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Closed-loop Segmentation Network Based on Dual-branch Encoding

REN Yu-Tao, CHENG Yuan-Zhi
(School of Information Science and Technology, Qingdao University of Science and Technology, Qingdao 266061, China)

Abstract: In the Transformer model, the convolutional vision Transformer (CvT) has caught attention for its ability to
extract both local and global features from images simultaneously. However, for abdominal organ segmentation tasks, the
blurry object boundaries in CNN models should be addressed. Thus, this study ptoposes a novel dual-branch closed-loop
segmentation model DBLNet based on CvT and CNN. The model employs explicit supervision of segmented contours
using shape priors and predicted results to guide the network learning. The DBLNet model includes contour extraction
encoding module (CEE), boundary shape segmentation network (BSSN), and closed-loop structure. The CEE module first
utilizes modified 3D CvT and 3D gated convolutional layers (GCL) to capture multi-level contour features and assist in
BSSN training. The BSSN'module cdnteiins a shape feature fusion (SFF) module that captures both the object region and
contour features to promote CEE training convergence. The closed-loop structure allows mutual feedback of segmentation
results between the dual branches, assisting each other’s training. Experimental evaluations on the BTCV benchmark
show that DBLNet achieves an average Dice score of 0.878, ranking 13th. Application tests on clinical hospital data
demonstrate the strong performance of the proposed model.

Key words: abdominal organ; edge contours; dual-branch encoder; closed-loop structure; convolutional vision Transformer

(CvT); medical image processing; feature fusion; image segmentation
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FEHUR /NG BRI AR 28 B TR, AR IS SR, A4
MELE] 5 BIHIL B T o B85 A6, RATBES L 7 Zhs
TR AT (I LR, BEMLIE 5 AMFEAERE, 7T 4 713K 0H:
o 7N B A DX P 23 1 S 2 e FIORG BE 2 vm EL TR AR B R,
A 23 7 CoTr BAFRSRALIA SR 2, IF HLZ AR
Pe AR R T 47, 25 5 Z1)rf PaNN Tl i) J iR A S
Wil 1% F 5% Bk, CoTr Al nnUNet HFH & Fi H
A%, T DBLNet 73 #1 ) H A5 DX oA s A H e .

15 PR 5 Bt 2R 1) S 56 45 2R Dice A HDgs TS5 5

Wk 2 fros. Hd'E BRI Dice 9 0.847, RARIY
Dice 4 0.886, AT Dice 4 0.986. FRITAESh, HAths
B Dice t Swin UNETR %25 749 12% Ll E, FH
HDys KIEFFC, DBLNet [°F-34 HD /N3 3.208, it
FoAth AR 2 J5 1. WLEEAMAR 9] PT R 45 S 6, mT %N
DBLNet H & 73 B4/ NS KR 178 715 oAb 757250y
B EIE. FKARIRAE R R B 2 R FREN
R, B LR AL F AR F Rk 0] . T DBLNet 73 %1 1)
s DX 3R 2R AR X e 2, ﬁE%T\J:‘EEI‘Iﬂ .

R 2 WA E VY Dice FIMFY HDos 1353 3 .

ik i (Eso) ik (Vein) JiEHR (Pancreas) 5 LR (AG) AFAE (Liver) “F-14 (Average)
7 Dicet  HDos|  Dicet  HDos| Dicet  HDys|  Dicet\. HDosl  Dicel  HDos|  Dicet  HDos|
3DUNet 0672 13251 0683 11.725  0.720 9532 10462 8792 0948 14852 0697  11.630

TransUNet 0.641 8.526 0.763 9.617 0.692 11,528 = “0.564 10.826 0.951 9.634 0.722 10.026
Swin-Unet 0.526  17.820 0.652 13274 0.715 10.105 0.635 13.395 0.942 15.146 0.694 13.948
UNETR 0.611 8.394 0.604 « 15.103 0.665 12.496 0.465 9.749 0.934  14.833 0.656 12.115
Swin UNETR  0.754  20.172,  0.723_ 110.530 0.751 11.781 0.631 11.906 0.943 13.591 0.760 13.596
DBLNet 0.877 3.149 | 0.886 3.586 0.886 4.967 0.847 2.702 0.986 1.638 0.896 3.208

Hik

JBepR

5

09124 0.773 9 0.753 7

(a) Image (b) Gt (c) Ours (d) Swin UNETR

Bl6 A BRI & = 4E 2 FIL5RAN Dice

XAy LM, K CEE B4 2158 Bifa N BSSN At
5 BL W, 4510k 3 fioR, 2385 2 BHER RIS,

(¢) UNETR

3.5 JHRHSCIG
RHIEFEAS ) R R e R AL s, FRATTAE ] BTCV

HHE 8L AT I Bl 7. AR 5T 43 3¢ CEE module
BSSN ' SFF module *f 55 2 73 E 45 R 52, A155
FELLR 3 R, BRIl DR 4L BL: J£4k UNet+
HEFHTEAL. DBLNet*: UNet+CEE. DBLNet: UNet+CEE+SFF.

CEE module: UNet #41i1 CEE 43 37 28idi N FE B
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WE B AR B A BRRFIE R 3 T1E . 248 P Dice L
BL $2% 0.403, P39 HD J8/> 1 4.5556.

BSSN module: BSSN 3 il SFF ARHL b3 HH 41 4
T 2 8k 2 2, SRR (1 8 56 A4\ CEE Bk
Oy EIEE R 3 B, SFF BBt | T 2 B E
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Dice, 1318 4> k5 B~ 35) Dice 1543t BL $25
0.753, 34 HD 97> 4.983 4, # BSSN 1 (1) SFF #ith
EH M, BAEERER.

23 %F CEE A1 BSSN HiHL k4T 1 mib 52 536

Jrik Dice ASD HD

BL 87.086 1.589 23.2508
DBLNet* 87.489 1.4387 18.6952
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4 g5 RE
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