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Remote sensing image registration integrating dual-domain feature and
cross-dimensional gated attention

Wei Tingxu' Chen Ying' Li Chenghao® Ma Wenhao'
(1. Faculty of Intelligence Technology, Shanghai Institute of Technology,Shanghai 201418, China;
2. College of Sino-German Engineering, Tongji University,Shanghai 201804, China)

Abstract: Aiming at the challenges of remote sensing image registration such as feature extraction difficulties caused by
complex environment and registration accuracy limitations caused by multi-scale geometric deformation, this paper
proposes a remote sensing image registration model that integrates dual-domain features and cross-dimensional gated
attention. Firstly, the multi-scale Fourier module is designed in the feature extraction stage to improve the StarNet
network structure to enhance the feature extraction capability of the model by fusing the multi-scale spatial features
with the frequency domain features; then, the cross-dimensional gated attention is designed so that the model can
efficiently capture the contextual information in the image without sacrificing the global sensing field; secondly, the
feature matching stage bidirectional parameters are obtained by applying bidirectional matching based on partial
assignment matrix, and finally, the registration is completed by affine transformation. In the experiments using the
aerial image dataset, the results show that when the correctly estimated keypoint scale factor is set to 0. 01, 0. 03 and
0. 05, the registration accuracy reaches 42. 8%, 85.7% and 96. 9%, respectively, and the average registration time is
0. 87 s, which significantly improves the accuracy and speed of remote sensing image registration.

Keywords: remote sensing image registration; multi-scale Fourier extraction; multi-scale features; cross-dimensional

gated attention;bi-directional matching
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Fig. 1 Overall registration framework
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Fig. 6 Comparison of the registration results of the six algorithms
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Fig. 7 Comparison chart of the six algorithmic checkerboards
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Fig. 8 Test image pairs of four categories
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Table 1 Comparison of MAE and RMSE values in four cases by six algorithms

ik Z I Z A EZ =R
MAE RMSE MAE RMSE MAE RMSE MAE RMSE
SIFT 14.73 8. 26 14. 63 5. 061 — — — —
CNNGeo 3.51 4.05 4.37 3. 89 5.11 5.32 5.26 4.71
CFFMNet 1.73 2. 04 2.32 2.63 2.96 3.01 1.71 2.32
SFDDFF-Net 1. 64 1.95 1.75 2. 37 2.56 2. 88 1. 89 2.71
CIRSM-Net 1.58 1.74 1. 62 2.23 2.38 2.63 1.76 2.39
A3 1.32 1.47 1.53 2.08 2.12 2.37 1.59 2.14
T RN 4 R 2 R AR AT
E— 25 X HOBE A BE B 4F B9 CFFMNet, SFDDFF-Net 16—
Il CIRSM-Net %, W LR A SCHE B LA LI E 14
Hp ) J B A B (RO FE A 1 A £ I A S G R 43 3 f)
BT 0.85.0.77 F1 0. 34 s, FEH 2 20 £ W0 iy 92 56 v 43 51 % 8|
iJE T 0.53.0. 33 F1 0. 39 s, 7E 2 AR 52 560 41 43 51 4 48 6
T 0.0 117 Bl L 4 s, FES 4 4145 4 B 55 B b A B 4 ol \ B
T 0.86.1.04 H10.92 s, HF- S5 EC 0} 8]y 0. 87 s, IEBH o LLBNCw | PR | E M| TS
1%%/%@%%%7@37&%& y{ﬁ/@Tiﬁ%i&@@ﬁﬁ*Xﬂ‘% SlFTgTJ’C*SNGeo lciﬁ‘hlﬁ;t ;SFDDi%f &CIRSM-i;\If?‘ﬁESI
MAEHIER. B9 6 vk M o o i % L
B R PCK R bR AT E 3 A SR (19 € B 1 DG A% Fig.9 Time comparison chart of the six algorithms
REEAT T UPAh . WX B « B E R 0. 05.0. 03 F1 0. 01, 3%
g FAKLFE R . PR S5 SRINF 2 RS PCK M3 He %2 6MHEEPCK ExT
BRG], A ST EETEBAE N 0. 05 I B PCK {H 3% Table 2 Comparison of PCK values of algorithms
# 0. 969, i 7 F SIFT, 4 3] bt CFFMNet, SEDDFF-Net J5 r =0.05 t=0.03 r =0.01
I CIRSM-Net 55t 3. 2% .3. 4% Fl 1. 2% ., Z5RFEW, A SIFT 0. 306 0. 227 0. 036
SCHRE I SR AR BC VEAS B - R A 5. FLA LT A CNNGeo 0.601 0. 447 0.227
Ty, TR DR AR e T NG JEE 0 [ B 3 R DR R AR TR B CFFMNet 0.937 0.817 0.363
ATEE 3k A 2 32k B W T O 3 N Sk 2 g it o SFDDFF-Net  0.935 0. 831 0.372
(555K 7 S B 1 RS T 10 0 04 3 S P 4 b CIRSM-Net 0. 957 0. 803 0. 409
WAL A3 0. 969 0. 857 0.428
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Table 3 The results of PCK value analysis

of ablation experiment

WiRZA PCK(z=0.05)
CNNGeo 0. 601
CNNGeo+ (1) 0. 754
CNNGeo+(2) 0. 802
CNNGeo+ (3) 0.727
CNNGeo+ (1) +(2) 0. 889
CNNGeo+ (2)+(3) 0. 854
CIRSM-Net 0.957
A3 0. 969

%4 HFLSEIE MAE #1 RMSE & 2 #7
Table 4 The results of MAE and RMSE value

analysis of ablation experiment

WiRiS MAE RMSE
CNNGeo 4.62 5.38
CNNGeo+ (1) 2.12 2.45
CNNGeo+(2) 2.19 2.63
CNNGeo+(3) 2.23 2.78
CNNGeo+ (1) +(2) 1.79 1.93
CNNGeo+ (2)+(3) 1.94 2.28
CIRSM-Net 1. 82 2.16
A3 1.46 1.68
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