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PHAN POAN HINH ANH MRI NAO
SU DUNG MANG KAN-UNET
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Hoc vién Céng nghé Buu chinh Vién théng, Viét Nam

Tom tdt—Phan doan u nio tir anh MRI la buée
quan trong trong chin doan va diéu tri ung thu nio.
Nghlen citu nay gidi thleu KAN-Unet, mé hinh cai
tlen tu U-Net véi ly thuyet Kolmogorov-Arnold (KAN),
nham nang cao hiéu suat phan doan u nao. Huén luyén
trén tap du lieu BraTS2020, KAN-Unet dat d¢ chinh
xac cao voi Accuracy 99.29% va F1-Score 99.24%,
chu’ng minh kha nang phin ving u hleu qua ngay
ca trong tru’dng hgp phitc tap, mé ra tiém nang wng
dung trong chin doan hinh anh y té.

Tit khéa—KAN-Unet, phan doan u nao, cong hudng
td MRI, phin doan hinh anh y té, tri tué nhan tao.

I. GIOI THIEU

U ndo la mot trong nhiing loai ung thu nguy hiém,
4nh huéng dén nhiéu bénh nhan trén toan thé gidi,
dic biét 12 & tré em va ngudi 16n tré tudi. Theo cic
théng ké gin day, u ndo nim trong top 10 nguyén
nhan hang dau gay tif vong do ung thu (Jemal et al.,
2011 [1]). Viéc chan doan va phan doan u nio chinh
xéc 1a yéu td quyét dinh trong viéc 1ap ké hoach diéu
tri va nang cao ty 1& sdng sét ctia bénh nhan. Hinh
anh cong huéng ttt (MRI) dugc xem la phuong phap
hiéu qua va khong xam 14n d€ phat hién cic khdi u
va theo doi su phat trién clia ching trong nio (Bauer
et al., 2013 [2]). Tuy nhién, viéc phan doan khdi u
tt anh MRI mét cach chinh xdc 1la mét nhiém vu
day thach thiic do sy da dang vé kich thudc, hinh
dang va vi tri clia c4c khdi u gifta cdc bénh nhan.

Hién nay, cic hé théng phan doan dua trén tri tué
nhan tao va hoc siu dang ngay cang tr nén phd
bién nham ty dong héa va cai thién do chinh xac
trong viéc phan doan u ndo. Mac du nhiing mo hinh
nhu U-Net (Mang no-ron tich chap c6 ciu tric hinh
chit U) da mang lai nhitng két qua 4n tugng trong
linh vuc phan doan anh y t&, nhung ching vin gip
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kho khin khi d6i mit v6i cac mau dit liéu phic tap
va phi tuyén tinh. D€ khic phuc nhitng han ché nay,
nghién cdu cla ching t6i dé xuit mo6 hinh KAN-
Unet, mot kién tric hoc sau két hop gitta U-Net va
16p tich chap FastK ANConvLayer dua trén ly thuyét
Kolmogorov-Arnold (KAN). Su két hop nay gitp
mo hinh khéng chi trich xuit dudc cic dic trung tur
dnh MRI mot cdch hidu qui ma con xit ly t6t cac
mbi quan hé phi tuyén phiic tap giiia cdc ving trong
khdi u.

Muc tiéu ctia nghién ctiu 1a cai thién do chinh
xac trong phan doan cac loai u nao khac nhau trén
dnh MRI, bao gdm khdi u ting cudng (Enhancing
Tumor - ET), 16i u (Tumor Core - TC), va toan bd
khéi u (Whole Tumor - WT). M6 hinh KAN-Unet
da dugc thi nghiém trén tap di liéu BraTS2020 [3]
va chitng minh tinh hiéu qua vugt trdi so véi cac mo
hinh phan doan u nao hién cé.

