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Tom tit

U ndo la bénh Iy ndo bg nguy hiém, cé thé gay ra bién chizng nang va tiz vong. Hién nay,
anh chup céng hieong tir (MRI) dwoC sir dung réng rdi dé phét hién va chudan dodn u néo. Badi
b&o nay nghién cizu mo hinh hoc sau VGG16, tir d6 tinh chinh kién triic nham phu hop véi tinh
chdt caa hinh anh MRI, gidp cdi thién téc dg hudn luyén va dé chinh xac. M6 hinh thec hién
thay doi s6 lwong cac 16p tich chdp, Dropout va bé loc truée khi dwa ra dw dodn cudi cing.
Két qua thiec nghiém cho thdy, md hinh cdi tién c¢6 dg chinh xdc cao hon VGG16 trén ciing bé
diz liéu dnh céng hweong tir trong viéc phan logi bon bénh Iy gém ndo binh thirong, u than kinh
dém, u mang ndo va u tuyén yén véi dé chinh xdc dat 96.68%, toc do hudn luyén trung binh
trén cau hinh may cua ching tdi véi VGG16 1a 1200s, mé hinh cdi tién 1a 80s trén 1 epoch.

Tar khoa: MRI, U ndo, VGG16.
Abstract

Brain tumors are a serious neurological condition that can lead to severe complications and death.
Currently, Magnetic Resonance Imaging (MRI) is widely used for the detection and diagnosis of brain
tumors. This paper investigates the VGG16 deep learning model and proposes architectural
modifications to better suit the characteristics of MRI images, thereby improving training speed and
accuracy. The model adjusts the number of convolutional layers, incorporates Dropout, and refines
filters before producing the final prediction. Experimental results show that the improved model
outperforms the original VGG16 on the same MRI dataset in classifying four conditions: normal brain,
glioma, meningioma, and pituitary tumor, achieving an accuracy of 96.68%. The average training time
on our system configuration is 1200 seconds per epoch for VGG16, compared to 80 seconds per epoch
for the improved model.

