TNU Journal of Science and Technology 229(07): 111 - 120

DETECTING ABNORMAL AREAS ON BRAIN MRI IMAGES WITH SWIN-UNET

Le Minh Loi*?, Tran Nguyen Minh Thu®", Ho Quoc An?, Pham Nguyen Khang?
can Tho University of Medicine and Pharmacy, Can Tho University

ARTICLE INFO

ABSTRACT

Received: 07/4/2024
Revised: 10/6/2024
Published: 10/6/2024

KEYWORDS

Detecting abnormalities
Medical image segmentation
Deep learning

Transformer

SwinUnet

To identify abnormal areas on brain MRI images, radiologists need to
examine many slices from the image set. This research helps
automatically suggest abnormal areas of the brain on MRI images. The
Unet, ResNet, Swin-Unet models are trained on the Can Tho University
of Medicine and Pharmacy Hospital data set combined with the LGG
data set to segment images with or without abnormal regions. The model
will then suggest the abnormal region through the boundary drawn
around it. Experimental results show that, when dividing random data by
image, the Swin-Unet model achieves the highest accuracy with 0.88,
along with Recall, Precision and F1 Score of 0.96, 0.71, and 0.82
respectively. For determining the location and shape of the abnormal
region, Swin-Unet also demonstrated high performance with mloU
reaching 0.89 and mDSC reaching 0.91. When dividing the data by
patient, the Swin-Unet model once again showed good performance with
Accuracy reaching 0.86, along with Recall of 0.88, Precision of 0.79, F1
Score of 0.83, and for mloU it achieved 0.84 and mDSC reached 0.89.
Research results show that the Swin-Unet model has good results in the
problem of detecting abnormal areas on brain MRI images.
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Dé xéac dinh viing bat thudng trén anh MRI so nio, bac si chan doan hinh
anh can khao sat nhiéu lat cat tir bo anh. Nghién ctru nay gitp tu dong
phat hién ving bat thuong cia ndo trén anh MRI. Cac md hinh Unet,
ResNet, Swin-Unet dugc huin luyén trén bo dit liéu cua Bénh vién
Truong Pai hoc Y Dugc Can Tho két hop b dir liéu LGG dé phan doan
anh c6 hodc khong c6 ving bét thudong. Sau d6 mé hinh s& d& xuit ving
bat thuong thong qua dudng bién duwoc v& xung quanh. Két qua thuc
nghiém cho thay, khi chia dit liéu ngiu nhién theo anh, mé hinh Swin-
Unet dat dugce d6 chinh x4c cao nhét 13 0,88, cung véi Recall, Precision
va F1 Score lan luot 12 0,96, 0,71, va 0,82. B4i véi viée xac dinh vj tri va
hinh dang ciia viing bét thuong, Swin-Unet ciing thé hién hi¢u suit cao
véi mloU dat 0,89 va mDSC 1a 0,91. Khi chia dir liéu theo bénh nhéan,
md hinh Swin-Unet lai mot 1an nira thé hién hiéu suat tot véi do chinh
xac (Accuracy) dat 0,86, cung voi Recall 1a 0,88, Precision 1a 0,79, F1
Score 14 0,83, con ddi v6i mloU dat 0,84 va mDSC dat 0,89. Két qua
nghién ciru cho thidy mé hinh Swin-Unet c¢6 két qua tdt trong bai toan
phat hién ving bét thuong trén anh MRI ndo.
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1. Gioi thigu

Anh X-quang la mot anh xam don 1¢, anh MRI ndo 1a tap hop nhiéu anh xam, mdi anh goi ;a
lat cat the hién anh chup tai mot vi tri cat ngang cua ndo dugc the hién nhu Hinh 1. Tuy vao cau
hinh may chup, mdi bo anh MRI c6 thé c6 16, 32 hodc 64 lat cit. Ving bat thuong trén mdi anh
c6 mau sic, Cau trac, hinh dang khac véi ving anh théng thuong. Bé khao sat cac dang ving bat

thuong khac nhau (cac bénh khac nhau cua nao), nguoi ta chup véi cac chudi xung khac nhau tao
ra cac b0 anh MRI khac nhau nhu FLAIR, DWI va STIR.

ity O

Hinh 1. V; #ri ciia mét cat MRI trong mét bé anh MRI

Ban dau cac phuong phap phat hién ving bat thudng chu yéu dya vao cac thuat todn may hoc
truyén thong [1], [2]. Vi su phat trién cia CNN sau, Unet dugc dé& xuat trong [3], [4] dé phan
doan hinh anh. Véi sy don gian va hiéu suat vuot troi cua ciu triic hinh chir U, cac bién thé Unet
dugc dé xuat nhu ResNet [5], Unet ++ [6], DenseUNet [7] va 3dUnet [8].

