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PHAN VUNG HINH ANH NQI SOI POLYP TRUC TRANG
- THUC TRANG VA MOT SO HUONG PHAT TRIEN

Nguy&n Hoang Long*, Nguyén Pinh Céng?, Lé Thi Hong Ha?
TOM TAT

Phdn ving hinh anh y té lién quan dén viéc trich xudt cdc ving dwoc quan tam trong
hinh anh. Véi sw phat trién ciia cong nghé tri tué nhan tao, cdc phwong phdp phdn ving hinh
danh y té da dat dwoc nhitng két qua dang mong doi. Trong bai bdo ndy, ching téi cung cdp
mot cdi nhin tong thé vé cdc phwong phdp phdn viing hinh dnh néi soi polyp. Tiép theo do, cic
phiong phdp nay sé dwoc danh gid trén cac tdp dir liéu tiéu chudan. Cudi cing, ching t6i thdo
ludn vé nhitng thach thirc va cdc huéng phat trién trong twong lai ciia chii dé nghién ciru.
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1. PAT VAN BE

Phén vung hinh anh la mét trong nhitng hudng nghién ciru chinh cua linh vuc thi
gidc may tinh. Muc tiéu cua phan vung la chia hinh anh thanh cdc nhém con c6 nhén thugc
vé mot 16p tuwong (ng. Phan ving hinh anh dugc wng dung trong nhiéu linh vuc nhu phan
tich hinh anh y hoc, xe ty hanh,... Trong linh vuc y té, phan ving hinh anh y té dong vai
trd quan trong trong viéc chan doan 1am sang va 1ap ké hoach diéu tri. Phan ving hinh anh
y té nhiam x4c dinh co quan hodc cdc md ton thuong tir cac hinh anh y té nhu noi soi, CT
(Computed Tomography) hoac MRI (Magnetic Resonance Imaging). Polyp Ia mét dang
tén thuong bén trong dai truc trang, c6 hinh dang khéi y, c6 cudng hoic khdng. Polyp ban
dau 1a cac khdi u lanh tinh, tuy nhién néu khong phat hién va loai bo kip thoi c6 thé dan
dén ung thu dai truc trang, gy nguy hiém téi tinh mang. Phan ving polyp 13 mot van dé
trong phan vuing hinh anh va da thu hat dwgc sy chd v tir cong déng nghién cau trong thoi
gian gan day. Viéc phat hién va danh gia sém cac polyp dong vai trd quan trong trong qua
trinh chan doan va diéu tri sém ung thu dai truc trang. Cac phuong phap phan ving hinh
anh noi soi polyp cung cap mét giai phap hiéu qua nham hd tro bac si 1am sang trong viéc
xac dinh va khoanh ving chinh xéac cac ving polyp. Tuy nhién, dé phan ving hinh anh noi
soi polyp phét huy vai trd trong thuc té 1a mot nhiém vy day thach thirc véi hai li do chinh.
Thir nhat, cac polyp c6 hinh dang khac nhau vé kich thuéc, mau sic va két cau. Thir hai,
trong hinh anh noi soi, duong bién gitra polyp va cac ving xung quanh thuong c6 do tuong
phan thap hoac bi mo, vi vay giy kho khin cho cic phuong phap phan ving, dan toi hién
twong phan ving sai hodc phan ving thiéu cac vang polyp.

Trung tdm CNTT&TT, Truong Pai hoc Hong Prirc; Email:nguyenhoanglong@hdu.edu.vn
2 Khoa Céng nghé théng tin va Truyén thong, Trwong Bai hoc Hong Pirc

73



TAP CHi KHOA HQC TRUONG PAI HQC HONG PUC - SO 71B (12.2024) P-1SSN 3030 - 4628
e-1SSN 3030 - 4636

Trong bai viét nay, chiing tdi trinh bay mot nghién ctu khao sat vé cac phuong phap
phan viing polyp dua trén cac mang hoc sau. Ngoai ra, ching toi tién hanh danh gia hiéu
ning cua cac mo hinh vang doan polyp dai dién khéc nhau va phan tich lgi thé tuong tng
cua ching. Hon nira, ching toi s& thao luan vé tuong lai nhitng théch thirc va hudng
nghién ctru tiém nang.

Phan con lai cua bai bao duoc trinh bay nhu sau: Phan 2 trinh bay mot s6 nghién ctu
lién quan trong bai toan phan ving polyp. Tiép theo, phan 3 md ta cac tap dir liéu va cac
phwong phap danh gia. Sau d6, phan 4 thao luan vé két qua thuc nghiém. Cubi ciing, phan
5 két luan chu dé va dua ra cac dinh huéng tuong lai.