Keywords: MRI, brain tumor, VGG16
1. Mé dau
Bénh ly u ndo 1a mot bénh 1y c6 6 nguy hiém cao, do su ting trudng bat thuong cua cac
té bao ndo gay ra. Viéc phét hién sém c6 y nghia 16n cho qué trinh diéu tri, doi hoi thuc hién
tam soat thuong xuyén. Tuy nhién, nhu cau nay din dén sy gia tang sé lwong di lidu can kiém
tra, co thé ké t6i anh chup cong huang tir, mot trong nhitng ngudn thng tin quan trong trong
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qua trinh chin doan. Piéu nay gay ap luc 16n dén cac y bac si, anh huong dén tée do va do
chinh xac cua céc chan doan quan trong. Viéc tng dung céng nghé thi giac may tinh vao xu ly
cac hinh anh nay gidp giam tai ganh ning, bang cach tién xi Iy phan loai cac hinh anh can chd
¥, gitip tang t4¢ qué trinh kiém tra, chuyén hudng tap trung vao cac hinh anh can chan doan.
Nhitng nim gan day, giai phap @ng dung hoc sau da dugc sir dung nhiéu trong cac nghién
ctiru vé phét hién bénh Iy ndo bd. Bai bao [1] d& xuat mot mé hinh hoc sdu mé-dun cai tién tur
k¥ thuat hoc chuyén tiép cua cac md hinh mang no-ron tién nhiém. M@ hinh st dung k§ thuat
xéc thuc chéo 10 I6p nham dam bao két qua md hinh cho ra trong qua trinh huan luyén. Qua
trinh thir nghiém caa mé hinh cho ra két qua tét, dat d6 chinh xac 96%, tuy nhién co su gia tang
vé thoi gian huan luyén. Céc tac gia cua bai bao [2] xay dung 2 md hinh 4 phan va mot mé hinh
8 phan bang phuwong phap hoc su nham chan doan ngudi mac ching tu ki bang anh chup MRI.
Cac md hinh két hop str dung dir liéu gém tudi, gisi tinh vao qué trinh phan loai, cung cap mot
danh gia vé su anh huong cua cac yéu té nay dén chung bénh. Thuat toan Canny Edge Detection
(CED), ky thuat tang cuong dit liéu va thuat toan téi wu hod tim kiém luéi (GSO) da duoc &p
dung dé ting tinh chinh x4c cia md hinh. M6 hinh dat d6 chinh xé&c cao nhat 12 md hinh sir
dung hinh anh MRI va thong tin d6 tudi vai ti 1¢ 85.42%. Céc tac gia cua bai bao [3] xay dung
va thir nghiém hai mé hinh hd tro chan doan may hoc (CAD) str dung thuat toan hoc sau trén
dir liéu anh chup cong hudng tir voi kha ning 1an luot 13 phan loai 2 nhan (binh thuong va bat
thuong) va 3 nhan (u than kinh dém, u mang n&o, u tuyén yén). M6 hinh dau tién duoc xay
dung véi 23 16p no-ron tich chap, dugc huan luyén bai bo dit liéu gom 3064 hinh anh MRI. M
hinh thir hai sir dung k¥ thuat hoc chuyén tiép trén mé hinh VGG16 véi mot phan ky thuat tir
mo hinh 23 16p dau tién. Qua qua trinh thir nghiém, hai mé hinh dat lan luot 97.8% va 100%
d6 chinh xac trén bo dit liéu dugc sir dung. Bai bao [4] dé xuat md hinh hoc chuyén tiép trén
kién triic cua ResNet34 nham phét hién bat thuong trén hinh anh MRI ndo bd. Céc tac gia thyuc
hién cac k¥ thuat nhu lam giau dir liéu, toi wu gai tri hoc va tinh chinh tham sé dé thyc hién
huan luyén md hinh. Véi sy danh gia cua ki thuat xac thuc chéo 5 I6p, mé hinh dat &6 chinh
x&c 100% trén bo dir lieu MRI 613 hinh anh. Bai bao [5] d& xuit md hinh phan loai u ndo tir
hinh anh MRI ting dung phuong phéap hoc chuyén doi, két hgp VGG16 véi khdi “23 16p CNN”
nham cai thién d6 chinh xac. M6 hinh dé xuat dat d6 chinh xac 97.8%. Céc tac gia cua bai bao
[6] d& xuat md hinh két hop mang CNN va LSTM nham trich xuét dic trung anh MRI va phét
hién u ndo, sir dung bo dix liéu Kaggle véi 3264 hinh anh MRI, két qua thu duoc dat do chinh
X&c cao hon cac mo hinh CNN va RNN thuan tly. Nhom tac gia bai bao [7] dé xuat hé thong
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chan doan u ndo qua hinh anh MRI tng dung mang CNN cuing phuong thtc tdi vu ADAS. Hinh
anh dau vao s& duoc tién xir Iy va trich chon dic trung, sau 6 huan luyén CNN c6 téi vu ADAS
dé phan loai va nhan dién céc chi tiét nguy hiém. M6 hinh dat d6 chinh xac 94%. Nhom tac gia
bai bao [8] d& xuat mé hinh mang no-ron tich chap sau két hop véi lugng 16n céc 16p va tham
s6, &p dung cling cac két ndi tat nham dat duoc hiéu suét tdt, giam luong tinh toan va cai thién
chét lugng anh dau ra sau phan tich. Ap dung trén 2 mé hinh UnetResNet-50 va Unet géc,
UnetResNet-50, mé hinh cho ra d¢ chinh xac 99.7% va diém DICE 12 0.9573. Bai béao [9] trinh
bay ky thuat hoc chuyén tiép tr VGG16, ResNet50, MobileNetV2, DenseNet201,
EfficientNetB3 va InceptionV3. Qué trinh huan luyén bat dau tir viéc tién xu ly, 1am giau di
liéu, 4p dung ham téi vu Adam/AdaMax ciing nhu cac k¥ thuat tinh chinh théng sé nham khic
phuc mot sé vin dé ton dong. Qua thtr nghiém véi bo dir liéu 2 nhan, 4 nhan, mé hinh
MobileNetV2 dat do chinh xac cao nhat. Bai bao [10] tng dung cac md hinh VGG16 va
ResNet50 phan loai anh MRI ndo bo véi cac 16p binh thuong, Pot quy, U than kinh cap thap
va U than kinh cip cao. Nhom téc gia sir dung nhiéu bd phan loai khac nhau nhu SoftMax,
SVM-RBF va SVM-Cubic dé so sanh két qua gitra chang.

