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This paper proposes a preprocessing method to enhance the accuracy of
deep learning models in detecting and classifying brain tumors on
magnetic resonance imaging scans. First, the input images are processed
using a Gabor filter to highlight essential features, including edges,
textures, and directional structures of the brain, thereby improving the
ability to recognize the morphological characteristics of tumors. Next,
since magnetic resonance images are often affected by noise during
acquisition, the denoising autoencoder technique is applied to remove
noise and enhance image quality. Finally, the deep learning model
VGGL16 is employed to classify four common types of brain tumors: no
tumor, glioma, meningioma, and pituitary tumor. Experiments conducted
on a large dataset with thousands of magnetic resonance images
demonstrate that the proposed method improves model accuracy to
96.68%, outperforming traditional approaches. These results confirm the
potential of deep learning in the early diagnosis and classification of brain
diseases, contributing to advancements in modern medical support
systems.
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Bai bao nay dé xuit mot phuong phéap tién xi Iy nhim nang cao do
chinh xdc ctia m6 hinh hoc sdu trong phat hién va phén loai khéi u ndo
trén anh cong huong tir. Trude hét, anh dau vao dugce xu ly bang bo loc
Gabor dé lam nbi bat cac dic trung quan trong gdm canh, két ciu va
huéng cua cdu trac ndo, giup ting kha ning nhan dién dic diém hinh
thai cuia khdi u. Tiép theo, do anh cong huéng tir bi anh hudng béi cac
nhidu trong qua trinh thu thap, k¥ thuat Denoising Autoencoder dugc ap
dung d& loai bo nhidu va cai thién chét luong hinh anh. Cubi cung, md
hinh hoc sdu VGG16 thyc hién phan loai bdn loai u nio pho bién gf)m
khéng c6 u ndo, u than kinh dém (glioma), u mang nio (meningioma),
va u tuyén yén (pituitary tumor). Thyc nghiém dugc tién hanh trén tap
dit lidu 16n voi hang nghin anh cong huéng tir, cho thiy phuong phap dé
xuét giup md hinh dat do chinh x4c 96,68%, cao hon cic phwong phap
truyén théng. Nhimg két qua trén khing dinh tiém ning ciia hoc siu
trong chan doan va phan loai sém cac bénh 1y ndo b, gop phén hd tro y
hoc hién dai.

DOI: https://doi.org/10.34238/tnu-jst.12185

* Corresponding author. Email: tungdc@utc.edu.vn

http://jst.tnu.edu.vn

102 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(07): 102 - 109

1. Giéi thiéu

U ndo 1a bénh Iy nguy hiém, c6 thé de doa tinh mang néu khong dugc phat hién va diéu tri kip
thoi. Chan doan sém va phan loai chinh xac khdi u dong vai trd quan trong trong viéc xac dinh
phuong phép diéu tri pht hop cho bénh nhan. Hinh anh cong huong tir (MRI) hién la cong cu
chinh trong chin doan u ndo nho kha ning cung cip hinh anh chi tiét vé cu tric nio va dic diém
khéi u. Tuy nhién, viéc phéan tich hinh anh MRI phy thudc nhidu vao kinh nghiém cia béac si
chuyén khoa, co6 thé bi anh hudng béi yéu t6 chi quan, dan dén sai sot trong chan doan. Ngoai ra,
su trong ddng vé hinh thai gitra cac loai khdi u khac nhau khién viéc phan loai tré nén khé khan.
Do d6, phat trién cac hé théng hd trg chin doan tw dong c6 do chinh xéc cao 14 can thiét trong y
hoc hién dai.