II. CONG VIEC LIEN QUAN

Nghién cuiu ctia Nodirov et al., 2022 [4] st dung
m6 hinh 3D U-Net két hgp MobileNetV2 va cdc mo-
dun chu y trén tap du liéu BraTS2020. M6 hinh nay
gidp cai thién téc dd va do chinh xic trong viéc phan
doan u ndo. Két qua dat dudc diém Dice 88.54%, thé
hién hiéu qu4 tot trong suy luan nhanh va chinh xic.
Rehman et al., 2020 [5] st dung m6 hinh BU-Net
v6i cac mo-dun Residual (RES) va Weight Channel
(WC) trén tap di liéu BraTS2017, BraTS2018. Cac
mo-dun ndy gitip t6i uu héa kha ning hoc va trich
xuat dic trung, cai thién hiéu suét phan doan. Diém
Dice dat tir 83.70% dén 90.10%, cho thdy mo hinh
hoat dong t6t nhung vin c6 tiém ning cai thién.
Nghién cttu ciia Zhang et al., 2021 [6] gidi thiéu mo
hinh ME-net véi kién tric Multi-encoder trén tap dif
liéu BraTS2020. Méi phuong thic MRI dugc xt ly
riéng biét, gitp tdng cuong do chinh xac phan doan
cac ving u niao khac nhau. Diém Dice ctia nghién
cifu dat tir 70% dén 88%, cho thiy su vuot trdi trong
viéc Xt 1y cdc chi tiét nhd. Jiang et al., 2022 [7] sk
dung mo hinh SwinBTS, két hop Swin Transformer
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Bang I
CAC PHUONG PHAP PHAN POAN U NAO GAN PAY

Bai bao Tap dur liéu Mo hinh Phuong phap Accuracy F1-Score Dice ToU
. 3D U-Net v6i MobileNetV2 va
Nodirov et al, BraT$2020 3D U-Net + cdc mo-dun chd § dé suy lugn 90,87% 89,74% 89.74% 80.97%
2022 MobileNetV?2 o .
nhanh va chinh xac hon
Céac mo-dun RES va WC d€ cai
Rehman et al., BraTS2017, s P . A as
2020 BraTS2018 BU-Net thién khd ndng trich xuat dac 90,87% 90,10% 90,10% 82,18%
trung
Mang multi-encoder, moi phuong
Zhang et al, 2021 | BraTS2020 ME-net thiic MRI dugc xif 1y riéng 1€, ket 99% 88,30% 88,30% 79,13%
hop qua cac ket noi bo qua, st
dung ham mét Dice phan loai
BraTS2019, . . « -
Jiang et al, 2022 |  BraTS2020, SwinBTS Swin Transformer ket hdp v6i 99% 91,83% 91,83% 85,30%
CNN
BraTS2021
Guan et al., 2022 BraTS2020 AGSE-VNet Tich hgp mo-dun SE va AG vao 99% 85,00% 85,00% 74,00%
md hinh VNet

va CNN, trén tap du liéu BraTS2019, BraTS2020,
BraTS2021. Viéc két hop hai phuong phdp nay gitp
taing cuong kha niang nhédn dién dac trung khong
gian. M6 hinh dat diém Dice 89.06%, cao nhit trong
cdc nghién cifu, cho thiy tiém ning manh mé ciia
Swin Transformer. Cudi ciing, Guan et al., 2022 [8]
ap dung mo hinh AGSE-VNet trén tap di liéu BraTS
2020, két hdp cac mo-dun Squeeze and Excite (SE)
va Attention Guide Filter (AG). Cac md-dun nay cai
thién kha nidng tip trung vao cic vung quan trong
trong anh MRI. Két qua cho thiy di€ém Dice tit 70%
dén 85%, cho thiy su cii thién trong phin doan cic
vung u nao kho khan.

Cac nghién citu trong Bang 1 déu cho thay xu
hudng phat trién clia cac phuong phdp phan doan u
ndo tif viéc st dung cdc mo hinh truyén thdng nhu
BU-Net dén cdc m6 hinh tién tién hon nhu ME-net
va SwinBTS, véi diém sb Dice ngay cang dudgc cai
thién.

