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TOM TAT

Trong vai thap ky gan day, phan tich hinh anh y té da tr¢ thanh mét linh vuc quan trong nham dua ra
cac du doan dinh hudng cho nhan vién y té, dic biét co ich cho cac cong viéc chan doan thuong xuyén,
lién tuc voi s6 lugng 16n. Cac hinh anh y té cung loai tai ciing mot bo phan c6 rat nhiéu diém tuong
dong, hoan toan c6 thé sir dung méy vi tinh cting cac thuat toan thong minh dé phat hién ra cac diém bat
thuong trén hinh anh. Bai bdo nay trinh bay két qua ciia mot mé hinh may hoc st dung phwong phap
hoc da nhan (Multiple Kernel Learning) thong qua viéc hudn luyén va kiém thir voi bd anh MRI vé u
ndo cia dy an MICCAI BRATS 2012. Két qua, st dung phuong phap danh gia theo kiéu tham tra chéo
(Cross-Validation) cho két qua dur doan 1a F1-score = 82%. Day 1a mot két qua kha quan d6i voi mot mo
hinh phan 16p nhi phan.

Tir khoa: May hoc, tri tué nhan tao, phwong phdp hoc da nhan, phan 16p anh, anh MRI u ndo.

1. MO PAU

Céc didc diém giai phiu ciia co thé con duoc thé
hién dudi dang hinh anh hodc mé hinh két cau thé
hién tinh toan ven cua co thé va su hoat dong cua
ting co quan. Nhiing sai léch, nhimng bat thuong
ctia céc chirc nang sinh 1y thuong lam thay doi cac
dic diém giai phiu tai cic co quan tuong ung. Va
thong qua cac phuong phap chup chiéu, luu gitr
hinh anh y té, cac bac si co thé thay duogc cac thay
ddi d6 dé co duoc nhitng ddu mdi quan trong vé
tinh trang stc khoe ma khong can phai mé hodc
sir dung bat ky phuong phap xdm nhép nao khac.
Hinh anh y té (X-quang k¥ thuat s6, MRI, CT...)
da va dang 1a nhiing ky thudt, cong cu quan trong
de huéng dan chan doan céc co quan bi bién dang,
r6i loan chuc nang, chang han nhu phat hién cac
vét gdy xuong, voi hoa, khbi u nido, bat thuong
nhip tim va tang truong 4c tinh trong cac co quan
quan trong khac.

Viéc phan tich anh y té bang cac phuong phap
méy hoc ¢6 thé dua ra dy doan Ve tinh trang bénh
tat dua trén nhimng hinh anh y té, véi hy vong lam
giam dugc khdi luwgng cong viéc cua bac si, gidm
gi4 thanh cua cac dich vu y té ciing nhu tranh dugc
nhiing sai s6t chu quan khong dang co6 trong qua
trinh kham chita bénh. Cé thé thiy qua céc tng
dung nhu hd trg chan doén, tAm soat bénh qua hinh
anh y té bang nén tang Tri tué nhan tao Dr.Aid cta
cong ty VinBrain.

Mbt s6 md hinh phé bién dugce st dung trong
phan tich anh y té c6 thé ké dén nhu: Mang no-
ron tich chdp (Convolutional Neural Networks -
CNN), 1a mot trong nhitng mé hinh phd bién nhét

trong phan tich anh y té, dac biét hi¢u qua trong
viéc phat hién va phan loai cac dbi tuong trén anh.
Vi cac 16p tich chap va pooling, CNN c6 kha nang
nhén dién cac dic diém khac nhau trong anh y té,
tir d6 hd tro trong viéc phat hién bénh hoac chan
doan. Vi du: ResNet, VGG, va Inception thuong
dugc dung trong phén loai anh hodc phat hién ton
thuong trén anh MRI va X-ray. N6i bat trong sd
cac mang CNN Ia mang U-Net, dugc thiét ké dac
biét cho cac nhi¢m vu phan doan anh y té. M6 hinh
nay bao gém cac phan encoder va decoder, gitp
moé hinh c6 thé trich xudt cac dic diém va tai tao
lai hinh anh véi cac viing quan tim dugc danh dau.
U-Net da duogc ting dung rong rai trong phan doan
cac md hodc khéi u trén anh MRI va CT. Tiép theo
c6 thé ké dén phuong phap Hoc da nhan (Multiple
Kernel Learning - MKL), 1a phuong phap may hoc
cho phép st dung nhiéu ham nhan (kernel) khac
nhau dé cai thién do chinh xac va d¢ linh hoat ctia
mo hinh. MKL c6 thé két hop thong tin tir nhiéu
ngudn va pht hop véi nhitng bai toan phan 16p
phtrc tap trong anh y té. Thuong duge Gmg dung
trong phan loai va phan doan khi dir liéu dau vao
dén tir nhiéu ngudn khac nhau (vi du: anh MRI,
anh PET).
2. VAT LIEU VA PHUONG PHAP NGHIEN
CcUU
2.1. Vit liéu nghién ciru