Nhiéu nghién ctru da tap trung cai tién md hinh hoc sdu nham nang cao hiéu qua phan loai
hinh anh MRI ¢6 d4u hiéu u ndo. Trong bai bao nay, ching tdi nghién cttu md hinh hoc sau
VGG16 va d& xuat mot sé diéu chinh trong cau trdc caa md hinh gdc trén hinh anh MRI. Anh
MRI cung cap d6 twong phan md mém cao, gilp phan biét rd rang cac loai md khac nhau trong
ndo, hd tro tot hon trong viéc phét hién va phan loai u ndo. Nhiing dic diém nay khién anh MRI
tré thanh lya chon tt hon cho bai toan chan doan u ndo, nhung ciing dit ra thach thuc trong
viéc thiét ké md hinh hoc sau phi hop dé khai thac triét dé thong tin tir anh MRI. Céc thir
nghiém thyc té duoc tién hanh dé danh gia hiéu suat cia mé hinh da cai tién, ddng thoi so sanh

két qua voi mo hinh ban dau.

2. Phwong phap nghién ciru
2.1. Bg dir liéu

Bai béo stir dung b6 dir liéu hinh anh MRI “Brain Tumor MRI Dataset” cua tac gia Masoud
Nickparvar, tong s6 6726 hinh anh chia thanh I6p gom: 1731 anh n&o bg binh thudng, 1620 anh
n&o bo ¢6 u than kinh dém, 1635 anh ndo bo c6 u mang ndo va 1740 anh ndo bo ¢é u tuyén yén
[11]. Bo dit liéu phan bd lugng hinh anh theo ti 1& lan luot 1a 25.75%, 24.09%, 24.31% va
25.85%. Ti I& phan phdi nay cho thay bo dit liéu c6 do can ddi tét vai sé lwong anh mdi nhan
khong chénh léch Ion véi phan phéi trung binh 12 25% cho mai nhan. Mot s6 hinh anh trong b
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dit liéu duoc thé hién trong Hinh 1. Theo do, cac hinh anh Nao Binh thuong, U than kinh dém,

U mang ndo, U tuyén yén duogc thé hién lan luot tir hang 1 téi hang 4.

Hinh 1. M6t s6 hinh anh tir bg dir liéu.
Bo dit liéu duoc chia 1am 2 phan gom dit liéu huan luyén va dit liéu kiém thi. Chi tiét
duoc thé hién trong Bang 1.
Bang 1. Phan bé dir ligu trong bai béo

U than ) .
Dir liéu Binh thwong Umangndo U tuye yén Tong
kinh dém
Huan luyén 1422 1321 1333 1445 5521
Kiém thur 309 299 302 295 1205
Tong 1731 1620 1635 1740 6726

Bo dit liéu duoc tong hop tir nhiéu ngudn khac nhau, bao gém figshare, SARTAJ va
Br35H, nham phuc vu muc dich phan tich hinh anh MRI. Tuy nhién, do sy khac biét vé kich
thudce gitra cac hinh anh, ching tdi thyc hién tién xt ly 1a can thiét trude khi dua vao huan luyén.
Cu thé, c4c hinh anh duoc chuan hoa vé kich thudc 128x128 va ap dung ky thuat 1am giau di
liéu véi céc thao tac: xoay ngau nhién 40 do, dich chuyén 20%, bién dang hinh thang 20%, lat
anh va nhan ban anh. Qua trinh nay gitp ting cuong sé luong dir liéu dau vao, hd trg mé hinh
hoc sdu dat hiéu suit cao hon. Mét s hinh anh sau khi 1am giau dir liéu duoc thé hién trong
Hinh 2.
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Hinh 2. Mat s6 hinh anh 1a két qua cua qué trinh 1am giau di liéu.