Nhirng niam gan day, hoc siu duoc sir dung nhiéu trong linh vyuc phan tich hinh anh y t& n6i
chung, va anh MRI néi riéng. Bai bao [1] trinh bay mot hé thong tu dong dé phan biét giita hinh
anh MRI binh thuong va bit thuong va dé phan loai khdi u thanh u mang ndo, u than kinh dém
hodc u tuyén yén, sir dung cac ky thuat tién xir 1y, tdi wu héa, dat d6 chinh xac 91,3%. Bai bao [2]
dé xuit mot phuong phap x@ ly dir liéu tién tién dé cai thién kha nang phan loai anh MRI lién
quan dén hoi chimg tu ky. Bo dit liéu ABIDE véi 1831 anh MRI trai qua ba giai doan tién xt 1y:
loai bo anh kém chét lugng, phat hién bién Canny (CED — Canny Edge Detection) va lam giau dit
lidu. M6 hinh duoc xay dung 1a mang no-ron sau két hop thuat toan t6i wu tim kiém lugi (GSO)
vé6i ba phién ban. Trong d6, mé hinh huan luyén phan loai theo tudi dat do chinh xac cao nhat véi
85,42%, con md hinh phan loai 8 16p theo tudi va gidi tinh dat 67,94%. Bai bao [3] gidi thiéu
BTSCNet — mdt mo hinh phén doan va phan loai u ndo trong anh MRI ting cudng tuong phan
theo trong s6 T1 (CE-MRI). M6 hinh thuc hién bén budc chinh gbm phan doan khéi u béng
BTSNet, lwa chon ving quan tam bang phép toan hinh thai, trich xuat ddc trung voi ma tran dong
xudt mirc xam da ving (MR-GLCM), va phan loai bang cira s6 truot Euclidean. Két qua thur
nghiém cho thdy d6 chinh xac trung binh cia ba nhan (u mang ndo, u tuyén yén va u than kinh
dém) dat 96,67%. Bai bao [4] dé xuat mot mo hinh hoc sdu mo-dun, tan dung uu diém cua
DenseNet, VGG-16 va cac cdu triic mang no ron tich chap (CNN) co ban. Bang cach phén tich
dic tinh 16p cua cac mo hinh nay, md hinh dé xuét duoc xay dung dya trén sy két hop cua cac
khdi dic trung nbi bat. Huin luyén trén b dir liéu MRI cong khai tir Kaggle voi ky thuét xac
thuc chéo K-fold, m6 hinh dat d6 chinh xac 96%, cao hon so véi cac mo hinh phé bién khac. E.
Avsar va K. Salcin [5] da sit dung m6 hinh R-CNN dé phat hién va dinh vi khéi u trong hinh anh
ndo MRI. Bai bao [6] xdy dung hai m6 hinh song song gdm 2D-CNN va mang no-ron tich chap
tuy mi hoa (convolutional auto-encoder). Ca hai déu phan loai anh MRI thanh bén nhém: binh
thudng, u mang ndo, u tuyén yén va u than kinh dém. M6 hinh 2D-CNN st dung 16p tich chap
xen k& véi batch-normalization, max-pooling va dropout, k¥ thudt auto-encoder dé tryc tiép xur ly
anh du vao. D¢ chinh xdc kiém thir ciia hai md hinh l1an luot dat 96,48% va 93,45%. Nhom tac
gia trong bai bao [7] phat trién mot moé hinh CNN dé phan loai khdi u ndo MRI trong hinh anh di
dugc tién xur Iy voi phuong phép ting cuong do twong phan T1, dat duoc do chinh xac 94,39%.
Nhiam hd trg bac si trong chan doan hinh anh, bai bao [8] dé xuat mé hinh GANomaly, c6 kha
nang hoc dac trung ndo bd va phat hién bat thuong trén anh MRI. Phuong phap nay giup khoanh
ving cac khu vire nghi vén, gitp béc st nhanh chong xac dinh bét thudng va 1én phuong an diéu
tri. Két qua thir nghiém cho thdy mé hinh c6 kha ning phat hién 97,5% dién tich ving bat
thuong, nhung van con han ché véi cac ton thuong nhd hon 1 mm. Bai bao [9] nghién clru va
danh gi4 nim mdé hinh hoc sdu phd bién gdm VGG16, ResNet50, DenseNetl21,
InceptionResNetV2 va InceptionV3 dé phan loai u ndo dwa trén 7023 hinh anh MRI duoc chia
thanh bdn loai: u than kinh dém, u mang nao, u tuyén yén va khoéng co khéi u. Két qua thyc
nghiém cho théy, mé hinh DenseNet121 dat d6 chinh xac cao nhét. Bai bao [10] dé xuat mot hé
théng phan doan va phan loai dua trén mo hinh ty dong va cod thé dao tao duge cho cac khéi u
ndo MRI st dung mang no ron nhén tao (ANN). Phuong phéap nay bao gdm ba budc chinh: ting
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cuong anh, phan doan anh va loc cic ving khong quan tim dua trén két cdu va dic trung biéu dd
hudng d6 doc (HOG). M6 hinh dat d6 chinh xac 92,14%.