Nghién ctru dua trén bd dir liéu anh MRI vé
u ndo cia du 4an MICCAI BRATS 2012 bao gom
25 mau chup cong huong tir di duge gan nhin
trude, ¢6 9 mau thé hién u ndo lanh tinh va 16
mau thé hién u ndo 4c tinh. Trong mdi mau c6 4
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file anh MRI c6 dinh dang “.mha” chira 155 lat
cét chi tiét.

4 file anh trong mdi mau gdm anh T1, Tlce,
T2 va FLAIR. Trong d6, anh T1 (T1-weighted
Imaging) c6 mau tbi cho dich ndo tay (CSF)
va nudc, mau sang ddi v6i mo6 md va cau tric
mo mém véi do tuong phan twong ddi thap. Uu
diém cua anh T1 1a cung cip chi tiét giai phiu
rd rang, tdt cho viéc so sanh trude va sau tiém
thudc can tir dé danh gia muc do ngdm thudc.
Anh T1 thuong duoc sir dung dé danh gia ciu
tric giai phau cia ndo, xac dinh bién giéi u
va ton thuong. Anh Tlce (Tl-weighted with
Contrast Enhancement) la anh T1 dugc chyp sau
khi tiém thuoc can tir (gadolinium). Thudc can
tir gitip 1am ndi bt cac mach méau va khu vuc bat
thuong trong nao, lam tang do nhay trong viéc
phat hién cac khéi u, dic biét véi u ¢d kha nang
ngam thudc can tur. Anh Tlce duoc sir dung dé
xéac dinh su ton tai cta hang rao mau nao bi pha
v3, biéu hién qua su ngam thuéc cia khéi u
hodc vung viém. Diéu nay rat quan trong trong

T1

Tlce

viéc danh gia u ndo, muc dd lan rong va tinh
chat xam lan. Anh T2 (T2-weighted Imaging)
voi dich n3o tdy va nudc c6 mau sang, trong
khi m6é m& va cac ving khac thudong c6é mau tbi
hon. Cau trac u thuong xuat hién sang hon mo
xung quanh c6 thé xac dinh ranh gi6i giita khbi
u va phu né giup dé dang phat hién cac vung mo
bi phi né hodc viém nhiém, rat hiru ich trong
viéc danh gia mic do lan rong ctia phi né quanh
khdi u. Anh FLAIR (Fluid Attenuated Inversion
Recovery) 1a mot loai anh T2 da loai bé tin hi¢u
tr dich ndo tuy (CSF), gitp tang cudng hién thi
cac bat thuong & gan CSF, ching han nhu u ndo
hoic tén thuong V1em Anh FLAIR rét hitu ich
dé phat hién cac ton thuong nho & ndo ma khong
bi nhiéu bai dich ndo tay, giup xac dinh cac bat
thuong nhu u hodc cac tén thuong viém trong
chat tring va xam, lam rd hon cac ton thuong
nho, ton thuong ¢ ria cua ndo hodc bén canh ndo
that ma hinh anh T2 c6 thé bo qua do bi che mo
boi dich ndo tuy.

