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TOM TAT

Alzheimer 1a loai bénh dugc chan doan phd bién nhit va 1a mot trong bay nguyén
nhan gay tr vong hang dau thé gidi. Khi dugc chan doan sdm, bénh nhén c6 thé tiép can
v6i cac phuong phap diéu tri sin co, tir d6 gitip bénh nhan cai thién nhan thirc va nang
cao chat lwong cudc sdng. Chup MRI nio hién nay 1a phuong phap hitu hiéu dé xac dinh
va chan doan sém bénh Alzheimer. Trong bai bio nay, ching toi dé xuat k§ thuat phan
loai dua trén kién tric mang Inception V3, Xception, DenseNet 121, Vision Transformer
dé phan loai anh bénh Alzheimer 13 binh thuong, nhe, rat nhe hodc trung binh. Qua két
qua thuc nghiém cho théy d6 chinh xac ctia mé hinh dé xuat dat 96,7% trén tap dit licu
augmented-alzheimer-mri-dataset-v2 [1].

Tiwr khoa: Vision Transformer, Deep learning, Alzheimer, MRI.

ABSTRACT

Alzheimer s is the most commonly diagnosed disease and one of the seven leading
causes of death in the world. When diagnosed early, patients can access available
treatments. From there, it helps patients improve cognition and improve quality of
life. Brain MRI is currently an effective method to identify and diagnose Alzheimer s
disease early. In this paper, we propose a classification technique based on the network
architecture of Inception V3, Xception, DenseNet 121, Vision Transformer to classify
Alzheimers disease images as normal, mild, very mild or moderate. Experimental results
show that the accuracy of the proposed model is up to 96.7% on the augmented-alzheimer-
mri-dataset-v2 [1] dataset.

Keywords: Vision Transformer, Deep learning, Alzheimer's, MRI

1. MO PAU thirc, cudi cung 13 kha ning thuc hién cac
nhiém vu don gian nhat. Theo théng ké cua
. WHO [3], ndm 2019 c6 55,2 triéu nguoi

Alzheimer [2] 1a mot hoi chung than  mic hoi chimg sa st tri tué trén toan cau,
kinh thoai hoa nghiém trong ctia ndo dugc  du doan dén nam 2030 con sb nay s& ting
dic trung boi mat tri nhé va suy giam nhan  1én 78 tridu nguoi, ddy ciing 1a nguyén

1.1. Giéi thiéu bai toan
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nhan mgt trong cidc nguyén nhan tor vong
hang dau trén toan thé gidi. Triéu ching
cua Alzheimer khong hién ro tur déu, diéu
nay lam cho viéc phat hién va chan doan
bénh tr¢ nén kho khan. Viéc xay dung
mot hé théng hd tro viéc chan doan bénh
Alzheimer s& tao nhiéu thuan loi hon cho
céc bac si trong qua trinh phan tich va chan
doan thong qua hinh anh MRI ndo dé co
giai phap diéu tri kip thoi vo cung can thiét.
Alzheimer khong c6 céch chiita tri hoan
toan, cac bién phap chira tri s€ chi dong vai
tro tri hoan.

1.2. Nhirng nghién ctru lién quan

Menagadevi va cong su [4] da phat
trién mot hé théng chan doan co su trg giup
ctia mdy tinh dé phat hién AD. Trudc tién,
nghién ctru tién xtr Iy trén hinh anh MRI dau
vao dé nang cao chat lugng hinh anh, tiép
dén thuc hién phan doan trén céac hinh anh
duoc xtr ly dé thu dugc ving quan tam. Sau
d6 trich xuat cac tinh ning bang mo hinh
bd ma hoéa ty dong du da cép va cudi cung
str dung cac b phan loai riéng biét dé phan
loai. Nghién ctru dat do chinh xéc tong thé
1a 96,88% khi sir dung bd phan loai KNN
va 98,97% khi st dung bg phan loai ELM
cho nhi¢m vu phan loai nhi phan. Sharma
va cong su [5] da trinh bay mot phuong
thirc két hop c6 tén 1a “HTML” dya trén
phuong phap tiép can Al dé phat hién AD
tir hinh anh MRI. Céc tac gia thuc hién tién
xtr Iy trén cac hinh anh MRI, sau d6 cung
cip song song nhitng hinh anh duogc xir ly
nay vao hai mé hinh dugc dao tao trudc
nhu DenseNet201 va DenseNet121. Tiép
dén, tién hanh phan loai bang cic bd phan
loai riéng biét cho ting md hinh dugc
dao tao trude. Cudi cing, két hop dau ra
cho mdi bd phan loai bang cach sir dung
chién luoc bo phiéu, két qua do chinh xac
tong thé 1a 91,75% cho nhiém vu da phan
loai. Hazarika va cong su [6] da trinh bay