Gan day, nhing thanh tyu cia mo hinh Transformer trong linh vuc xur Iy ngdn ngit ty nhién
(NLP) ciing dugc tng dung trong linh vuc thi gidc may tinh [9]. Trong [10], tac gia da d& xuat
mot Transformer tién phong (ViT) dé phan doan hinh anh. ViT dat két qua nhinh hon so vdi cac
phuong phap dua trén CNN. Tuy nhién nhugc diém cia ViT 1a mo hinh phai duoc huan luyén
trudc vai s6 rat 16n dir liéu riéng mai dat két qua tdt, trong khi kho ¢6 duoc dir liéu 16n anh y té
duge gan nhan san. Khic phuc nhuge diém nay, cac bién thé DeiT va Swin Transformer duoc dé
Xuat. Cliing v&i xu huéng d6, mo hinh Swin Unet Transformer [11] duwoc dé xuat dé phan doan
anh str dung kién trac chit U v&i Swin Transformer lam bd ma hoa két ndi véi bo giai ma CNN
tai cac giai doan khac nhau théng qua cac két ndi. M6 hinh duoc dung dé phan doan khéi u nio
3D da phuong thuc voéi dir liéu BraTS 2021.

Mo hinh Swin Unet [12] 1a mot Transformer thuan ciia Unet dugc dung dé phan doan anh y té
véi bo dir liéu Synapse multi-organ segmentation dataset (Synapse) va bo dir liéu Automated
cardiac diagnosis challenge dataset (ACDC). Synapse dataset 1a bo dir liéu gém 30 bo anh CT
bung véi 3779 1at cit, Swin Unet phan doan chinh xac 79,13%(DSC?) va 21,55%(HD]). Khi tac
gia st dung mo hinh Swin-Unet dé phan doan dix liégu ACDC (anh MRI tim) cho d6 chinh xéac
90% (DSC1).

V6i sy thanh cong ctia Unet va cac bién thé trong bai toan phan doan anh va su phat trién cua
Transormer trong linh vuc thi gidc may tinh. M6 hinh Unet dua trén hoc sdu CNN, m6 hinh
Swin-Unet dua trén Transformer dugc chung toi st dung dé phat hién ving bt thuong trén anh
MRI néo. Dit liéu thu thap tir Bénh vién Truong Pai hoc Y Dugc Can Tho két hop dir liéu LGG
dugc tién xtr 1y, chuin hoa, va duoc dua vao thuc nghiém trén cac md hinh Unet, ResNet, Swin-
Unet nham tim ra mé hinh hiéu qué cho bai toan phat hién vang bat thudng trén anh MRI nio.

Céc noi dung tiép theo ctia nghién ciru duoc dé cap 1a mo ta phuong phap nghién ciru, cac két
quéa dugc ban luan chi tiét dé tir d6 dua ra két luan va hudng phat trién cia nghién cuu.
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2. Phuwong phap nghién ciu

Mo hinh Swin-Unet dugc ap dung dé phat hién ving bat thuong trén anh MRI ndo. Bén canh
d6, cac md hinh hoc sau da duoc phat trién truéc d6 nhu Unet, ResUnet ciing duoc thuc nghiém
dé so sanh va danh gia véi mo hinh SwinUnet. Viéc phat hién viing bat thuong s& dugc dénh gia
thong qua cac chi sb cua bai toan phan loai hinh anh nhu: D6 chinh xac (accuracy), d6 nhay
(Sensitivity), d6 dac hiéu (specifity) va d6 F1-Score. Di v6i phan doan ving bét thuong s& duoc
danh gia thong qua cac chi s Mean Intersection over Union (mloU), Mean Dice Similarity
Coefficient (mDSC), Mean Precision, va Mean Recall.

