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TOM TAT— Polyp 1a dang khéi u & dai trang ma ngwoi bénh c6 thé gap phai & moi gidi tinh. Viéc xac dinh dwoc hinh dang va
kich thuéc cta polyp trong hinh anh y khoa sé& hd tro rit nhiéu cho qua trinh chan doén va diéu tri 1am sang. Tlr d6 hé trg cacy
béc si phat hién kip thoi va ¢6 phac d6 diéu tri phtt hgp nhdm tang kha ning ctru chiva thanh céng cho ngudi bénh. Bai toan
phan doan dwgc thwe hién nhidm hé tro qua trinh xac dinh nay. Tuy nhién, viéc lwa chon ban d6 dic treng cho phan doan l1a van
d@é luon cén cdi tién va t8i wu trong linh vyec thi gidc may tinh. Bai bao nay trinh bay phwong phap Recurrent Residual U-Net
(R2U-Net) dwoc hiéu chinh hé th6ng ma hoa-giai ma dé phan doan anh polyp. Qua trinh cai tién dwoc thwc hién bang cach thay
thé cac ting Convolution bang cac ting Recurrent Convolution va 4p dung phan dw khéi trong méi khéi ctia né. Phwrong phéap deé
xudt dwoc thir nghiém trén tip dir liéu Kvasir-SEG va EndoTect 2020. Két qua dénh gia dwec so sénh véi cac phwong phap gan
day bang chi s6 Jaccard Index.

Tir khéa— Anh polyp, phan doan, Recurrent Residual U-Net, U-Net.
I. GIO'I THIEU

Ung thw dai trwc trang 1a mot loai ung thw anh hwéng dén dai trang (rudt gia) hoic tryc trang. Dy 1a mot trong
nhitng loai ung thw phé bién nhit trén thé gidi. N6 c6 thé giy tdn hai nghiém trong va tr vong. Nguy co ung thw dai
truc trang ting theo tudi tic. Hau hét cac trweong hop anh huwdng dén nhirng ngudi trén 50 tudi. Vao nam 2020, wéc
tinh c6 hon 1,9 triéu ca ung thw dai tryc trang méi va hon 930.000 ca tr vong do ung thw dai truc trang trén toan
cau. Dén nam 2040, ganh n3ng ung thw dai tric trang dwoc dw doan sé ting l1én 3,2 triéu ca mac mdi moi ndm (ting
63%) va 1,6 triéu ca tir vong moi nam (ting 73%) [1]. Chan doan Kip thoi, diéu tri thich hop va chim sdc theo doi
thwong xuyén 13 yéu td quan trong dé cai thién ty 1é s6ng sot va chit lwgng cudc sdng. Phan doan anh polyp dai
trang giup ich cho qua trinh chdn dodn va diéu tri ung thw dai truc trang. Py 1a cong viéc d6i mat nhiéu kho khin
va thach thirc:

DAu tién, hinh dang polyp khong déu. Polyp c6 thé duwgc phan loai theo céc loai hinh dang khac nhau: khéng cuéng,
c6 cudng hodc phang va sw bién ddi vé hinh dang 16n.

Thi hai, kich thwéc polyp rat khac nhau. Kich thwéc polyp dao dong tir 5 mm dén hon 50 mm.

Thit ba, cic khu viec xung quanh rat phirc tap. Dai trang c6 thé bi cing qua mirc. C6 thé ¢6 phan va chit 16ng con sét
lai & khu virc xung quanh. Cac nép gip Haustral va cic ciu tric khéc cé thé rat khé phan doan.

Ung dung khoa hoc céng nghé vao linh virc khoa hoc strc khée dwoc ddy manh trong thei gian qua, nhat 1a rng dung
céng nghé x ly théng minh va tri tué nhan tao trong chin doan va diéu tri bénh. Cu thé, cac khiu &rng dung bao
gom: dw doan, sang loc, phan tich, gidi ma di liéu hinh anh y khoa cé chira bit thwdong. Bai toan phin vung anh
(image segmentation) 1a bai toan phé bién trong thi gidc may tinh. Viéc lwa chon khu vwc ddi twong treéc day phu
thudc vao hinh thai hoc (morphology) s& dé dang bi anh huéng béi cac yéu t8 cwdong dd xam tir hinh dnh y té. Theo
cac nghién ctru gan day, cong viéc phan doan dwa trén céc chiét xuat dic treng sé khic phuc cic giéi han cta hinh
thai hoc. Cdc mang hoc sdu dwoc 4p dung dé thuc hién vai tro nay, nhwng khi 4p dung lai phai van dung cac ngir
canh va tham s6 phu hop dé€ thu két qua kha quan.

