia bénh nhén c6 thé
tang 1én khoang 40%; nguoc lai, néu duoc chan
doan ¢ nam thwr 5 tro di, ty 1& séng chi con khoang
10% (McKinney, 2004). Truéc khi Al dugc tUng
dung trong hé thdng phan tich chuyén sau, phuong
phap phan doan thu cong thudng duoc st dung dé
xé4c dinh bat thudng trén nio, do cac bac si chuyén
khoa hodc béc si chn doan hinh anh thuc hién
(Starmans et al., 2020), theo timg 14t cit hodc trong
khong gian 3D bang cach chii thich cac voxel hodc
khoanh vung ROI. Mic du tin dung duoc kién thue
chuyén mén nhung phuong phap nay rat ton thoi
gian va dé xay ra sai léch giita cac lan d4nh gia ciia
cung mdt nguoi hodc gilra cac chuyén gia khac
nhau, ddng thoi khong kha thi khi s6  luong anh MRI
can xir Iy ngay cang 1on. Al phat trién manh mé& cho
nhitng cong cu mang tinh cach mang trong linh vuc
chin doan hinh anh y khoa, véi kha nang tg dong
hoéa va nang cao quy trinh chan doan thong qua cac
k¥ thuat nhu hoc sau va mang no-ron tich chap, cho
phép hé théng hoc cac mau dic trung phirc tap trong
anh MRI dé phat hién, phan loai va phan doan u ndo
v6i d6 chinh x4c va tinh nhit quan cao. Két qua mot
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nghién ctru trén Nature Medicine cho thiy Al c6 thé
chan doan chinh xac u ndo chi trong hai phit trong
qua trinh phau thuat (Saeedi et al. , 2023). Ngoai ra,
Al con glup giam 25% thoi gian nam vién va giam
91% s6 ca chuyén d&n co so diéu dudng
(Humphreys et al., 2025), dong thoi hd trg nang cao
d6 chinh xac phﬁu thuat bang cach phan biét 15 mo
u va mo lanh, gitp bac si loai bo tdi da khdi u va cai
thién tién luong séng cho bénh nhan (Khalighi
etal., 2024).

Nhing tién bd gan déy trong Al va hoc sau da
cdi thién déng ké dd chinh xac va hi¢éu qua ctuia phan
tich anh y khoa, dac biét trong viéc phat hién va
phan doan khéi u ndo bang MRI. Két qua nhiéu
nghién ciru da kham pha cac mo hinh dua trén Al
nhu mang no-ron tich chap (CNN), May vector hd
trg (SVM) va cdc mang no-ron truyén théng. Ching
han, cac m6 hinh do Amin et al. (2018) va Abdalla
and Esmail (2018) dé xuét dat d6 chinh xéc cao (Ién
dén 99%) nhung dugc huan luyén va kiém thir trén
céc tap dit liéu twong ddi nho (thuong dudi 100 anh),
lam han ché kha ning tong quat héa va d¢ tin cay
trong cac bdi canh 1am sang thuc té. Chang han, Vo
and Pham (2021) da dé xuat mot phuong phap phan
doan anh MRI cta bénh nhan Covid-19 sir dung
thuat toan phan cum m¢ dya trén hat nhan ty dong
thich nghi. Phuong phap nay khong chi tu dong xac
dinh sb lwong cum phi hop ma con cai thién qua
trinh hinh thanh cym md bang cach nang cip ky
thudt phan cum mo dua trén kernel ban dau. Mic du
két qua nghién ctru nay da dong gop dang ké cho hoc
may khong giam sat trong phan doan anh nhung no6
van ton tai mot s han ché, bao gom do phirc tap tinh
toan cao va thoi gian phan doan dai. Cac kién trac
hién dai hon nhu U-Net va cac bién thé ctia no hién
da duoc su dung rong rdi trong phan doan anh y
khoa nh¢ kha niang manh mé& trong viéc trich xuat
dac trung khong gian. Tuy nhién, cdc mo6 hinh U-
Net truyén théng van gip khé khan khi xtr 1y cac dic
trung sdu va cac mau phirc tap, dic biét trong cac
tap dit liéu 16n. Dé khéc phuc nhiing han ché nay,
cac nha nghién ciru da phat trién nhiéu mé rong vuot
ra ngoai U-Net ¢ dién. Chang han, Wu et al. (2024)
da gidi thi¢u MedSegDiff-V2, mét khung mo hinh
khuéch tan dua trén bo bién doi mai, tich hop céc
mo hinh xéc suit khuéch tan voi bo bién ddi thi giac.
Mic du cac mé hinh khuéch tan dua trén U-Net da
cho thdy hiéu ning manh mé& nhung viéc két hop
tryc tiép voi transformer ban dau lai cho két qua
chua t6i wu. MedSegDiff-V2 di giai quyét thanh
cong han ché nay, dat dugc Kkét qua vuot troi trén 20
bai toan phan doan anh y khoa v&i nhiéu loai dit liéu
hinh anh khac nhau. Ngoai ra, Velastegui et al.
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(2024) da thyc hién mot khao sat toan dién bao quat
cac kién trac phan doan, tr cac mo hinh ¢b dién nhu
FCN va PSPNet dén cac phuong phap hién dai dua
trén bd bién d6i nhu SegFormer va FAN. Trong
cung hudng nghién ciru, Ruan and Xiang (2025) da
dé xuat VM-UNet, mot mo hinh phéan doan anh y
khoa du tién duoc xay dung hoan toan dua trén cac
mo hinh khéng gian trang thai (SSMs). Bang cach
tich hop khi Visual State Space (VSS), VM-UNet
¢6 thé nam bat hiéu qua cac phu thudc dai han voi
d6 phire tap tinh toan tuyén tinh, khic phuc han ché
Ve kha nang mo hinh héa toan cuc cia CNN va nhu
cau tai nguyén cao cua transformer. Két qua thuc
nghiém trén cac tap dir liéu nhu ISIC17, ISIC18 va
Synapse cho thdy hiéu ning canh tranh, nhén manh
SSMs 1a mot huéng nghién ciru diy tiém ning cho
phan doan anh y khoa trong tuong lai.