2. TONG QUAN VE TINH HINH NGHIEN CUU

Nhitng phuong phap truyén théng vé phan ving hinh anh polyp cha yéu dya trén cac
dic trung cap thap nhu hinh dang, mau sic va két cau [1] [2]. Tuy nhién, cac dic trung cap
thap duoc trich chon mot cach thi cong véi dic diém do da dang vé di liéu, do tuong dong
giita ving c6 polyp va viing niém mac xung quanh gay nhiéu khé khan cho viéc phan
ving. Bén canh d6, cac phuong phap truyén théng co hiéu qua thap, tinh tong quat hoé
khong cao. Do d6, dan dén viéc phat hién sai hoac phat hién thiéu nhiing ving polyp.

Véi su phat trién cia cong nghé tri tué nhan tao, cac mo hinh hoc sau di duoc &p
dung vao c4c bai toan phan ving hinh anh y té, dic biét 1a cac mo hinh CNN. Unet [3] Ia
mét kién tric CNN tién phong trong bai toén xir Ii hinh anh y té. Unet bao gom hai thanh
phan chinh: bé ma hoa va bo giai ma. Bé ma hoa c6 nhiém vu trich chon dic trung da cap
va da ti 1&. Sau khi di hét bo ma hod, nhitng dic trung nay s& dugc chuyén truc tiép sang bo
giai ma dé tiép tuc trich chon & muic cao hon, ddng thoi do phan giai qua mdi tang trong bo
giai ma s& tang dan dén khi kich thude thu dwoc bang véi kich thudc anh gdc ban dau cua
nhan. Ngoai ra, cac dic trung di duoc trich chon tai bo ma hoé s& dugc dua tryc tiép sang
bo giai ma twong &g théng qua nhénh tat. Hai phan ma hoa va giai ma cua kién tric U-net
twong tng nhau, c6 dang chtt U. Unet da mang t&i mot bude dot phd mai trong xur i hinh
anh y hoc, tuy vdy, Unet ¢ han ché khi gap cac dbi twong co kich thudc nho. Bé giai
quyét vin dé nay, cac bién thé cua Unet nhu Unet++ [4], DoubleUnet [5], ResUnet++ [6]
da duoc dé xuat va cho két qua tot hon so véi Y tuong ban dau.

Mo hinh PraNet [7] dugc dé xuat gom ba phan: ma hoa, giai ma va tinh chinh. Phan
m& hoa sir dung Res2Net dung dé trich chon dic trung da cép va da ti 1¢. Cac dic trung thu
duogc sau d6 duoc chuyén qua bo giai ma song song nham két hop cac thong tin ngir canh
va thu duoc ban dd dic trung toan cuc. Bén canh d6, dic trung tir phan ma hoa s& duogc
dua vao khdi tinh chinh (khéi chli y) nham thiét 1ap mdi quan hé giira cac khu vuc polyp
va duong bién cua chiing. Mic du dat duoc nhirng két qua vuot troi trong bai toan phan
ving polyp, PraNet van cé nhitng han ché véi cac viing polyp c6 kich thudc nho. CaraNet
[8] da khac phuc nhiing han ché ciia PraNet bang cach dé xuat mot khdi tinh chinh mai ¢6
tén goi Axial Reverse Attention - ARA. Bén canh do, mo hinh CaraNet con st dung mo-
dun trich xuat dic trung kim ty thap theo kénh (CFP) nham gitp md hinh hoc dugc nhiéu
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chi tiét hon, 14y dugc nhiéu dic trung tir cac ti 16 khac nhau. Két qua cua phan giai ma thu
duoc 12 mot ban @6 toan cuc ¢ thé xac dinh vi tri gan ding cua poylp. CAc tac gia da sir
dung ban d6 toan cuc két hop vai ban d6 dic trung thu duoc tai cap thir i sau khi di qua
mo-dun trich xuat dic trung kim ty thap theo kénh dé 1am dau vao caa khi ARA. Mé-dun
ARA dugc dia trén co ché tu chl y, &nh xa mét truy van va cac cap khoa gid tri toi mot
két qua dau ra. Bén canh do, c4c tac gia da dé xuat chuan hoa co ché chi ¥ 2D sang hai co
ché chi y theo chiéu cao va chiéu rong cua di liéu dau vao va thay d6i ham kich hoat tir
Softmax sang Sigmoid nham giam bét tai nguyén tinh toan.