2.2. M6 hinh VGG16

VGG16 1a mét trong nhitng kién tric mang no-ron tich chap (CNN) phé bién, duoc dé
xuat bai Simonyan va Zisserman trong bai bao "Very Deep Convolutional Networks for Large-
Scale Image Recognition" nim 2014 [12]. M6 hinh nay duoc phét trién dé cai thién hiéu suat
trén tap dir liéu ImageNet, véi thiét ké tap trung vao viéc sir dung cac kernel nho (3x3) nhung
xép chdng nhiéu tang dé hoc cac dic trung phuc tap hon. M6 hinh VGG16 bao gom 16 16p V6i
13 16p tich chap (Conv2D) va 3 16p két ndi day da (Fully Connected - FC). Céc tang tich chap
trong VGG16 déu sir dung kernel 3x3, két hop véi ham kich hoat ReLLU gitip mé hinh c6 thé
hoc duoc cac dic trung tot hon ma khong 1am tang qua nhiéu s6 tham sd. Céc lép tich chap
dugc nhom thanh tirng khéi, sau méi khdi 1a mot 16p MaxPooling 2x2 dé giam kich thuéc khong
gian cua dic trung. Cudi cung, ba 16p fully connected véi kich thuéc lan luot 4096 - 4096 -
1000 (trong bai toan ImageNet [13]) gilip tong hop va phan loai dau ra. Hinh 3 mo ta kién tric

cua VGGL16.
224x 224 x 3 224 x 224 x B4

@ convolution + Rell
i max pooling

x1000 g fully Connected + Rell
@ softmax

X

Hinh 3. Kién triic mé hinh VGG16
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VGG16 c6 tinh tong quat hda manh trong cac bai toan thi giac may tinh, dac biét khi sir
dung transfer learning. Tuy nhién, md hinh c6 sb lwong tham s rat 16n (~138 triéu), lam ting
thoi gian huan luyén va yéu cau tai nguyén tinh toan cao. Trong céc bai toan phan loai anh y
khoa nhu MRI ndo bd, VGG16 c6 thé dat do chinh x4c cao khi dwoc huin luyén voi du dir ligu
va ap dung k§ thuat diéu chinh tham sb phu hop.

2.3. M6 hinh cii tién tir kién tric VGG16

Dua trén kién tric cia mo hinh VGG16, md hinh cai tién duoc thiét ké véi cac diéu chinh
don gian hon dé phi hop voi kich thudc anh dau vao 128x128 va téi wu hoa cho bai toan phan
loai hinh anh MRI ¢6 dau hiéu u nfo. Kién tric goc ciia VGG16 ¢6 16 16p tich chap véi khoang
138 triéu tham sb, dugc thiét ké dé nhan dién 1000 16p trén bo dir liéu ImageNet. Tuy nhién,
trong bai bao nay, ching tdi phan loai bén nhdn anh MRI, do d6, s6 luong 16p Conv2D duoc
giam xudng nham tdi wu sb tham s, giGp giam yéu cau phan cang ma van dam bao hiéu qua
trich xuat dic trung. Sau khi tién hanh thir nghiém véi cac bo tham sé khac nhau, chung toi da
t1 wu va lya chon théng sé huan luyén phu hop nhat. M6 hinh gém mét chudi cac 16p Conv2D
dé hoc dic trung, xen k& véi cac 16p Max-Pooling2D nham giam kich thuéc khong gian va giam
s6 luogng tham s6 can huan luyén. Cu thé, ting dau vao sir dung mot 16p Conv2D véi 32 b loc
kich thudc 3x3 va ham kich hoat ReLU dé giit lai cac dic trung phi tuyén tinh, tiép theo l1a cac
I6p tich chap véi s6 Tugng bo loc lan luot 12 64, 128, 256 va 512, gitip mo hinh hoc dic trung
theo mirc do triru twgng tang dan. Cac Iép Conv2D dugc thiét lap padding="same' dé duy tri kich
thude dau vao. Sau khi trich xuat dic trung, mé hinh st dung mot 16p Flatten dé chuyén doi dir
liéu tir dang ma tran thanh vector mot chiéu, truéc khi di qua hai 16p Fully Connected véi 4096
no-ron moi lép. Xen k& giira cac 16p nay la Iép Dropout(0.5) gilip giam overfitting, ting kha
nang tong quat hda. Cudi cuing, 16p Softmax véi 4 dau ra dugc sir dung dé phan loai hinh anh
vao bdn nhém. Hinh 4 minh hoa qua trinh dir lidu duoc xir Iy qua ting tang, tir trich xuat dac
trung, giam chiéu dit liéu dén giai doan phan loai, thé hién cach mé hinh tinh chinh gilp nang

cao hiéu suat nhan dién u néo.
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Hinh 4. Kién trdc mé hinh cai tién tr VGG16
Céc tham sb va gia tri duoc st dung dé tinh chinh mé hinh gém: batch_size = 64, Ham
kich hoat: ReLU, Ham t&i vu: Adam.