2.1. M6 hinh Unet

Mo hinh Unet 4p dung dé so sanh véi mé hinh Swin-Unet dé xuat duoc mo ta trong hinh 2.
Anh dau vao c6 kich thudc 256 x 256 x 1. Phan giai ma dung dé thu thap ngir canh va cac dic
trung quan trong tir anh thong qua cac khdi giam kich thude twrong tng vai bo loc c6 s6 luong 32,
64, 128 va 256. Trong mdi khdi giam kich thudc sir dung hai 16p tich chap lién tiép, mdi 16p co
cung sé lwong b loc véi khdi d6. Mbi I6p tich chap theo sau 1a mot ham kich hoat ReLU va 16p
thir hai trong mdi khéi ciing dugc chuan hoa theo BatchNormaliztion. Sau mdi khdi giam kich
thudc, st dung mot 16p MaxPooling2D dé giam kich thudc cua ban do dic trung mot nira, va mot
I6p Dropout dé giam hién tuong qua muc.

Phan nut c¢6 chai (Bottleneck): sir dung mot chudi gom 2 16p tich chap lién tiép, mdi 16p déu
sir dung 512 bo loc. Theo sau mdi 16p tich chap 1a mot ham kich hoat ReLU. O I6p tich chap thir
hai ¢6 thém mét 16p chuan hoa BatchNormaliztion.
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Hinh 2. Kién triic mé hinh Unet dwoc dp dung trong thyc nghiém

Phan giai ma (Decoder) phuc hdi lai kich thuéc ban dau cua anh va tao ra ban d phan doan.
Chung t6i str dung bdn khéi ting kich thudce, trong wng voi cac bd loc co sb lugng 1a 256, 128,
64 va 32. Bat dau bang viéc tang kich thudc ciia ban db dic trung sir dung I6p Conv2Dtranspose
(hay con goi la deconvolution) véi muc dich téi tao kich thudc khong gian gan bang véi ban do
dic trung twong Ung trén phin ma héa. Sau khi ting kich thudc, ban db dic trung tir decoder
dugc néi v6i ban db dac trung tuong (g tir encoder thong qua phép ndi (concatenate). Ké dén 1a
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mét 16p Dropout duoc st dung. Cubi cung, ap dung mot khéi tich chap kép, mdi khdi bao gom
hai 16p tich chap véi s6 luong bo loc giam dan (256, 128, 64 va 32) va ham kich hoat ReLU

Sau qua trinh giai ma, md hinh cudi cung str dung mot 16p tich chap véi mot bo loc va ham
kich hoat sigmoid dé tao ra ban d6 phan doan cudi cung nhu Hinh 2. Ban dd nay du dodn xac
suit mdi pixel thugc vé mét 16p cu thé, vai kich thuéce biang vai anh dau vao.

Trong nghién ctru ndy, ham téi wu hoa Adam vdi ti 1& hoc 1a Se-4 va epsilon 1a 1e-5 duoc sir
dung. Kich thudc 16 (batch_size) dat 1a 32. Mo hinh ty dirng lai sau 150 epoch khong ¢6 sy giam
vé val_loss. Him mat mat sir dung dé huan luyén trong nghién ciru nay 14 ham tversky_loss.

2.2. M6 hinh Res-Unet

Mo hinh ResUnet bét dau véi 16p dau vao co kich thude (256,256,1), sau d6 trién khai mot
loat cac khdi ma hoa, mdi khéi bao gom cac 16p tich chap véi chuan hoa hang loat va ham kich
hoat ReLU. Mang bit dau véi hai 16p tich chap c6 16 bd loc 3 x 3, sau d6 1a mot két ndi tit, cling
V6i 16 bd loc nhung kich thuéc 1 x 1, nham cung cap mot dang kich hoat ban déu cho mang.
Tiép theo, mang str ‘dung ba khoi residual trong qua trinh ma hoa, mdi khdi tang gip doi s6 luong
bg loc tir 32, 64, dén 128, va ap dung strides 2 dé giam kich thudc cua dac trung. Mai khéi nay
goém hai 16p tich chap véi chuan hoa hang loat va ReLU, va mot két ndi tit dugc thuc hién qua
mot 16p tich chap 1 x 1. Phan “"cau ndi" cua mang 1a mot khdi residual véi 256 bo loc va
strides=2, ndi gira phan ma hoa va giai ma. Trong phan giai ma, mang thuc hién bén budc giai
ma, mdi budc sir dung I6p UpSampling2D dé ting kich thudc cua dic trung va 16p Concatenate
dé két hop cac dic trung tir phan mi hoa théng qua co ché két ndi bo qua sau d6 1a mot khoi
residual, véi sb luong bo loc giam dan tir 128, 64, 32 xudng 16.

