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APPLICATION OF DEEP LEARNING TO EXTRACT TUMORS
REGIONS IN MEDICAL IMAGES

NGHIEN CUU KY THUAT HOC SAU TRONG TRICH XUAT
VUNG KHOI U TU ANH Y TE

Vo Hoang Thanh
Truong Pai hoc Quang Binh

ABSTRACT: Brain tumor segmentation provides valuable information for surgical
planning, treatment planning, and cancer diagnosis. Recently, many researchers have
applied computer vision and deep learning techniques to the medical field and achieved
great success, contributing to improving the work of medical examination and treatment
for society. One of the techniques that are widely applied in medicine is the segmentation
research used to process medical images. Although this task achieved great improvement
in terms of accuracy, it still is a challenging problem in medical image processing due to
that brain tumors can arise in various locations, shapes, and sizes e.g., especially for too
small regions of brain tumors. In this paper, we build a simple but effective system model
for segmenting diseased areas in medical images, such as a whole tumor, tumor core,
enhancing tumor, edema, and necrotic. Firstly, we improve the U-Net network architecture
to enhance the feature representation of brain tumor regions. 1o do that, adopting residual
connection to U-Net can extract more informative features from input data and help
optimization of deeper layers. Secondly, to verify the effectiveness of the proposed network,
we train and evaluate the models using 4D input images of the BraTS 2018 dataset
collected by MRI scanners, to solve the medical imaging problem of human brain tumors.
As a result, the brain tumor segmentation image obtained through the training model
clearly separated the layers from each other. In numerical results, the modified U-Net
achieves the Dice score of 74%, 86%, and 75% for enhancing tumor, whole tumor, and
tumor core, respectively.

Keywords: Tumor segmentation, model training. deep learning techniques

TOM TAT: Phdn doan khéi u ndo cung cdp cdc théng tin c6 gid tri cho viéc ldp ké
hoach phau thudt, Igp ké hoach diéu tri va chan dodn ung thuw. Ngay nay, nhiéu nha nghién
ctiu vé linh vuee thi gide mdy tinh da vmg dung cde ki thudt hoc mdy vao gii quyét cdc bai
todn y hoc va thu dwoc nhitng thanh cong I6n, gép phan ndng cao céng viéc khdm va chira
bénh cho xd hoi. Mot trong nhitng ky thuat dwoc ung dung nhiéu vao v hoc, do la ky thuat
phan doan diing dé xur [y hinh anh trong y 1é dra vaio cae mé hinh hoc séu. Mcic dii, nhiém vu
nay dat dwoc sy cai thién lon vé do chinh xdc, nhung nhiém vu nay van la mét van dé thach
thite trong xir Iy hinh dnh y té do cdc khoi u néo ¢6 thé phdt sinh ¢ nhiéu vi tri, hinh dang va
kich thuée khdc nhau, vi du, dic biét doi voi cde viing khéi u ndo qud nhé. Trong bai bdo
nay, chiing t6i xay dung mé hinh hé thong phdn doan viing bénh trong anh y té véi cdc loai
nhw whole tumor, tumor core, enhancing tumor, edama, va necrotic. Mo hinh dwoc dé xuat
bao gom: (1) Xdy dwng lai mé hinh U-Net dp dung cho bdi todn phdn doan khoi u néo; (2)
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Xay dung mé hinh U-Net két hop ki thudit Residual block dé ting kha néng hoc ciia mé
hinh va cdi thién dg chinh xdc ciia phwong phdp dwoc dé xudt so véi mé hinh U-Net. Dé
dénh gid d hiéu qua ciia mé hinh méi, chiing t6i tién hanh cdc thi nghiém sir dung bé dir
liéu BraTS 2018 trong dé cdc anh dau véo 4D duwoc thu thdp bang mdy quét MRI va bé dir
liéu nay dwoe sir dung réng rdi trong viéc gidi quyét bai todn anh y té ciia khéi u ndo bo
nguoi. Vé két qua, mé hinh dwoc dé xudt da phéan doan céc vimg ciia khéi u ndo trong anhy
1é mot cdch chinh xdac hon vé ca hai yéu 16 dinh lwong va dinh tinh. Vé két qua $6, mé hinh
da cai thién mang U-Net dat dwoc do chinh xac 74%, 86%, va 75% diém sé Dice clia lop

enhancing tumor, whole tumor va tumor core.