3. Thir nghiém va danh gia

Hai mo hinh thyc hién huan luyén va thir nghiém danh gia gom VGG16 va md hinh cai
tién tir VGG16 dugc dé xuat. Maoi truong huan luyén 1a may tinh c¢6 cau hinh Intel Xeon CPU
2.20GHz, NVIDIA Tesla T4 GPU 16GB VRAM, 16GB RAM, Python 3.6.

Qua qué trinh huan luyén va kiém thir, chiing t6i nhan thiy mé hinh VGG16 duoc tinh
chinh dat d6 chinh xac cao la 96.68% trong viéc phan loai u ndo. Mé hinh so sanh la VGG16
g6c dat do chinh xac 1a 84.56%, thap hon 12.12% vé do chinh xéac so véi phién ban VGG16
dugc tinh chinh. Hinh 5 va Hinh 6 md ta do chinh xéac trong huan luyén va kiém thtr cua mo
hinh VGG16 gbc. Quan sat qué trinh hoi tu, mé hinh khoi dong tét khi do chinh xéc trén ca tap
huan luyén va kiém thir ting nhanh trong 20 epoch dau. O cac epoch sau, VGG16 tiép tuc cai
thién do chinh xac huan luyén 6n dinh, do chinh xac kiém tht duy tri, khdng c6 su dao dong
I6n. Két qua cudi cung, md hinh dat muc chinh xéac 84.56%. Hinh 7 va Hinh 8 thé hién db thi
ciia md hinh VGG16 cai tién, cho thiy hiéu suat duoc cai thién dang ké. Trong 20 epoch dau,
md hinh thé hién tdc d6 hoc tét khi do chinh xéac ting manh, vuot qua ngudng 90%. Tir epoch
20 dén 60, mé hinh tiép tuc duy tri trang thai hoc 6n dinh, nang cao hiéu suat phan loai. Giai
doan tir epoch 60 dén 100, qua trinh hoi tu dién ra vai tdc d6 cham hon, nhung mé hinh van
dam bao d6 chinh xac cao. Mic du c6 mét s6 bién thién nhe trong qua trinh kiém thir, nhung

xu huéng chung cua d6 thi kiém thir va huan luyén khong c6 su chénh léch déng ke.
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Hinh 5, 6. D6 thi do chinh xac trong huan luyén va kiém thir cua VGG16
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Hinh 7, 8. B4 thi do chinh xac trong huan luyén va kiém thir cia mé hinh dé xuat

Dé hién thi truc quan két qua caa hai md hinh, ching toi sir dung ma tran Confusion véi
truc tung 1 cac nhan thuc té va truc hoanh 1a cac nhan du doan. Ma tran c6 kich thudc 4x4 véi
4 nhan lan luot 13 u than kinh dém (glioma), u mang ndo (meningioma), u tuyén yén (pituitary)

va binh thuong (notumor). Ma tran cia moé hinh VGG16 va mé hinh dé xuat duoc thé hién tai

Hinh 9 va Hinh 10.
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Confusion Matrix
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Hinh 9. Ma tran Confusion caa md hinh VGG16

