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TOM TAT

Phan logi anh cong huong tir (MRI) la mot trong nhitng ung dung thuc
tién da va dang duge quan tém boi nhiéu nha khoa hoc trén thé gidi. Trong
nghién citu, thudt todn phan logi anh ung thu vii duwoc dé xudt dua trén su
két hop ciia thudt todn phdn tich chiim mo va kién tric Inception ResNet
V2 (FCIR-V2). Pdu tién, thudt todn phan tich chiim mé dwoc sir dung dé
phdn doan cac anh thanh cac Iop tach biét. Sau do, kién triic hoc sdu
Inception ResNet V2 dwoc dp dung dé phan logi cdc anh sau phin doan.
Dua trén cdc tham sé cdi tién méi duoc thiét ldp tir thudt toan phan tich
chivm mo va kién triic Inception ResNet V2, mét mé hinh phdn logi méi
hiéu qua cho vén dé phdn logi dnh duoc thiét ldp. Ngoai ra, mé hinh nay
dwoc iing dung cu thé cho tap diF liéu ung thuw vii (Breast Cancer, 400x).
Két qua cho thay phwong phdp sir dung thudt todn cho mé hinh ndy hiéu
qud hon cdc phirong phap khdc théng qua cdc chi s6 ACC va Fl-Score.

Tir khoa: Inception ResNet-V2, phdn logi, phdn tich chiim mo, ung thu vi
ABSTRACT

Magnetic Resonance Imaging (MRI) classification is one of the practical
applications that has garnered significant attention from many scientists
around the world. This research proposes a breast cancer image
classification algorithm based on the combination of fuzzy clustering
analysis and the Inception ResNet V2 architecture (FCIR-V2). First, the
fuzzy clustering analysis algorithm is used to segment the images into
separate classes. Then, the deep learning Inception ResNet V2
architecture is applied to classify the segmented images. Based on newly
established improved parameters from the fuzzy clustering analysis and
Inception ResNet V2 architecture, an efficient new classification model for
image classification is developed. Additionally, this model is specifically
applied to the breast cancer dataset (Breast Cancer, 400x). The results
showed that the algorithm used for this model is more effective than other
methods, based on the ACC and F1-Score metrics.

Keywords: Breast Cancer, classification, fuzzy clustering, inception
ResNet-V2
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1. GIOI THIEU

Phén doan anh 1a qua trinh phén chia anh thanh
cac khu vue khong chdng 14n sao cho cac diém anh
ctia chung trong cting khu vuc c6 dic diém tuong tu
nhau (Lai et al., 2009; Tran, 2016). Phan doan la
nghién ctru can thiét cho cac thay déi ciu truc va
dinh luong cua anh cong huong tir (MRI). Béy ciing
1a diéu kién tién quyét cho mé hinh hoa trong chuén
doan cac ton thuong hodc khdi u, vi ton thuong co
thé lan rong theo céc téc do khac nhau tiy thude vao
cac mo xung quanh. Sy tdn tai cta nhiéu, truong do
léch va cac hidu tmg bén trong anh tao ra nhidu thach
thirc 16n cho viéc phan doan anh MRI nhdm phat
hién cac khéi u bén trong. Cac ky thuat phan doan
anh MRI c6 thé duoc chia thanh nhiéu hudng khac
nhau. Mot trong nhiing huéng nghién ctru phd bién
hién nay 1a st dung thudt toan phan tich chum mo
(Lai etal., 2009; Tran, 2016). Phuong phap nay hoat
d6ng dua trén da dang cac tiéu chi dé nhom cac ddi
tuong c¢6 diém tuong ddng vao cing mot nhém va
x4c dinh s6 mo thudc vé mdi nhom. Tir dic diém
nay, mot s6 nghién ctru di ap dung trong viéc phan
doan anh MRI, trong d6 c6 kha ning xir ly nhiéu
(Saha et al., 2016). Cac nghién ciru vé phan tich
chum dugc 4p dung trong xtr Iy anh MRI st dung
chu yéu 1a Fuzzy c-means (Vasuda et al., 2010; Le
etal.,2011; Monalisa et al., 2018; Zotin et al., 2018;
Ozyurt et al., 2020), mo6 hinh hén hop (Weisenfeld
et al., 2009; Despotovi¢ et al., 2015; Akkus et al.,
2017). Nhitng nghién ciru ndi bat c¢6 thé liét ké nhu
Tohka et al. (2004) da gidi thiéu mdt phuwong phap
phén doan dya trén Markov Random Field (MRF)
cuc bd. Cac mo hinh MRF dong nhém dugc dinh
nghia dya trén cac mién anh cuc bd. Sau do, chung
duogc st dung dé xay dung mdt mo6 hinh dya trén
MREF toan cuc. Ji et al. (2014) da d& xudt mot thuat
toan Fuzzy c-means c6 rang budc khong gian manh
mé (RSCFCM) cho phan doan anh MRI cua ndo,
thanh cong vuot qua nhuoc diém cua cac phuong
phép phan tich chum nhu FCM va mo hinh ham hgp
Iy cuc dai (EM). Tuy nhién, tiéu chi danh gia gitra
cac pixel trong thuat toan nay la khoang cach
Euclide khong thé xac dinh rd cac pixel nhidu, vi
vay két qua ctia phéan tich chum thu duoc 13 chwa tot.