Céc nghién ciru gin ddy da dé xuit nhiéu phuong phap st dung mang CNN dé ty dong phat
hién va phan loai u ndo véi d6 chinh x4c cao. Tuy nhién, cac mo hinh hién tai van tdn tai mot sb
khoé khan, bao gém nhay vé6i nhiéu va su da dang trong cAu trac anh MRI gilta cac bo dit lidu.
Hon nira, viéc truc tiép dua anh MRI vao mo hinh phan loai cé thé chua tan dung triét dé thong
tin vé két cdu va dac trung hinh thai hoc cua khéi u, dan dén hiéu suét khong 6n dinh khi 4 ap dung
trén dir liéu thuc t&. Nhim giai. quyét han ché nay, ching t6i dé xudt mé hinh két hop cac k¥ thuat
xur ly anh véi mang CNN dé t6i vu hoa qua trinh nhén dién u néo trén anh MRI. Cu thé, phuong
phép de Xuét sir dung b loc Gabor dé trich xuét cac dic trung két cu hinh thai quan trong, gilp
lam ndi bat cdu triic ciia md ndo va cai thién kha ning phan biét giita cac loai u khac nhau. Tlep
theo, mdt mang no-ron Denoising Autoencoder dugc ap dung nhim loai bo nhidu va cai thién chat
lwong anh dau vao, dam bao thong tin truyén vao mo hinh phan loai 13 t&i wu nhét. Cudi cing, hinh
anh dugc lam giau bang cac thudt toan xoay, 1at, phong to,. .. 10i dwa vao md hinh VGG16 dé thyc
hlen phén loai anh MRI thanh bén nhom gdm khéng c6 u néo, u than kinh dem u mang nao, u
tuyén yén. Viéc két hop cac phuong phap nay giip tang cuong kha nang trich xuat dac trung va céi
thién do6 chinh xac ciia mo hinh, dong thoi duy tri tinh 6 on dinh va kha nang tong quat hoa cao, véi
do chinh xac dat 96,68%. Hinh 1 mé ta quy trinh xir Iy tong quan ctia nghién ciru.

Hinh anh dau vao

!

BO loc Gabor

!

Denoising
Autoencoder

!

MO hinh phan I6p
VGG16

!

Két qua
(Glioma/Meningioma/
Pituitary/Notumor)

Hinh 1. Quy trinh dé xudt ciia mé hinh trong bai béo

2. Phwong phap nghién ciru
2.1. Tién xi¢ Iy div ligu
2.1.1. Bé loc Gabor

Budc dau tién trong qué trinh tién xir Iy anh MRI trong bai bao 1a 4p dung bo loc Gabor, mot
bd loc tuyen tinh, hi¢u qua trong viéc trich xuat dac trung canh va hoa tiét ciia hinh anh [11]. B
loc Gabor gitip xac dinh sy ton tai cia cac thanh phan tan so khong gian theo nhitng hudng cu thé
trong mot vung anh nhat dinh, tir d6 1am ndi bat cac ddc diém quan trong cho qua trinh phan loai.
bac biét, bo loc Gabor duoc cho 1a mo phong cach hé thong thi giac con ngudi, nho d6 mang lai
hiég qua cao trong viéc nhan dién cac cau tric co6 y nghia. Trong bai bao nay, bd loc Gabor hai
chi¢u dugc ap dung theo cong thirc (1):

G(x,y;4,0,¢,0,7) = exp(—

2 2,12 !

+
Zayz Y )cos(anI + ) (1)
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Theo d6, x" = xcos6 + ysind (toa do quay theo goc 0), y' = —xsinf + ycosf, A 1a budc
song cua song ham cosine, 6 xac dinh goc quay cia bo loc, 1 1a d6 1éch pha, o biéu din d¢ léch
chuén cia Gaussian, y 14 ti 1& khia canh, kiém soat do co gian theo truc y. Chiing t6i sir dung bd
loc Gabor v6i bén goc quay tir 0 dén 7 voi bude nhay 1a % kich thuéc kernel duoc thiét 1ap 1a
5x5, do léch chuén Gaussian 1a 4.0, budc song 10.0, ti 1€ khia canh 0.5, d6 1éch pha 0 va kiéu dit
liéu float32. Cac thong ) nay dugc lya chon nham t6i vu kha nang trich xut dic trung bién va
hoa tiét tir anh MRI, hd trg qué trinh phén loai khéi u hiéu qua hon.