Dura vao cac han ché cua cac hudng nghién ctru
trén, chung toi dé nghi mo hinh két hop moi, tap
trung vao viéc tich hop cac két nbi du vao kién tric
U-Net nham cai thién kha ning lan truyén dic trung,
tang cuong Gradient va nang cao d¢ chinh xac phéan
doan.

Nhitng dong gbép chinh cia nghién cuu nay
nhu sau:

(1) Mot kién trac Res-UNet cai tién, tich hop cac
khéi du, co ché cha y va tich chap gidn di dwoc dé
xudt nhim nang cao kha niang xac dinh ranh giGi
khéi u trong anh MRI ndo. M6 hinh dé xut st dung
céc khéi residual két hop dilated convolution dé mé
rong receptive field va khai thac thong tin da ty 1€
ma van duy tri 4§ phan giai khong gian ciia dic
trung. Pong thoi, co ché attention dugc tich hop trén
cac két ndi skip connection nhim ting cudong kha
ning tap trung vao ving phdi va giam anh huong
clia cac cdu trac nén khong lién quan. Su két hop
ddng thoi gitta residual learning, attention
mechanism va dilated convolution tao nén mdt kién
tric c6 kha nang khai thac hi¢u qua ca thong tin cuc
b 13n ngit canh toan cuc.

(2) Viéc danh gia toan dién da dugc th,uc hién
trén mdét tap dir liéu MRI da dugc cong bo, co sd
luong 16n céc anh.

(3) Viéc phan tich va so sanh véi cac phuong
phap phan doan truyén théng va cac phuong phap
hoc sau khac thong qua cac chi s6 danh gia nhu chi
s6 BF , SSIM va d6 chinh xac (ACC) di dugc tién
hanh.
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2. TIEU CHUAN PANH GIA KET QUA
PHAN POAN

Trong nghién ciru nay, suat phan doan ciia cac
thudt toan dugc danh gia dinh luong béng céc chi sd
nhu chi s6 F1 theo bién (BF) va chi so tuong dong
chu trac (SSIM). Céc chi s nay duoc sir dung dé
danh gia muc 4o chong lap Vung, do6 chinh xac bién

va tinh twong ddng cAu triic giira cac mit na dy doan
véa nhan chuén that trong tap dir li€u.