Cubi cung, mét 16p tich chap véi mot bo loc 1x1 duoc ap dung dé tao ra ban dd phan doan
cudi cung, str dung ham kich hoat "sigmoid" cho phép phén loai timg pixel vao mét trong cac 16p
dich. Kién tric ResUNet duoc thiét ké dé toi wu hoa viéc hoc dic trung tir dit liéu hinh anh, véi
kha ning cai thién dang ké do chinh xac cua phan doan ngit nghia so voi cac moé hinh truyén
thdng, nho vao sy két hop thong minh giira cac khdi residual va co ché két ndi bo qua cua Unet.

Trong nghién ctru nay, ham t&i wu hoa Adam vdi ti 1& hoc 1a 5e-4 va epsilon 1a 1e-5 duoc sir
dung. Kich thudc 16 (batch_size) dat 1a 32. O ddy mé hinh tu dirng lai sau 150 epoch khéng c6 su
giam vé val_loss. Him mat mat st dung dé huan luyén & day 1a ham tversky loss.

2.3. Mé hinh Swin-Unet

Mo hinh Swin-Unet duoc cai dit trong nghién ctru nay l1a su két hop giita cAu trac ciia Swin
Transformer [13] nhu Hinh 3 va kién trac mang Unet. Mang nhin du vao 1a anh c6 kich thudc
256 X 256 x 3 va sir dung kién trac Swin-T cho bo ma hoa dé trich xuit thong tin dic trung tir
anh dau vao.
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Hinh 3. Kién triic mé hinh Swin Transformer phién ban Swin-T [13]

B mi hoa trong kién triic Swin-Unet sir dung ba giai doan dau tién cua kién tric Swin
Transformer phién ban Swin-T, moi giai doan chira cac khoi Swin Transformer con. Giai doan 1
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va giai doan 2 mdi giai doan chta 2 khdi Swin Transformer con, trong khi giai doan 3 chira 6
khéi. Cac khdi nay duoc thiét ké dé xir Iy thong tin dic trung tir cp do thap dén cip do cao, tir d6
giam dan kich thudc tensor thong qua qua trinh Patch Merging.

Nut ¢6 chai cia mang, nam gita bo ma hoéa va giai ma, st dung giai doan 4 cua Swin
Transformer phién ban Swin-T, 1a giai doan c6 d6 sau 16n nhat, nham tdi wu hoa viéc tong hop
thong tin dic trung. Noi day, thong tin tir cac 16p ma hoa duoc tong hop dé tao ra dic trung mirc
cao nhat trudc khi bat dau qua trinh giai ma.

B giai ma ciia md hinh duoc xdy dung ddi xang véi bdo mi hoa, sir dung céc khéi Swin
Transformer 1am cbt 15i. Trong khi bo ma hoa st dung 16p Patch Merging dé _giam dan kich
thudc cia ban do dic trung, bo giai ma lai ap dung 16p Patch Expanding dé lay miu nang cap cac
déc trung sau. Lop Patch Expanding nay tai cau trac cac ban d6 dic trung co kich thudc lién ké,
chuyén doi chung thanh ban dd dic trung c6 do phan giai cao hon. Skip connection tir bd mé hoa
dugc tich hop théng qua 16p Concatenate, két hop thong tin dic trung tir cac cip do khac nhau dé
hd tro qua trinh tai cdu triic anh dau ra. Piéu nay cho phép mé hinh phuc hoi chi tiét anh mot
cach chinh xé4c, dong thoi duy tri thong tin quan trong tir bd ma hoa Cudi cing, 16p Dense duoc
sir dung dé chiéu tensor dic trung vé kich thudc ban diu cua anh, va mot 16p Activation véi ham
kich hoat 'sigmoid' duoc ap dung dé tao ra ban do phan doan cubi cung véi kich thudc 256 x
256 X 1 nhu Hinh 4.