Phén loai 14 viéc gan mot phan tir vao cac nhom
d3 biét mot cach thich hop nhat. Phan loai co thé
thuc hién cho dit liéu anh va dit liéu sd. Phan loai
cho dir liéu anh phurc tap hon rat nhiéu so véi dit lidu
b, vi n6 doi hoi qua trinh trich xuét thong tin dac
trung 13 rang. Khi cac dic trung dugc trich xudt,
chung can dugce biéu dién dudi dang cac phén tr dai
dién dé nhan dang. Trong hau hét cac nghién ctru
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hién co, phﬁn ttr duge biéu dién trong anh thong
thuong 13 mdt ma tran s6 (Pham et al., 2024). bé
phan loai hinh anh theo cach biéu dién nay, chiing ta
can dé xuat mot sd phép do khoang cach phu hop.
Mic du c6 nhiéu loai phép do khoang cach khac
nhau, nhung cho dén nay van chua c6 phuong phap
nao duge coi 12 tdi wu cho tit ca cac loai dit lidu
(Monalisa et al., 2018). Van dé nay 1a mot thach
thirc dang ké ddi v6i nguoi dung khi tim kiém mot
dd do phu hop khi ap dung phén loai anh trong céac
van dé thuc té. Hon nira, ddi voi dir liéu ma tran hodc
vector da chiéu dugc trich xuét tir anh, viéc phén loai
tré nén cong kénh, dic biét 1a dbi véi cac tap dir liéu
16n (Vasuda et al., 2010). Gan day, cac nha nghién
ctru d3 thuc hién trich xuat dic trung cla cac anh
trong khong gian hai chiéu dya vao bai toan phan
tich chum (Singh et al., 2012; Zotin et al., 2018).
Mot s6 huéng nghién ciru ciing di chuyén ddi cac
anh trong khong gian hai chiéu cho muc dich phan
loai. Tuy nhién, cac thudt toan nay chi phu hop véi
céc truong hop riéng cua tap dir liéu anh nhat dinh
(Singh et al., 2012). Nhan théiy wu diém tir thuét toan
phén tich chum mo trong phan doan anh, nén thuat
toan duoc st dung trong nghién ciru dé tién xir 1y
cho bai toan phan loai. Pay dugc xem la mot
phuong phéap xir 1y hiéu qua cac nhidu ciia anh dau
vao nham lam giam lugng thong tin khong c6 dong
gop cho van dé trich xuit déc trung cua anh.

