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Super-resolution Reconstruction of Remote Sensing Images with Cross-scale Hybrid Attention

XIAO Zhen-Jiu, SU Ting, QU Hai-Cheng, ZHAI Yu-Qi
(Software College, Liaoning Technical University, Huludao 125105, China)

Abstract: To address the inadequacy of existing remote sensing image super-resolution reconstruction models in long-
term feature similarity and multi-scale feature relevance, this study proposes a novel remote sensing image super-
resolution reconstruction algorithm based on a cross-scale hybrid attention mechanism. Initially, the study introduces a
global layer attention (GLA) mechanism and employs layer-wise eittention to weight and merge global features across
different levels, thereby modeling the extended dependency between low-resolution and high-resolution image features.
Concurrently, it designs a cross-scale local attention (CSLA) mechanism to identify and integrate local information
patches in multi-scale low-resolution feature maps that correspond with high-resolution images, enhancing the model’s
ability to restore image details.\'Finally, the study proposes a local information-aware loss function to guide the image
reconstruction proceés, further improving the visual quality and detail preservation of the reconstructed images.
Experiments on UC-Merced datasets demonstrate that the proposed method outperforms most mainstream methods in
terms of average PSNR/SSIM across three magnification factors and exhibits superior quality and detail preservation in
visual results.

Key words: remote sensing image; super-resolution reconstruction; multi-scale feature fusion; attention mechanism;

feature similarity
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R E G TR A RFRN . e
PEGEUMLI AT I DL K 2 A 8 S A R
BT . AR, 52 2 AR 0 % AN e A% 4o 7 18 S5 40 7
PR 2 (10 PR ], 3 JE PR R ) 2 0 2 B LI, TR 2 T 0
L8 PR AR B 3 A AR S5 M R T B 58T RE A T T
i&sﬂ@ﬁﬁlf%ﬁgﬁﬁﬁﬂiﬁﬁ DALk, R P P 45t )
R RO e 08 R BB ) 0 9 3R B R — A
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1 FHRBIFE
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N T P B R, ZE R N UM A o i

W 4% (generative adversarial network, GAN) M. F 2 73, |

PR TR 55 v, 2 10 28 A 3 28 AH TP RO 4
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23 ERER

HE I E R A WAR RSB BE N LR,
T SRR P AR R B AT AR A, AR R 4
e 381 755 P R PG et S B, T S B PEAR A 4
YK FIFH Conv 3x3 J2XF 2 i3H (1 RFE B k476 AU
T, A R A =B g R R, A S T s

ISRZUT(F0+F,'+FL) (11)
Horp, Isg FoR B EIR; Up 2R BRAE
HE ARy T IR R IR S R R o R

19 1E J5 8 X 80 5 4 T 45 AF 9 — B0 hE, Bt 7 — AN R B
T I8 2 R KO T 8 28 2 PR A X 15 6 7 e
TR 2 1] (R AE 2 5, BRI AT 5 R (12):
Lip= Z [y(,-,j) X d(zi’j) + (1 —y(,-,j)) X max (0, m _d(i,j))z]
N \ (12)

Horb, y ) FoRFIMHE R A R, dG, ) TR
REAE (R B2BE 8, mhom — A S,

T UM B AT 22 S AT T 88, N 2540 2K
$OAH PR Ly 402k, B, S Bk R OTT DLRA A

Liotal = /lLLp +nL (13)
Forp, ARyt 2k ek BT I R 5

3 SEEGEE ST
3.1 XWEE

X5 R R ki = 11, & patch K/ p=3 Al
s=1 BHTEBEERFE, (1 33 BN FTE GRER T8 2%

KN (ER ST/ 1<), BRI A A4

fEEIE C=128. WZFEA S — KX H T BEHLIEE 90°.
180°AI KT AL A7 HOHE . BORAU 3T PyTorch
HEZESZE, 76— & Nwvidia RTX3090 AR 55 88 - HEAT 1125,
KT A, (S T Adam 1 A1 SR8 58, HIHG 2
SR E N 1E-4, & 100 4 epochs J#& /> 1/10. )
Zxf5 1IEAE 500 epochs.
3.2 HUREFMITMNIERR