Trong qué trinh thiét ké mang Swin-Unet, nghién ctru dd ap dung trong sé tir mé hinh Swin
Transformer V2 phién ban ‘tiny’ (swin2_tiny 256) lam diém khoi dau. Mo hinh nay, da duoc
huan luyén trudc trén tap dir liu ImageNet, chira dung kién thuc vé mot loat dic trung va mdi
quan h¢ gitra cac dbi twong trong linh vuc thi giac may tinh. Su lya chon nay nham muc dich tan
dung kién thirc da hoc dwoc tir mot trong nhirng tap dix liéu 16n va da dang hién nay, nhiam cai
thién kha nang cua Swin-Unet trong viéc trich xudt théng tin tir hinh anh, doi hoi su hiéu biét sau
sic vé cAu trac va hinh thai. Trong sb cua ‘swin2_tiny_256" dugc ap dung nhu la diém khai dau
cho bo mé hoa ctiia SwinUnet. Diéu nay bao gdm viéc khai tao cac khbi Swin Transformer véi
céc trong s6 da hoc dwoc tir ImageNet, gitip mo hinh nhanh chéng thich tng véi dir liéu méi va
tiét kiem dang ké thoi gian can thiét cho viéc huan luyén mang tir dau.
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Hinh 4. Kién triic mé hinh Swin-Unet duoc cdi dat dua trén mé hinh Swin-T
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Trong nghién ctru ndy sir dung ham t6i uu hoa Adam véi ti 1¢ hoc 1a Se-5 va epsilon 1a le-5.
Kich thuge 16 (batch_size) dat la 8. O ddy md hinh ty dung lai sau 150 epoch khong c6 su giam
vé val_loss. Ham mat mat sur dung d€ huan luyén ¢ day 1a ham tversky loss.

2.4. Ham mit mat Tversky loss

Trong nghién ctru ndy, chung t6i 4p dung ham mat mat Tversky dé phan doan hinh anh MRI
ndo, nham phat hién ving bat thuong. Him mat mat Tversky 1a mot bién thé ciia ham mat mat
Dice, duoc thiét ké dé giai quyét van d& mat can bang 16p trong dir liéu. Ham nay dic biét hitu
ich trong viéc phan doan cac ving bat thuong, thuong chiém ti I¢ nho trong anh va dé bi bo qua
boi cac ham mat mat thong thuong.

Ham mat mat Tversky dugc dinh nghia nhu cong thirc (1):

i &

Tver =1—-———
verskYioss TP+ aFP+ BFN

Trong do:

e TP (True Positives) la s6 lugng diém anh duoc phan doan chinh xéac 13 ving bat thuong.

e  FP (False Positives) 12 sb luong diém anh binh thuong bi nham 13n 13 bat thuong.

e  FN (False Negatives) 1a s6 luong diém anh bat thuong bi bo sot.

Céc tham sé o va B cho phép diéu chinh d6 nhay cta ham mat mat d6i voi FP va FN. Trong
nghién ctru nay, o = 0,3 va B = 0,7 dugc ap dung, diéu nay phan anh myc tiéu uu tién giam FN
hon 14 FP. Boi vi, Viéc bo sot cac ving bat thuong co thé dan dén hau qua nghiém trong trong
chan doan va diéu tri. Su diéu chinh nay gitp ting cudong kha ning cia mé hinh trong viéc phat
hién cac ving bat thuong, ngay ca khi chung chiém ti 16 nho trong anh.

3. Két qua thuc nghiém

Trong bai bao nay, cac mo hinh dugc xu ly trén mdt may tinh don véi CPU Intel(R)
Core(TM) i9-12900K 3,20 GHz di kém v&i 64GB ram cho phép huin luyén véi batch size lon
hon, GPU c¢6 hiéu suat cao nhu GPU Nvidia GeForce RTX 4070 Ti gitip rat ngan déng ké thoi
gian tinh toan. M6 hinh Unet c¢6 s6 lugng tham sé 1a: 8,635,809 va thoi gian huan luyén la
44s/epoch. Cai tién m6 hinh Unet, ResUnet c6 sé luong tham sé it hon (2,078,673 tham s6) va
thoi gian huan luyén nhanh hon (30s/epoch). M6 hinh SwinUnet c6 sé luong tham sé cao nhat
(36,071,623) va thoi gian huan luyén 1a 142s/epoch (gap 4,73 lan mo hinh ResUnet).

