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Deformable Registration Method for Retinal Images Based on

a Dual-Stream Network of Transformer and CNN

Wu Shuimiao,Chen Qiang
(School of Computer Science and Engineering, Nanjing University of Science and Technology , Nanjing 210094, China)

Abstract : Retinal image registration helps doctors to comprehensively understand the structure of the retina,but the lack
of data with real labels increases the difficulty of registration. Traditional registration methods are inefficient and rely on
fixed models and manually designed features, making it difficult to handle complex deformations, while deep learning
methods, although efficient,are mostly single stream structures that can interfere with feature fusion. In response to the
shortcomings of existing methods in feature extraction, this paper proposes a dual stream network that extracts global and
local features through Transformer and CNN respectively, performs feature matching at multiple scales, and introduces
vascular information to assist in training. The experimental results show that this method significantly improves the
registration accuracy on color fundus datasets, verifying its effectiveness in deformable medical image registration.
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IKE| T 0.719 1 F10.792 4, FF7E SSIM F545 A #RAAYFRIM ,iLF] T 0.650 6,{LIK T Bspline. Xf T P 2
BRI b FATH ) 278 DICE $845 bAR M H AW IR B2 > I iR RCR B4 (HAR LU AR G 05 AT A 22
PE. (HRAERCHERCR b AT R R BUAR L Bspline 75 A TR AL, RESTE 4L M BCHERCR AT T, 4271
BCHERG L.

FEFR 3 f FRATTE A A G5 B B AN [R) JZ2 R R I ResNet A5k 43 A1 FE XS 78 M g A 52 ), 5L AR e
SRR E BV AR R BUZ IR _E XTI 4 H 2R A Swin-Transformer #5350 472 BURRE AT 6 24, 01438 1 ResNet 15
HOR IR TRAHE , anFe b2 — 2 W R =¥ ResNet 155 — 25 - 1E (H/4,W/4,64) 5 Swin-Transformer
XoF L JE U Bk HRARRTE (H 4, W/4,96) TR TE | JEAT PR, 4 A 238 R IR ResNet AT Swin-
Transformer AT JZ U Ha A5 HEAR 2 HE T — 2 000 % HE IR SOmE BRI , ROk, e 7 A

x2 AEABREFEEESH %3 ResNet BRHARMEBRLRER
Table 2 Quantitative analysis of the different Table 3 Ablation study results for ResNet module
registration methods addition positions

Eizt ik A P S b I IEAES A P S
LoFTRL™! 0.6296  0.5728  0.7723 )2 0.728 1  0.6528  0.796 9
Bsplinel* 07046  0.6670  0.784 9 i;’f S'Z; z 2'2?(6) 2 g';:z 2
picE VoxelMorph®!  0.6771  0.6288  0.768 2 DICE Eﬁlﬁ ); 0 693 5 06056 0.780 7
(1) TransMorph!™  0.6814 06168  0.777 8 1 B 3 07291 06482  0.800 7
TransMatch!?! 07128  0.6301  0.7919 - =2 07172 06314 07917
Ours 07191 06506 07924 iz 0.7191 06506 0.7924
)2 08220 0.9210 0.8596
LoFTR 07698 09178  0.8335 . 08123 09169 08535
Bspline 08173 09375 08651 i =2 08032 09079 08480
SSIM VoxelMorph 0.7984 09245  0.8420 () %lm)jz 0.8040  0.9062  0.848 0
|y TransMorph 0798 4 0.9177  0.849 2 F— R 08217 09163  0.8608
- . =F 08150 09164 0.8557
TransMatch 08131 09115  0.8552 . 08171 09319 08564
Ours 08171 09219 08564 B2 0.1717 01216  0.1000
Bspline 27.061 6 449680 22.188 7 R 0.1442  0.1081  0.1020
VoxelMorph ~ 0.0070  0.0066  0.006 5 Time/s f‘g’:; 0.1403  0.0915  0.0876
Time/s o nsMorph 0.0412  0.0409  0.0410 (b s 01303 01160701057
@) R, 0.1414  0.0909  0.088 3
TransMatch 0.0993  0.0977  0.097 7 - .= 01389 00918  0.0866
Ours 0.1497  0.1486  0.1480 P 0.1497  0.1486  0.1480
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JEUR L B At 2 5 T R B f i R AR AR AT A (] A 4, A X 2 2248 5 TransMatch A5 U 4 —
. SLIAE R R AERT P E IS IZ A S R DICE F1 SSIM Y4 A 71, W7 3% 26 27k |, ResNet
TSR RS A7 A5 3G 5o Jmy R A PR IR DA T4 A B ) PR R DR A i 9 2 B S SR BRI 200 )
fiE, g G P B 2% BUPEAE , ResNet BEHUB i B )5 S0 RRAE | BEAS A S0 3 0 28 2 K AR IE 2R,
JEFFIE R AL AT 5 (4 Atk DI H2 AR B AN T L A B IR S P2 TR ResNet ARSI A A7
SRAETE, BIA TEIMAE b T R I 6 2558 5 67 5 B O i GO0 I RHAE AR TR 2 2 R R B AR PR
F IRk, U ) RRAE SR 28 0d 2 )2 MR LR R, AR S IR 4 Jm) R IF , ResNet 1) J) 5 38 5 VE FH
AGARRT A FR. I H TP )JZ U0 ResNet BEHUN L RE LR FIAE BE , i BB R4 0 50 I AB A TR T 3k 2 )2 K 1)
ResNet #H I AR 217 Kt — 2L 1 PR RESE T, I M AT BEXG A 4 . 2% i | 38 B A Jm 3 408 it 2 25
B4, AELIh B fokE FH AT RS R S T R ), FRAT T 45t 78 S A B BE A T )2 8 I ResNet AU B L1 £5 , AEAS
T TR T VRS B 10 [ T A v O T V2

