MRS ISSN 1003-3254, CODEN CSAOBN E-mail: csa@iscas.ac.cn
Computer Systems & Applications,2024,33(8):155—165 [doi: 10.15888/j.cnki.csa.009521] http://www.c-s-a.org.cn
O ERFEBE AT B TR . Tel: +86-10-62661041

+= A SIS == = Ry a4

ZEWAEFmENEE N RAFR) SAR FFE/GR
= R H-oh A ®

& FIEMTIRLE ML

RAEED, &Y, REEY s

(TR HHEHLS1E B 50, &R 230601)

(ke 4 5 B SR B8 B e 3, A1 230601)

WE1E#: % &, E-mail: xzyang@hfut.edu.cn '\

i E: A FLAETEIL (synthetic aperture radar, SAR) 5 6257 B Rl G& B 75 R B A% BRI A8 BN, 2B RCE

ATHIHBI (5 B ORI, BT 4% B — TR A IR B0 43 A 10 5 R AR B L G 22 5, A T 24 B 00 7 i £

PR A A A AE BRAGRE FEAR I ) J. O T e o 1] 3, AR S B DNAP-Fusion, — P57  45 & 00 Ja i 5 70

) SAR FG 2 G 4 7405 Al A X 4% (dual non-local-aware=based pyramid fusion net). 1% /5 ¥2:F) F XUAE R 00 =&

FukE R, 7523 (8] R E IRk /N 1) 22 2 G 4538 R EL SAR BRUE I S5 M (5 B A2 BG FI SO i 5. AR )5 78 =5 18]

i E 4E R RS e E"JE?]‘%?E: PN, T R B AL Bl A R E N FRFE 22 S 15 B i L R G 45 L.

EA, FEF 28I G52 i, SR B B 28 R SFORIE 5 [F] — 37 5 h SAR ROG B E H H bR IRl SEHESC &R, e e E B

(S ae 48 BRI, B M 7 R T IR A& 072, b PR 48 A5 AR ¢ R 2L (correlation coefficient, CC) 4

0.990 6, I {E 51 Lt (peak signal to noise ratio, PSNR) 24 32.156 0 dB. B4k, Frif 732G Zthm & 7 SAR B Aar

DG MG ) EANEFAE, 4 v 2 B Rl R kG FE AN RS AL T — A 8 S A 7 .

KBIR): G AR IE BRI, 6 BUGRL G WARRIFVE R /1 IR

IR R REEHZEEREE BT 4 AR EER A SAR Rl 22 B R & 5 55 9T Bl A 041 SEHL R S
FH,2024,33(8):155-165. http://www.c-s-a.org.cn/1003-3254/9521.html

Pyramid Detail Fusion Network for SAR and Optical Image Based on Dual Noﬁ-ldcal Attention
Perception "

ZHU lJia-Jia'?, YANG Xue-Zhi'?, LIANG Hong-Bo'?, YANG Xiang-Yu'*

'(School of Computer Science and Information Engineering, Hefei University‘of Technology, Hefei 230601, China)
*(Anhui Province Key Laboratory of Industry Safety and Emergeney Technology, Hefei 230601, China)

Abstract: Synthetic aperture radar (SAR) andsoptical image fusion aim to leverage the imaging complementarity of
satellite sensors for generating more boﬁlprehensive geomorphological information. However, existing network models
often exhibit low imaging adcuracy during the fusion process due to the heterogeneity in data distribution of each single
satellite sensor and differences in imaging physical mechanisms. This study proposes the DNAP-Fusion, a novel SAR and
optical image fusion network that incorporates dual non-local attention perception. The proposed method utilizes a dual
non-local perceptual attention module to extract structural information from SAR images and texture details from optical
images within a multi-level image pyramid with a gradually decreasing spatial scale. It then fuses their complementary
features in both spatial and channel dimensions. Subsequently, the fused features are injected into the upsampled optical

image through image reconstruction, resulting in the final fusion outcome. Additionally, before network training, image
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encapsulation decisions are employed to enhance the commonality between objects in SAR and optical images within the

same scene. Qualitative and quantitative experimental results demonstrate that the proposed method outperforms state-of-

the-art (SOTA) multisensor fusion methods. The correlation coefficient (CC) in the objective evaluation indices is 0.990 6,

and the peak signal to noise ratio (PSNR) is 32.156 0 dB. Moreover, the proposed method effectively fuses the

complementary features of SAR and optical images, offering a valuable idea and method for enhancing the accuracy and

effectiveness of remote sensing image fusion.