V6i sy thanh céng cua Transformer trong linh vuc xur li ngdn ngt ty nhién, cAc md
hinh xt Ii hinh anh dya trén Transformer da dugc &p dung vao bai todn phan vung hinh
anh y t& mot cach manh mé nham khéc phuc nhitng han ché vé& nim bit thong tin toan cuc
cuia CNN. Polyp-PVT [9] di dugc Dong va cac cong sy dé xuat dua trén y tuong st dung
mot mang Transformer kim tu thap két hop voi cac mo-dun hop nhat xép hang (CFM),
mo-dun nhan dang nguy trang (CIM) va md-dun tong hop twong duong (SAM). Céc dac
trung duoc trich xuat tir mang co s¢ ¢ thé khai thac céc thong tin toan cuc két hop voi
mo-dun CFM nham thu thap céc thdng tin ngit nghia va sir dung cac dic trung cap cao dé
xéac dinh céc vi tri caa polyp. Mé-dun CIM duoc 4p dung dé loai bo nhidu va ting cuong
biéu dién cac dic trung cip thip. Md-dun SAM giup tong hop cac dic trung thu duoc tir
hai md-dun CFM va CIM. Ngoai nhitng phuong phap sir dung thuan CNN hoic cac mo
hinh dua trén Transformer, cac tac gia [10] da dé& xuat mé hinh Transfuse st dung song
song két hgp CNN va Transformer nham thu thap céc théng tin cuc bo va cac thong tin
toan cuc dé nang cao dang ké hiéu suat phan vang.

3. THUC NGHIEM VA BANH GIA
3.1. Tap dir ligu

Trong phan nay, ching tdi nghién ciru cac bo dit liéu tieu chuan trong bai toan phan
viing poylp trong hinh anh nai soi gém: Kvasir [11], CVC-ClinicDB [12], CVC-ColonDB
[13], ETIS-Larib [14]. Chi tiét v& cac bo di liéu s& duwoc mo ta chi tiét tai Bang 1 dudi day:

Bang 1. Chi tiét vé cac b dir liéu tiéu chuan trong bai toan phan ving polyp.

B dir liéu S6 lwong dnh Kich thuéc
CVC-ClinicDB [12] 612 576x768
CVC-ColonDB [13] 380 500x572

ETIS-Larib [14] 196 1226x996
Kvasir [11] 1000 720x576 dén 1920x1072

3.2. Phwong phép danh gia

Trong bai bao nay, chling t6i s& sir dung hai do do pho bién trong bai toan phan ving
hinh anh 1a d6 do Jaccard (IoU) va hé sé Dice. Mot sé théng s6 phé bién nhu dwong tinh
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ding (True Positive - TP), duong tinh sai (False Positive - FP), am tinh dung (True
Negative - TN) va am tinh sai (False Negative - FN) cling sé dugc st dung.

D¢ do Jaccard: DY do Jaccard, hay con goi 1a d6 do IoU, duoc sir dung dé do su
trang lap cua két qua du doan va nhén thuc té. N6 thudng dugc st dung trong viéc xir Ii di
liu mat can bang.

TP
, , ~ TP+FP+FN q

H¢ so Dice: Hé so Dice 1a mot phuong phap danh gia thuong duoc sur dung dé do
lwong su gibng nhau giira két qua du doan va nhan thuc té. Hé sé Dice ¢ gid tri trong
khoang tir 0 dén 1, trong do 1 biéu thi két qua du doan va nhan thyc té hoan toan tring
nhau, va 0 biéu thi khéng c6 két qua nao phi hop.

2 XTP
2 XTP+FP+FN

IoU

Dice =

3.3. Két qua va thao luan
3.3.1. Mgt s¢ két qua

Trong bai bao nay, ching tdi thuc hién danh gia hiéu nang cua cac mé hinh Unet [3],
Unet++ [4], PraNet [7], CaraNet [8], Polyp-PVT [9] va TransFuse [10]. Cac m6 hinh dugc
huan luyén tir dau va danh gia sir dung framework Pytorch, qua trinh huan luyén cac mo
hinh str dung Google Colab véi cac théng sé phan cting nhu sau: GPU-NVIDIA Tesla T4;
Bo nh¢ trong 16GB; S6 phép tinh diu phiy dong/gidy 8.1 TFLOPS. Cac mé hinh dugc
huan luyén véi 20 epochs va kich thuéc mdi 16 (batch) 1a 8. Cac hinh anh dau vao da duoc
chuan hod vé kich thudc 352x352.