3.1. Tap de ligu

Tap dit liu LGG gdom 110 anh MRI néo str dung chudi xung FLAIR cit theo phuong ngang
VGi tong 3929 1at cat trong d6 1373 1at cat c6 ving bat thuong va 2437 anh binh thuong. Cac lat
cit c6 chira ving bét thuong s& c6 thém file JSON chtra thong tin vé vi tri cac pixel chira ving
bat thuong goi 1a mat na ving bat thuong. Hinh 5 minh hoa anh gdc caa 14t cit c6 chira ving bat
thuong va mat na chira viing bat thuong twong ung.

Hinh 5. Anh LGG va mdt ng twong img

Tap dir liéu Bénh vién Truong Dai hoc Y Duoc Can Tho (BV PHYDCT) gom MRI ndo cia
139 bénh nhan st dung chuoi xung FLAIR cat theo phuong ngang trung binh moi bénh nhéan c¢é
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20 1at cat. Do bo dit liéu thu tir BV DPHYDCT ciing nhu da phin cac bénh vién & cac huyén x4 tai
Viét Nam déu sir dung 1a anh MRI xam trong khi LGG 1a anh mau, vi vay budc dau tién la
chuyén anh LGG thanh anh xam. Ty ¢ anh binh thuong trén tong s6 anh cia BV PHYDCT la
kha 16n 3,7 trong khi LGG 1a 1,8. Vi vay trong nghién ctru nay chung toi da loai bo mot s tap
anh ma bénh nhan khong co lat cit chira ving bét thuong trong tap dit liecu BV DPHYDCT. Sau
khi xtr 1y dit liéu BV DPHYDCT c6 593 lat cat bat thuong va 1065 lat cat binh thuong [14].

3.2. Cdc thuc nghiém
3.2.1. Thuc nghiém 1: Tdng cuwong diz liéu

Véi tap dit liéu thu thap tir BV PHYDCT, nhiam lam ting d6 chinh x4c ctia mé hinh d& xuit,
dir liéu duoc ting cuong théng qua mot loat cac thao tac: Anh duoc quay goc +/- 10 do, dich
chuyén anh theo chiéu ngang, thay doi kich thudc 90-110%, lat anh, diéu chinh d6 sang 10-
110%, diéu chinh do twong phan 80-120%. Sb lwong anh sau khi ting cudng va bo sung tap LGG
duogc chia ngau nhién thanh 3 phan: dit liéu huan luyén v6i 4466 anh, bo dit liéu diéu chinh mo
hinh véi 789 anh, va dir liéu kiém tra voi 332 anh. Két qua danh gia trén 128 anh bat thuong va
204 anh binh thuong dat dugc trinh bay trong bang 1, mo6 hinh dugc ting cuong dir liéu da tang
vé dd chinh xac (Accuracy) tur 0,83 1én 0,88, chi s6 F1 ¢o gia tri tor 0,74 tang 1én 0,82 so voi mo
hinh khong ting cuong dir lidu. Piéu nay chung to viéc ting cuong dir lidéu khong chi gitp mo
hinh nhén dién chinh xac ving bat thudng hon ma con giam thiéu dang ké s6 lugng du doan sai
léch dbi véi cac anh chira viing bat thuong.

Bang 1. Bang tong hop két qua phdn logi ving bdt thirong

Phwong phap TP (1oU>0) FP TN FN Accuracy F1-score
Khéng tang cuong dir liéu 81 47 193 11 0,83 0,74
Tang cuong dir liéu 91 37 200 4 0,88 0,82

3.2.2. Thuee nghiém 2: Pdnh gid phan chia dit liéu theo dnh (ldt cdt)

Thuc nghiém danh gida mé hinh Unet, ResUnet va Swin-Unet trén bd dir liéu dugc dugc phan
chia theo anh c6 két qua trinh bay trong Bang 2, Bang 3 va Hinh 6. Trong b dit liéu cia PHYDCT
ldy ra 20% anh lam bo kiém tra, trong 80% con lai s& gop voi bo dir liu LGG va tiép tuc Iy ra
15% dit lidu anh vira gop dé 1am bo xac thuc va s6 con lai 1am bd huan luyén. Dir liéu anh s& dugc
ldy mot cach ngiu nhién ba 1an véi cac truong hop random_state lan luot 1a 50, 250 va 550.