Bai bdo nay dé xuit mét phwong phap mét phwong phap phin doan anh polyp dwa trén Recurrent Residual U-Net
da dworc hiéu chinh. Phwong phéap dé xuat tip trung vao viéc niang cao két qua chiét xuat dic trueng ciia moé hinh hoc
sau nham phuc vu cho kha ning phan vung anh polyp tdt hon dé phuc vu cho cac hé théng nhan dang va ho tro chan
dodn tw dong. B3 cuc clia bai bdo bao gom: gidi thiéu téng quan bai bdo, dwoc trinh bay & phin 1; phin 2 trinh bay
cac nghién ctru lién quan ciing nhw wu va nhwec diém cta ching; phin 3 trinh bay phwong phap dé xuit dé phan
doan polyp; phén 4 trinh bay thi nghiém va danh gia két qua; phian cudi cung l1a két luan cling nhw hwéng mé rong
twong lai.

II. CAC NGHIEN CU’U LIEN QUAN

Cac thuit toan phan doan polyp ndi soi cling dd dwoc nghién ctru rong rii trong nhitng ndm gan day, véi nhiéu md
hinh khéic nhau dwgc dé xuit dé phan doan polyp chinh x4c va hiéu qua. Nhém tac gia Hong [2] d& st dung dit liéu
hinh &nh ndi soi 1a dit liéu cho md hinh hoc U-Net thwc hién qua trinh ma héa (encoder) va gidi ma (decoder) nhim
quyét dinh vung lwa chon. Sv cai tién framework dwa vao ResNet do nhém tac gia Afify [3] dé xudt nham gidm thiéu
s6 block thwc thi ma héa cia mé hinh hoc sau. Trong [4], ResUNet++ dugc két hop véi diéu kién cho tham s ngiu
nhién da gitp két qua phan doan giam thi€u mit mat thong tin vé hinh dang cia ddi twong. Ngoai sy két hop nay,
atrous convolution ciing dwoc dung dé hd tro lwa chon dic trung t8i wu cho U-Net mang tén A-DenseUNet [5]. Mang
ngit nghia (semantic network) ciing tham gia vao qué trinh chiét xuit dic trung cta anh khéi u polyp [7] cling nhw
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tién trinh phat hién va nhan dang [6]. Vao nam 2022, m6 hinh phan doan hd tro phat hién ung thw dai truc trang da
dwoc Akilandeswari [8] dé xuit dwa trén mang noron tich chip va cai thién s6 lwgng 16p tuyén tinh cling nhw lwot
bién d6i. Diéu rat ra dwoc tir cac cdng trinh trén chinh 1 cdc nhém nghién ctiu tim cich két hop hodc van dung diéu
kién theo ngit canh dé ting cwdng dic treng t6t cho qua trinh hoc di liéu.

ResUNet++ [9] b6 sung mot s6 khoi nhw khéi bép va kich thich, nhém kim tw thip khong gian atrous (atrous spatial
pyramid pooling- ASPP), khéi attention block va khéi residual block vao khung U-Net hién cd. Tuy nhién, viéc thu
thip thong tin chi tiét kh6 khan khi d6 sdu cia mang lwdi than kinh ting 1én do kich thwéc ban d6 dic treng gidm.
D& giai quyét van dé nay, ASPP duwoc st dung trong ResUNet++ d€ duy tri thong tin chi tiét va cho phép dw doan
chinh x4c theo don vi pixel. D& cai thién hon nita hiéu suit cia mé hinh, Jha va cong sw [9] dd thém trwong ngiu
nhién c6 diéu kién (conditional random field -CRF)va ting thoi gian thir nghiém (test-time augmentation) vao
ResUNet++.