Confusion Matrix

meningioma glioma

Actual

pituitary

notumaor

i i i
glioma meningioma pituitary notumor
Predicted

Hinh 10. Ma tran Confusion caa mé hinh CustomVGG
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Ma tran Confusion ciia mé hinh VGG16 dwgc minh hoa trong Hinh 9, cho thy hiéu suat
phan loai ciia mé hinh trén cac 16p u ndo. M6 hinh dat két qua tét trong viéc nhan dién hai nhan
pituitary va notumor, nhung van ton tai mot sé nham lan dang ké giira cac 16p con lai, dic biét
la gitra hai 16p glioma va meningioma, véi 53 truong hop glioma bi nham thanh meningioma.
M0 hinh ciing ghi nhan 47 truong hop meningioma bi dan nhan nham thanh notumor, cho thiy
kha niang phan tach giita cac nhém nay chwa thuc su t6i wu. Hinh 10 thé hién ma tran Confusion
ctia md hinh dé xuét sau khi tinh chinh. Két qua cho thy hiéu suat phan loai duoc cai thién ro
rét khi sb luong nham 13n giira cac 16p giam. M6 hinh cai tién da khic phuc phan Ién nhitng
nham Ian ma VGG16 gap phai, giap tang cuong kha ning nhan dién chinh xac gitra cac cap
nh&n khé phén biét nhu glioma — meningioma va meningioma — notumor.

Dé so0 sanh chi tiét hai md hinh, ching toi thuc hién thong ké va so sanh bén gié tri gom
Precision, Recall, F1 Score va Accuracy. Trong d6, Accuracy la ti 1é gitra tong s6 anh dugc dan
nhin dang trén tong s6 anh trong bo dir liéu kiém thi, dugc tinh theo cong thic (1). Precision
|a ti 1¢ giira s6 anh duoc dan nhan dung trong mot 16p trén tong sb nhiing anh duoc dan nhan
vao 16p d6, duoc tinh theo cong thirc (2). Gia tri Recall 12 ti 18 giita s6 anh duoc dan nhan ding
trong mot 16p trén tong sb anh caa 16p do, dugc tinh theo cong thuc (3). Pai lugng F1-score 1a
trung binh diéu hoa dugc xac dinh dya trén hai d6 do precision va recall, duoc tinh theo cong
thirc (4). Két qua so sanh trung binh céc gié tri ciia bon 16p duoc thé hién trong Bang 2.

TP +TN 1)

Accuracy = b T IN T FP+ FN
procision — 17
recision = TP L FP @)
Recall = i
= TP I FN
(3)
Precision * Recall
F1 — Score = 2« —
Precision + Recall
(4)
Bing 2. So sanh céac thong s6 giita 2 mo hinh
M©é hinh Precision Recall F1 Score Accuracy
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VGG16 85.02% 84.56% 84.10% 84.56%
M0 hinh dé
Xuét
Mo hinh VGG16 dat Precision 85.02%, Recall 84.56%, F1 Score 84.10% va Accuracy
84.56%, thé hién kha ning phan loai twong dbi. M6 hinh dé xuét dat Precision 96.8%, Recall
96.68%, F1 Score 96.69% va Accuracy 96.68%, cho thay su cai thién dang ké trén toan bo chi

s6 danh gia. Két qua nay khing dinh cac diéu chinh kién trac mé hinh gitp nang cao hiéu suét

96.8% 96.68% 96.69% 96.68%

tong thé, cai thién kha nang phan biét giita cac loai u ndo va ting do tin cay khi 4p dung trong

thuc té.
4. Kétluin

Phat hién sém u ndo 1a vin dé cap thiét. Trong bai bao nay, chung toi di thyc hién cai
tién md hinh VGG16 nham téi wu hoa cho bai toan phan loai hinh anh MRI ¢6 dau hiéu u néo.
Thay vi gitr nguyén kién trlic goc, chung t6i diéu chinh s6 luong I6p Conv2D va cac thdng s6
lién quan dé giam tai yéu cau phan cang ma van dam bao hiéu qua trich xuét dic trung. Mo
hinh sau khi tinh chinh van duy tri kha ning hoc dic trung theo murc d triru twong ting dan,
nho sy sap xép hop ly cac 16p Conv2D, Max-Pooling2D va Fully Connected. Viéc tinh chinh
VGG16 gitp md hinh phd hop hon véi dic thu cua dir liéu hinh anh y té, ting téc d6 huan
luyén, mé ra huéng nghién citu méi trong viéc ap dung cac md hinh hoc sau vao chan doan hd
trg y khoa. Trong tuwong lai, ching t6i s& thir nghiém thém céc ky thuat t6i wu hoa khac, thir
nghiém véi kién tric CNN hién dai, két hop md hinh véi ky thuat hoc chuyén giao dé tiép tuc

nang cao hiéu suat phan loai.
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