Bang 2. Tong hop két qud phdt hién va phén logi viing bdt thuwong

Rz;?:t%m Mo hinh Accuracy Precision scFoll:e (Io-lrJP>O) FP TN FN
Unet 0,83 0,58 0,72 72 52 203 5

50 ResUnet 0,82 0,63 0,72 78 46 194 14
SwinUnet 0,87 0,69 0,79 85 39 203 5

Unet 0,83 0,59 0,73 76 52 201 3

250 ResUnet 0,85 0,70 0,78 90 38 192 12
SwinUnet 0,86 0,70 0,80 89 39 198 6

Unet 0,80 0,52 0,67 67 61 198 6

550 ResUnet 0,81 0,58 0,70 74 54 195 9
SwinUnet 0,88 0,71 0,82 91 37 200 4
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Hinh 6. Biéu do so sanh gid tri trung binh cdc lan hudn luyén

Thyc nghiém 2 cho thiy Swin-Unet cho két qua tot hon Unet va ResUnet véi Accuracy cao
nhét 14 0,88 va Precision 0,71 trong phan loai, ciing voi mloU va mDSC lan luot 13 0,91 va 0,94
trong phan doan. Két qua cho thiy, Swin-Unet hiéu qua trong ca hai tic vu phan loai va phan
doan, vai sy can bang ti wu giira viéc giam duong tinh gia va kha ning xac dinh chinh x4c ving
bit thuong. ResUnet ciing thé hién kha ning cai thién Precision trong phan loai va duy tri hiéu
Suit phan doan tot, trong khi Unet can tap trung vao viéc giam s lugng duong tinh gia trong
phan loai dé ting cuong hiéu suét tong thé.

Bang 3. Két qua danh gid phdn doan vimg bdt thirong

Random State M6 hinh mloU mDSC mPrecision mRecall

Unet 0,90 0,93 0,97 0,91

50 ResUnet 0,88 0,91 0,96 0,90
SwinUnet 0,86 0,91 0,97 0,88

Unet 0,90 0,93 0,98 0,91

250 ResUnet 0,87 0,91 0,96 0,89
SwinUnet 0,88 0,92 0,96 0,91

Unet 0,91 0,94 0,98 0,92

550 ResUnet 0,90 0,93 0,97 0,92
SwinUnet 0,91 0,94 0,98 0,92

3.2.3. Thuc nghiém 3: Panh gia phdn chia dir liéu theo bénh nhan

Thuc nghiém nay chi ldy duoc 106/139 anh MRI (do 33 anh MRI khong c6 ving bat thuong)
trong dit liéu BV DPHYDCT, trong d6 ¢6 20 anh 1am kiém tra nhu hinh 7 (159 anh bét thuong va
208 anh binh thuong), 86 bo anh con lai gop véi dit liéu LGG dé huan luyén (1606 anh bat
thuong va 3013 anh binh thudng) va xac thyuc (201 anh bat thudng va 208 anh binh thuong).
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Hinh 7. S6 luwgng anh bdt thuong va binh thiong trén 20 anh kiém tra
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Hiéu qua ciia mo hinh duoc trinh bay trong bang 4, bang 5 va hinh 8. Két qua cho thdy Unet
c6 Sy can bang giira viéc phat hién va xac dinh vi tri ving bat thuong. ResUnet c6 Accuracy thap
hon (0,8) nhung Recision cao (0,81) cho thdy giam duong tinh gia tot hon. Sy chénh léch giira
hidu suét phan loai va phan doan cho thdy ResUnet c6 thé can cai thién kha nang xac dinh vi tri
va dién tich chinh x4c cta ving bat thuong. Swin-Unet thé hién hiéu suat 6n dinh va cao nhat
trong ca phan loai véi Accuracy 0,86, Precision 0,79 va Fl-score 0,83, va phan doan véi mloU
0,84 va mDSC 0,89. Swin-Unet hi¢u qua trong phat hién vung bat thudong ma con xéc dinh chinh
xéac vé vi tri va dién tich cua chung.