2.1. Pinh nghia 1: chi s6 BF

BF dugc dinh nghia tuwong tu nhu chi s6 F1
truyén théng, nhung thay vi so sanh toan by mat na
ctia diém anh, né danh gia cac duong bién dugc trich
xuét tir nhan chuan that va két qua du doan. Cong
thirc tinh cho chi s6 nay dugc cho trong (1).

2-P-R

= 1
P+R M
Trong do, P = M 1a ty 1¢ cac diém bién
pred

du doan dung trén tong sé diém bién dy doan,

B NB, N e 1A, < X o n ,
R= W la ty 1& cac diém bién du doan
Bgt
dﬁng trén tong so diém bién thuc, By, 1a tap oéc
di€ém bién cua nhan chuén, By,..q 12 tdp cac diém
bién cua két qua dy doan.
2.2. Dinh nghia 2: chi s6 twong dong ciu tric

Chi sb chi sb tuong ddng céu tric (SSIM) 1a mot
thudc do dugc dung dé danh gia mirc do tuong dong
gitta hai hinh anh. Khac véi cac chi s truyén thong
nhu sai s6 binh phwong trung binh (MSE) hay ty s6
tin hiéu trén nhiéu dinh, ching chi so sanh su khac
biét theo timg diém anh, SSIM danh gia thong tin
céu trac, phit hgp hon véi cach con ngudi cam nhén
chat lugng hinh anh.

SSIM dugc st dung rong rai dé danh gia chét
luong tai tao anh hodc Kkét qua phan doan anh, dac
biét trong cic bai toan nhu khir nhidu, nén anh va
phan tich anh y khoa. Cong thirc tinh toan cho chi s&
nay dugc cho trong (2)

(2ux1y+C1)(20xy+C2)
(u%+u§+€1XG§+G§+Cﬂ

SSIM(x,y) =

2

Trong do, ux and uy la gia tri trung binh cua hai
dnh x va y, o2 va oy la phuo‘ng sai, Oy, la hlep
phuong sai, C; , C; 1a cac hang s6 dugc sir dung dé
on dinh phép chia.
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3. MO HINH PE NGHI
3.1. M hinh dé nghi
Khung phuong phap dé xuit gom hai giai doan:

« Giai doan 1: Phan doan khdi u bing mé hinh
Res-UNet cai tién.

«Giai doan 2: Phan loai su hién dién coa khéi u
dua trén cac nhan mét na phan doan da dy doan.

M0 hinh phan doan hoat dong & muc pixel dé tao
ra cac mat na nhi phan cua khoi u. Mdi anh MRI
trong bo dir liéu déu di kém voi mot mat na phan
doan dugc chuyén gia gan nhan tha cong, trong d6
céc diém anh thudc ving kh01 u dugc gan gia tri
khac 0 va cac diécm anh nén dugc gan gia tri 0. Tir
mat na nay, nhan phan loai nhi phan dugc xac dinh
theo nguyén tac nhu sau:

« Néu mat na phan doan chua it nhét mot diém
anh thudc vung khoi u (tirc tong so di€ém anh cia
vung khoi u 16n hon 0) thi anh dwge gan nhan Tumor

(1.

e Néu toéu} bo mat na chi ]aao gém cac diém anh
nén (khong ton tai vung khoi u) thi anh dugc gan
nhan Normal (0).

Nhan phan loai dugc xdy dung truc tiép tr mat
na phén doan twong tng. Nhan phan loai nhi phan
y; dugc xac dinh nhu sau:

Anh MRI néo
¢ khéi u (diu vao)

fl

\  Khéi du (Residual Block) J'

Ghi chi

« Mbi khéi dur gen: 2 1ém tich chdp 3x3,
BatchNorm vi ReLU, cdng 11 (skip connection)

« Kién tric 88i ximg kidu U-Net voi két ndi bd qua
(skip connection) gilra encoder va decoder.