III. PHUONG PHAP
A. Mang U-net

U-Net [9] 12 mot kién triic mang nd-ron tich chap
(CNN) dugc thiét ké dic biét cho cdc tic vu phan
doan &nh, ban dau dudc gidi thiéu cho phan doan
4nh y khoa. U-Net c6 ciu tric dang "U" v6i hai
thanh phan chinh: contraction path (con dudng thu
hep) va expansion path (con dudng md rong).

o Contraction path: Phan nay gdm céac 16p tich
chap va pooling, gitip trich xuét dic trung quan
trong va nam bat thong tin toan cuc bang cich
giam dd phéan gidi nhung tang do siu cta anh.

o Expansion path: St dung cac 16p upsampling
dé khoi phuc do phan gidi ban dau va két ndi
cac déc trung tu contraction path, giip mo hinh
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gitf lai thong tin toan cuc 1an chi tiét can cho
phan doan chinh xac.
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Hinh 2. Kién tric mang KAN

Mang Kolmogorov-Arnold (KAN) [10] la mdt
giai phdp thay thé méi cho mang no-ron truyén thong
Multi-Layer Perceptron (MLP) [11], dya trén dinh
ly bi€u dién Kolmogorov-Arnold. Trong khi MLP
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st dung cdc ham kich hoat c6 dinh trén cdc nut
(neuron), KAN dit cdc ham kich hoat c6 thé hoc
dudc trén cic canh (trong sd), dusi dang cic ham
don bién dugc tham sb héa bing spline. Su thay
ddi nay gitip KAN cdi thién ca do chinh xdc va kha
nang giai thich, dac biét 1a trong cac bai toan Al
va khoa hoc phic tap, trong d6 bt ky ham lién tuc
nhiéu bién ndo f(z1,29,...,2,) déu cé thé dugc
biéu dién dudi dang tdng clia cac haim don bién nhu
cong thic (1):

2n+1

fler, 2, 2n) = Z Py Z%»p@p) (1
q=1 p=1

Thay vi st dung cic ham kich hoat cb dinh trén
cac nat nhu MLP:

MLP(z) = (Wso030 Waoay o Wi)(z) (2)

Cong thic (2) biéu dién mang MLP vé6i dau vao
x, qua cac trong s6 Wy, Wo, W3 va cic ham kich
hoat o1, 05 theo thi tu. Mbi 16p thuc hién bién déi
tuyén tinh va phi tuyén d€ hoc dic trung.

KAN st dung cdc ham kich hoat c6 thé hoc dugc
trén cac canh:

KAN(z) = (50 By 0 ®y)(2) 3)

Ham spline trong KAN dudc dinh nghia nhu sau:
spline(x) = Z ¢iBi(x) 4)
i

v6i B;(x) la cac ham co sG spline va ¢; la cac hé
s6 c6 thé hoc duge. Kién tric nay cho phép KAN
vugt troi hon MLP vé do chinh x4c va kha ning gidi
thich, dic biét trong cdc bai todn yéu cau hoc ciu
triic tdng hop va tdi uu cac ham don bién.

KANSs c¢6 kha nang ing dung manh mé trong cac
van dé khoa hoc quy md nhd, nhu gidi cic phuong
trinh vi phan (PDE), todn hoc ky hiéu, va bai todn
x4p xi ham s6, ndi ma hiéu ning ctia chiing md rong
hiéu qua hon so v6i MLP truyén thong.

C. Mé hinh dé xudt - Mang KAN-Unet

Mang KAN-Unet 12 mot bién thé ciia kién triic
U-Net, dugc stt dung cho cac nhiém vu phan doan
dnh. M0 hinh nay 4p dung céu tric ma héa-giai ma
v6i cac két ndi bd qua gilta cdc tang tuong ting trong
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% Up/Down Sampling ::

- Skip Connection

Hinh 3. Kién tric mang KAN-Unet

phan ma héa va gidi ma, gidp céi thién kha niing hoc
va phan doan céc chi tiét khong gian trong anh.

Phian ma héa bao gdm mdt 16p DoubleConv1, tiép
theo 12 b6n module Down. Mdi module Down thuc
hién giam d6 phan giai ctia ban do dic trung thong
qua phép pooling, sau d6 4p dung hai I6p chap lién
tieép.

X' = Conv(X) (5)

M&i tang ma héa thuc hién phép chap Conv(X)
d€ trich xuit cic dic trung tir dit liéu dau vao véi
chiéu cao H, chiéu rong W, va sb kénh C.