Dé giai quyét van dé cac canh phin doan bi md, Zhao va céng sw [10] da dé xuit mang triv da ty 1& (Multi-Scale
Subtraction Network), két hop trir don vi d€ trich xuit cic dic trung khac biét gitra cic muirc lién ké trong bé ma
héa. Mang nay chi dinh cac trwong ti€p nhin khic nhau cho cac cidp d6 khac nhau cia cic don vi nay theo mo hinh
kim tw thap, cho phép trich xuit dic trung khac biét da dang. Wei va céng sw [11] da dé xuit mang Shallow
Attention, tan dung cac dic trung cip thap dé giam thiéu trung 1ip do 1dy miu nhiéu lan. Ho ciing dé xuit mot
phwong phap d6i mau (color-swapping) dé gidm suw phu thudc vao mau sic bang cach trao déi dit liéu thong ké mau
sic. Md Mostafijur va cong sw [12] di dé xuit bo giai ma chu y theo ting (Cascade Attention Decoder) dé giai quyét
hiéu qua van dé kich thwéc dic trung khong nhit quan bang chuyén d6i ciu tric phan cip (hierarchical structure of
transformers) va md-dun tich chip dé téng hop cac dic trung da cip toan cuc va cuc bo.

D& xtr 1y cac bién thé vé kich thuéc, Tao va cong sw [13] dd dé xudt mang téng hop tinh ning chéo cip (Cross-Level
Feature Aggregation Network), st dung mang phan doan dwa trén ciu tric ludng kép va chién lwoc hop nhit tirng
16p d€ xt¥ 1y hiéu qua cac bién thé quy mo va tich hgp théng tin ngit nghia cip cao v&i cac tinh ning cip thip.

Cac nghién ctru trén gat hai nhiéu két qua t6t. Tuy nhién, hién tai két qua nghién ctu con nhwgc di€ém la do phirc tap
clia phwong phéap dé xuat cao va dd chinh xac chwa cao do su tic ddng clia cac yéu t6 mau sic, ngit canh va 4nh sang.

IIl. PHUONG PHAP PE XUAT PHAN POAN ANH POLYP

Nhuw da trinh bay & phan trén, hau hét khac biét gitra cac dic trung bat thwdng clia anh polyp 1a nhé. Vi vy, chung
t0i chon phwong phap phan doan phu hop véi sy khac biét nay. Phwong phap phan doan trong trieong hop nay phai
dam bdo trich xuit dic trwng chinh x4c, tranh mit théng tin trong dnh. P& phin doan anh polyp, phwong phap dé
xudt dwoc trinh bay nhuw hinh 1 dwéi day bao gom hai giai doan nhu: tién xtt ly, phdn doan dung Recurrent Residual
U-Net (R2U-Net).

Anh pol N
inpuI‘E dg,ﬁ) Phén doan anh Anh output phan
vio »| Tién xt Iy »| polyp dva trén > doan
R2U-Net

Hinh 1. Phwong phdp dé xudt phédn doan dnh polyp

A. TIEN XU’ LY

Anh polyp c6 thé c6 kich thwéc khac nhau va c6 thé c6 mot s6 thanh phin bi nhidu bai cac yéu té twong dong véi
khu vuc xung quanh, anh hwéng dén két qua ctia bat ky mo hinh phin doan nao. Trong qud trinh xtt ly trwedc anh,
buéc dau tién 1a thay déi kich thwdc dnh. Vi mdi hinh dnh trong tap dit liéu c6 kich thwéc khac nhau nén hinh anh
dwoc thay ddi kich thwéc thanh 416 x 416 pixel. Kich thwdc nay dwoc chon sau khi thwe hién phén tich thir nghiém;
hinh dnh c6 kich thwéc cao hon sé ting thoi gian thwe hién cling nhw bd nhé can thiét.

B. PHAN POAN ANH POLYP DUA TREN R2U-NET

Mb hinh R2U-Net dwoc cai tién tit mo6 hinh U-Net. Qua trinh cai tién dwoc thuc hién bing cach thay thé cac ting
Convolution bing cac ting Recurrent Convolution va 4p dung phan dw khéi trong mdi khéi ctia né. M6 hinh R2U-Net
c6 hai phan chinh: b mi hoa (encoder) va b6 gidi ma (decoder). Nhiém vu clia b6 ma héa trong mo hinh R2U-Net la
trich xuét cac dic trung clia anh va bo giadi ma la khdi phuc anh vé kich thwéc ban dau. Khoi phuc anh dwoc thwe
hién bing cach néi cac ban do dic trung (feature maps) tir bd ma héa dén bod gidi ma. Ca bod ma hoa va bd giai ma
déu dwoc xdy dung tir khéi Recurrent Residual Convolution (RRC) [14].