Tirkhéa: Phdn doan khéiu, hudn luyén mo hinh, kithudt hoc sau.

1.GIOI THIEU TONG QUAN

Anh y hoc dugc st dung dé thé hién
hinh anh co thé con ngudi hodc bd phan co
thé phuc vu cho muc dich lam sang va can
]am sang nham chan doén, kiém tra bénh
hoic khoa hoc y té (bao gom ca giai phau va
sinh 1y). Anh y hoc theo nghia rong ciia né,
do lamot phﬁn ctia hinh anh sinh hoc va két
hop X-Quang, y hoc hat nhéan, ndi soi...
dung trong chan doan diéu tri bénh 1y cua
connguoi.

Y hoc hién dai chan doan bénh dua vao
cac triéu chimg 1am sang (chan doan 1am
sang) va cac triéu chimg can 14m sang (chan
doan can 1am sang). Trong chan doan can
lam sang thi chan doan dua trén hinh anh
thu duoc tir cac thiét bi, mayy té (chén doan
hinh anh) ngay cang chiém mét vai tro quan
trong, nhat 1a ngay nay véi su tro giup cta
cac thiét bi, may y té hién dai, cong nghé
cao ¢ cac phan mém tin hoc hd trg khién
cho hinh anh rd nét va chinh xac hon.

Cac phuong phap chan doan bénh
bang hinh anh y t& dugc Gmg dung nhiéu
trong nghién ctru va thyc nghiém, nhu chan
doan qua hinh anh X-Quang, hinh anh siéu
am, siéu am - Doppler mau, hinh anh ndi soi
(ma thong dung 1a ndi soi ti€éu hod va noi soi
tiét niéu) hinh anh chup cit 16p vi tinh
(Computed Tomography Scanner- CT.

Scanner), hinh anh chup cong huong tur hat
nhan (Magnetic Resonance Imaging-
MRI)...

Chén doan bénh thong qua hinh anh da
g6p phan quan trong nang cao tinh chinh
xac, kip thoi va hiéu qua cao trong viéc phat
hién bénh ¢ thoi ki s6m. Dua trén hinh anh
siéu 4m, ngudi béc si c6 thé xac dinh twong
d6i chinh xé4c kich thudc cua cac bo phan
trong o bung nhu gan, lach, than, tuy, ...va
phat hién cac khdi bat thuong néu cé. Tir
hinh &nh siéu &m tim c6 thé xac dinh cau
tric, kich thudc cac budng tim, van tim va
cac mach mau lon. Trong san khoa, siéu am
gitip xac dinh va theo doi sy phat trién cia
thai nhi trong bung me; hinh anh CT
Scanner gitp thay thudc xac dinh duoc mot
s6 bénh ly & so ndo, dac bi¢t la xac dinh mau
tu ndi so, khdi u ndo, chup cong hudng tir
hat nhan xac dinh chinh xac hon cac hinh
thai va cac khoi bat thuong trong co thé
(néu co).

Trong thi gidc may tinh, nhiém vu
phan doan la mdt van dé thach thire bai vi
mo hinh yéu cau sy phan cum cua cac ddi
tuong trong anh dat do chinh xac cao. FCN
[5] 1a mot mang tich chap day di ma tng
dung cac ki thudt trong phan loai anh vao
phan doan d6i tuwong. Dé hoi phuc kich
thudc anh, mang giai hda stir dung toan tu
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tich chap chuyén vi [6] dé tang kich thudc
dac trung. Dya vao mang U-Net va FCN,
Segnet [7] dé xuat mang tich chap day du
bao gdm mang mi héa va giai ma. Deeplab
[8] 1a phuong phap phan doan hang dau ma
dé xuat 10p tich chap gidn nd dé diéu khién
kich thudc dac trung va dé phu ctia bd loc.