Vé cac phuong phap phan loai, ching c6 thé
dugc chia thanh hai nhém chinh 1a dya vao thong ké
va hoc may. Theo hudng thong ké, mot sd ky thuat
thong dung bao gdm hdi quy Logistic (Tohka et al.,
2004), phuong phap Fisher (Ji et al., 2014), Naive
Bayes (ap dung cho céc bién roi rac) (Ozyurt et al.,
2020) va phuong phap Bayes cai tién (4p dung cho
céc bién lién tuc) (Despotovi¢ et al., 2015). Phuong
phap Fisher xay dung mot ham tuyén tinh dé dura cac
bién quan sat da chiéu thanh mot chiéu nham phan
chia cac nhdm mot cach hi¢u qua, tir do thiét lap cac
nguyén tic phan loai. Tuy nhién, trong phuong phap
ndy, ma trdn hi¢p phuong sai cua cac nhom duoc
yéu cau phai bang nhau, do d6, tinh hiéu qua cia
phuong phap nay khong cao (Akkus et al., 2017;
Weisenfeld et al., 2009). Naive Bayes la phuforng
phap voi nguyén tic phan loai 1y thuyét don gian,
tuy nhién n6 chi ap dung cho cac dit li€u roi rac va
khong phan loai dwoc cho nhiéu ddi twong khac
nhau, dac biét 1a anh.

Cung vdi su phat trién cua hoc may, k¥ thuét hoc
siu ngdy cang tré nén manh m&. Nhidu hudng
nghién ctru di dugc cai tién trong nhitng nim gan
day. Chéng han, Nawaz et al. (2018) da dé xuét mot
phién ban cai tién ctia kién triic AlexNet dé phan loai
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anh ung thu va. Két qua thyc nghiém cho thiy
phuong phap cta ho dat d6 chinh xac tong thé Ia
57% trén tap kiém tra. Trong cing hudng phat trién,
Hossain et al. (2022) da dé xuat mo hinh ResNet50
dé phan loai bénh nhan COVID-19 tir co s dit liéu
chyp X-quang COVID-19. Ho thu dugc d9 chinh
xac 13 99,17%, trong d6, d6 chinh xac cua qua trinh
huan luyén 1a 99,95%, d6 nhay 14 99,03% va chi sé
F1-Score 99,17% trén tap dir liéu
ImageNet ChestX-ray14 (ChexPert, ChestX-ray14)
Kong et al. (2022) thu dugc 97,3% do chinh xéc khi
phan loai anh X-quang nguc dua trén sy két hop
giita cac ddc trung ctia kién tric mang DenseNet va
kién trac VGG16. Nhitng mé hinh dugc liét ké &
trén déu c6 nhitng wu diém va phu hop cho timg loai
dit liéu riéng, nhung chiing s€ khé dat dugc hiéu qua
cho tit ca cac dit litu duge xem xét. Mot trong
nhimg yéu diém chinh cua AlexNet 1a chung c6 mot
s0 lugng 16n tham sb can tinh toan. Diéu nay c6 thé
dan dén chi phi tinh toan va sir dung bo nhé ting cao
(Lu et al., 2019). Dbi véi k1en truc ResNet50, viéc
huén luyén cac mang sau Van ¢6 thé gip thach thire
va doi hoi phai tinh chinh can than cac siéu tham sb.
DenseNet ¢ phan vuot troi hon so vai cac kién triic
AlexNet va ResNet50. Do viée tai st dung déc trung
hiéu qua va dong Gradient hi¢u qua, DenseNet co
xu hudng téng quat hoa tot trén dir lidu 4n, giam
thiéu hién tuong qua khép. Tuy nhién, viée trién
khai DenseNet co thé phirc tap hon, d& bi 18i do cac
két ndi day dic va yéu cdu quan ly cin than cac
mang déc trung.

Mac du cac thuat toan phan loai dua trén hoc sau
da cho thay nhiéu uu diém so véi cac phwong phap
hoc may va thdng ké, chiing ciing co mot s6 nhuoc
diém, chang han nhu: phy thuge vao nguon di liéu
huan luyén 16m, van dé noi suy, véan dé qua khop,
y€u cau tai nguyén tinh toan, thiéu tinh giai thich va
thach thic vé kha nang mé rong (Ramezani et al.,
2023). Tuy nhién, trong nhitng nim gan day, nhiéu
nha khoa hoc dic biét quan tam téi kién trac mang
hoc sau Inception ResNet-V2. N6 1a mot bién thé
clia mang no-ron tich chap (CNN) két hop hai kién
tric manh m€ 1a Inception va ResNet. Dugc gidi
thiéu bdi Google, Inception ResNet-V2 la mot trong
nhitng mo hinh tién tién nhat trong linh vuc hoc sau,
dac biét 1a trong nhiém vu phan loai anh. Cac khéi
Inception duoc xen k& bai cac két ndi tit cua ResNet
giup mo hinh vura khai thac dugc kha nang phan tich
da cép do cuia Inception vira duy tri d6 sdu hidu qua
ctia ResNet. Ngoai ra, kién triic Inception ResNet-
V2 da dugc huin luyén cho 1000 tap dit li¢u khac
nhau véi sy da dang cac ddi tugng. Do d6, viéc su
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dung kién tric nay trong phén loai anh tao ra nhiéu
thuén loi hon.