T2

Flair

Hinh 1. 4 loai hinh anh lit cit 69 ciia 1 miu u nio ac tinh

Pé xac dinh khdi u ndo 1a lanh tinh hay ac
tinh, bac si thuong khong chi duya vao mot loai
anh MRI ma két hop nhiéu chudi anh dé c6 cai
nhin ddy da va chinh xac nhat. Can két hop cac
thong tin nhu két cdu khdi u: U lanh tinh thuong
¢6 ciu triic dong nhat va ranh gidi rd rang hon,
trong khi u 4c tinh thuong c6 cau trac khong
ddng nhat, ranh giéi mo hodc xam l4an. Sy ngdm
thudc: Bac si s& danh gia hinh thai va mac do
ngam thudc can tir cta khéi u dé nhan biét dau
hi¢u ac tinh. Mtac d¢ phu: Muc do phu né va
anh huong mé xung quanh ciing 1a yéu t6 goi
vy ban chit khéi u. Tuy nhién, mot sb loai anh
MRI doéng vai tro quan trong trong viéc danh gia
ban chit cua khdi u nhu: Anh Tlce la chudi anh
rdt quan trong dé danh gia muc d6 ngdm thudc
can tr cua khoéi u. Khéi u ac tinh thudng co xu
huéng ngam thudc manh va khong dong nhat,
do d6 giup phan biét v4i u lanh tinh vén thuong
¢6 muc d6 ngam thude it hon hodc khong ngam
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thudc vi khdi u ac tinh ¢ thé 1am pha v& hang
rao méu nio, cho phép chét can tir thim vao khéi
u, tao nén hinh anh rd nét. Trong khi d6, anh T2
va FLAIR cung cap thong tin vé sy hién dién va
mirc @6 pht né quanh khdi u, tinh chat va hinh
thai cia md xung quanh khéi u. Khdi u 4c tinh
thuong gay ra phu né 16n hon va anh huong rong
ridi dén mo lan can, trong khi u lanh tinh ¢ thé
c6 ranh giGi rd rang va it gdy phu né hon. FLAIR
dic biét hiru ich dé xac dinh mtc dd anh huong
ctia khéi u va cac ton thuong nho lién quan (M.
Martucci et al., 2023).

Tém lai, anh T1ce thuong 1a chudi anh dic biét
hitu ich trong viéc xac dinh muc do ac tinh cia
khdi u, nhung béc si can két hop cac chudi T2 va
FLAIR dé c6 cai nhin toan dién va dua ra chan
doan chinh xac hon.
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T1 Tlce T2 Flair

Hinh 2. 4 loai hinh anh lat cit 65 ciia 1 mAu u niio lanh tinh

2.2. Phwong phadp nghién ciru phan tich truyén théng trong khong gian dich nay

Bai b4o sir dung hai phuong phap nghién cru V01 hy vong tim dugc cac khuon mau,thfl vi tir viée
chinh: nghién ciru ly thuyét va phuong phap thye ~ 4nh xa nay. Anh xa tir khong gian goc vao khong
nghiém. gian dich khong can xac dinh mgt cach twong minh
ma thong qua mot ham goi la nhan. Cac khudén mau
tim dugc bang cic phuong phap nhan ham thuong
c6 khudn dang phuec tap (ph1 tuyén, phu thuoc vao
ham nhéan) mac du ban chat cac khuon mau nay la
don gian (thuong 1a dang tuyén tinh) trong khong
gian dic trung tiém an.

2.2.1. Phwong phdp nghién ciru ly thuyét

Phuong phap him nhén: Y tuong cia phuong
phap su dung ham nhan Ia: thay vi thyc hi¢n trén
khong gian gbc, phuong phap nay anh xa dir liéu
vao khong gian nhiéu chiéu hon dé dit liéu bi roi
rac hoan toan, sau do thuc hién cac phuong phap
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Hinh 3. Vi du vé him nhén

a) Dit liéu cta hai 16p 12 khong phan biét tuyén nhan 13 mot ham ding dé tinh noi tich cac anh

tinh trong khong gian hai chiéu. {®(x),®(x)) trong khong gian dic trung H ma
b) Néu coi thém chiéu thir ba la mot ham sé cua  khong can bict chinh xdc vé ham anh xa .
hai chiéu con lai, cac diém dir li¢u s€ duoc phan bo Cac phuong phap kernel dugc danh gia la

trén 1 parabolic va da tro nén phan biét tuyén tinh. cong cu manh mé trong phan tich va phan loai
Mit phing mau vang 14 mit phan chia, c6 thé im  hinh anh y té. Nhitng phuong phap nay c6 kha
duoc boi Hard/Soft Margin SVM. nang xir 1y cac dang dit liéu phi tuyén vada chiéu,

¢) Giao diém ciia mat phang tim duoc va mat phu hop véi dd phirc tap ciia anh y té (Charpiat
parabolic 1a mot duong ellipse, khi chiéu toan bo et al., 2015).

dir liéu cling nhu dudng ellipse ndy xudng khong Phwong phap hoc da nhan: Trong thuc té, 6
gian hai chiéu ban dau, ta da tim dugc duong phan  nhi€u hon mdt kic¢u dit kiéu dugc thu thap cho mot
chia hai l6p. bai toan. Hon nira, dit liéu dugc trinh bay ¢ cac

Mot ham k:X x X — H v6i phép dat twong dang khac nhau véi cac do do khac nhau. Do do,
tng (x,x7) = k(x,x) duoc goi 1a nhan néu gidi phap duoc dé xuat la sir dung cung lic nhiéu
tdn tai mot khong gian Hilbert H va anh xa nhéan (hodc nhiéu tham s6 cia nhan) dé xir ly nhiéu
&: X = Hsaochok(x, x7) = (#(x), €(x)). kiéu dr liéu khac nhau nham tang tinh chinh xac