Phan giai ma clia KAN-Unet gdm bén module
Up, ting dan do phan giai ban dd dic trung thong
qua ndi suy song tuyén hoiic chip chuyén vi. Cic
ban dd nay dugc ghép ndi v6i ban dd tit phan ma
héa qua cic két ndi bd qua (skip connections), gitp
duy tri thong tin khong gian va chi tiét quan trong
cla anh, tr d6 cai thién do chinh xac trong phén
doan.

Xup = UpConv(Xgown) (6)

Phan gidi ma ting kich thudc ban dd dic trung
Xdown thong qua phép ndi suy hoic chap chuyén vi.

Xinat = Concat(Xyp, Xskip) (7

Tai mdi bude, ban dd dic trung cia ma héa va
giai ma dudc ghép ndi qua cac két nbi bé qua, gitp
git lai thong tin quan trong.

Piu ra clia mang dugc tao qua 16p OutConv,
modi pixel biéu thi xic suét thuoc vé mot 16p trong
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anh phan doan. DoubleConv gdm hai 16p chap kém
Batch Normalization va ReLLU, gitip 6n dinh va ting
cudng hoc dac trung. Down Module gidm kich thuée
khong gian clia ban dd dic trung, trong khi Up
Module ting kich thudc va két ndi cac chi tiét tur
cdc tang trudc dé€ cai thién phan doan.

}/output = OUtCOHV(XﬁnaI) (8)

Sau cdc budc giai mi, ban dd phan doan cudi cling
Youtpur dudc tao ra qua 16p chap cubi cung, dai dién
cho xdc suit cla tiing 16p phan doan.

D. Chi sé ddnh gid

1) Chi sé Dice: Dice (Dice Similarity Coeffi-
cient, DSC) [12] 1a mdt chi s6 do ludng dung d€
d4nh gid mo6 hinh phan doan 4nh, do do tuong dong
giifa tap du dodn va tap thuc té. Diém Dice dao dong
tir 0 (khong khdp) dén 1 (hoan hao).

Cong thic Dice:

_ 2|ANn B

Dice = ———;
Al + B

9)

Trong do: A - Tap pixel du doan (predicted), B -
Tap pixel thuc té (ground truth), AN B - S& pixel
chung gifta du dodn va thuc té.

2) Chi s6 Fl-Score: F1-Score la [13] chi sb do
luong ding d€ danh gia mo hinh phan loai, dua trén
Precision va Recall. F1-Score dat gia tri cao khi
Precision va Recall déu cao.

Cong thic F1-Score:

Fl—9 Precision - Recall

" Precision + Recall (10)

Trong do: Precision - Ty 1€ du doan ding trong
cdc mau duong, Recall - Ty 1& du dodn ding trén
tong s6 miu duong thuc té.

3) Chi sé6 IoU: Intersection over Union (IoU)
[14] 12 chi s6 do ludng mic do chong lap gitta ving
du doén va vuing thuc té, phd bién trong phan doan
anh va phat hién dbi tugng. ToU dudc tinh bang:

|AN B

IoU = AUB|

(11)

Trong d6: A - Vung du doan, B - Viing thuc té,
AN B - Phan giao cta hai ving, AU B - Phan hop
cua hai vung.
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IV. KET QUA
A. Dit liéu

BraTS2020 (Brain Tumor Segmentation 2020) la
mot tap dif lidu tiéu chuén trong linh vuc phan doan
u ndo. Tap di liéu nay dugc st dung rong rai trong
cdc nghién ctiu va cudc thi vé phan doan 4nh y
té, dic biét 124 MICCAI BraTS Challenge. Muc tiéu
chinh cia BraTS2020 la phan doan chinh xac cac
viing u ndo trén anh MRI, hd tr¢ chin dodn va diéu
tri cho bénh nhan u nio. Loai u chinh dudc tap trung
trong tap dif liéu nay 1a u than kinh dém (gliomas),
bao gém ci cic u 4c tinh cao va u 4c tinh thip.

Tap di liéu BraTS2020 c6 kich thudc 16n, bao
gdm hon 369 trudng hop bénh nhéan véi cac hinh
anh MRI va céc nhan phan doan dugc chu thich bdi
cic chuyén gia y té. Dii liéu dudc luu trit & dinh
dang NIfTI, giip Iuu trit va quan ly hiéu qua hinh
anh y khoa. Cac vung u nao trong dit liéu da dudc
chi thich thi cong, tao thanh nhan phin doan chi
tiét, phuc vu cho viéc huin luyén va kiém thir cac
mo hinh tri tué nhéan tao.