ISSN 261 5-9945

mot cach tiép can dé phan loai AD bang
cach st dung mang lu6i than kinh sau va
MRI. Phuong phap nay xir 1y trudc cac lan
quét MRI, trich xuat cac dic diém tir cac
hinh anh ndo dugc phin doan bang cach
str dung két hop cac CNN 2D va 3D, dong
thoi phan loai cac lan quét thanh AD va
khong AD bang mang than kinh dugc két
ndi day du. Céc tac gia da dat duoc két qua
day htra hen v6i do chinh xac 95,34%. Hu
va cong su [7] da gidi thi¢u mot nghién ciu
dai han vé& MCI bang cich sir dung MRI
ciu trac ndo (sMRI) lam du an sinh hoc
chinh. M6 hinh VGG-TSwinformer két
hop CNN va Transformer dua trén VGG-
16 dé trich xuat va ma hoa cac dic diém tur
céc hinh anh sMRI theo chiéu doc, dong
thoi moé hinh nay sir dung cac co ché cha y
theo thoi gian va ctra so trugt dé tich hop
cac dic diém khong gian ¢ xa va cuc bo dé
du doén tién trinh MCI. Ho dat duoc do
chinh xéac 77,20% cho nhiém vu phan loai
nhi phan.

1.3. Dau hiéu cia nio vé bénh
Alzheimer

B0 ndo con nguoi khoe manh chira hang
chuc ty té bao than kinh - cac té bao chuyén
biét xir 1y va truyén thong tin qua cac tin
hiéu dién va hoa hoc. Bénh Alzheimer gay
ra sy chét dan cia cac té bao nio. Diéu nay
1a két qua ctia hai cau trac bat thudng trong
nio [8]: mang amyloid, 12 nhiing khi
protein tich tu bén ngoai té bao va dam rbi
soi than kinh 13 nhiing khéi protein bi thay
ddi bén trong té bao. Phac thao vé bd ndo
ciia mot nguoi mic bénh Alzheimer cho
thiy nhiéu té bao than kinh bét dau co lai
va cubi cting bién mat.

1.4. Cic mang no-ron trich xuat
dac trung

a) Mang InceptionV3: InceptionV3 [9]
su dung cau truc “Inception” doc dao, két
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hop céc bo loc kich thude khac nhau dé
trich xuét da dang ddc diém hinh anh hi¢u
qua. Nho kién trac t6i wu, InceptionV3 dat
hi€u qua tinh toan cao, tiét kiém thoi gian
va tai nguyeén.

b) Mang Xception: Xception [10] st
dung mo-dun doc ddo, tach biét phép toan
tich chap theo chiéu sau va chiéu rong, gitip
giam s6 lugng tham s6 va ting hiéu qua.
Ngoai ra, Xception c6 thé dugc diéu chinh
dé dang cho nhiéu nhiém vu khac nhau va
dat hiéu suét cao so vdi cac mang no-ron
khac trén nhiéu tap di liéu tiéu chuan.

¢) DenseNet 121: DenseNet 121 [11]
str dung két ndi day dic giira cac 16p, gitp
tang cuong kha ning truyén nguoc tin hiéu
va cai thién hi¢u qua hoc tap. Nho két ndi
t6i uu, DenseNet 121 dat hiéu qua cao véi
sO lugng tham s6 it hon so véi cac mang
no-ron khic, do d6 giup tiét kiém tai
nguyén va thoi gian huan luyén.

d) Mang Vision Transformer: Vision
Transformer [12] st dung kién tric
Transformer dya trén sy cha y thay vi
tich chap truyén théng, cho phép chia nho
hinh anh thanh cac “patch” nho. Cac lop
Transformer tiép tuc xir Iy thong tin, trich
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xuat dic diém va dua ra du doan cho nhiém
vu cu thé. Vision Transformer c6 thé dugc
diéu chinh dé& dang cho nhiéu nhiém vu
khéc nhau va c6 kha ndng mé rong cho céac
tap dir liéu 16n. Pay 1a mdt mang hoc sau
dot pha véi nhiéu wu diém va tiém ning
ung dung rong rai trong linh vuc thi giac
may tinh.