Khéi RRC dwoc tao thanh tir hai ting Identical Recurrent Convolution giéng hét nhau va mot dwdong dan dé két hop

cac két qua thu dwoc khi thyce hién cac phép tinh trén hai ting Recurrent Convolution va dau vao cta chinh khdi.
Hinh 2 bén dwéi minh hoa ciu tric cia khéi RRC.
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Hinh 2. Cdu tric ctia kh6i RRC

Trong ting Recurrent Convolutions c6 chitra tAng Convolution. Vi vy, kich thwéc va s6 lwong bd loc cla ting
Recurrent Convolutional 13 kich thwéc va s6 lwong bd loc ctia tAing Convolution bén trong né. Kién tric ciia mo hinh
R2U-Net dwoc xay dung nhu sau:

e  Gia sir anh polyp c6 kich thwéc 512x512x1 13 anh d4u vao ctia md hinh R2U-Net. Anh di qua khéi RRC ¢6
kich thwéc 3%3, 32 bd loc va tao ra mdt ban do ddi twong co6 kich thwéc 512x512x32. Cac dic treng nay
dwoc chuyén qua ting Pooling cé kich thwdc 2x2 d€ tao ra ban do dic trung méi cd kich thwéce
256%256x%32. Chung tdi tiép tuc st dung thém 3 bd nita véi mdi bd gdm 1 khdi RRC kich thuéc 3x3 va 1
Pooling layer kich thuéc 2x2 véi s6 bo loc ciia khéi RRC Ian lwot 1a 64, 128, 256. Dau ra cia mdt ban do dic
trung la 32x32x256. Ban d6 dic trung nay di qua khéi RRC ¢6 kich thwéc 3%x3 va s6 bo loc la 512 dé c6
dwoc ban d6 dic trung méi co6 kich thuwdc 32x32x512. Sau d6, ban d6 dic trung nay dwoc thay déi kich
thwérc anh.

e Khi duoc thuc thi trén bd gidi ma du tién, ban d6 dic trung trén dwoc chuyén qua mot ting tich chip
chuyén vi (transpose convolution) c6 kich thuéc 2x2 va 256 bd loc. Bdng cach n6i ban d6 dic trung nay véi
ban d6 dic trueng tir bd ma héa ddi xirng (symmetric encoder), ching téi nhan dwgc ban do dic trung méi
c6 kich thwéc 64x64x512. Tiép tuc stt dung khéi RRC 3%3 vdi 256 bo loc, ban do dic trung 64x64x256
dwoc tao c6 cung kich thwéc véi ban @6 dic treng trong bd ma héa dsi dién (opposite encoder). Ching tbi
tiép tuc thuwc hién cong viéc ndy véi ba bd gidi ma: thong qua ting Transpose Convolution, két hop cac dic
trung trong bd ma héa ddi xing (symmetric encoder) va mét khdi Recurrent Residual Convolution 3 %3
[16].

e Tang Convolution Transpose va RRC c6 cung s6 lwong bo loc, 1an lwot 1a 128, 64 va 32. Vao cudi qua trinh
nay, chiing t6i nhan dwoc ban do dic tring ¢ kich thwéc 512x512x32. Anh dwoc phan doan 1a két qua clia
ban d6 dic truwng vira thu dwoc khi di qua tAng Convolution 1x1 véi s6 bd loc 1a 1. Va anh nay c¢6 kich thuwéc
512x512x1. T4t ca cac ting Convolution dwoc theo sau béi ting Batch normalization va ham kich hoat
ReLU (ReLU activation function), chi ting Convolution cudi cung str dung ham Sigmoid khi ham nay dworc
kich hoat.