Nhu vay nhan la mdt ham dung dé bidu didn 1 thudt toan.

mdi ddi twgng x € X thanh mot vector ®(x) € H
va tinh cac tich vo hudng. Hay ndi cach khac

11
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| MKL MKL nhigu lép

MKL 2 I&p

MKL tuyén tinh |

MKL khdng tuyén tinh

MEKL khéng ¢& dinh

Hinh 4. Minh hoa cic dang cia MKL

Du ¢6 nhiéu loai MKL, ¢6 thé néi phwong phap
hoc da nhan la mdt dang ctia phuong phap ham
nhan.

Mot hat nhan méi c6 thé duge dinh nghia bé“mg
cach st dung k1 va k2 voi cac gia tri tuong ung
cua chung <I) (x) va® (x). Taco: K =k, + k, s€
duoc biéu dlen bang ¢x = [#, (x), &, {x}]

V6i mot tap hop nhan K = {ky, k3,..., k
¢6 thé duoc biéu dién nhu sau:

m
K = Z#iki
i=1

Tuy thudc vao rang budc }; (trong s0) la duong,
tic 1a #; = 0,i=1 . .m. Mot by phan loai théng
ké kernel-based (nhu SVM) tao ra mot duong bién
trong khong gian dic trung, tach hai 16p bang cach sir
dung thuat toan phan biét tuyén tinh. Dé tim ra duoc
thuat toan phan biét tuyén tinh nay, mot vén dé tbi
uu hoa can phai dugc giai quyét, dugc biét dén nhu
14 mot bai toan quy hoach toan phuong, ¢6 thé giai
dugc dé dang. Trén co s¢ duong bién nay, cac thuat
toan SVM dugc phan loai thanh hard-margin, 1-norm
soft-margin va va 2-norm soft-margin. Nghién ctru
ctia Sonnenburg va cong su (2006, p. 1531-1565) da
mé rong kha nang ap dung cia MKL, lam cho no tré
thanh mét phuong phap co gla tri trong phan tich du
liéu 16n va phic tap trong nhiéu linh vuc, bao gom
hoc may va sinh hoc tinh toan.

Mo hinh phan lé6p Support Vector Machines
(SVMs): La mét ky thudt phan 16p manh mé va
phé bién trong hoc may, mo hinh nay t6i wu hoa
mot siéu phang dé phan chia dir liéu trong khong
gian dic trung, voi muc tiéu t6i da hoa khoang
cach gitra cac 16p, duoc ap dung rong rai trong cac
tmg dung nhu phan loai vin ban, hinh anh va chan
doan y té. Nghién ctru ddu tién gidi thiéu vé SVMs
cua Cortes va cong su (1995, p.273-297) trinh bay
nén tang 1y thuyét va img dung ciia chung.

Mo hinh phan lép K-Nearest Neighbors
(KNNs): La mdt mo hinh don gian nhung hi€u qua,

m }3
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hoat dong dua trén viéc "bo phiu" tir cac diém dir
liéu gan nhat trong khong gian dic trung. KNN
khong yéu cau qua trinh huén luyén tén kém nhung
nhuoc diém 14 thoi gian du doan c6 thé 16n véi dir
liéu 16n. Mot trong nhiing tham chiéu quan trong vé
KNNs cho dén nay 1a bai bao gi6i thiéu thuat toan
KNNs cua Cover va cong su (1967, p.21-27).

Mo hinh phan lop Naive Bayes: Thuat toan
Naive Bayes duya trén 1y thuyét xac sudt Bayes véi
gia dinh don gian hoa rang cac dic trung 1a doc lap.
MO hinh nay déc biét hi¢u qua trong phan loai vin
ban nhu loc thu réc, va rat nhanh voi bo dit liéu 16n.
McCallum va cong su (1998, p.41-48) dua ra so sanh
cac md hinh ung dung Naive Bayes trong phan loai
van ban voi hai mo hinh chinh 1a Multinomial Naive
Bayes va Bernoulli Naive Bayes, két qua cho thdy
mo hinh Multinomial Naive Bayes thuong cho hi¢u
suat cao hon dang ké so voi Bernoulli trong cac bai
toan phan loai van ban nhu loc thu rac hay phan loai
chii d& van ban. Ly do chinh 13 vi Multinomial xtr
Iy tan sudt xut hién cua cac tur (tokens), trong kh1
Bernoulli chi ghi nhan sy xuat hién hodc khong xuat
hién ctia mot tir trong tai lidu. Két qua nghién ciru nay
da cung cip cac huéng dan 16 rang cho viée ap dung
Naive Bayes vao phan loai van ban hi¢u qua hon, dac
biét khi xur Iy cac b dir li¢u 16n va phre tap.