FE 4 R T SRR i S (5 BRI BB S e 1 T Al S IR 25 R, i T AR S B 5 LA SN
B S8 2 B, PR 2 B0 OGS LA B 5 . SC 3625 3R R, N T L B, = 28 BdiE 1
DICE F1 SSIM 484535 8 3 T [, JLHIEAE S ZJE8diE, DICE M 0.792 4 R3] 0.185 5,SSIM M 0.856 4
R %1 0.604 9. X FITERA M B AT OLT , B A B vRS B R IR ARG, =32 2 5 IR T Bl = W A 4 4
G5, PR I FHEAT 55 D 3 5 K A ARV, 1 ELAE P AL B v Z 0 G A ) 45 440 , e 28 5 3D
HERS BE R R il 5 AMAE (5 L, AT DA s AR R X SRR G #4) 1 24 5, B RS 7R A )1 2 B R R R I
B 5 RS, DA TR BRGS0t — AR A T i A1 B 7R AR RS PR B VAT 55 b B s B2 R UR T
TECERE RS IR T R AR  2EAA A R O 5 B8 UE T A A B R AR A0 M. 2 T S A SR
B IR 14801 B A 5 LGS T S 300 e b B A 9 IR EC PR E o 28 G 2L

R4 FMOEEEHRIRER

Table 4 Ablation study results for adding vascular information

Ei=Lin ERIIM A P S i1 B A P S
DICE % 0.148 6 0.137 0 0.185 5 SSIM % 0.603 7 0.812 8 0.604 9
(H 2= 0.719 1 0.650 6 0.792 4 (M 7= 0.817 1 0.9219 0.856 4
a Y4
4 H5ie

ARSCHREH T —FhEE T Transformer-CNN F Ui R0 28 HR JES 18145 w] 2% 9E Bic #E )7 32, F) FH Transformer A1
CNN AU ) B B SRFFIE SR ICRE 7 , Be A 38 X B I B o3 JR R A TR RULBC. SR IS5 H4 3R 3l 1)
J5 2 38 A 05530 28 T8 45 SR B 0 28 10 5 el 2SS AR A 1 657 DX Bl ) T o 05 2, 3 T B8 vy T MR . S
PR R FRATHIBCHE T VETE A P .S X =28 1 iy R0 T HAb I vk, R S 78 48 405 Fl i & IX.
A AL B B A TR FTRS 200, X B AT A8 I 1 A C TR B8 RN A0 1 b 38 T BAT Y
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