IV. THI NGHIEM VA PANH GIA KET QUA

Cac chwong trinh thir nghiém clia ching t6i dwgc phat trién bang ngdn ngir Python trén Google Colab. D& danh gia
phwong phap dé xuit, bd dit liéu Kvasir-SEG [17] va EndoTect 2020 [18] dd dwgc st dung. B dit liéu Kvasir-SEG
chtra 1000 hinh anh polyp va ground-truth twong ¢ng. Kich thwéc ctia Kvasir-SEG thay déi tir 332 x 487 dén 1920 x
1072 pixel véi JPEG va JSON cho dinh dang mAu. Bd dit liéu EndoTect 2020 chira 10662 hinh &anh polyp véi dinh
dang JPEG va kich thwéc tir 720 x 576 dén 768 x 576. Chung t6i da st dung 1000 hinh anh polyp cta Kvasir-SEG va
1000 hinh anh polyp ctia EndoTect 2020 v&i 70% cho huén luyén va 30% cho thi nghiém. M6t s6 anh trong cac tip
dit liéu trén dwgc minh hoa nhw hinh 3 bén dwéi.

D& danh gia két qua phan doan mdt cach dinh lwgng, ching tdi da tinh todn chi sd Jaccard Index (J1) gitta viing dwoc
trich xuit va ving thwc, dwoc xac dinh thi cong bdi chuyén giay té [19].

|AnB|
JI(A,B) = avs| 100 (1D
trong dé, A 1a viing dwoc phin doan, B la viing phin doan thwc (ground-truth). Néu A va B déu tréng, ching ta xac
dinh JI (A, B) = 100. Chi s6 JI ndm trong khodng tir 0 d€n 100%. Chi s ]I cang cao, két qua phan viung cang chinh xac
hon. Trong tredng hop A la viing dwoc phin doan toan anh, B la viing phan doan thuec, chi s6 Jaccard thu dwoc la chi
s6 Jaccard ctia toan bo moi ving dwgc phin doan cia qua trinh phin doan.
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b. B6 dir liéu EndoTect 2020 [18]
Hinh 3. Mét s6 dnh trong tdp di liéu Kvasir-SEG [17] va EndoTect 2020 [18]

;.

J1=96,75% J1=97,04% J1=96,88%
b. K&t qua phin doan
Hinh 4. M4t sé dnh két qud sau phdn doan trong tdp dir liéu Kvasir-SEG

11=97,79% J1=9811 %
b. K&t qua phan doan

Hinh 5. Mgt s6 dnh két qud sau phdn dogn trong tdp dir liéu EndoTect 2020

Chuing t6i thuc nghiém phan doan anh trong cac tap dit liéu Kvasir-SEG va EndoTect 2020 néu trén bang phwong
phap dé xuit va st dung thang do JI d€ danh gia két qua sau khi phin doan. M6t s6 vi du két qua dién hinh dwoc
trinh bay & hinh 4 va hinh 5. Phwong phap dé xuit dwgc thwe nghiém trén 2 tip dir liéu trén. Két qua thir nghiém
gia tri JI trung binh ctia phwong phap dé xuit trén tip dir liéu anh twong &rng nhw bang 1.
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Bang 1. Gid tri JI trung binh ctia phwong phdp dé xudt trén tdp div liéu dnh twong ting

Tap dir liéu Chi s8 JI (%) trung binh cia phwong phap dé xuat
Tap dit liéu Kvasir-SEG 97,52
Tap dit liéu EndoTect 2020 98,05

Bang 1 trinh bay gia tri JI trung binh ca phwong phap dé xuit trén tip dit liéu Kvasir-SEG la 97,52 %, trén tip di
liéu EndoTect 2020 1a 98,05. C4 hai qua trinh thwc nghiém déu dam béo ti 1& huin luyén va thir nghiém nhw dau
phan III d3 néu ro.

D& danh gia khach quan két qua ctia phwong phap cai tién, ching toi so sanh két qua phwong phap cai tién véi cac
mo hinh may hoc khac nhau nhw: U-Net [20], SegU-Net [21]. Bang 2 trinh bay gia tri JI trén tap dit liéu Kvasir-SEG
cla phwong phap dé xuit, phwong phap U-Net va phwong phap SegU-Net lan lwot 1a 97,52; 94,31 va 96,02, trong
khi d6 chinh x4c trén tip di liéu EndoTect 2020 I4n lwot 12 98,05; 95,53 va 93,25.