Mot s6 nghién ciru tiéu biéu nhu Neshat et al.
(2024) da so sanh higu suat cia mo hinh hoc sau
Inception-ResNet trong viéc chan doan viém phoi tir
anh chup X-quang nguc. Két qua cho thiy Inception
ResNet-V2 c6 do chinh xac phan loai vugt trdi so
v61 cac md hinh khac, bao gém: ResNet152V2,
MobileNet-V3 (Large va Small), EfficientNetV2
(Large va Small), InceptionV3 va NASNet-Mobile,
vo1 muc chénh 1éch lan Iuot 1a 2,6%, 6,5%, 7,1%,
13%, 16,1%, 3,9%, va 1,6% cho mdi md hinh.
Manivannan et al. (2023) dé xuét giai phap phan loai
120 gidng ché sir dung kién tric Inception ResNet-
V2 da dugc huan luyén trude. Hiéu suit va do bén
cta mo hinh da dugc danh gia qua viéc thir nghiém
v6i cac anh tir internet. Mang du doan dung giéng
cho v6i dg chinh xac 1a 88,92%. Cac nghién ctru nay
¢6 d¢ chinh xéc thip va chua that sy toi wu. Nguyén
nhan chua yéu la dir liéu anh dau vao chua duogc xur
ly ding cach va s6 lugng ddc trung khong can thiét
¢6 thé duoc sir dung trong qua trinh huén luyén. Do
d6, cac két qua thu dugc 1a khong t6i uu.

Dua trén cac phan tich, mot thuét toan cai tién
duoc dé xuit cho bai toan phéan loai dya trén sy khéc
phuc mot s6 nhuoc diém cua cac thuét toan ton tai
v6i nhitng dong gdp nhu sau:

(i) D& nghi thuat toan phan doan anh dua trén k§
thuat phan tich chim md trudc khi trich xut cac dac
trung cua anh, thay vi st dung toan bd dir li¢u anh
dé trich xuét nhu nhidu nghién ctru khac.

(i) Tang cuong cac két ndi anh théng qua
phuong phap phan tich chum m¢ véi ham muc tiéu
toi uu.

(iti) Xay dung kién trac Inception ResNet-V2
cho dir liéu thu dugc tur (ii) d€ phén loai anh.

Véi nhitng dong gép moi nay, mot thudt toan
phan loai hidu qua cho anh dwoc thiét 1ap. Thuat toan
da dugc gidi thiéu théng qua tmg dung thyc té va
thuc thi bing chwong trinh Matlab. Hiéu qua cia
thuét toan dé xuét da duoc kiém tra trén céac tap dir
liéu anh ung thu v (400x). Ngoai ra, cac chi sb danh
gia da duoc st dung dé so sanh hiéu suét ciia mé
hinh nay so véi nhiéu m6 hinh khéc nhau, bao g(“)m
cac mo hinh tir théng ké, hoc may va hoc sau.

2. TIEU CHUAN PANH GIA MO HINH

) Dinh pghia 1: Bo chinl} xac (ACC) la mot chi
s0 pho bién dugc st dung d¢ danh gia cac thuat toan
phan loai. N6 dugc dinh nghia nhu sau:



Tap chi Khoa hoc Dai hoc Can Tho

S6 phan loai dun
ACC = P 1 CIne

Tong s6 phan ti phan loai .
D6i v6i bai toan phan loai cho hai 16p, chi sb
ACC dugc tinh nhu sau:
TP +TN
TP+TN+FP+FN'’

trong d6 TP = Duong dung, TN = Am ding, FP
= Duong sai, va FN = Am sai.