Gan day, linh vyc anh y té ma sir dung
cac ki thuat hoc sau da tr¢ nén tin cdy va
hiéu qua hon cac phwong phap truyén
théng. Nhiéu nghién ctru dira vao mang tich
chap nhu [9], [10], [11], [12], [13] dugc dé
xuét cho phan doan khdi u ndo. Pac biét
dwa vao mang U-Net, nhiéu phwong phap
[14],[15],[16] ddnang cao mang ma hda va
gidi ma dé xir ly dir liéu MRI ma dat dugc
d6 chinh x4c cao. O trong bai bao nay,
chung t6i ciing cai thién mang U-Net bang
cach st dung ki thuét residual connection
trong mdi 16p tich chap ctia mang ma hoa va
gidi ma. Loi ich cua ki thuat residual
connection 14 ¢6 thé hdi phuc lai théng tin b
mat sau mdi lan giam kich thudc dic trung
va c6 thé tranh sy suy giam gradient trong
quatrinh hoc.
2.DE XUATMO HINH

O phan nay, ching t6i mé ta va phan
tich cac thanh phan hé théng bao gdm hé
théng xur 1y anh dau vao, sau d6 dua vao
mang hoc sdu Convolutional Neural
Networks (CNNs) dé trich xudt cac dic
trung ctia anh y t& va dua ra két qua phan
vung bénh. Do hinh anh y té duoc thu thap
tir cac thiét bi cong nghé cao, c6 do phan
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giai cao va tir nhidu ngudn dir liéu khac
nhau nén can phai c¢6 hé thong dé xir Iy anh
dau vao theo mot chuan nhét dinh. O bai
toan nay chung t6i xay dung thur nghiém va
danh gia mé hinh duoc dé xuat trén bo dir
liéu BraTS 2018 [1] dé xac dinh khéi u &
nao nguoi. Ching t61 st dung mo hinh
mang hoc sau dung dé trich xuit dic trung
cua ddi tuong va hoc cac vung bénh can
quan tdm thong qua Mang U-net va Mang
U-net két hop Residual block.

f N
Anh y té dau vao
f )

Phan ving anh bang k¥ thuét phan doan
(Semantic Segmentation)

. /
- v \
Két qua phan ving bénh
. J

Hinh 1. So db hé théng trich xut
vung bénh trén anh y té

Hinh 1 thé hién c4c thanh phan co ban
ctia hé thong, dau vao 1a anh y té dugc dua
qua mang hoc sau két hop str dung k¥ thuéat
phan doan dé dua ra két qua 1 hinh anh
phan ving bénh. Di voi trudng hop thuc
nghiém, chung t6i da sit dung anh vé nio bo
nguoicuabd dir ligu BraTS 2018.
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Dir liéu scan
MRI (.nii.gz)

numpy)

Xt ly anh dau vao
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doan

Hinh 2. So db hé théng phan doan anh cua khdi u & ndo nguoi

Theo Hinh 2, ching t6i da xdy dung
chi tiét hé thong phan ving anh ctia khbiu &
ndo nguoi voi bo dir liéu BraTS 2018. Tu
dir liéu dau vao scan MRI (.nii.gz) cta bo
dir liéu BraTS 2018, chung t6i d3 chudn hoa
dir liéu nay thong qua xur ly anh bang hai
thu vién Nibabel [2] (Thu vién danh riéng
cho xir ly anh vé than kinh) va Python
numpy.

Strdung Iénh v&i cu phép:

import nibabel

mri=nibabel.load(*.nii.gz)

Trong d6 * 1a dudng dan file v6i 4 loai
file khac nhau twong irng v&i 4 phuong thure
cua scan MRI (t1, tlce, t2, flair). Qua budc
xu ly anh nay s€ cho ra dugc hinh anh cia

khéi u trén ndo nguoi.

Sau d6, dir lidu s& dugc bién doi vé
dang mang numpy (ma tran 3D) dé phii hop
voimang CNN, béng cach st dung Iénh véi
cuphap:

numpy_array =mri.get data()

Va ma tran nay s€ dugc dua vao mo
hinh mang hoc sau CNN dé phan doan khdi
u, tirmo hinh nay s& dua ra duoc két qua cua
cac phan ving anh cua khdi u trén ndo
nguoi.