e) Cdac do do danh gia mo hinh:
Accuracy [13] dugc dénh gid dya trén
cac gia tri nhu true positives (TP), false
positives (FP), true negatives (TN) va false
negatives (FN) duoc mo ta theo phuong
trinh (1). Ham categorical cross-entropy
loss L(C,P) [14] v6i i 1a nhan dir li¢u, C 1a
gia tri thuc té va P 1a gia tri dy doan. Ham
L(C,P) dugc mo ta theo phuong trinh (2).

A _ TP + TN )
CCUrAY = TP+ FP+TN + FN)
L(C, P) = —ZCi lOg(Pl) (2)

i
2. KET QUA NGHIEN CUU

2.1 Phuong phap dé xuit

Mo hinh d¢ xuit gom 2 giai doan la
huan luyén va kiém thir duoc thé hién &
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2.1.1. Pao tao mo hinh

a) Tién xit Iy va chudn bi div liéu:

Chuén hoa tat ca hinh anh thanh kich
thude 224 x 224 pixel, day la kich thude
phul hop dé tao ban vé tir hinh anh dau vao.
Sau do, tién hanh tang cuong dir liéu bang
cach thay d6i goc quay hinh anh (xoay anh)
va lat anh.

b) Rut trich ddc trung va hudn luyén:

Pau tién tién hanh rat trich dic trung
dic diém céac loai bénh Alzheimer dua
trén anh MRI ndo, sau khi duge tién xu
Iy va hudn luyén bang céac kién trac mang
Inception V3, Xception, DenseNet 121
va Vision Transformer. Pdi véi Vision
Transformer, hinh anh ddu vao sau khi tién
xtr Iy duoc cat thanh cac patch dua qua ting
liner projection vé&i kich thudc mdi patch
1a 16 x 16 [15], mdi patch s& gan vi tri va
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nhan cu thé. Tiép dén dua qua transform
encoder dé tién hanh rat trich ddc trung
ma hoa, phan loai bénh. Két qua cua qua
trinh nay s€ 1a anh duoc phan loai thudc
vao nhan nao.

2.1.2 Kiém thir

O giai doan kiém thir, hinh anh dau
vao duge chuin hoa thanh kich thuge 224
X 224, sau d6 tién hanh dua qua mé hinh
dd duoc huan luyén dé tién hanh du doan.
Két qua kiém thir s& dwa ra mot trong bon
két luan 1a Mild Demented, Very Mild
Demented, Moderate Demented hay Non
Demented.

2.2 Két qua thye nghiém
2.2.1. Cac kich ban ap dung

Trong nghién clru nay, chung t6i thuc
hién dé xuit 4 kich ban véi cac tham sd
trong Bang 1.

Bang 1. Cac kich ban dwgc dé xuit va cac tham so huin luyén

Mang rit S6 buéc
Kich | Kién tric trich dac huén Num | Learning Kich |Batch
ban mang trung va A classes rate thwdc anh| size
N . luyén
phan loai
1 InceptionV3 | Default 1000 4 0.0001 | 224 x224| 256
2 Xception Default 1000 4 0.0001 | 224x224| 256
3 | DenseNet 121 | Default 1000 4 0.0001 |224x224| 256
4 Vision Default | 1000 4 | 00001 |224x224] 256
Transformer

2.2.2. Moi trwong cai dat va tap dir

liéu thue nghiém

a) Moi truong cai dat:

b) Tap dir liéu thur nghiém:

Keras v&i ngon ngir 1ap trinh Python.

Phuong phap dé xuét duoc cai dit trén
nén tang Kaggle v6i thu vién hd trg dao tao
mod hinh mang st dung 1a Tensorflow va

TRUGONG BAI HOC SU PHAM KY THUAT VINH LONG

Trong nghién clru nay, ching toi sir
dung bo dit liéu vé bénh Alzheimer [16], 1a
bo dir lidu co san trén kaggle. Dir liéu bao
gdm 6400 anh, trong d6: Mild Demented
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(Mét tri nhd nhe) 896 anh, Moderate
Demented (Mat tri nhé vira phai) 64 anh,
Non Demented (Khoéng mét tri nhg) 3200
anh va Very Mild Demented (Mt tri nhd
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rat nhe) 2240 anh.
2.2.3. Cac két qua thu dwoc

a) B¢ chinh xac — Accuracy:

‘Accuracy and Accuracy progress

“Accuracy and ACCUracy progress.