Khéi di (Residual Block)

8

512

Irr / P p
Y
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H

Zizwi(p.q»o.
p=1

= q:l

~
_ néu
Vi =

0, Nguoc lai,

Trong do y; € {0,1} 1a nhan phan loai cua anh
thir i, y; = 1 biéu thi anh c6 khéi u y; = 0 biéu thi
anh khong ¢6 khdi u, M;(p, q) 1a gia tri ciia mat na
phén doan tai diém anh (p,q), H va W lan luot 1a
chiéu cao va chiéu rong ctia mit na phan doan. Nhu
vay, néu mit na phéan doan chura it nhét mot diém
anh thudc ving khdi u thi anh MRI tuong tng dugc
gan nhan y; = 1. Nguoc lai, néu toan by mit na chi
bao gdm cac diém anh nén thi anh dugc gan nhén
y; = 0. Kién trac mé hinh d& nghi dugc thé hién
nhu sau:

« Encoder: Anh du vao dugc xtt 1y qua céc 16p
tich chap va giam kich thudc deé trich xuat dac trung
da muc.

* Decoder: Cac dac trung dugc tang kich thude
va tai cAu trac nham khoi phuc d6 phan giai ban dau,
tao ra mdt na phan doan.

« Két ndi dw (ResNet): Viée bd sung cac két ndi
du giup cai thién lan truyén Gradient, ting khé nang
hoc va hi¢u nang ciia mo hinh.

Kién triic ciia md hinh dé xuét duoc minh hoa
trong Hinh 1.

2

N

|

123128 Anh phén doan

khéi u (déu ra)

\

: Tich chdp 3x3 * RelU
(+ Chuln héa BatchNorm)

: Giam kich thude 2x2 (MaxPooling)

: Téng kich thube 2x2 (Deconv)
"""""" > : Sao chép va ndi (Copy & Concatenate)
: Céng timg phdin bir (Element-wise Add)

"+ Kndi du (Residual Block)
Rl

Hinh 1. So' 46 minh hoa ciia mé hinh Res-UNet cai tién

3.2. Két néidu

Dé khic phuc hién tuong méat Gradient va cai
thién kha nang hoc dac trung sau, md hinh deé xuat
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su dung cé‘c khéi Residual trong ca bo ma hoa va bo
gidi ma. Bau ra cia mdt khoi Residual dugc xac dinh
baoi (3).
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y=F(, W) +x, 3)

Trong d6, x 1a dau vao cua khdi residual,
F(x, W) 1a ham anh xa dugc hoc thong qua cac 16p
tich chap véi tap trong so W va y 1a dau ra cta khoi.

3.2.1. Co ché chiiy (Attention)

Nhim ting cudng kha ning tap trung vao vung
khéi u va giam anh hudng cua cac cau trac nen mot
Attention Gate dugc tich hop trén mdi két ndi cua
Encoder va Decoder. Hé s Attention dugc tinh boi
cong thuce (4).

a=c (sz (ReLU(Wxx +W,g + b))), 4)

Trong do6, x 1a ddc trung tir encoder, g la tin hiéu
diéu khién tir decoder, W, va W, la cac ma trén trong
s6 hoc duoc, b 1a hé s dich chuyén, o(.)la ham
sigmoid va & 1a ban db attention. Pic trung diu ra
sau Attention Gate duoc xac dinh bai:

(5)

Trong d6, © biéu dién phép nhan timg phdn tir.
Co ché nay giap mé hinh tap trung vao cac vung
chtra khoi u va loai bo cac dac trung khong can thiét.

3.2.2. Tich chap gian (Dilated Convolution)

x'=a®zx,

Pé mo rong ving cam thu (receptive field) ma
khong 1am gidm d¢ phan giai khong gian cua dac
trung, tich chap gian (Dilated Convolution) dugc st
dung tai cac ting sdu ctia encoder. Cong thirc tong
quat ctia phép tich chap gidn duoc biéu dién nhu sau:

K
Y = ) x(i+ 7wl
k=1
Trong do, r 1a hé s6 gidn (dilation rate), w(k) 1a
trong 6 cua bd loc va K 1a kich thudc kernel. Trong
nghién ctru‘néy, cach¢ so gianr = 2 var = 4 dugc
sir dung nham khai thac hiéu qua thong tin ngir canh
¢ nhicu thang do khac nhau.
3.2.3. Ham mdt mat (Loss Function)

Dé tdi vu hoa chét lvong phan doan, ham mat
mat ket hop gitta Dice Loss va Binary Cross-
Entropy (BCE) dugc st dung, nhu trong (6).