ACC =

Chi s6 ACC cang 16n gén tdi 1 thi d6 chinh xéac
va d¢ nhay cuia thuat toan s€ cang tot, nguoc lai néu
chi s6 ACC cang gan 0 thi hiéu suit cua thuat toan
s€ cang kém.

Pinh nghia 2: F1-Score la mdt thudc do do
chinh xac cia mo hinh trén mat tép dir liu. N6 dugc
sir dung dé danh gia hiéu sut phan loai nhi phan,
trong do cac truong hop dugc phan loai 1a “Duong”
hoic “Am”. Fl-Score két hop do¢ chinh xac
(Precision) va A9 nhay (Recall) bang cach sir dung
trung binh diéu hoa cua chung. Téi wu hoa F1-Score
ddng nghia véi viéc t6i wu hoa ddng thoi ca do chinh
xac va d6 nhay. F1—Score dugc tinh nhu sau:

2(Precision X Recall)

F1 = Score = Precision + Recall
trong do
TP TP
Precision = TP T+ FP ,Recall = TP T FN .

Trong mdé hinh phan loai hai 16p, chi s6
F1—Score cang gan téi 1 thi d6 chinh xac va 46 nhay
cua mo hinh cang cao, ngugc lai, chi s6 F1—Score
cang gan t61 0 thi hi€u suat cia mo6 hinh sé cang kém.

3. MO HINH PHAN LOAI PE NGHI

3.1. Thuit toan phan doan anh MRI

Cho {y1, y2, ...yn} 1a tap hop N anh. M6 hinh d&
nghi duogc trinh bay theo cac budc sau:

Budre 1. Chuan hoa hinh anh thugc khoang [0, 1]
cho bai.

p(y;) — min (p(y))
max (p(yj)) — min (P(Yj)) ’

Pu,n, (7)) =

trong do:

* Py, (3’/}) la gia tri pixel cua anh da duogc
chuan hoa. Pay la gi tri cta p1xe1 tai toa do (Nx,
N,) trén mdt anh. Qua trinh chuan hoéa nay nham

muc dich dua cac gia tri pixel (tir 0 dén 255) vé mot
pham vi cu thé nho hon (tor 0 dén 1) gitp thuén loi
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cho céc tinh toan, dac biét 1a qua trinh phan doan céc
anh,

. p(y]-) la gid tri pixel cua anh gbe,

e min (p(yj)) 1a gi4 tri pixel tdi thiéu trong
anh,

e max (p (yj)) 1a gia tri pixel tdi da trong anh.

Buée 2. Chuyén doi gia tri pixel cta anh da

chuén hoa thanh cac vecto cot [ = [fl, L ..., iN] voi
ih =
[Pi3),Pai(5)), o Pri(9))s s P, (9D

trong d6 N, va N, la kich thudc N, X N, cia mot
anh (1 < h < N).

Buée 3. Khéi tao ma tran phan ving ngau nhién
U© v6i k hang va N cot nhu sau:

U© = [#(0) o

trong do ,ulo) €[0,1],v6il < i < k,1 <
j < N.

Budre 4. Tim phén tir trong tAm ciia cum C; theo
phuong trinh sau:
) A
— Zy_ 1 [ ,U.l] ]2
0
Malug1?

6))

Buéc 5. Cap nhat ma tran md méi U~D, mdi ma
tran dugc tinh theo nguyén tac sau:

NéuDg(T,C,) > 0,
(t=1) 1
# =
ij C DE( ]2 (6)
10,0, )
van lai g =0 ¢
guoc lai p;;” = 0, trong d6

1<im<kl<j<N
Buoc 6‘. Lap lai Budc 4 va Budc 5 tlén, cho dén
khi thoa diéu kién sau:

|](t+1) _

JO| < &, ™

trong do:
N

J® = ZZ[#w DE(T,C),
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Dk(T, C;) 1a khoang cach Euclide cta I, va C;.
Budre 7. Liy chi sé cum cho ting pixel