Aceuracyivaidation Aceuracy

epocn

a. Kich ban 1

Accuracyvalidation Accuracy

b. Kich ban 2

"Accuracy and ACCUTacy progress
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Accuracynalidation Accuracy
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c. Kich ban 3 d. Kich ban 4

Hinh 2. é do Accuracy cia cdc kich ban trong giai doan hudn luyén.

Hinh 2 biéu dién do chinh xac
(accuracy) cua cac kich ban trong giai
doan huin luyén. Kich ban 1 dat d6 chinh
xac 95.21%, kich ban 2 c¢6 d0 chinh xac
1a 94.47%, kich ban 3 ¢6 do chinh xac la
79%, kich ban 4 d0 chinh xac cao hon
so voi cac kich ban con lai voi d§ chinh
xac 1a 96.79%. Mat khac, khi quan sat
kichban 1,2 va 3 ta théy réng, gia tri val

accuracy cho két qua thap hon gia tri train
accuracy, nguoc lai kich ban 4 lai cho két
qua toi uu hon so voi cac kich ban trén
khi gia tri val accuracy cao hon so véi
gia tri train accuracy. Piéu nay cho thay
md hinh trong kich ban 4 c6 kha nang du
doan tot hon cac mo hinh trong ba kich
ban con lai.

b) Bé mat mdc — Loss:

Loss and vallos progress

Loss/ validation loss.

- L— P 3 -

a. Kich ban 1

Loss and val los progress
— ows
‘ vaoss

Loss/ validation loss

b. Kich bén 2

Loss and Val s progress

Loss/ valigation loss

E3 © T e L3 £ ™

¢. Kich ban 3

d. Kich ban 4

Hinh 3. Dé do Loss cua cdc kich bdn trong giai doan hudn luyén

Hinh 3 biéu dién gia tri mat mac (loss)
cua cac kich ban trong giai doan huan
luyén. Gia tri val loss cua cac kich ban lan
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luot 1a kich ban 1 1a 0.3645, kich ban 2
la 0.5779, kich ban 3 la 0.9769, kich ban
412 0.0996. O kich ban 1, 2 va 3, gia tri
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val_loss cho két qua cao hon gi4 tri train
loss. Nguoc lai, kich ban 4 lai cho két qua
t6i wu hon so voi cac kich ban trén vi gia
tri val loss thap hon gia tri train loss. Diéu

nay cho thiy mé hinh trong kich ban 4 cho
két qua tt hon cac md hinh trong céc kich
ban con lai.

¢) Mot s6 hinh anh két qua phan loai:

Bang 2. Mt s6 két qua trén tap dir liéu kiém thir

Actual: Actual:
Non Demented Very Mild Demented

Actual: Actual:
Mild Demented Moderate Demented

Non Demented

Very Mild Demented

Kich ban 1

Accuracy: 85.39% Accuracy: 85.39%

Mild Demented

Very Mild Demented

Accuracy: 8335% Accuracy: 70.05%

Non Demented

Very Mild Demented

Kich ban 2

Accuracy: 75.94% Accuracy: 75.94%

Moderate Demented Very Mild Demented

Accuracy: 75.94% Accuracy: 58 33%

Mild Demented

Very Mild Demented

Kich bin 3

=]

Accuracy: 60.08% Accuracy: 60.08%

Very Mild Demented

Mild Demented

Accuracy: 40.01% Accuracy: 50.00%

Non Demented Very Mild Demented

Kich bén 4

Accuracy: 99%

Mild Demented Moderate Demented

Accuracy: 99% Accuracy: 96.94%

Bang 2 minh hoa mot s6 hinh anh thuc
nghiém cua cac kich ban da duoc dé xuat.
Kich ban 1 v&i mo hinh Inception V3 du
doan ding nhan thuc té 1a Non Demented,
Very Mild Demented, Mild Demented,
kich ban 2 du doan ding cic nhan Non