Mot s6 phwong phap trich chon dic trung
anh: C6 rat nhiéu phuong phap trich chon dic trung
anh phu hop voi nhidu loai bai toan khac nhau va
hau hét déu da dugc xay dung thanh cac bd thu vién
hodc cong cu chia sé mién phi trén internet. Do do,
trong pham vi bai bao nay, chung toi chi trinh bay
khai quat 3 phuong phap s& st dung dé xay dung
md hinh, nham nam duoc y tudng, gia tri dau vao,
dau ra va tham s6 can thiét dé sir dung.

Phwong phap SIFT (Scale-Invariant Feature
Transform): La phuong phap trich chon déac trung
tir cac diém hép din cuc bd (Local Interest Point hay
con goi 1a Keypoint), cac diém nay c6 dic trung bat
bién khi thay doi ty 1¢ chiéu dai va chiéu rong cua
anh, thay ddi goc nhin hay xoay anh va cudong do
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chiéu sang cua anh. Do d6, d0 16n cia dac trung cuc
bd bat bién phu thudc vao so luong ciia cac keypoint.

Phuong phéap SIFT duoc thuc hién tuan ty theo
4 budc gom:

Budre 1: Xac dinh cac diém bét bién vai ty 18,
hudng ctia anh. St dung thuat toan different-of-
Gaussian, budc dau tién nay nham tim ra vi tri cia
cac diém “hap dan” trén céc kich thudc va goc
nhin khac nhau.

Buée 2: DPinh vi cac keypoint. Biang cach sir

dung mot ham dé kiém tra, budc ndy nhdm xac
dinh xem cac diém hap dan tim ra ¢ budc 1 ¢
duoc chon 13 keypoint hay khong. Cac diém hap
dan co do twong phan thép hodac ¢o vi tri doc theo
cac canh, thay d6i khi anh bi nhiéu sé& bi loai bo.

Buwée 3: Dinh hudng cho cac keypoint.

Buédce 4: Biéu dién cac keypoint dudi dang
vector. Mdi keypoint sau khi dugc dinh huéng s&
dugc mo ta dudi dang mot vector ¢ 128 chiéu mo
ta vi tri, ty 1€ va hudng cua keypoint do.

0 FdE

Phwong phap HOG (Histogram of Oriented
Gradients): La phuong phap duya trén biéu d6 (s6
1an) cta cac hudng dao ham (Gradients) trong cac
vung cuc bd cia anh.

Phuong phap nay s€ chia nho anh ra thanh céac
cell, cac diém trong cell s& dugc gan hudng thanh
cac Gradients, tir do ta c6 duoc biéu dd vé cac hudng
cta cac Gradients nay. Ghép tit ca cac biéu db cua
cac cell nay lai ta s€ biéu dién dugc anh ban dau.
Tuy nhién, dé nang cao kha nang nhan dang, cac biéu
do ctia cac cell s& dugc chuan hoa vé d9 twong phan
bang cach ghép nhiéu cell lai thanh block khong tach
11 nhau (nghia 1a mot cell ¢6 thé 1 phan tir ciia nhiéu
block), sau d6 tinh ngudng cuong do tuwong phan cuia
céac cell va sir dung gia tri d6 dé chuan hoa lai cac cell

(a)
Hinh 6. Minh hea thuét toin HOG

(b)

13

trong block. :1"1‘1 do, dac trung anh thu duoc s€ it phy
thudc vao diéu kién anh sang hon.

Tém lai, phuong phéap trich chon ddc trung
HOG s€ bao gom céc budc:

Buwéc 1: Tinh gradients.

Bwéc 2: Gan hudéng cho cac gradients. Theo
cac nghién ctru trudc day thi so lugng huong 1a 9
s€ cho la tot nhat cho cong viéc nhan dang cac doi
tuong trong anh.

Burgre 3: Tinh bicu d6 cia céc block. Thay vi tinh
biéu do cho céc cell, viée tinh biéu do ctia cac block
(c6 thanh phan 1a cac cell da dugc chuan hoa) sé it bi
phu thudc vao do twong phan va anh sang hon.

Buérc 4: Chuén hoéa block.
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a) Hinh gbc.

b) M5 ta hinh gdc bang dic trung HOG cua
hinh goc.

¢) Hinh b sau khi da gan hudng.