2.1.2. Denoising Autoencoder

Sau khi dit liéu dugc tién xu ly béng bd loc Gabor nham trich xuét canh, két ciu va hudng cua
cAu trac ndo, budce tiép theo 1a khir nhiéu bang Denoising AutoEncoder (DAE). Pay 1a mot phién
ban cai tién ctia AutoEncoder, duoc thiét ké dé tai tao dit lidu tir mot dau vao co nhidu, thay vi chi
hoc céch sao chép lai dit liéu nhu AutoEncoder thong thuong [12]. M6 hinh DAE trong nghién
ctru nay dugc trién khai dudi dang mang CNN, bao gébm hai thanh phan chinh: b ma hoa
(Encoder) va bo giai ma (Decoder). Chi tiét dugc mé ta trong Hinh 2. B4 mé hoa duoc xay dung
vo6i hai 16p Conv2D Kkét hop MaxPooling2D, c6 nhi€ém vu trich xuét dic trung va anh xa dir liéu
vao mot khong gian an c6 s chiéu thap hon nham giam chiéu dit liéu va loai bo nhidu. Bo giai
mi bao gdm hai 16p Conv2D két hop UpSampling2D, trong d6 16p Conv2D cudi cung st dung
ham kich hoat sigmoid dé khoi phuc dir liéu tir khong gian 4n, tai tao hinh anh khong nhiéu. Qua
trinh nay gitp cai thién chét luwong dir li€u dau vao, tao diéu kién thuan loi cho giai doan phan
loai trong cac bude tiép theo. Hinh 3 mo ta mot s6 hinh anh sau khi tién xi 1y, trong d6, hang 1 1a
anh gbc, hang 2 1a anh sau khi xtr 1y bang b loc Gabor, hang 3 14 hinh anh sau khi xir 1y bing
thuat toan DAE.

\

Conv2D MaxPooling2D Conv2D UpSampling2D

Filter = 32, Pool size = 2x2 Filter = 64 Pool size = 2x2
Kernel size = 3x3

Kernel size = 3x3
Activation = relu’ Activation = "relu’ Conv2D
#> Filter = 1
Conv2D Conv2D Kemel size = 3x3
Activation = "sigmoid’

MaxPooling2D Filter = 64, UpSampling2D Filter = 32
t» Kernel size = 3x3 t»l Kernel size = 3x3
Pool size = 2x2 Activation = 'ralu’ Pool size = 2x2 Activation = ‘relu’

2 NG /

Hinh 2. Cdu triic mé hinh Denoising AutoEncoder trong bai bdo

Hinh 3. M6t 56 dit lidu sau khi tién xir ly

2.1.3. M6 hinh VGG-16

Sau qué trinh tién xtr 1y, hinh anh dau vao dugc khir nhiéu, cai thién chat lwong va lam noi bat
cac dac trung quan trong. Tuy nhién, & giai doan nay, m6 hinh van chua thé xac dinh cac loai u
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ndo. Do d6, chung t6i sir dung mang CNN dé thyc hién nhiém vu phan loai. Trong bai bao nay,
mo hinh VGG-16 dugc 4p dung do nhiing cai tién dang ké vé kién tric, bao gbm 13 16p tich chap
hai chiéu (Conv2D) két hop véi cac 10]:) MaxPooling, gitip t6i wu hoa hiéu suét trich chon dac
trung so voi cac mo hinh CNN truyen thong MGt trong nhung vu diém quan trong cua VGG-16
1a str dung cac bo loc kich thuéc nho 3x3, gitp giam s6 luong tham s6 trong mo hinh ma van
dam bao kha nang hoc hiéu qua [13]. Trong bai bao nay, ching to1 diéu chinh VGG-16 dé phu
hop v6i dit liéu hinh anh MRI néo, bat dau bang viéc ap dung cac 16p tich chap sau giai doan tlen
xtr 1y. Cu thé, kién trac mé hinh gdm cac 16p CONV dit sau hinh anh dau vao véi cac théng sb
nhu sau: Convolutional layer voi kich thudc 3x3, padding = 1, stride = 1, max pooling véi kich
thude 2x2. Tai 16p dau vao, ching t6i st dung 3 bo loc (filter), mdi bd loc co kich thude 3x3.
L6p CONV thir hai ¢6 64 bo loc (filter), mdi bé loc ¢ kich thudce 3x3 va dau vao 1a CONV trude
d6. Cac 16p tiép theo dwoc xdy dung theo cach tuong tu nham ting cudng kha ning hoc dic trung
cuia moO hinh. Sau khi trai qua toan bg cac tang ciia VGG-16, m6 hinh thu dugc cho phép phén
loai chinh x4c cac loai u ndo phd bién, bao gdm u than kinh dém, u mang nio, u tuyén yén va
truong hop khong ¢6 khéi u.