2.1. Xay dung mo hinh U-Net ap dung
bai toan phan doan khoi u nio

Chung t61 xay dung lai chi tiét cu thé
cua mo hinh U-Net [3] nhu sau:
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Hinh 3. M6 hinh U-Net trng dung cho phan doan u ndo

M6 hinh U-Net bao gém phan
encoding dé trich xuit ddc trung cta anh
dau vao va phan decoding dé ting d6 phan
giai cta cic feature map. Phan encoding
chung t6i sir dung toan tr max-pooling,
theo sau 2 16p convolution dé giam d6 phan
giai cta feature maps. Phan decoding sir
dung transposed convolution vdi scale = 2
dé tang d6 phan giai cua feature maps. Dé
khong danh mét cac thong tin dic trung ctia
anh, ching to1 dung toadn tr concatenation
dé két hop hai feature maps ciing kich thuge
& phan encoding va phin decoding mot
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cach tuong rng.
2.2. X4y dung md hinh U-Net két hop
Residual block [4] dung dé phéin doan
khdiu ndo

Kién tric mang nay ké thira mo hinh
U-Net 4p dung bai toan phan doan khéi u
ndo nhung khac véi mé hinh U-Net: bén
trong cac khéi 1), 2), ....10) (Mo ta trong mod
hinh U-Net), chung t6i tién hanh dung két
nbi tat (hodc goi 1a residual block) dé tranh
vanishing gradient va c6 thé bao toan dic
trung tir cac l6p trudce.
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Hinh 4: M6 hinh mang U-Net két hop Residual block

identity

Hinh 5: M6 hinh mang Residual block

Theo Hinh 5, hién thi khéi két néi tat
duoc st dung trong mang. Pau vao x va
dau ra cua khdi duoc két ndi voi nhau
thong qua identity maping ma khong can
thém céc 16p convolution. Véi H(x) 1a gia
tri du doan, F(x) 1a gid tri that (nhan),
chung ta mudn H(x) bang hodc xap xi F(x).

3. THU'C NGHIEM

3.1. Co s¢ dir licu thuc nghiém

Chung t61 st dung bd co sé dir liéu
hinh anh dung dé hudn luyén mé hinh va
danh gia 1a bg dir liéu BraTS2018[1] cua
Truong Y khoa Perelman (thugc Pai hoc
Pennsylvania, Hoa KY).

B0 dit liéu nay dugc cdp nhat tir bd
BraTS'16, voi cac 1an quét MRI da phuong
thitc 3T duogc thu nhén 1am sang thuong
xuyén hon va tit ca cac nhan tht co ban
da dugc chinh stra thu cong béi cac chuyén
gia than kinh dugc hoi dong chuyén mén
chung nhan.

BraTS lu6n tap trung vao viéc danh
gia cac phuong phap hién dai d€ phan doan
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khéi u ndo trong chup cong huong tir da
phuong thirc (MRI). BraTS 2018 st dung
quét MRI trudc khi phau thudt va tap trung
vao phan doan cac khéi u nio khong dong
nhat vé ban chit (ngoai hinh, hinh dang va
mo hoc), cu thé 1a gliomas (u than kinh
dém).
3.2. M6 ta dirli€u hinh dnh

Hinh anh quét ttr may MRI 1a hinh anh
4D c6 dung lwong 16n, nén da dugce to chire
va chuén hoa lai vira gilt duoc chét luong
anh dong thoi dung luong khong qué 16n.
Do dé, tit ca cac ban quét da phuong thirc
BraTS déu c6 sin dudi dang tép NIfTI
(.nii.gz) va bao gébm 4 phuong thic
(modals):

100 i) ' 1 0 0 1

-Trong s6 T1(T1 cuahinh anh gbc)

- Trong s6 T1 sau twong phan (T1CE)

- Trong s6 T2 (Trong sb khi ting
cuong)

- Khéi luong Phyc hoi dao nguoc giam
dich T2 (T2 Fluid Attenuated Inversion
Recovery - FLAIR).