Phwong phap LBP (Local Blnary Pattern)
La phuong phap gan nhin cac diém anh bang cach
so sanh véi cac diém anh 1an can. Cu thé ta 1ay vi
du chon 1 diém anh va 8 diém anh xung quanh, st
dung gié tri ctia diém anh trung tAm lam ngudng,
gia tri LBP dugc xac dinh bang cach nhén cac gia
tri ngudng véi trong sb tng véi mdi diém anh sau
d6 cong tong lai. Hinh du6i minh hoa cach tinh do
tuong phan truc giao (C) 1a hiéu cip do xam trung
binh cua cac diém anh 16n hon hodc bang ngudng
v6i cac diém anh thip hon ngudng.

Vidu Liy ngwéng Trong sb
6 15 |2 I 1010 11214
71611 1 . p28 8
9 |8 17 | 111 64 |32 116

Pattern = 11110001
LBP=1+16432+64+ 128 =

C = (6+7+8+9+7)/5 - (5+2+1)/3 =

241
4.7

Hinh 7. Minh hoa thuit toan LBP
Phuong phap LBP c6 thé tom tit gdm cac budc:
Bl‘r(rc 1: Xac dinh sb lugng cac diém anh 1an
can can xét.

Budce 2: Tim gia tri LBP diém anh trung tim
dua trén cac diém anh lan can.

LBP duoc chiing minh 1a mot cong cu hiéu qua

dé nhan dang va phan loai két ciu nhd kha ning
khang nhicu tot, bat bien vdi thay doi d¢ xam, va
kha nang bat bién vdi xoay vong, giup phan tich
ket cau chinh xac trong nhiéu dicu kién va géc do
khac nhau (Ojala et al., 2002, p.971-987).

2.2.2. Phuong phap thuc nghiém

Str dung bo dir liéu anh MRI vé undo cua du an
MICCAI BRATS 2012 néu trén dé huan luyén va
kiém thir m6 hinh may hoc st dung phuong phap
Hoc da nhan. Panh gia két qua cua cac moé hinh,
dong thoi tinh chinh céac thong s6 dé dat dugc mo
hinh t6i vu voi bai toan phan 16p anh MRI bénh u
nao.

3. KET QUA VA THAO LUAN
3.1. Hudn luyén va kiém thiv mé hinh Hoc da
nhdn trong phdn l6p anh MRI bénh u nao.

Dé minh hoa cho phwong phép hoc da nhan,
chung t6i sit dung bo anh MRI v€ u ndo cua du
an MICCAI BRATS 2012 bao gom 25 mau chup
cong huong tir da dugc gan nhan trudc, cd 9 mau
thé hién u ndo lanh tinh va 16 mau thé hién u ndo
4c tinh. Trong mdi mau c6 4 file anh MRI 1an lugt
la T1, Tlce, T2 va FLAIR c6 dinh dang “.mha”
chua 155 lat cat chi tiét.

Cac budc tién hanh thuc nghiém gdm:

Budée 1: Tién xu 1y anh va trich chon dac trung
anh (st dung cong cu OpenCV).

Buwéc 2: Xay dung cac bd mo ta anh.

Bwéc 3: Huin luyén mé hinh sir dung cong cu
(Shogun Toolbox).

Buére 4: Kiém thir m6 hinh.

Bude 5: Banh gia mo hinh.

A J

Thu vién OpenCV (trich chon dac trung va bo mé ta anh

Bo md ta anh
SIFT

v v
B6 md ta anh BO6 md ta anh
HOG LBP

Y v

Thu vién Shogun Toolbox ‘

‘ Tién x{ ly anh ‘ ‘
F 3

v

SIFT Kernel

‘ Dit liéu anh yté"

\.J

4
HOG Kernel LBP Kernel
lf v

‘ Phuong phap hoc da nhan MKL (1-norm bién mém sir dung SDP) ‘

h

M6 hinh phan [&p

Hinh 8. So' d6 qu4 trinh thye nghi¢m

14
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Sau khi tién xur ly anh va st dung 3 thuat toan
trich chon dac trung anh la SIFT, HOG va LBP
(str dung cong cu OpenCV, thu vién ngudn mé vé
thi gidc may tinh), chung t6i thu dugc 3 bo mod
ta anh twong duong, mdi b mo ta anh 1a mot bo
cac vector co cung kich thudc dugce xép chong 1én
nhau theo chidu doc dé phu hop véi cu trac dit
liéu khi stir dung cong cu Shogun Toolbox, mot thu
vién ngudn mé vé may hoc dé huin luyén mé hinh.

Chuing t6i st dung ham CombinedKernel() trong
thu vién cua Shogun toolbox dé ndi cac bdo mo ta
SIFT, HOG, LBP lai thanh mt Kernel hop nhét sau
d6 dua vao cling véi nhan dé huan luyén mo hinh.