H; = argmax U®*V = arg max[p{ V],

1<js<k 1<jsk
O budc nay, thuat toan lay phan viing bang cach
phan tich cac chum va anh goc d¢ tao ra anh duoc
phén doan.
3.2. Kién tric mang Inception ResNet-V2

e Ciu tric Stem: Day 1a budc quan trong cho
mang Inception ResNet V2. N6 gitp giam kich
thude dir lidu dau vao théng qua cac 16p tich chap
(Conv3x3). Cau triic ndy gdm céc 16p tich chap lién
tiép gitp phat hién cac dic trung co ban nhu canh,
goc va cac hinh dang don gian trong hinh anh. Sau
khi di qua cAu trac Stem, dit liéu da duoc trich xuét
céc dic trung co ban va giam sau kich thudc dau ra.
Két qua dau ra cua khdi nay 1a dir liéu anh c6 kich
thudc 35%35%256 (Dau vao 1a anh co kich thudc
299%299x%3).

e Ciu tric Inception ResNet A: Khoi nay két
hop giita y tudng cua mod-dun Inception truyén
thong voi cac két nbi Residual tir kién tric ResNet
dé tang cuong hiéu sudt va kha niang hoi tu cia
mang. Inception-ResNet A tédn dung kha nang cua
mod-dun Inception trong viéc hoc da dang cac dac
trung thong qua cac nhanh khac nhau. Nho do mang
tranh dugc van & mat Gradient khi di qua nhiéu 16p,
giup mang co thé hoc dugc sau hon. Két qua diu ra
ciia khbéi nay 1a dir liéu anh co6 kich thuédc
5x35x%256.

e Ciu tric Reduction A: Khdi Reduction A
giam kich thudc khong gian cua Feature map mot
cach hidu qua, thudng 14 giam mot nira (vé chiéu cao
va chiu rong), tir d6 gitip giam thiéu khdi luong tinh
toan trong cac 16p sau. Nho sy két hop cia nhiéu
nhanh véi cac phép bién doi khac nhau, khbi nay
khong chi giam kich thudc khong gian ma con bao
toan dugc nhiéu thong tin quan trong ciia dic trung.
Két qua dau ra cua khdi nay 1a dir liéu anh c6 kich
thudc 17x17x1024

e CAu tric Inception ResNet B: Khdi nay
cho phép mo hinh hoc céc dac trung tr cac thang do
va goc nhin khac nhau nho sir dung cac phép tich
chap khong ddi ximg (asymmetric convolutions) va
c4c nhanh khac nhau. Két qua dau ra cua khdi nay
l1a dit liéu anh c6 kich thude 17x17x1024.

e Ciu tric Reduction B: Khdi nay duoc thiét
ké dé giam manh kich thudc khong gian cua cac dic
trung (feature maps) trong khi tiép tuc trich xuat cac
dic trung phic tap tir dir liéu dau vao. Két qua dau
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ra cua khdi nay 1a dir liéu anh co kich thudc
28%x8%x1536.

e Ciu triac Inception ResNet C: Khéi nay
tiép tuc phat trién y tuéng két hop gitra mo-dun
Inception véi cac két ndi Residual tir ResNet, gitip
md hinh hoc cac déac trung phic tap mdt cach higu
qua va én dinh. Inception-ResNet C dugc thiét ké dé
trich xuét cac dic trung khong gian ¢ cac giai doan
cubi ctia mang, noi kich thuéc khong gian cia
feature map da duoc giam dang ké. Két qua dau ra
ciia khdéi nay 1a dir liéu anh c6 kich thudc
8x8x1536.

= St
Input 299x299x3 ' em
i Conv 3x3
Stem -(—é vlv
: max - pool
—l— ; 33
5x Inception-ResNet A ‘ : Jv
f i Conv 1x1
Reduction A i J'
i Conv 3x3
‘1 0x Inception-ResNet B‘ i J'
f i max pool 3x3
Reduction B )
‘ 5x Inception-ResNet C ‘
‘ Global avg - pool ‘
Dropout
H= Output

Softmax

I

Classification

Hinh 1. So d6 minh hoa cho kién triic Inception
ResNet-V2

e Ciu tric khdi Global average Pooling:
Khéi nay dugc st dung dé giam kich thude khong
gian cia cac dic trung (Feature maps) xubng thanh
mot gia tri duy nhat cho mdi Channel, gitip chuan bi
dit liéu cho 16p ddu ra ctia mang, thudng 1a 16p fully
connected hoac softmax trong cac tac vu phan loai.
Két qua dau ra cua khdi nay 1a di liéu anh c6 kich
thude 1x1536.