Dit liéu dugc thu thap voi cac quy trinh
lam sang khac nhau bing cic may quét
khac nhau tirnhiéu to chre.

Tét ca cac bo dit liéu hinh anh da duoc
dan nhan theo cach thu cong, tor mot dén
bdn ngudi danh gia, theo cing mot cach
thirc dan nhan va nhan cua chung da duoc
cac nha X quang than kinh c6 kinh nghiém
phé duyét.

. Sackgroend
el Dumor

e ol edera
-t tum

FLAIR _ Manual annatation

100 00 0 il m

Hinh 6. Minh hoa vé Dit liéu hinh anh dau vao

Theo Hinh 6, tir trai qua phai hinh T1
(v6i trong s6 T1 cua anh gbe sau khi quét
ndo nguodi bang may MRI), hinh T1CE
(trong s6 T1 sau khi tuong phan), hinh T2
(trong s6 T2 khi twong cudng) va hinh
FLAIR (Khdi lwong Phuc hdi ddo ngugc
giam dich T2). Hinh cudi cing phia bén
phai 1a hinh anh phan doan khéi u bang
phuong phép thu cong c6 4 nhan:

-Nhin 1: Background (Nén mau den)

- Nhan 2: Nectrotic and non-
enhancing tumor core (Ldi khdi u hoai tir va
khong tang cuong - mau vang)

- Nhan 3: Peritumoral Edema (Phu
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phic mac - mau tim)

- Nhén 4: Enhancing Tumor (Khi u
tang cuong - mau xanh)

Dit liéu hinh anh dugc quét tir may
MRI gdm c6 750 anh trong d6 484 anh ding
dé huan luyén cho m6 hinh va 266 anh ding
dé danh gia. Hinh anh dit liéu 13 anh 4D va
co kich thude anh 1a 240x240x155x4.
3.3.Cai dit thir nghiém va ciu hinh

Cai dit cdc théng s6 mé hinh

Chung t61 xay dung mo6 hinh mang
huén luyén cho bai toan phan doan hinh anh
khéi u ctia ndo nguoi véi cac thong sb sau:



- Trinh t6i uu héa (Optimizer: Adam
(learning rate: 0.001, weight decay:
0.00005) voéi ty 1 hoc 0.001 va trong sb
phan ra 0.00005.

- Tong epochs: 50, batch size: 4

- GPUs: NVIDIA 1070 Ti, 8 GB

- Ham loss: ching t6i st dung ham

Dice loss
_ 2% pigi
S pi+El of

N: s0 lugng voxels;

(3.1)

p;: Khéi luong phan doan dy doan
nhi phan (predicted binary segmentation
volume);

g; : Khéi luong nhén thyc nhi phan
(ground truth binary volume).
|T iéu chudn danh gia:

Chung t6i x4y dung tiéu chuan danh
gia cho bai toan phan doan hinh anh khdi
u trong ndo nguoi dua vao ham Dice

Score.
2TP

Score = ——
2TP+FP+FN

(3.2)

Trong do:

TP: S6 luong True Positive (Tong sd
luong pixels ma c6 d6 sang bang 1 & ca
prediction va ground truth);

FP: S& luong False Positive (S6
luong pixels biang 1 & prediction nhung
bing 0 & ground truth);

FN: S6 luong False Negative.
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Hinh 7. M6 ta vé Dice score
(2xOverlap/Total number of pixels)

Hinh 7 thé hién cach tinh Dice score
gitra hai vung anh prediction (mau xanh)
va vung ground truth (mau cam). Dice
score dugc tinh: 2xdi¢n tich cua 2 vung
giao nhau / Tong pixels & hai ving anh.
Nhu vay, Dice score dugc tinh tuong ty
nhu loU (prediction, ground truth) va dugc
str dung nhu 13 tiéu chuan chinh dé so sanh
d0 chinh xac trén bo dataset BraTS2018.