Sau d6, dé danh gia hiéu qua ctia mo hinh,
ching t6i sir dung phuong phap danh gia theo kiéu
thim tra chéo (cross-validation), véi tap dir liéu
kiém tra dugc chia ngdu nhién thanh k tap con
khong giao nhau (goi 1a “fold”) ¢6 kich thudc xap
xi nhau. Mdi lan (trong sb k lén) lap, mot tap con
dugc s dung kiém thir, va (k-1) tap con con lai
dugc ding dé huan luyén.

Véi mdi 1an huén luyén va kiém thir, mot ma
tran nham 1an ding dé danh gia ti 18 15i cua mo
hinh duoc xay dung nhu sau:

Bang 1. Ma tran nham lin

Nhan 16p thuc té
1 0
Nhan 16p 1 TP FP
du doan 0 FN TN
Trong do:

TP: Nhitng nhén “1” hé thong dy doan ding

FP: Nhitng nhan “1” hé thong du doén sai

FN: Nhitng nhin “0” hé thong dy doan sai

TN: Nhing nhan “0” hé théng du doan ding

Céc chi s6 dé danh gid do tot ciia md hinh phan
16p dugc tinh toan tir Ma tran nham lan nhu sau:

“1” nhu thé nao. Khi Precision 16n tirc 1a False
Positive nhd, mo hinh du doan sai it nhan “1” con
khi Precision nho tirc 1a False Positive 1on. Precision
cang 16n kha niang du doan sai nhin “1” cia hé thong
cang thip nén Precision cang cao cang tot.

]
Recall =
TP+FN

Recall thé hién mé hinh hay dy doan sai nhan
“0” nhu thé nao. Khi Recall 16n tirc 1a False
Negative nhd, mo hinh dy doan sai it nhan “0” con
khi Recall nho tic 1a False Negative 16n. Recall
cang 16n kha nang du doan sai nhan “0” ciia mo
hinh cang thip nén Recall cang cao cang tot.

2+ Precizsions Recall
Precizsion+ Recall

F1-score chinh 1a trung binh diéu hoa (Harmonic
Mean) cua Precision va Recall. N6 phan anh cho
ta thay tong lugng FP va FN 1a bao nhiéu. Khi F1
score 16n thi s6 luong nhan du doén sai 1a nho, mo
hinh hi¢u qua va nguoc lai khi F1 score nhd thi s6
luong du doan sai 1a 16n, mo hinh khong tot.

3.2. Két qui

Str dung bo dit liéu néu trén, chung t6i tién hanh
huén luyén va kiém thir mé hinh v&i phuong phap
Hoc da nhan (MKL), str dung cac ham c6 san trong
bd cong cu Shogun. Chiing t6i da sur dung cac ham
nhan khac nhau va nhan thdy ham nhin Gaussian
cho két qua tét nhét (ca ba tap dit liéu déu st dung
ham nhan Gausian), ngoai ra cac tham s6 khac duogc
su dung céc gia tri mac dinh. Két qua cho théy, trén
tap dit liéu huén luyén, phuong phap MKL cho két
qua du doan 13 F1-score = 82%. Day la mot két qua
kha quan ddi véi mot mé hinh phan 16p nhi phan.

F1-score =

Ngoai ra, d& danh gia dugc mé hinh, ching t6i
cling sir dung bo dir li€u trén cho cac md hinh phan
16p khac nhu SVMs, KNNs va Naive Bayes vdi 3
tap ddc trung riéng biét (SIFT, HOG, LBP). Chung
t6i str dung phan mém Weka cho cac thue nghiém
nay. Két qua du doan cua cac phuong phap dugc

.. P J >
Precision = —— thé hién trong Hinh 9, trong d6 chi s6 dugc dung
Precision thé hién mo hinh hay dy doan sai nhan ~ dé€ so sanh la F1-score.

85% 8204

80% e

75% = & 73% | | 73% 2%

0% 705 |4 [ T1%

T0%

65%

60%

SVMs KNNs Naive Bayes Multi Kernel
Learming
BSIFT HOG LBP SIFT+HOG-+LEBEP

Hinh 9. So sanh két qua dy do4n ciia cac md hinh phan 16p bing chi sé F1-score
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3.3. Thdo lugn

Déi véi két qua thuc nghiém cua bai bao nay,
¢ thé théy thudt toan trich chon déc trung anh
HOG cho d6 chinh xac cao hon SIFT va LBP, khi
két hop véi mé hinh phan 16p SVM cho ra két qua
du doan 1én dén 79%. Két qua nay cho thly HOG
la thuat toan trich chon déc trung manh mé va phé
bién, ddc biét phu hop sir dung chung véi mé hinh
phan 16p SVM (G. Tsai, 2010).