3. Két qua thye nghiém
3.1. Dit liéu trong bai bao

Trong bai bao nay, chung t6i st dung by dir liéu hinh anh cong huong tir cua Masoud
Nickparvar [14], dugc chup theo mat cit ngang. Bo dir liéu ban dau bao gdbm 7022 hinh anh, tuy
nhién, do c6 sy trung ldp gitra mot s6 anh, ching t6i d4 4p dung thuat toan bam MD5 dé loai bo
céc anh trung nhau nhdm dam béo tinh chinh x4c va tinh toan ven cua tap dir liéu. Qua trinh nay
gitip giam thiéu du thira trong tap dit liéu, t5i uu hoa hidu suat xir Iy va ting do tin ciy ciia mo
hinh trong giai doan huén luyén va kiém thtr. Sau khi loai bo cac hinh anh trung lap, tap dir li€u
con lai gdm 6.726 hinh anh, dugc phan thanh bbén nhom khong c¢é u ndo, u than kinh dém
(glioma), u mang ndo (meningioma), va u tuyén yén (pituitary tumor). Hinh anh dugc tién xir 1y,
va chia tap dit liéu thanh hai phan huin luyén va kiém thir theo ty 1& 80:20. Chi tiét phan bd di
liéu dugc trinh bay trong Bang 1.

Bang 1. Phdn bé dit liéu trong bai bdo

Dir liéu Khong u U thin kinh dém U mang nio U tuyén yén Téng
Huén luyén 1422 1321 1333 1445 5521
Kiém thir 309 299 302 295 1205
Téng 1731 1620 1635 1740 6726

3.2. Két qud thuc nghi¢m

Phuong phap cta chung t6i dugce thyc hién va huén luyén trén may co cAu hinh CPU 11th Gen
Intel(R) Core(TM) i5-11335G7 @ 2.40GHz, Ram 16Gb, Windows 11 Home Single, Card Intel
Iris Xe Graphics. Sau khi tién hanh thir nghiém vé6i cac bo tham sé khac nhau, ching i da téi uu
va lya chon théng s6 huan luyén phu hop nhit nhu sau: learning rate = le-4, batch size = 64,
epochs = 200.

Hinh 4 minh hoa sy thay doi d6 chinh xdc ciia mé hinh dé xuat khi kiém thir trong 200
epochs. Cac duong cong cho thiy su tién trién cua hiéu sudt mé hinh qua timg epoch, giup danh
gia kha nang hoc cua phuong phap. Trong nhitng epochs dau tién (khoang 0- 50), ham loss giam
manh trén ca tdp huan luyén va tap kiém tra, do chinh x4c ting nhanh, cho thiy mé hinh hoc
dugc cac dac trung quan trong ctia dit ligu. Sau giai doan ban dau, téc do giam cia ham loss
cham lai va bat dau tién t6i hoi tu.

Pé hién thi truc quan hon vé d0 chinh xac cta céc truong hop du doan vai bd dir ligu kiém
thr (Test) trong mo hinh dé xut, chung t6i sit dung ma trdn Confusion tai Hinh 5. Ma trin
Confusion 14 céng cu quan trong trong d4nh gia hiéu suit mé hinh phan loai, giup phan tich cac
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chi s0 accuracy, recall, va precision. Viéc chon cac khoi con trong ma trén c6 kich thudc bang
nhau ddm bao tinh cong bang va dé so sanh gitra cac loai 10i.

Loss Over Epochs Accuracy Over Epochs

14 —— Train Loss 1.0

Test Loss - s &
12 09 >
1.0 0.8 r

0.7

Loss
Accuracy

0.6 0.6

0.5

0.4

— Train Accuracy
—— Test Accuracy

0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
Epochs Epochs

Hinh 4. Qud trinh hudn luyén ciia mé hinh dé xudt
Ma tran c6 kich thudc 4x4 véi bdn nhin lén luot 1a u than kinh dém (glioma), u mang nio
(meningioma), binh thuong (notumor) va u tuyén yén (pituitary), truc hoanh 1a gia tri dy doan,
truc tung 1a gia tri thuc té. Theo d6, md hinh c¢6 do chinh x4c cao vdi s6 luong du doan dung
chiém phan 16n trong ting 16p. Lép notumor c¢6 do chinh xac tuyét dbi, khong bi nham 1an véi
bat ky 16p nao khac. Nham 14n xay ra chii yéu giita glioma va meningioma, 16p pituitary c6 mot
s0 it truong hop bi nham thanh glioma va meningioma, nhung ty 1é thap.