Quy trinh tién x@ Iy anh MRI bao gdm cic budc
chinh nhim dam bdo dif liéu nhit quan va ro rang
cho m6 hinh phan doan. Pau tién, chuin héa cudng
dd 4nh thuong dugc thuc hién qua chuin héa Z-
score, gitip diéu chinh cudng do vé mot khoang
chung va giam su khac biét gilta cac may quét MRI.
Tiép theo, can bing do sang va ting cudng do tuong
phéan gitip 1am ndi bat ciu tric trong anh, ting su
khdc biét gitta ving u va md lanh, hd trd mé hinh
nhan dién 6 hon cdc khu vuc can phan doan. Anh
MRI sau d6 dugc cat lat va diéu chinh kich thude dé
tao ra dif liéu dong nhét v6i do phan giai cd dinh,
gidp mang no-ron xt Iy hiéu qua hon. D€ 1am rd bién
viing u, loai bé nhiéu bing ky thuit nhu Gaussian
Blur gitip gidm nhiéu va ting do chinh xac khi nhan
dién. Chudn héa khong gian cin chinh anh vé mot
khong gian chuén, giam sai 1&ch vi tri gidi phau gitta
cdc anh. Cudi cung, ting cudng dif liéu qua cic ky
thuat xoay, lt, vd co gidn tao ra nhiéu bién thé cla
4nh, gitip mo6 hinh hoc t6t hon su da dang cla dif
liéu va ting tinh tong quat. Cac budc nay gép phan
cai thién d6 chinh xac va do tin cdy cia mo6 hinh
phan doan trén anh MRI.

B. Két qud qud trinh dao tao va kiém thit

Trong qua trinh hun luyén md hinh KAN-Unet,
card d6 hoa GTX 4090 dudc st dung dé xir ly cac
phép tinh ma tran phiic tap. V6i learning rate 0.0001,
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Hinh 4. Qua trinh dao tao va kiém thi ctia kién triic mang KAN-Unet
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Hinh 5. Hinh &nh MRI sau khi dugc phan doan

md hinh hoc tU tu, gidp tranh tinh trang hoc qua
nhanh din dén viéc mo hinh khong thé hdi tu ding.
M6 hinh dudc huin luyén trén ca tip training va
validation d€ danh gia kha ning t6ng quat hoa cia
no.

Trong d6 thi diu tién cia Hinh 4, ca training va
validation accuracy déu bat diu & mitc 0.9775 va
tdng 1én trén 0.99 sau 10 epoch, cho thiy md hinh
hoc t6t ma khong gip vin dé overfitting. Do thi thi
hai biéu dién training va validation loss, bat dau &
mic 0.12 va nhanh chéng gidm xudng con 0.02 va

N
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0.04 sau 10 epoch, cho thiy su cai thién rd rét. D6 thi
thi ba minh hoa Dice coefficient tang ti 0.25 1€n
0.65, phan anh kha nang phan vung ctia mo hinh
dugc cai thién theo thai gian. Cudi clng, dd thi thi
tu thé hién mean IoU ting tit 0.45 1én 0.75 sau 10
epoch, khang dinh d6 chinh xdc phan ving ciing cai
thién ro rét.

C. So sdnh vdi cdc nghién cuu khdc

Tu Bang II ta thdy Két qua t mo hinh KAN-
Unet cho thiy do chinh xic (Accuracy) dat miic
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Bang 1T
SO SANH KAN-UNET VGI CAC PHUONG PHAP PHAN POAN U
NAO KHAC
Model Accuracy ToU Dice F1-Score
Nodirov et al., 2022 | 90.87% | 80.97% | 89.74% | 89.74%
Rehman et al., 2020 | 90.87% | 82.18% | 90.10% | 90.10%
Zhang et al., 2021 99% 79.13% | 88.30% | 88.30%
Jiang et al., 2022 99% 85.30% | 91.83% | 91.83%
Guan et al., 2022 99% 74.00% | 85.00% | 85.00%
KAN-Unet 99.29% | 81.98% | 59.32% | 99.24%