Key words: synthetic aperture radar (SAR) image; optical image; image fusion; dual non-local attention; deep learning
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QAVE Hl CC fBARME 1. BB P 35 18 1T IS
[ AE BAPERESE R AR P T3R8 1 o, IR AR N 3 51 f
PUE. FEFRZ NS SHECET, 3 M e iRk
TN RIVERE. BATAT LAG B HED, 20 5 0
ETIERAR 4 RECE R, TUMEEZ EE S5
SR RE, AT SE DL SERG B 1) B AR Al & SR, 25 RE BT
S % 5 KR A I [R] PR 88 0 2 AR TR R, FRATT 7R AU
HFE.
F 1 A G B RO R I A Y T

P cCt QAVE!  SAM|  ERGAS|  Time(s)
1 09851  0.7254 03698 15657 0.2123
2 09899 07421 02103 1.0021 0.9985
309906 07445  0.0879 0.9471 27182
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%E%*ﬁﬁ%ftlﬁl%%mﬁﬂ FIHE A, RAOTELE T 3 FhIdaE
R (3 2), B 3 FRRLA 0% M. HORRE A AE)R
R R A R B IE R R R A N T AT
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T 6 FhTA R RO, H AR (EN) Fom BUE IS B
&, BEE (M) & 7RG )G BG5S R G RG22 81
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JEE S5 A AR ALL I FE B0 B (MS-SSIM) A& 45 /4 AR ALL 1 8
£ (SSIM) 1) 2 REERA, T 1Al BUREA R R E
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M&E  ENT MIP CCt PSNR(dB)t MS-SSIM? ERGAS|

Addition 7.1246 3.5331 09801 32.7862 0.9299 0.9321
Channel 7.3152 3.5479 0.9822 31.5621 0.8448 0.9384
Spatial 7.1594 3.5394 0.9796 33.0125 09116 09514

Ours  7.2277 3.5465 0.9906 32.1560 0.8873 0.9471
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K GE KRR AEAALLEE . N SAM Al ERGAS &, A
J5 15 EUE Rl I B SR B 47, AR SAM (R A
SCR A SRS R EHE OGS oA, JE T [F )
AT RE M B K A S 45 UK, THS. NSCT A
Wavelet HiE7EHR I SAR BHR B 45 1415 EAG 22 BB
AR BT H M R IME B A A, 5 FiR FWIT

i - —%; RSIFNN. PanNet fil RFN-Nest 5i% 4 B
PR, R T AR L TP SO AR 2K 0] THS_NSST
SR. TCNN M SOSTF HykA BT+ 1 B Rl & 4
RROR. G5 BT, A SCHIEAS B ah A B e B
4 SR 06 R G AN, 3558 SAR BE IS5 IS E,
[ e 2 R KA 7SS R

K3 AFESFEIE NSRS S5 R

RF cCt QAVE? PSNR (dB)t SSIM1 SAM| ERGAS| Time (s)
HS 0.2769 0.7104 14.1272 0.9596 1.4125 8.5903 0.0410
NSCT 0.2992 0.7248 15.8234 0.9689 1.0781 7:0499 | 236.7816
[HS_NSST SR 0.9891 0.7299 30.9868 0.9901 0.1542, 1.4253 121.6978
Wavelet 0.8717 0.6960 21.3440 0.9782 10.9623 3.7541 1.0547
RSIFNN 0.9745 0.7208 28.3314 09799, | 0.3849 1.6705 9.3323
PanNet 0.9819 0.7212 29.7012 0.9836 0.4156 1.4425 3.0707
RFNNet 0.9812 0.7306 29.9687 0:9864 0.2765 1.3870 6.9980
SOSTF 0.9833 0.7277 29.7717 0.9983 0.3248 1.0995 0.7247
TCNN 0.9842 0.7321 31.5219 0.9971 0.2626 1.3020 0.7990
Proposed 0.9906 0.7445 32.1560 0.9981 0.0879 0.9471 27182
[
L R4 ARSI KSR R A
B CcCt QAVE? PSNR (dB)t SSIM? SAM| ERGAS| Time (s)
HS 0.0462 0.6894 12.6452 0.9612 1.7772 9.7507 0.0397
NSCT 0.1294 0.7169 15.2224 0.9678 1.1759 7.2372 240.884 4
IHS NSST SR 0.9806 0.7221 29.2484 0.9899 0.2089 1.6175 123.2611
Wavelet 0.8054 0.6684 19.0315 0.9675 13809 4.6973 1.0547
RSIFNN 0.9669 0.7207 26.999 1 0.9736 0.5173 1.8574 8.9370
PanNet 0.9773 0.7189 29.7012 0.9789 0.5549 1.5727 3.0233
RFNNet 0.9821 0.7308 29.9684 0.9796 0.2765 1.3872 7.0173
SOSTF 0.9720 0.7249 27.8952 0.9978 0.4650 1.7085 0.7710
TCNN 0.9747 0.743 1 28.2542 0.9893 0.3811 14430 ° 0.7122
Proposed 0.9887 0.7437 30.9815 0.9912 0.1205) 1.1583 0.6957
|
4 45 {50 54 BB i 0 S D R, 2 RS
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SAR FI 2 PG (1 A5 AN I 0 AT 9 2 J R DU gk AT
FEXF ST (AL B, 1955 SAR EE R RE (S B 56K
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