Thuc nghiém 3 cho thdy Swin-Unet c6 sy cin bang tot nhat giita hiéu suit phan loai va phan
doan, 1am noi bat kha ning tong quat hoa va do chinh xéac cao trong ca hai tac vu. Unet, mic du c6
hiéu suat phan loai tot nhung trong phan doan van c6 chd can cai thién so véi Swin-Unet. ResUnet
cho thiy Precision cao trong phan loai nhung lai khong duy tri dwoc hiéu suit phan doan hiéu qua
nhu hai mo hinh con lai. Két qua nay nhan manh tim quan trong cua viéc lya chon mé hinh phu
hop dua trén nhu cau cy thé cua nghién ctru va Gng dung, dac biét khi xem xét téi viéc can bang
gitra kha nang phat hién va xac dinh chinh xac cac viing bat thuong trén anh MRI néo.

Bang 4. Bang tong hop két qua phdn logi vimg bat thirong

Mo hinh Accuracy  Precision F1-Score TP (loU>0) FP TN FN
Unet 0,83 0,67 0,77 106 53 197 11
ResUnet 0,80 0,81 0,78 128 31 165 43
SwinUnet 0,86 0,79 0,83 126 33 191 17
1
0.9 0,83 08 0,81 0,79 078 GJB\E\ 0,79 T
o3 S
= . .
SwinUnet
w Accuracy | Precision o Recall =F1-Score
Hinh 8. Biéu d6 so sanh két qua phdn logi
Bang 5. Két qua danh gid phdn doan vimg bdt thirong
M6 hinh mloU mDSC mPrecision mRecall
Unet 0,86 0,90 0,96 0,88
ResUnet 0,81 0,86 0,88 0,89
Swin-Unet 0,84 0,89 0,95 0,87

4. Két luan

Viéc phat hién kip thoi khéi u hd tro cac bac si trong qua trinh chén doan va diéu trj cho bénh
nhan dugc thuc hién hi€u qua trong tinh trang cac bénh vién luén qua tai la rat can thiét. Trong
nghién ctu nay, mo hinh Swin-Unet dugc thuc nghiém va so sanh danh gia v6i mo hinh Unet va
ResNet. M6 hinh d& xuét dugc huan luyén trén tap dir liéu LGG cua 110 bénh nhan véi 3929 anh
MRI (2437 anh khéng chtra ving bit thuong, 1373 anh c¢6 chira viing bit thuong) két hop véi tap
dir liéu da dugc thu thap va gan nhin cia 106 bénh nhan (1551 anh binh thuong va 604 anh bat
thuong) tai Bénh vién Truong Pai hoc Y Duge Can Tho. Két qua cho thiy mé hinh Swin-Unet
v6i mot sb tuy chinh khi 4p dung vao anh MRI ndo ciing dat hiéu qua cao hon nghién ctru trudc
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d6 [12] cho anh CT bung va MRI tim. Qua d6 nghién ctru da lam rd dugc cac diém manh ciing
nhu han ché cia timg mo hinh va cung cap mot cai nhin tong quéat vé cach thirc ma cac mé hinh
nay co thé duoc tdi wu hoa dé dugc ap dung trong thuc té van dé phat hién ving bat thuong ddi
V6i anh y khoa. Dic biét, mo hinh Swin-Unet hiéu qua trong viéc xac dinh ving bét thuong trén
anh MRI ndo nho ¢6 do chinh xac cao va 6n dinh trong phén loai anh co bt thudng hay khong va
sau d6 14 phan doan ving ton thwong nhung thoi gian huan luyén cao hon mo hinh Unet va
ResUnet lan luot 3,7 va 4,3 1an. Phuong phap danh gia theo bénh nhan hay theo anh ciing lam
thay d6i két qua danh gia hiéu qua cua giai thuat.

Viéc thu thap thém nhiéu bo anh y té & nhiéu co s6 y té khac dé lam dir liéu huan luyén trong
tuong lai két hop téi uu hoa ki thuat va tham s trong mo hinh dé cé thé ap dung chan doan viing
t6n thuong trong thuc té cho cac bénh vién chwa ¢ diéu Kién c6 nhitng thiét bi tién tién.

Loi cam on
Chung t6i xin tran trong cam on dén nhom Bac si khoa Chan doan hinh anh Bénh vién Truong
Pai hoc Y Dugc Can Tho da ho tro gan nhan hoan thién b6 dir liéu.
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