99.29%, cao hon so v6i mo hinh cia Nodirov et
al., 2022 va Rehman et al., 2020 (déu dat 90.87%),
dong thoi tuong duong v6i cac phuong phap hién dai
nhu Zhang et al., 2021, Jiang et al., 2022, va Guan et
al., 2022 (déu dat 99%). Piéu nay chitng minh ring
KAN-Unet c6 kha niing canh tranh vé d6 chinh xac
trong viéc phan doan u nio, dap ting tot cic yéu cau
vé du dodn chinh x4c cAu tric u ndo ti dif liéu phic
tap. Xét vé chi s6 ToU, KAN-Unet dat 81.98%, cao
hon Nodirov et al., 2022 (80.97%) va Guan et al.,
2022 (74.00%), tuy nhién van thip hon Jiang et al.,
2022 (85.30%) va Rehman et al., 2020 (82.18%).
Diéu nay cho thiy kh4 ning md hinh héa viing muc
tiéu cia KAN-Unet kh4 tdt, nhung van c6 thé dudgc
cai thién d€ dat mic cao nhit trong phan doan khdi
u. Tuy nhién, chi sé Dice ctia KAN-Unet chi dat
59.32%, thip hon ding ké so véi cac phuong phap
khac nhu Jiang et al., 2022 (91.83%), Rehman et al.,
2020 (90.10%), va Nodirov et al., 2022 (89.74%),
diéu nay cho thAy mo hinh cn dugc tbi vu héa hon
trong viéc phan doan chinh xac vung u nao. Mac
di vdy, KAN-Unet lai vuot trdi vé F1-Score, dat
99.24%, cao hon tit ca cic phuong phap con lai,
cho thly mo6 hinh nay c6 su cin bang tot gitta do
chinh xdc va do nhay. KAN-Unet c6 chi sé Dice
thp hon do nhay cam vdi 15i ranh giSi va chua tbi
uu t6t cho céc chi tiét nho trong ving u nio. Du dat
Accuracy va F1-Score cao, md hinh c6 thé chua tap
trung da vao cdc bién phuc tap. Cac mo hinh khac
thudng dung Dice Loss hodc Attention Modules dé
tdi uu Dice, trong khi KAN-Unet c6 thé dua trén
Cross-Entropy Loss. D€ cai thién, KAN-Unet c6 thé
tich hop Dice Loss va cd ché chd y nham ting kha
nang nhén dién ranh gidi chinh xdc hon. M6 hinh
ndy vuot trdi vé Accuracy, F1-Score, va IoU nhung
can cai thién Dice cho phian doan u ndo hiéu qua
hon.

V. KET LUAN
Nghién ctu nay gidi thi€éu va danh gia KAN-
Unet, mot cai tién ctia U-Net két hop ly thuyét
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Kolmogorov-Arnold, nhim ning cao phin doan u
nio trén anh MRI. Két qua trén dit liéu BraTS2020
cho thdy KAN-Unet dat do chinh xdc cao, véi
Accuracy va F1-Score vugt tri so v6i cac phuong
phép hién c6. Hudng nghién ciu tiép theo sé tbi uu
chi s6 Dice va md rong KAN-Unet sang phan doan
anh y khoa ti siéu &m va CT d€ ki€ém chiing tinh
hiéu qua va da dung.
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BRAIN MRI IMAGE SEGMENTATION
USING KAN-UNET

Abstract - Brain tumor segmentation from
MRI images is a crucial step in the diagnosis
and treatment of brain cancer. This study in-
troduces KAN-Unet, an improved model based
on U-Net and Kolmogorov-Arnold theory (KAN),
designed to enhance brain tumor segmentation
performance. Trained on the BraTS2020 dataset,
KAN-Unet achieved high accuracy, with an Ac-
curacy of 99.29% and an F1-Score of 99.24%,
demonstrating adequate tumor delineation even
in complex cases, thus highlighting its potential
for applications in medical imaging diagnostics.

Keyword - KAN-Unet, brain tumor segmenta-
tion, MRI, medical image segmentation, artificial
intelligence.

Nguyén Quéc Uy Tién si,
giang vién dai hoc, chuyén
nganh tin hoc- diéu khién hé
théng ki thuat.
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