Pé danh gia hiéu ning ctia cac mo hinh, ching tdi sir dung dir liéu huan luyén 1a sy
két hop gitra hai tap dir liéu Kvasir va CVC-ClinicDB duoc chia theo ti 1&é 80% sé lugng
anh mdi tap dir liéu danh cho tap huin luyén, 10% cho tap dit liéu danh gia va 10% két
hop véi ba bo dit liéu 1a CVC-ColonDB, ETIS-Larib, CVC-T danh cho qua trinh kiém thtr.
Két qua thuc nghiém so sanh cac mé hinh d3 dwoc nghién ciru cho bai toan phan viing
polyp dugc mé ta chi tiét trong Bang 2.

Bang 2. Bang so sanh két qua caa cac mo hinh trén 5 bé dik liéu

Phuong Kvasir ClinicDB ColonDB CVC-T ETIS
phap mDice | mloU | mDice | mloU | mDice | mloU | mDice | mloU | mDice | mloU
Unet 81.8 74.6 82.3 75.5 51.2 444 71.0 62.7 39.8 33.5

Unet++ 82.1 74.3 79.4 72.9 48.3 41.0 70.7 62.4 29.7 21.7

PraNet 89.8 84.0 89.9 84.9 70.9 64.0 87.1 79.7 62.8 56.7

CaraNet 91.8 86.5 93.6 88.7 78.1 69.9 90.3 83.8 73.1 66.0

TransFuse 92.0 87.0 93.7 88.9 80.8 72.7 89.4 82.6 78.7 70.6
Polyp-PVT 91.7 86.4 93.7 88.9 80.8 12.7 90.0 83.3 78.7 70.6
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Chi s6 (Metric)

Chi s& (Metric)

Bang 3. Bang so sanh sé lwgng tham sé6 va GFLOPSs ciia cac mo hinh

M® hinh

S6 lwong tham sb

GFLOPs

Unet

34.52

123.87

Unet++

36.63

262.16

PraNet

32.55

13.11

CaraNet

46.64

21.69

Polyp-PVT

25.11

10.02

So sanh cac phuong phap trén tap dir liéu Kvasir

Chi s8 (Metric)

Phuong phép (Method)

So sanh cac phuong phap trén tap dir liéu CVC-ColonDB
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Hinh 1. Truc quan két qua so sanh cac md hinh trén cac tap dir ligu kiém tra

3.3.2. Thao ludan

Bang 2 trinh bay két qua ciia cac md hinh d& nghién ctu trén 5 tap dit liéu kiém tra.
Cac md hinh dya dugc chia thanh hai nhém: cac mo hinh dya trén CNN (Unet, Unet++,
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PraNet, CaraNet) va cdc mé hinh dya trén kién tric Transformer (TransFuse, Polyp-PVT).
CaraNet dat két qua cao nhét trong s6 cac mé hinh dya trén CNN véi 2%-33.3% ¢ d6 do
mDice va 1.5%-32.5% & d6 do mIoU so v&i cac md hinh dya trén CNN khéc. Ta cé thé
théy d6 chinh xéac cua cac md hinh dua trén kién tric Transformer cao hon da s céc tap dit
liéu. Vi mé hinh Polyp-PVT va TransFuse cao hon m6 hinh ding tha hai 1a CaraNet vai
2.7% ¢ do do mDice va 2.8% & d6 do mloU trén tap dir liéu CVC-ColonDB. M6 hinh
CaraNet dat d6 chinh xéc trén tap CVC-T cao hon mé hinh dung thtr hai 0.3% va 0.5% lan
luot trén hai do do mDice va mIoU. Ngoai ra, ca&c mo hinh dya trén kién tric Transformer
cho hiéu nang t6t hon do cdu tric mang trich chon dic trung dya trén co ché tu cha y co

thé nam bt thong tin toan cuc mot cach hiéu qua.
Nhan Unet Unet++ PraNet  CaraNet PolypPVT

SLOEDDD
nAnRnnn
OLITLLL
ruEEOOo

Hinh 2. Mt s6 két qua phan ving.