UC-Merced 44" UC-Merced 3R £ H
b 57 8 25 S 1D T 5 L9 X G B4 R T Sl BT K,
HEE T 20 NI, EE 21 NI EEH kol HEER
Y. BEAEE). BEAEE 100 5K 256%256 55
TEE, 25 0E 4 3% R 0.3 mM8 2. BB EE 2 4
HEFNREE, Horh 20% MV ZREE1E N IRAIE4E.

PR FEAw . S0 [F) B SR FH 9 Fh s FH AR 2 P e
AR B VEA $E . (A5 M L (peak signal-to-noise
ratio, PSNR) &5 #AHBI44: (structural similarity, SSIM).
PSNR 1 8k 15 3% 7 PR 1 5 Sk 4, SSTM L ek B2
I LA R B GORR AR AL XTI R A s S, DA R
AR SR 9 7 1t VP B .

3.3 HRASCIY

T B UE AR SCHE H 1 A2 AR 3 kB 4y
R @A M, RAE UC-Mereed Hm g LitAT
TR RS, i 10 RIRTT GLA Bibk.
CSLA Hibe L Jfes SRS 3126 (LP-Loss) Xf 2. 3 Al 4
%ﬁﬁﬁgﬁﬁﬁkﬁﬂﬁ%ﬂﬁ, DA PP Ak B AN 2EL A 1 2
ST AT KT 880 7 4 10 2 0 30 47 911 5 L
PR, SEER S5 Rk 1-38 3 Ak,

1 AFEMEERAEE TH UC-Merced MiREE &M E
Fabr (x2)

HE PSNR (dB) SSIM

HSENet 34.22 0.933
HSENet+GLA 34.53 0.941
HSENet+CSLA 34.56 0.946
HSENet+ LP-Loss 34.38 0.937
HSENet+GLA+CSLA 34.62 0.952
HSENet+GLA+LP-Loss 34.57 0.947
HSENet+CSLA+LP-Loss 34.59 0.950
HSENet+CSLA+GLA+LP-Loss 34.72 0.954

X

? .
K2 AFEBEHAA T I UC-Merced MIREE I A TEA

FaA5 (<3)

HE\ PSNR (dB) SSIM

" HSENet 30.00 0.842

L HSENet+GLA 30.24 0.851
HSENet+CSLA 30.30 0.856
HSENet+LP-Loss 30.07 0.847
HSENet+GLA+CSLA 30.37 0.861
HSENet+GLA+LP-Loss 30.29 0.857
HSENet+CSLA+LP-Loss 3031 0.860
HSENet+CSLA+GLA+LP-Loss 30.42 0.867

£ 3 AEBEERAEE T UC-Merced R EE _E 2 M SEAY
Fehs (x4)

HE PSNR (dB) SSIM

HSENet 27.73 0.762
HSENet+GLA 27.89 0.771
HSENet+CSLA 27.93 0.779
HSENet+LP-Loss 27.80 0.768
HSENet+GLA+CSLA 27.99 0.787
HSENet+GLA+LP-Loss 27.91 0.775
HSENet+CSLA+LP-Loss 27.94 0.783
HSENet+CSLA+GLA+LP-Loss 28.05 0.792
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MR 1-3 3 ATRAE H, WL mT DUE H, sk
A GLA B{ CSLA I, WO WA 56 e . iX
KU GLA F1 CSLA BLHUG 2 i 155 8 2 g A0 R 2 2%
F). A2 24 R 51N GLA AT CSLA B, B br
FIME L BBk 5] N GLA 5% CSLA B 5 /&, 1t B IX AN
R A E SRR BEARAE - B M LA /R . T 24
RGN LP-Loss B, KRE IR A FTiE s, HI2F%
FIEARBE. MER 5] N GLA F1 LP-Loss 8% CSLA #
LP-Loss B}, 2880 T H 51 X GLA+CSLA i, % H
BEFER (H2Y 3 ML (GLA. CSLA f1 LP-Loss) —
EEGINET, P IR AR E AR AT AT AT B 354
FIRTE, X DI T SO A R
34 5MBEFHEMIILE