e Ciu tric Khoi Softmax: Khdi nay 1a mot
ham kich hoat duoc sir dung pho bién trong cac mo
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hinh hoc may, dac biét trong cac bai toan phan loai
da 16p. Ham Softmax chuyén d6i dau ra cia mot mo
hinh thanh x4c suét, sao cho tong xac suit cua tat ca
céc 16p bang 1. Thong thuong ham softmax dugc sir
dung la:

e*i

softmax(x;) = T

®)

trong do x; la gid tri dau vao cua vector
(x1, %2, ..., xp,), n 12 tOng so 16p.

b P

 sirdung thudt
todn phan tich
chum m&

K&t qua Phin
loai

Hinh 2. So' 46 minh hoa cac giai doan ciia md
hinh dé nghi

Nhén xét: Trong Budc 6, gia tri ciia & 1a mot sb
rat nho duoc chon mot cach tuy y. € cang nho, s6 lan
lap va thoi gian tinh toan cang nhiéu. Trong cac vi
du s6, chiing toi chon & = 10™% . Tét ca chuong trinh
dugc thuyc thi bing phin mém Matlab 2024
(Online).

4. UNG DUNG CHO DU LIEU UNG THU

Tap dir liéu anh MRI cta hai nhom (anh ¢6 khoi
u lanh va ac tinh) duoc st dung dé minh hoa cac giai

Image4

Image2
(a) Céc anh c6 khoi u lanh tinh

Image5
(b) Cac anh c¢6 khoi u ac tinh

Hinh 4. Mt s6 miu danh diu vao cia dir liéu BreaKHis
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doan cua thuét toan d& nghi. Gidi thiéu vé su khac
biét gitra khoi u lanh tinh va ac tinh & cap d6 té bao
dugc cho trong Hinh 3.

Benign tumor Malignant tumor

Hinh 3. Sy khac biét giira khdi w lanh tinh va
khdi u ac tinh. Khdi u lanh tinh sé giéi han béi
vong tron mau hong, trong khi dnh cé khoi u ac
tinh sé c6 nhirng phin xam lin khong theo mdt
céu triic nao

Co s6 dit liéu BreaKHis chira cac anh sinh thiét
vi md cua cac khdi u lanh tinh va 4c tinh cta bénh
nhan ung thu va. By dir liéu xem xét 1a bg dir ligu
c6 d9 phong dai quang hoc 400x. Tap dir liéu duoc
chia thanh hai phan, trong d6 80% dit liéu duoc st
dung dé huén luyén v6i 1148 anh (371 anh c6 khdi
u lanh tinh, 777 anh c¢6 khdi u 4c tinh) va 20% di
liéu anh 1am tap kiém tra véi 545 anh (176 anh c6
khéi u lanh tinh, 369 anh c6 khéi u 4c tinh). Mot sb
mau anh dai dién cho tap kiém tra dugc cho trong
Hinh 4.




Tap chi Khoa hoc Dai hoc Can Tho

Trudc tién, giai doan 1 ciia mé hinh dé nghi duoc
thuc hién 14 phan doan céc anh cua tap dit liéu. Két
qua cua giai doan nay dugc gioi thiéu trong Hinh 4
v&i mot s6 mau anh trong tap.

Image2

Image3

Image5

Image6

Hinh 5. Mot s6 miu dnh dwoc phan doan trong
tap dir liéu Kiém tra

Két qua duoc thé hién ¢ Hinh 5 13 qué trinh phan
doan cac anh trong vong lap dau. Ching ta c6 thé
thdy rang cac ciu tric bén trong anh c¢6 sy phan chia
rd rang hon.

Image1 Image3

Hinh 6. Két qua phan doan cac anh & lan Lip
cuoi

Hinh 6 thé hién ring cac anh giita nhom c6 khdi
u lanh tinh va é4c tinh dugc phan vung rd rang hon.
Céc té bao trong Imagel, Image2 va Image3 co su
tap trung theo dang tron va rat dé nhin thiy bang mét
thudng, trong khi té bao ciia cac anh con lai co su
phan chia khong thdng nhat vé mau sic. Piéu nay
cho thay ching khong phan bo theo mot trat tu nao,
¢6 nghia rang chiing 1a cac té bao ¢ kha ning xam
lan, m& rong.