Hinh 2 trinh bay két qua phan viing ciia cac mé hinh di nghién ctu trén cac tap di
lieu kiém thar. Miac du cac mo hinh da dat dugc nhitng két qua dang mong doi, van con rat
nhiéu thach thirc cho cac nha nghién ctru dé nang cao hiéu ning cua cac mo hinh. Mot
trong sé nhitng nguyén nhan dan dén diéu nay dén tir viéc hinh dang va kich thudc cua cac
polyp phong phu va cac dudng bién giita polyp va niém mac xung quanh khdng ré rang. O
hang 1, da s6 cac mé hinh di phan ving duoc ving 16n hon nhén thyc do d6 twong phan
thap giita ving chira polyp va ving niém mac xung quanh, diéu ndy gay nham Ian cho cac
mé hinh. O hang 3 va hang 4, cac md hinh Unet va Unet++ khong thé phan ving duoc do
ving polyp bi 6 bong va 1a noi giao thua gitra cac ving sang téi. Ngoai ra, & hang 3, md
hinh CaraNet ciing ton tai nhiéu do d6 bong, 1am cho mé hinh nhan nham day 1a ving
polyp. M& hinh Polyp-PVT cho két qua it nhidu hon so véi cac phuong phap con lai, tuy
nhién, hinh dang cua polyp ciing chua dugc chinh x&c so véi nhan thyc.

Bén canh d6, mot s6 kho khin khéc trong bai toan phan ving polyp c6 thé ké dén
nhu han ché vé dir liéu, khdng c6 bo dit liéu chuyén biét véi lugng dir lidu 16n va dit liéu
duogc thu thap tir nhiéu loai thiét bi noi soi khac nhau. Vi vdy, mot huéng nghién ctu méi
da dugc dé xuat bai [15] sir dung mot mang thich wng cho nhiéu bo dir liéu polyp khéac
nhau nhim 1am tang hiéu qua ctia mo hinh trén cac bo dix liéu muc tiéu khac nhau.
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Ngoai ra, Bang 3 da trinh bay vé s lugng tham sé va GFLOPSs caa cac md hinh hoc
sau dua trén mang no-ron tich chap va kién triic Transformer d3 tim hiéu. C6 thé théy
GLOPs ctia md hinh Unet va Unet++ cao hon nhiéu so v&i cac mo hinh khac véi l1an luot
la 123.87 GLOPs va 262.16 GFOPs, md hinh Polyp-PVT duya trén kién tric Transformer
6 s6 luong tham sé va GLOPs véi 25.11 triéu tham sé va 10.02 GFLOPs. Cac théng sé
nay cho thiy cac mang hoc sau doi hoi mot do phuc tap tinh toan 16n, khién ching kho cé
thé &p dung trong céc tng dung thuc tién doi hoi thoi gian thyc. Do d6, huéng nghién ciru
phét trién cac moé hinh hoc sau cd kién triic va do phuc tap nhé ma khong can danh doi
hiéu suat caa md hinh la mot van d&& mé cho céc nha nghién ciu, gidp 1am ting tinh Gng
dung thyc té ciia cac md hinh hoc sau trong bai toan phan viing polyp trong anh noi soi.

4. KET LUAN

Céc mo hinh di nghién ctru da dat duoc nhimg két qua dang mong doi v6i mo hinh
TransFuse va Polyp-PVT da dat 93.7% & d0 do mDice va 88.9% ¢ do do mloU. Tuy
nhién, van con nhimg han ché va nhiing tiém ning c6 thé t6i uu trong nhitng mo hinh da
tim hiéu. Trong cac nghién ctru ké trén, phép toan nodi suy song tuyén tinh duoc sir dung dé
tang kich thudc cac ban dd dic trung, didu nay c6 thé gdy mat mat mot sb thong tin hiru
ich va dan dén viéc dudng bién co thé khong chinh xac. Piéu nay c6 thé duogc téi uu bang
cach sir dung cac khéi ndi suy hai khdi hodc st dung cac khdi phan tich tich chap
(deconvolution) dé tang kich thudc cta cac ban dd dic trung. Dé cai tién kha ning phan
ving, ching toi du kién s& nghién ctru mot s kién trac mang co s& nham trich chon céc
dic trung, mot sb phuong phap 1am min nhim ting cudng kha ning nhan biét cac ving
bién. Bén canh d0, thiét ké moé hinh phan ving chinh xac v6i mot s6 luong tham sd va
GFLOPs cua md hinh nhd ciing 1a mot huéng nghién ciru ma nhom tac gia quan tam.
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POLYP SEGMENTATION - FACTS AND FUTURE DEVELOPMENT
Nguyen Hoang Long, Nguyen Dinh Cong, Le Thi Hong Ha
ABSTRACT

Medical image segmentation involves extracting regions of interest in the image.
With the development of artificial intelligence technology, medical image segmentation
methods have achieved significant results. In this article, we provide an overview of polyp
segmentation methods. Next, these methods will be evaluated on standard datasets.
Finally, we discuss the challenges and future development directions of the research topic.

Keywords: CNN, transformer, polyp, medical image.
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