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Colon Polyp Image Segmentation Network Based on Multi-scale Features and Contextual
Aggregation

XU Hai-Ying, XU Jian-Hao, CHEN Ping-Hua
(School of Computer, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: To solve unclear boundaries and incoherent, incomplete, or even lost segmentation results in the semantic
segmentation task of colon polyp images, a colon polyp image segmentation network named colon polyp image
segmentation network based on multi-scale features and contextual aggregation (MFCA-Net) is proposed. The network
selects PvTv2 as the backbone network for feature extraction. The multi-scale feature complement module (MFCM) is
designed to extract rich multi-scale local information and reduce the influence of polyp morphology changes on
segmentation results. The global information enhancement module (GIEM) is designed. A large-kernel deep convolution
embedded with positional attention is constructed to accurately locate polyps and improve the network’s ability to
distinguish complex backgrounds. The high-level semantic-guided context aggregation module (HSCAM) is designed. It
guides local features with global features, complements differences, and cross-fuses shallow details and deep semantic
information to improve the coherence and integrity of segmentation. The boundary perception module (BPM) is designed.

Boundary features are optimized by combining traditional image processing methods and deep learning methods to

O LW H: | HAE ESSERR (2023B1111050010, 2020B0101100001)
WA N ] 2024-09-08; A& BT [A]: 2024-09-30; K FH IS [A]: 2024-10-14; csa 7E£E Hi RIS [A]: 2025-01-16
CNKI %% & KI5 []: 2025-01-17

System Construction ZR& &% 115

© EREERREST  hup/iwww.c-s-a.org.en


mailto:phchen@gdut.edu.cn
http://www.c-s-a.org.cn/1003-3254/9797.html
http://www.c-s-a.org.cn/1003-3254/9797.html
http://www.c-s-a.org.cn/1003-3254/9797.html
http://www.c-s-a.org.cn/1003-3254/9797.html
http://www.c-s-a.org.cn/1003-3254/9797.html
http://www.c-s-a.org.cn/1003-3254/9797.html
http://www.c-s-a.org.cn/1003-3254/9797.html
mailto:cas@iscas.ac.cn
http://doi.org/10.15888/j.cnki.csa.009797
https://cstr.cn/32024.14.csa.009797
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20254F #5344 53

achieve fine-grained segmentation and obtain clearer boundaries. Experiments show that the proposed network obtains

higher mDice and mloU scores compared with current mainstream algorithms on the publicly available colon polyp image

datasets such as Kvasir, ClinicDB, ColonDB, and ETIS, and has higher segmentation accuracy and robustness.

Key words: colon polyp image segmentation; multi-scale feature; contextual aggregation; Transformer; attention mechanism
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Zwix(yﬁffi—yixﬁi)
P

N
Lossncr = -~ Z} wi X [yilogi) + (1 -y log(1 - $))]
(10)
24 IWERSHH
S U T H I 45 0 20 b M, A S R B
f1FE U-Net. UNet++. PraNet, TransFuse. M?SNet®
SETE N K — R A A B LR ORGSR R0 L
T A B 152 43 1 90 28 Sy o L D 248 5 T PRl e ik
Wi, FERA I, o b
S4BT 45 AN 1 TR, B ) MFCA-Net
1E 4 MRS LIS T BB R mDice Fl mIoU 4344

S 1, A IEWI T TR H % A R
25 HMXEERS S

SR T AR B T 2% 6 1 e i 0 7 A e 15
MR, 3 TR S0 B SRIOBORE . B
HORE, W T — BRI RS, SR % 2 iR
AR, # 2§, M1 =300 PyTv2 B AR I 3
T 9 44 9 50 8 PRI ), AR TIR A L A AT AT
M2 &R1E M1 fSERE VRN 2 RIS 45 T B e
(MFCM); M3 FR7E M2 (35 L in4s R 5 B 1 g
i (GIEM); M4 F7R1E M3 HI3EAE_ BRI giE X
51 S K LN R AR (HSCAM); M5 F£IRTE M4
FEhh BN L SRR (BPM), BRI FTHE H 1) 58 % W)
2% (MFCA-Net).

# 1 AFEMZLE Kvasir. ClinicDB. ColonDB F1 ETIS $#4E b H%) b seis &%

Kvasir ClinicDB ColonDB ETIS

Networks Year - - -
mDice mloU mDice mloU mDice mloU mDice mloU
UNet 2015 0.818 0.746 0.823 0.750 0.512 0.444 0.398 0.335
UNet++ 2018 0.821 0.743 0.794 0.729 0.483 0.410 0.401 0.344
SFALY 2019 0.723 0.611 0.700 0.607 0.469 0.347 0.297 0.217
PraNet 2020 0.898 0.840 0.899 0.849 0.709 0.640 V0628 0.567
TransFuse-S 2021 0.918 0.868 0.918 0.868 0.773 0.696 . 0733 0.659
EU-Net?! 2021 0.908 0.854 0.902 0.846 0.‘756 ~ 0.681 0.687 0.609
SANet 2021 0.904 0.847 0.916 0.859 1 0.753 & 0.670 0.750 0.654
UACANet-LP 2021 0.912 0.859 0.926 0.880 = — 0.766 0.689
LAPFormer-SF7 2022 0.910 0.857 0.901 J 0\.849 0.781 0.695 0.768 0.686
M?SNet 2023 0.912 0.861 0.922 0.880 0.758 0.685 0.749 0.678
IECFNet®® 2024 0.907 0.856 0.924 0.873 0.775 0.632 0.707 0.632
Ours 2024 0.920 0.865 0.935 0.886 0.798 0.712 0.789 0.703