N T kB IR A SO R A R, ARSI T
'—:ﬁmﬁE<Jmrlﬁa‘ziﬁf%ﬁj\%i%ﬁ@ﬁ%%ﬁﬁxﬂtth, (OE

Bicubic!'!. SRCNN!", FSRCNN!"®| LGCNet!'"),
DCM"™. DGANet-ISE'/AI HSENet!'"ix 7 Fif8 43 J7
ORI TR 2. 3H4). K 4 @R T XETTIRAE
UC-Merced 445 _FOKRE 78 2. 3 Fil 4 B[] PSNR
H1SSIM 48 ¥5. &5 R R, ARCVELE 3 ORI 1 R
V14 PSNR/SSIM {H Lt HSENet 27+ 7 0.41 dB/0.025,
5 A 6 ROy A A A3 A B BT ARIL T Ay
A .

RS AANFRFTIEEE 21 3§‘UC“-Merced e
KRR F R 3 B PSNR dE45. ' H1F DGANet-ISE
B 1 ORI A 3 I B, BT BAI%A 3
B S G R AT DU, A A 15 A
UC-Merced 3 55 5 1 958 T B HE ) PSNR 45 1.
HSENet 7£ At 6 4285 th 3845 [ i ) PSNR 45 2.
L5 HSENet #H b, A 77 1 ) 2 2 20 R S 47

L 4 1E UC-Merced BB E R FISEI 20T i

L

Scale Index % Bicubic SRCNN FSRCNN LGCNet DCM DGANEet-ISE HSENet Ours

X2 PSNR (dB) 30.76 32.84 33.18 33.48 33.65 33.68 34.22 34.72

SSIM 0.879 0.915 0.920 0.924 0.927 0.934 0.933 0.954

3 PSNR (dB) 27.46 28.66 29.09 29.28 29.52 — 30.00 30.42

SSIM 0.763 0.804 0.817 0.824 0.839 — 0.842 0.867

‘a PSNR (dB) 25.65 26.78 26.93 27.02 27.22 2731 27.73 28.05

SSIM 0.673 0.722 0.727 0.733 0.753 0.767 0.762 0.792

# 5 UC-Merced ¥4E A5 25 1°F 44 PSNR (x3)(dB) \

e Bicubic SRCNN FSRCNN LGCNet DCM HSENet Ours
Al 26.86 27.47 27.61 27.66 29.06 2764 29.58
M 26.71 28.24 28.98 201200 § VL 30.09 32.30
=287 33.33 34.33 34.64 3472 Y S 837 35.05 32.96
KL 36.14 37.00 37.21 3737 36.38 37.69 38.25
JEsitnice 25.09 26.84 27.50 o 2781 28.51 28.95 30.74
NN 25.21 26.11 2621 26.39 26.81 26.70 28.52
FOYIN 25.76 2741 28.02 28.25 28.79 29.24 25.71
A 27.53 § 2824 28.35 28.44 28.16 28.59 30.22
R RERY) 27.36 © 28.69 2927 29.52 30.45 30.63 32.17
HEHE . P 3521 36.15 36.43 36.51 34.43 36.62 37.53
b 21.25 22.82 23.29 23.63 26.55 24.88 26.39
R E 26.48 27.67 28.06 28.29 29.28 29.21 31.26
e &Y/ 25.68 27.06 27.58 27.76 27.21 28.55 26.43
1545 22.25 23.89 24.34 24.59 26.05 25.70 27.95
R 24.59 25.65 26.53 26.58 27.77 28.22 25.41
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