O bai toan ndy, chung t6i ¢6 3 loai
dice score: Dice ET, Dice WT, Dice TC

ET: enhancing tumor core (Ldi kh6i
u tdng cuong - ving mau vang);

WT: whole tumor (Toan bd khéi u -
tap hop cac vung vang, xanh, do);

TC: tumor core (L&i khéi u - tap hop
vung vang va do).
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True

Predicted

Hinh 8. So sanh phan doan khéi u ndo b nguoi gitra mé hinh huan luyén va thuc té

3.4.Két qua thywe nghiém va danh gia

Trong qua trinh huan luyén va dénh gia
md hinh mang hoc sau dung dé phan doan
hinh anh khéi u cia ndio bd nguoi, chung toi
d3 str dung 484 hinh anh dé huan luyén va
266 hinh anh dé danh gia. Két qua thu duoc
thé hién trong minh hoa qua Hinh 9 theo
chiéu tir trdi qua phai cac anh hién thi két
quanhu sau:

- Original image (anh gdc): anh dau
vao ciamo hinh.

- Predicted feature map (anh dy doan
d6i trong): anh phan doan khéi u sau khi
huén luyén.

anginal image

100 150 Foi 0 50 L] 150

1 =]

pradicted feature map

20

- Ground truth dense label (nhan that):
anh phan doan khdi u dugc lam thu cong va
dugc cac chuyén gia y té kiém duyét danh
gia.

- Trong hinh anh dugc phan doan khdi
unio bo ngudi bao gdm 4 16p:

+Lop background: nén (mau den)

+ Lép necrotic tumor: khdi u hoai tir
(mau vang)

+ Ld&p peritumoral edema: phu phtic
mac (mau tim)

+ Lop enhancing tumor: khéi u ting
cuong (mau xanh)

ground true dense label

| »

L Tl R
i NECTONC TUmor
. pentumoral edema

ENRBNRCING Duffed

L] L 1] 150 L

Hinh 9. Minh hoa két qua phan doan khi u ndo gitra mé hinh huan luyén va thyc té
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Phén tich két qua phan doan khéi u nio
bo 0 ngudi ta thay:

- Hinh anh phan doan khdi u thu duoc
qua md hinh huan luyén ciing da phan 1
duoc cac 16p voi nhau nhung 6 mot sé diém
du doan chua duoc tdt khi so sanh véi nhan
that.

- Lop peritumoral edema la ving cé
dién tich 16n nhat va c6 hinh dang gan
tuong dong v4i nhan that, nhu vay ta c6 dé
dang phan doan 16p nay.

Két qua ciia phan doan khéi u nio bo
nguoi dugce danh gia qua ham Dice score

erginal image predicted feature map

100 100

150 150

b ko]
0 10 150 M o 5 00 150 00
. ariginal image predicted feature map
50 5
00
L2 150
00 1]

=
B
3
5:'
i
-
o
=

predicted feature map

=]
B
E
i
=
=1

TCKH&CN, 22.(04), 2022

(Dice ET, Dice WT, Dice TC) duoc thé hién
quaBang 1.
Bang 1. Két qua cua tiéu chuan dénh gia
phén doan khoi u ndo gitta m6 hinh
huan luyén va thyc té

A L Dice Dice Dice
Mo hinh ET WT TC
U-Net 0.66 0.87 0.69
U-Net +
Residual 0.74 0.86 0.75

B T ofig T
N perbuTorsl sdama
E— anhare g bumos

grownd true dense label

]
150
o0
EY Lo 54 b}
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4. KET LUAN

Nhing nghién ctru vé bai toan phan
doan anh str dung k¥ thuat xu ly anh, tri tué¢
nhan tao va ddc biét 1a mang tich chéap hoc
sau CNN, da giup chung toi ¢ cach tiép can
v6i anh y té va dua ra dugc phan ving clia
khéi u & ndo nguoi.

Chung t6i d4 4p dung cai tién dugc mo
hinh d¢ phan doan hinh anh d¢ trich xuat
ving bénh trén anh y té va da timg dung trén
bo dir liéu BraTS 2018. Két qua cta hinh
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