L = ALpice + (1 = A)Lpcg, (6)

Trong d6, A 1a hé sd can bang giira hai thanh
phan mat mat,
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23 pigi te
Sapi+ X, gt €

v6i p; 1a xéc suat du doan cua pixel thir i, g; 1a
nhan thuc te€ twong tng, N 1a tong so6 pixel trong anh
va € 1a mot hang s6 nho nham tranh hién tugng chia
cho 0 va

Lpjce =1—

Lgcg = — Nz gilog(p;)

+1- 91) log(1 = py)l.

Viée két hop Lpjce va Lpcg giip mo hinh vira t6i
uu muc do chong lap gitra vung du doan va vung
thuc té, vira cai thién tinh 6n dinh trong qua trinh
hudn luyén ddi véi cac tap dir li€u co su mét can
bang gitra ving khdi u va nén anh.

3.3. Cac tham sb da thiét lap

Mo hinh Res-UNet sir dung anh dau vao dang
vuodng c6 kich thude 256 x 256 tuong thich véi kién
trac Encoder va Decoder. L6p dau ra duge cdu hinh
theo sb lwong 16p phan doan, trong d6 nghién ctru
nay sir dung phan doan nhi phan. Encoder dugc ciu
thanh tir cac khdi du két hop céc 16p tich chap, chuan
hoa va ham kich hoat ReLU, gitp trich xuat dic
trung hiéu qua va duy tri su lan truyén Gradient 6n
dinh. Qua trinh tang kich thudc duoc thyc hién bing
tich chap chuyén vi, dong thoi co thé sir dung cac
trong s6 cta mang ResNet duoc huin luyén trude
cho muc dich hoc chuyén giao. Cac tham sb huén
luyén cho mé hinh dé nghi duoc tom tat trong
Béang 1.

Bang 1. Mt s6 tham s6 ciia mang Res U-Net

Tham s6 Gia tri
Ty 1€ hoc 0,0001
Kich thudc Batch 16
Sb epochs 50
X L. Binary Cross-Entropy
Ham mat mat + Dice Loss
Ty 1€ xac thyc 0,2
Dung sém Patience =5
Ham kich hoat ReLU / Sigmoid
Ty 1¢ Dropout 0,5
Trong s6 khoi tao He normal
Thuat toan tbi wu Adam
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Bang 2. M ta kién triic md hinh Res-UNet dé nghi
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Ting Kich thuéc diura S0 filters Thanh phin
Input 256x256x1 - Anh MRI nio

Encoder-1 256x256x64 64 Residual Block
MaxPool-1 128x128x64 - Max Pooling (2x2)
Encoder-2 128x128%128 128 Residual Block
MaxPool-2 64x64x128 - Max Pooling (2x2)
Encoder-3 64%x64x256 256 Residual Block + Dilated Conv (r=2)
MaxPool-3 32x32x256 - Max Pooling (2x2)
Encoder-4 32x32x512 512 Residual Block + Dilated Conv (r=4)
MaxPool-4 16x16x512 - Max Pooling (2x2)
Bottleneck 16x16x1024 1024 Residual Block
Decoder-4 32x32x512 512 UpSampling + Attention Gate + Skip Connection
Decoder-3 64x64%256 256 UpSampling + Attention Gate + Skip Connection
Decoder-2 128x128x128 128 UpSampling + Attention Gate + Skip Connection
Decoder-1 256x256x64 64 UpSampling + Attention Gate + Skip Connection

Output 256x256x1 1 Conv (1x1) + Sigmoid

4. KET QUA PANH GIA VA THAO LUAN
4.1. Tap dir liéu

Dt liéu dugc su dung gém c6 3.929 anh MRI
ndo ngudi kém theo thong tin vi tri khéi u ciia 110
bénh nhan (Buda et al., 2019; Akkus et al., 2017).
Trong nghién ctru nay, 80% anh MRI ndo dugc st
dung 1am tap hudn luyén va 20% con lai duoc st
dung 1am tap kiém tra. B dir lidu nay duoc cong bd
tai National Cancer Institute (n.d.). Mot s6 anh tiéu
biéu cua bd dit liéu dugc minh hoa trong Hinh 2.