Sau qué trinh phan doan anh bing thuit toan
phan tich chum mo, cac anh nay dugc phén loai
bang mang Inception ResNet-V2. Két qua thu dugc
dir liéu anh sau Block Stem duoc cho trong Hinh 7.

Hinh 7 gidi thi€u 16 thong tin dic trung cua 16
ma trin trong 256 ma tran cip 35x35. Nhu vay, mdi
Features Map s& chira ma tran 35x35. Sau khéi
Stem, thuat toan thu dugc 256 ma tran dac trung cép
35%35 cho mdi anh. Twong ty, thuat toan thuc hién
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cho dén Khéi Inceptipn ResNet C, thuat toan s€ thu
dugc 1536 ma trén cap 8X8.

Feature Map 4

Feature Map 1 Feature Map 2 Feature Map 3

Feature Map 7

Feature Map 10

Feature Map 13

Feature Map 5 Feature Map 6 Feature Map 8

Feature Map 9 Feature Map 11 Feature Map 12

Feature Map 15

Feature Map 16

Feature Map 14

Hinh 7. Két qua trich xuét cic dic trung cia
anh Imagel sau Khoi Stem

Feature Map 1 Feature Map 2 Feature Map 3 Feature Map 4

Feature Map 5 Feature Map 7

Feature Map 8

Feature Map 9
=

Feature Map 13

Feature Map 10

O
.

Feature Map 14

Feature Map 11 Feature Map 12

Feature Map 15 Feature Map 16

Hinh 8. Két qua cia 16 ma tran dic trung c?ip
8x8 ciia 4nh Imagel sau khoi Inception
ResNet C

Sau Khdi Inception ResNet C, thi khbi average
Pooling va Fully Connected duoc 4p dung. Két qua
thu dugc sau khéi Fully Connected 1a vector dic
trung gom 1000 gia tri. Pay 1a vector dic trung sau
cung cua mang Inception ResNet-V2 trudce khi dua
vao 16p Softmax dé tinh toan gia tri xac suét theo
cong thic (8). Sau d6, khdi Classification Layer
dugc ap dung dé thuc hién qua trinh phén loai cac
déc trung thu dugc tur tép kiém tra. Trong nghién
clru nay, hai chi ¢b duge st dung 1a ACC va Fl1-
Score dé danh gia két qua phén loai dau ra ctia thuét
toan d& nghi. Két qua cua noé duoc cho trong
Bang 2.
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Bing 2. Két qua tinh toan céc chi s6 danh gia ciia mé hinh phén loai

M4 hinh ACC (%) F1-Score Hang
FCIR-V2 99,6 99,3 1
Support vector machine (SVM) 97,7 99,2 2
Quadratic Linear Analysis (QLA) 97,7 99,2 2
DenseNet 95,4 98,4 3
VGG16 93,0 93,5 4
CNN 93,0 93,5 5
Resnet50 81,8 83,9 6

Két qua tinh toan cac chi sb cho thiy mé hinh
FCIR-V2 thu dugc két qua tot hon cac mo hinh
khéc. Cu thé, FCIR-V2 dat hiéu suét cao nhit véi
ACC =99,6% va F1-Score = 99,3%, dung ¢ vi tri
dau tién trong Bang 2, trong khi ba mé hinh tét dat
gia tri ACC lan luot 1a 97,7% (SVM va QLA) va
95,4% (DenseNet). ResNet50 c6 hiéu sudt kém nhat
voi ACC la 81,8% va F1-Score 1a 83,9%, dung
cudi bang. Diéu nay cho thdy mé hinh nay khong
hoat dong hi€u qua trong tap dir liu nay.

5. KET LUAN VA MOT SO THAO LUAN

Nghién ctru nay c6 nhimng dong goép dang ké cho
mo hinh phén loai anh MRI ¢6 giam sat thong qua
su Kkét hop cta thudt toan phan tich chum mo va kién
tric mang hoc sau Inception ResNet-V2.

Pau tién, thudt toan phan tich chum mo cai tién
duoc gidi thiéu nhu mot v tudng méi cho bai toan
phén doan céac anh dau vao cua mang hoc sau. Thuat
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