s
R 2 ‘ 2% 7E Kvasir. ClinicDB. ColonDB #l ETIS %44 b ) ¥ fib S 06 45 51

L Kvasir ClinicDB ColonDB ETIS
Network Description - - - -
mDice  mloU mDice  mloU mDice  mloU mDice  mloU
Ml PvTv2 0.887 0.824 0.877 0.817 0.780 0.689 0.728 0.627
M2 PvTv2+MFCM 0.906 0.850 0.925 0.875 0.788 0.703 0.762 0.671
M3 PvTv2+MFCM+GIEM 0.916 0.859 0.931 0.881 0.786 0.698 0.765 0.680
M4 PvTv2+MFCM+GIEM+HSCAM 0.917 0.861 0.934 0.884 0.792 0.706 0.776 0.690

M5 MFCA-Net: PvTv2+MFCM+GIEM+HSCAM+BPM 0.920 0.868 0.935 0.886 0.798 0.712 0.789 0.703

WL 2 fros, M1 FE 4 D EdE 4R B IS BRI
mDice Tl mIoU 5345, Ut BH 1% W 28 5 15 PR DX 33 () R A 42
HAEE—E R PR E, SEURHEE B R REZ, 7 EIk
FERAK. M2 75 M1 AL Es N 22 ROBEREAE FAMBEER,

mDice Fl mIoU 53 #3576 Fr#e T+, R 2 REERFAE B AR
LR B A% 2 A 2401 2 ROBE R B B R SO B, 3858 M
& MARFIER N R T, /D B TR A AR A0 43 B 45 S
0. M3 M EE T M2, mDice Al mIoU 43 ¥ i i 71,
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WA 4 R 15 S SR ASE R BB A R wR ok S PR X 45 P R
SENL, DI IE DR AR AT M3, M4 HR 4 48
P32 EFHES, U 2 RBERHIE B AMEHURI 42 )5 (5
S SR BT R B AR RS B TR 1, Hom gl X
%l%ﬁ@t?zﬁé%ﬁﬁ% B R LR A E B A4

BAE R REC R, a0 Bk . MS AT
M4, $Ebr TS I %, AL SR AR e % A 2l dR
A FHE B, INIMHE T o3 )45 B S 1 5 e B 1. 25
R, TH R STIS 25 TR T RTIR T VE I A B AR
LA .

Ziw5 Ry

NERT 4 Eﬁlu‘ﬁlgfgiﬁiﬂﬁ"]*iﬁﬁfﬁ, 7 W
BT 2 REEFHER B SCERA 1 45 1 5 A o FI 2%
MFCA-Net. MFCA-Net LA Transformer B AZ O R
TEGmAL 2, K50l 4 A%%ﬁﬁ%'{é}ﬁfﬁ AR HAMSE
ﬂ%LLn@A'ﬁﬁcﬁgvﬁ'}*fnw B RAHIRAFRET
(RS BT SUE B A RS B 1 a A P A 7 B B K
WOC RIS 2R E T XUER,; E N CRAK
ok w54 mifE BA S, LEERICIR B AR &
WIERS; 1 5B ARG v T3 m i B A 1 e A
M EE. MFCA-Net 7E Kvasir. ClinicDB. ColonDB
A ETIS &5 4 48 8N B G Bl 4 ERtAT 721
SRS, PASS AR A . R, il — R 5 s
5, B UESE T i AR ) M AR

JE4E MFCA-Net 7E 5 A EBURS 1 ), (HEAE AL
HinZ AN NENREXEE IR R
. BRSBTS LS IR R B IR R, &5 A
g LS iR ) BN R & BRI E RS, fAE
ﬁ“\\%ﬂﬁﬁzﬁfﬁ'xﬁﬁgﬁﬁﬁ%%‘ﬁ./ﬂ. ZN TSN
ﬁéﬂif‘?ﬁifﬁvﬂﬁuWﬂﬂﬁ@??@%ﬂ’ﬂﬁ%ﬁ*ﬂt
FAE. PR, ARG 0 5 SO IR B A R T AN R B
AT BIRCR T, DARCE Rk B ERE B
W7 R, G St KR R RS T2 M4 B A
PG E s 8, DLk — 2540 1 A 5 BT £ Hh 0 2% 1032 4K
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SE 30k
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