Mo hinh phan 16p SVM ciing cho két qua tdt
hon so voi KNNs va Naive Bayes trén ca 3 b mo
ta anh (twong ung voi 3 tap dac trung), vi mo hinh
phéan 16p SVM dac biét hi€u qua vdi cac bai toan
phan loai nhi phan trén céc tap dir liéu nho va cé
d6 phtrc tap cao. Két qua nay ciing tuong dong véi
nghién ctru ciia Wei va cong su (2005, p. 371-380)
khi ciing cho thdy SVM c¢é hi¢u qua tot véi do
chinh xac cao trong phan loai vi voi héa dang cum
trén hinh anh nhii anh (mét yéu té quan trong trong
phat hién ung thu v lanh tinh va ac tinh) nho kha
nang tim ra siéu phang t4i wu phan chia dir lidu.

V6i bo dir liéu khong dong nhat nhu trén, mo
hinh Hoc da nhan cho thiy kha ning két hop tot
thong tin tir nhidu ngudn hodc nhiéu dic trung
khac nhau khi cho ra chi s6 Fl-score 1én dén 82%.
Tuy nhién, véi mot s6 nhuge diém nhu do phuc
tap tinh toan cao dan t4i chi phi tinh toan cao, qua
trinh lya chon va két hop cac nhan (kernel) phtic
tap, nguy co qua khop (overﬁttlng) la nhiing thach
thirc can dugc can nhac Dé st dung MKL hiéu
qua, can c6 sy dau tu vé tai nguyén, chuyén moén,

16

va cac bién phap téi wu héa phit hop. Trong nhidu
truong hop, cac phuong phap don gian hon c6 thé
la lya chon thay thé kha thi hon.
4. KET LUAN

Bai bao mo ta chi tiét bo dit liéu anh MRI vé u
néo cua du &n MICCAI BRATS 2012, co s& chuin
doéan bénh u ndo la lanh tinh hay ac tinh dua trén
hinh anh MRI, tir d6 tién hanh thyc nghiém xay
dung mé hinh hoc méay bang phwong phap Hoc da
nhan dé phan 16p cac hinh anh MRI bénh u nio.

Két qua dy doan kha quan tir mé hinh Hoc da
nhan (c6 d6 chinh xac 82%) cho thiy rd rang viéc
két hop nhiéu cach mo ta anh thanh mot s& gitp
cho md hinh phan 16p hoat dong hiéu qua hon.
Dong thoi ciing c6 thé thdy rang, mo hlnh hoc da
nhan cho phep tich hop dugc nhiéu ngudn thong
tin vé cac ddi twong cin phan 16p hon, lam cho mo
hinh du doan giau thong tin hon, nén két qua du
doan cao hon cac md hinh khac. Vi vay, cé thé sur
dung mo6 hinh hoc da nhan cho bai toan ma cac déi
tuong dir liéu dugc mo ta boi cac tip thudc tinh
khac nhau. Két qua cta thuc nghiém nay thé hién
rd sttc manh ctia phuong phap hoc da nhan khi da
nang cao do chinh xac trong viéc phan loai bang
cach st dung cung luc nhiéu bd mé ta anh, tir d6
hy vong sé& co nhiéu nghién ctru vé viéc - ing dung
phuong phap nay trong moi truong y té hon nita,
vi & d6 chic chén s& co tap dir liéu hinh anh 16n
hon, nhiéu loai hinh anh hon, nhiéu thong tin thu
thap duoc tr nguoi bénh hon, nén do chinh xéc s¢
cao hon.
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APPLYING MACHINE LEARNING ON CLASSIFICATION OF BRAIN TUMORS
FROM MRI IMAGES
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ABSTRACT

In recent decades, medical image analysis has become an essential field, providing directional
predictions for healthcare professionals, especially valuable for regular, continuous diagnostic work
with large volumes of data. Medical images of the same type and from the same department share
many similarities, making it feasible to use computers and intelligent algorithms to detect abnormalities
in these images. This paper presents the results of a machine learning model using Multiple Kernel
Learning through training and testing with the MRI brain tumor image set from the MICCAI 2012
project: Multimodal Brain Tumor Segmentation. The result, evaluated through Cross-Validation, yielded
an F1-score prediction of 82%, which is a fairly notable outcome for a binary classification model.

Keywords: Machine learning, Artificial Intelligence, Multiple Kernel Learning, Image classification,
Brain tumor MRI images.
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