Hinh 2. Anh MRI cit ngang ciia nio ngudi

Ghi chu: Sw ]cha'c biét vé cuong d‘gﬁ mau sdc cho thdy sy
khac nhau vé mat do va thanh phdnv mo, thuong dwoc su
dung cho muc dich phdn tich va chan doan y khoa.

4.2. Tién xir Iy anh MRI

Tru6e khi huén luyén mé hinh, tit ca cdc anh
MRI déu dugc dua qua mot quy trinh tién xur ly
thong nhat nham dam béo tinh nhat quan cua dir liéu
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va nang cao do 6n dinh cta mo hinh dé xuét. Trude
tién, tat ca cac anh duoc thay doi kich thudc vé 224
x 224 pixel, twong tmg véi kich thude dau vao cia
kién trac dé xuat. D& giam hién tugng quéa khép va
cai thién kha ning téng quat héa ctia mé hinh, cac
ky thuat tang cuong dir liéu dugc ap dung. Cac ky
thuat nay bao gdém lat anh ngang ngau nhién
(random horizontal flipping), xoay ngau nhién trong
pham vi+15°, phong to hodc thu nho ngau nhién véi
ty 1& toi da 20%, dich chuyen anh theo chiéu ngang
va chiéu doc véi ty 1¢ toi da 10%, cung voi diéu
chinh nhe d¢ sang cua anh. Nhitng phép bién doi nay
gitip tao ra nhiéu mau huan luyén da dang hon trong
khi van béo toan cac dic diém giai phau quan trong
ctia ving phdi.
4.3. Két qua va théo luin

Trong phan nay, phuong phap d& xuét duoc ap
dung dé phan doan vung c6 khbi u ndo trong anh
MRI. Sau d6, cac nhan mat na phan doan dy doan
duoc su dung dé xac dinh két qué phan loai sy hién
dién ctia khdi u trén tap kiém tra. Ngoai ra, dé danh
gia hiéu qua ctia phuong phéap dé xuit, két qua cua
mo hinh duoc so sanh véi mot sé phuwong phap hoc
sau nhu VGG16, ResNet50 va Inception V3. Hiéu
qua phan loai dugc danh gia dinh lwong bang cac chi
s& ACC va F1-Score. Cac anh minh hoa vé két qua
phén doan dugc cho trong Hinh 3.
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Hinh 3. Minh hga 10 Anh MRI nio cung véi cac
mit na da dugc phian doan
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Két qua thyc thi cac phuong phap phan doan anh
duoc the hién trong Hinh 4.

Két qua danh gia dinh luong ddi v6i dau ra cia
cac thuat toan, dga trén cac chi so chat luong da
dugc thiet 1ap, dugc tom tat trong Bang 2.

Bang 2 thé hién thuét toan U-Net thu dwoc két
qua t6t hon so voi thuat toan FCM trén cac chi so
danh gia nhu BF, SSIM va ACC . Tuy nhién,
phuong phéap dé nghi thu duoc két qua cao nhét & tat
ca céc chi s6 so sanh, véi BF = 98,0%, SSIM
97,0% , ACC =99,7%, Dice coefficient = 86,6% va
IoU =76,6%.

Bang 2. Két qua chi s BF Score, SSIM va ACC cho cic thuét toan phin doan cung loai

Thuit toan BF SSIM  ACC Dice ToU Hausdorff
§ coefficient Distance
Dé xuét 98,0 99,2 99,7 86,6 76,6 4,3
FCM 85,0 86,0 88,0 76,3 67,2 11,8
U-Net 88,0 89,0 90,0 81,0 73,2 7,9
Attention U-Net 86,5 99,2 99,7 86,5 76,2 4.6
UNet++ 86,4 99,2 99,7 86,4 76,0 4.8
SegNet 85,4 99,1 99,7 85,4 74,5 5,5
Swin-UNet 77,2 99,0 99,6 77,1 62,7 10,9
Trans-UNet 82,4 99,0 99,6 82,4 70,1 7,1
NN-UNet 86,3 99,2 99,7 86,3 75,8 4.9
UNet Training and Validation Loss Modal Loss —
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SegMet - Loss
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UNet++ - Loss