Demented, Very Mild Demented. Riéng
kich ban 3 chi dg dodan ding nhan Very
Mild Demented . Trong khi do6 kich ban 4
du doan chinh x4c tat ca cac nhin. Két qua
cho th?iy kich ban 4 hoat dong tdt hon han
cac kich ban con lai.
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d) So sanh, danh gia cac mo hinh phan loai bénh

a. Thoi gian (minutes)
800 -
600 -

400 -
237 173
200

OJ i B m

Kich ban Kich ban Kich ban Kich ban
1 2 3 4

b. P chinh xac trung binh
Accuracy (%)

95.21 94.47 96.79

1111

Kich ban Kich ban chh ban chh ban
1 2

D
(e
1

1

[\
o
1

Hinh 4. Thai gian dao tao va dé chinh xdc cua cdc kich ban

Hinh 4a biéu dién thoi gian dao tao cia
cac kich ban duoc dé xuét. O kich ban 1 1a
250 phut, kich ban 2 1a 237 phut, thoi gian
dao tao kha tuong dong. Kich ban 3 ton
kha nhiéu thoi gian dé dao tao 845 phut.
Trong khi do, kich ban 4 tén it thoi gian
dao tao nhat véi 173 phat. Hinh 4b biéu
dién do chinh xé4c cua cac kich ban dé xuat
lan luot 12 kich ban 1 14 95.21%, kich ban
2 14 94.47%, kich ban 3 1a 79%, kich ban

414 96.79%. Qua két qua trén, c6 thé thiy
md hinh 4 cho két qua dao tao nhanh nhat
trong cac kich ban duoc dé xuét, bén canh
do, do chinh xéc kich ban 4 ciing cao hon
s0 v6i cac kich ban con lai. Diéu nay cho
thiy, kich ban 4 mang lai két qua du doan
tdt hon so véi cac kich ban con lai.

2.2.4. Panh gia v6i cac thue nghiém
gan day

Dataset| No. of . Accuracy

Author Classes Source | Image Technique (%)

Mo ;““h Menagadevietal | 4 | ADNI | 6400 DEMNET 95.23
DenseNet-121,
Mo hinh Densenet-201,

) S. Sharma et al 4 Kaggle | 6200 SVM. Naive base 91.75
and XGBoost

Mo ;‘“‘h R-A Hzfa“ka | 4 | ADNI | 5000 | LeNetAlexNet | 95.23

0 hi VGG-16

Mohinh| 7 el 2 | ADNI| - , 772

4 TSwinformer
M6 hinh | _ . . Vision
5 Tran Thi Thu Ngan| 4 Kaggle | 6400 Transformer 96.7

Dua vao bang s6 liéu, mod hinh 5 co
hiéu suét cao va tham chi vuot trdi so vai
4 mo6 hinh con lai trong bang dir li¢u, dac
biét 1a trong viéc phan loai bénh AD. Tom

48

lai, m6 hinh Vision Transformer cho théy
hiéu suét tot va cung cap két qua 4n tuong
trong vi¢c phan loai bénh AD trén hinh
anh MRI 1a binh thuong, nhe, rat nhe hoic

TAP CHi KHOA HOC | 7o 5i0cne



JOUPnal 01( Science - V L U T E

trung binh, vugt trdi so véi nhiéu mé hinh
khéc trong bang dir lidu.

3. KET LUAN

Trong bai bao nay, ching toi dé xut
phuong phép phat hién va chan doan bénh
Alzheimer dya trén cidc mang rut trich
dac trung nhu Inception V3, Xception,
Densenet 121 va Vision Transformer.
Ngoai ra, chung t6i cling mang lai mot sb
két qua so sanh giita cac mo hinh, diéu nay
gop phan trong viéc danh gia va lya chon
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dugc phuong phap phu hop dé c6 thé xay
dung hé théng phéan loai nham hd tro bac
st ¢6 thé dua ra chan doan mot cach nhanh
chong dé c6 thé tién hanh diéu tri kip thoi
cho bénh nhan. Két qua thuc nghiém cho
thdy mo hinh phan loai bénh Alzheimer
dua trén mang Vision Transformer dat hi¢u
suat t6t hon vé mat thoi gian du doan voi
dd chinh xac cao hon so voi cdc mang hoc
sau khac. Mat khac, @6 chinh xac cia mo
hinh d& xuit trong qua trinh dao tao 1én dén
96,7%.
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