Bang 2. Gid tri JI gitta cdc mé hinh mdy hoc thi nghiém

Chi 6 J1 (%)
Phuong phap/ tap dir ligu Phuwong phap Phuwong phap Phwong phap dé xuat
U-NET [20] SegU-Net [21]
Tap dir liéu Kvasir-SEG 94,31 96,02 97,52
Tap dit liéu EndoTect 2020 93,25 95,53 98,05

Tir bang 1 va bang 2, ching tbi thdy rang, phwong phap dé xuat cho két qua t6t va tét hon phwong phap phuong
phap U-Net va phwong phap SegU-Net trén tap dir liéu thir nghiém Kvasir-SEG va EndoTect 2020.

Nhuw di trinh bay & trén, kién tric R2U-Net dugc cdi thién bang cach thay thé cic tAng Convolution bang cac tAng
Recurrent Convolution va 4p dung phan dw khéi trong méi khéi cta né. Vi vay, ching toi thu dwgc nhiéu dic trung
hon dé cai thién viéc phan doan.

V. KET LUAN VA HUO'NG NGHIEN C0’'U MO’ RONG

Trong y khoa, cac khdi u c¢6 thé &m thAdm phat trién va gy anh hwdng rit 1o6n dén sitrc khde va tinh mang cia bénh
nhan. Cac khdi u trén co thé cé thé lanh tinh nhwng qua thoi gian vi nhiéu nguyén nhin hoan toan cé thé chuyén héa
sang 4c tinh va tré thanh ung thw. Polyp 1a dang khéi u & dai trang dién ra v&i moi gidi tinh. Viéc xac dinh dwgc hinh
dang va kich thwéc cta polyp trong hinh dnh y khoa sé& hé trg rat nhiéu cho chin doan va diéu tri 1am sang. Tir d6
hd tro cac y bac si phat hién kip theéi va c6 phac do diéu tri phtt hop dé ciru chira cho ngwdi bénh.

Bai bdo nay dé xuit mot phwong phap phan doan dnh polyp dwa trén Recurrent residual U-Net di dwoc diéu chinh.
Két qua ctia phwong phap dé xuit tét hon so sanh két qua cla cac phwong phap gan diy. Dé ting do chinh xac cha
phwong phap dwoc dé xult, trong twong lai sé cai thién kién tric hoc sau va thir nghiém trén cac bd dir liéu khac.
Ké&t qua phan doan anh polyp gitp xac dinh hinh dang, vi tri kh6i u nay trén cac bd phan co thé. Diéu nay hé tro cho
cac chuyén gia y t& chin doan va diéu tri 1Am sang; mit khac con 1a co sé dé hd tro phan loai bénh clia cac hé thdng
chin doan ty dong.

VI. LO'l CAM ON

Nghién ctu dwoc tai tro bdi Trwong Dai hoc Ngoai ngit-Tin hoc Thanh phd H6 Chi Minh trong khuén khé Dé tai ma
s6 H2023-03.
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POLYP IMAGE SEGMENTATION BASED ON THE RECURRENT RESIDUAL U-NET

IMPROVEMENT METHOD
Vo Thi Hong Tuyet, Nguyen Thanh Binh

ABSTRACT— Polyps are tumors in the colon that can occur in people of all genders. Determining the shape and size of polyps in
medical images will greatly support the clinical diagnosis and treatment process. It helps doctors detect promptly and have
appropriate treatment regimens to increase the likelihood of successfully treating patients. The segmentation problem is
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implemented to support this determination process. However, choosing feature maps for segmentation is an issue that always
needs improvement and optimization in the field of computer vision. This paper presents the Recurrent Residual U-Net (R2U-
Net) method with a modified encoder-decoder system to segment polyp images. The improvement is done by replacing
Convolution layers with Recurrent Convolution layers and applying block residuals in each of its blocks. The proposed method is
tested on the Kvasir-SEG and EndoTect 2020 datasets. The evaluation results are compared with recent methods using the
Jaccard Index.

Keywords— Polyp image, Segmentation, Recurrent Residual U-Net, U-Net.
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