(e) SegNet

TransUNet - Loss

10,0

—— Train Loss
val Loss

(g) TransUNet

(f) UNet++

nnUNet - Loss

—— Train Loss
Val Loss
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(h) nnUNet

10.0

Hinh 4. D6 thi ciia hAam mat mat caa cdc thuit toan

0
(Binh thwong)

Nhan thyc té

(Khéi u)

1
(Khéi u)

0
(Binh thwong)
Nhan dw doan

Hinh 5. Két qué phan loai dwoc biéu dién thong
qua ma trin nham lan, trong d6 0 thé nhom
binh thuwdng va 1 thé hién nhém dnh cé khoi u

Ngoai ra, dé kiém ching thém vé két qua phan
doan cua thuat toan dé nghi, viéc phan tich bai toan
phan loai cé sy hién dién cua khdi u trong anh MRI
da duoc thuc hién béng cach so sanh két qua bénh
ctia dit liéu c6 cac nhdn mit na trong tap kiém tra va
két qua dy doan ctia thuat toan dé nghi. Két qua ma
tran nham 1an va céc tinh toan chi s6 danh gia duogc
tom tat trong Hinh 5 va Bang 3.

Bang 3 cho thiy cac phuong phap do Amin et al.
(2018) va Abdalla & Esmail (2018) dé xuét dat hiéu
ning t6t, voi gia tri ACC va Fl-dugc béo céo la
99%. Tuy nhién, phuong phap dé xuét thu dugc két
qua t6t hon v6i chi s6 ACC = 99,7% va Fl-score =
99,5%

Bing 3. Két qua phan loai nhin mit na ving khdi u ciia cac thuit toan

Thuit toan ACC (%) Precision (%) Recall (%) F1-Score (%)
Datta et al. (2020) 70,00 70,30 69,70 70,00
Abdalla and Esmail (2018) 99,00 99,20 98,80 99,00
Tamilselvan et al. (2013) 98,66 98,80 98,52 98,66
ResNet50 98,50 98,70 98,30 98,50
VGG16 95,28 95,50 94,90 95,20
Inception V3 92,40 92,70 92,10 92,40
Amin et al. (2018) 99,00 99,10 98,90 99,00
D& xuat 99,70 99,80 99,20 99,50

5. KET LUAN

Trong nghién ciru nay, mot md hinh phan doan
anh MRI ndo cai tién da dwoc dé xuat bang cach tich
hop cac khdi du ciia ResNet vao kién trac U-Net két
hop véi co ché cht y. M6 hinh tan dung kha ning
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hoc dic trung sau cia ResNet, déng thoi khai thac
hiéu qua cdu trac Encoder va Decoder ciia U-Net
nham ting cudng kha nang trich xuét dic trung, cai
thién qué trinh hoi tu va ning cao chat lugng phan
doan. Co ché chu y dugc st dung dé tang cuong kha
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nang tap trung vao vung khdi u va giam anh huong
clia cic ving nén khong lién quan. Két qua thyc
nghiém trén b dir liéu MRI ndo cho th?iy mo hinh
dat d¢ chinh xac 99,7%. Khi so sanh véi cac phuong
phap nhu FCM, U-Net, Attention U-Net, UNet++,
SegNet, Swin-UNet, TransUNet va nnUNet, mo6
hinh d& xuat dat cac chi s6 BF = 98,0%, SSIM =
99,2%, ACC = 99,7%, Dice coefficient = 86,6%
vaIoU=76,6%, cho théy hiéu nang phan doan canh
tranh va dat két qua tdt trén bo dir lidu duoc sir dung.
Bén canh d6, mo hinh ciing dat két qua kha quan
trong bai toan phan loai anh chira khdi u véi ACC =
99,7% va F1-score = 99,5%, cao hon cac phuong
phap duoc lya chon dé so sanh nhu Datta et al.
(2020), ResNet50, VGG16, Inception V3, Amin et
al. (2018), Abdalla and Esmail (2018) va
Tamilselvan et al. (2013). Mic du cac két qua thuc
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