Confusion Matrix

24 0 1

glioma

©
5
s 200
2- 7
g
5 B
g - 150
<
g
E- 0
e - 100
g_ - -50
2
a

glioma meningioma notumor pituitary
Predicted

Hinh 5. Ma trgn Confusion ciia mé hinh d‘é xudt

Nhiam muyc dich 1am rd hon hiéu qua ciia phuong phép de xuét, chiing t6i thuc hién thng ké
va so sanh bon gia tri khi huan luyén cac mo hinh bao gdm Precision, Recall, F1-Score, va
Accuracy. Trong do, Accuracy la ti 1& gitta tong so anh dugc dan nhan ding trén tong sé anh
trong bo dir licu kiém thtr. Precision 1a ti 1& giira s6 anh dugc dan nhin dung trong mot 16p trén
tong sd nhimg anh duoc dan nhan vao 16p do. Gia tri Recall la ti 1¢ gilta s0 anh dugc dan nhan
dung trong mot 16p trén tong sé anh cia 16p d6. Pai lugng F1-score 14 trung binh diéu hoa dugc
xac dinh dya trén hai d6 do precision va recall [15], [16]. Két qua so sanh trung binh cac gia tri
ctia bbn 16p duoc thé hién trong Bang 2.

Bang 2. DG chinh xdc ciia mé hinh dé xudt

Lop Precision (%) Recall (%) F1-Score (%) Accuracy (%)
U than kinh dém 96,48 91,64 94
U mang ndo 91,82 96,69 94,19 96.68
U tuyén yén 99,32 98,31 98,81 ’
Khéng c6 u ndo 99,36 100 99,68
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Ngoai ra, & danh gia hiéu qua cua phuong phap dé xuét, chiing t6i so sanh do chinh xac ctia méd
hinh v6i cic phuong phap phan loai u ndo khac, bao gdm cac mang hoc siu nhu DenseNet121,
InceptionNet, ResNet50, VGG-16 [10], CNN [1], [7], R-CNN [5] va ANN [11]. Két qua so sanh
duogc trinh bay trong Bang 3, cho thay tat ca cac md hinh trén déu c6 do chinh xac dy doan thap hon
s0 v6i md hinh cta chiing t6i. Nhimg két qua nay déu duoc cong bd tai cac tai lidu trich dan, dugc
thir nghiém cung b6 dir liéu ciia Masoud Nickparvar [14] da néu trong bai béo.

Bang 3. So sanh ket qua voi mot so bai bao khac

Bai bao Phuong phap Po chinh xac

[9] DenseNet121 94%

[9] InceptionNet 91%

[9] VGG16 88%

[1 CNN 91,3%

[5] R-CNN 91,66%

[10] ANN 92,14%

[7] CNN 94,39%
M6 hinh d¢ xuét CNN 96,68%

4. Két luin

Phén loai s6m cac bénh ly vé u ndo 1a can thiét. Bai bao nay da dé xuit mot phu()’ng phap tién
xtr 1y thich hop, dé cai thién do chinh xac ctia md hinh hoc siu trong phan loai bbn bénh 1y undo
phd bién gdm khéng ¢ u ndo, u than kinh dém (glioma), u mang nio (meningioma), va u tuyén
yén (pituitary tumor). Bang céach sir dung thuat toan Gabor va DAE, phuong phap nay giup tang
cudng cac ddc trung hinh thai cua néo, dong thoi giam nhidu, cai thién chat lugng anh dau vao.
Két qua thuc nghi¢m cho thdy mo hinh dé xut dat do chinh xac 96,68%, cao hon so vdi cac mo
hinh hoc séu tmyen thdng va mot sd phuong phap hoc sau khac. Trong tuong lai, ching toi s&
tiép tuc cai tién va t6i wu hoa mo hinh nhim nang cao do chinh xéac, hudng téi viée khoanh vung
va dua ra hinh dang, kich thudc khéi u, hd trg hiéu qua hon cho qua trinh chén doan va diéu tri
trong y hoc.
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