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Fig. 4 Simulated experiments results by using different methods (Densely built—up area)
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Table 4 Quantitative evaluation results of real experiments by using different method

FE AR RNk ] SRPSC MSSR PSSR MS-PSRN
PSNR (| P, |2) 50.770 50.744 50.903 51716 51.930
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MAE (| P, \2) 0.152 0.129 0.095 0.084 0.076
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Fig. 6 Real experiments results by using different methods (Densely built-up area)

(b) SRPSC
(b) SRPSC

(¢) MSSR
(¢) MSSR

(a) Bicubic

AR SON iy AR A R A R A R
JELUE 1o 73 B AR B AL 70 M 5 SR E AT A R R AL
SRR, RS PR, A SCHR Tk
F14 73 A% 45 AR HE AR B B R A AR SE R S

(e) AICTTIE () Z2E @R

(d) PSSR
(d) PSSR (e) Proposed method (f) Reference image

K7 ARIT7 %SRS R EIX )

Fig. 7 Real experiments results by using different methods (Vegetation area)

SRR A8 - 2 4 X % 22, U WA SCO7 A L At
FEAEARSE B B R h s R ag, B
HAEMMEERE, BASREEZERORL
fRE.



RS 45« 3T 2 R R I HLH A PoISAR TR 225 ~1 i 7 A Y 2369

xe G N « 3 : : =4 B0 Alpt o aM
(a) W= A% (b) SRPSC (c) MSSR (d) PSSR (e) ATk () 2% EB&
(a) Bicubic (b) SRPSC (c) MSSR (d) PSSR (e) Proposed method (f) Reference image

8  AIFTJTEE SRR A R (R U )

Fig. 8 Real experiments results by using different methods (Strong scattering points )
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Fig. 9  Polarization decomposition results
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Table 5 Quantitative evaluation results of polarimetric information

FE AR IR L= IR A A SRPSC MSSR PSSR MS-PSRN
CC (0dd) 0.8056 0.8079 0.8108 0.8143 0.8267
CC (Dbl) 0.7977 0.7986 0.7950 0.8007 0.8131
CC (Vol) 0.7177 0.7108 0.6447 0.6080 0.6704
MAE (0dd) 0.0970 0.0962 0.1010 0.1039 0.0925
MAE (Dbl) 0.1371 0.1353 0.1463 0.1377 0.1290
MAE (Vol) 0.0440 0.0438 0.0467 0.0490 0.0438

T Odd 7R & UHU , Dbl SRR U , Vol Zn R . I ZoR L a8t , T RIS Fm kg R .
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Table 6 Quantitative evaluation results of ablation

experiments

AR bR WM WA WR wC WE All

PSNR(\PI\Z) 44.102 44.007 44223 43916 44.468 44.486

PSNR(\PZ\') 45.140 45435 45361 45370 45423 45482

PSNR(‘Pg,‘Z) 54.804 54.562 54.599 54700 54.870 55.129
PSNRI¥J(H  48.015 48.001 48.061 47.995 48.254 48.366
M WM ERRB PR R, WA LR B bR & i, WR &

TR R AR 25 05 B 2R IR, WC /RS BR Charbonnier 525 iEL, WE
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R FR LS
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T PolSAR SR A 45 0] 43 HE %, AR SCHE

T R TE P B9 22 R PolSAR 2 A58 73 kR

MW ERITY , 7r 22 RO % 22 W 28 AHE 20 LA 73 B =X
AR AL LR, AR A br 2
JUBE A B 30 i A 70 2 o] — A% A £ 5 221 o g

E%%ML,%%#EM”Mﬂ,%Wiﬁﬁﬁ
IR SRR, HRME S BUE— B4R

5 G — LA R E A5 pR RO R 2831 2

BT AR . R LRERY, ASOrkGE
AR A S T T O AR A DV, e AR b

A AT O, HAA T ARG B DL AR
M AR 25 . Ak i SR e, AR SOy R RE
AR FE AR AR B o el 42 i 22 4k 22 5 5 4
HE, LAl SAR AR o B R IG G, Ak
AR TEHE— R AWF G T 1] .

52 3Lk (References)

Chen J and Yang J. 2007. Super-resolution of polarimetric SAR images

for ship detection//2007 International Symposium on Microwave,

Antenna, Propagation and EMC Technologies for Wireless Com-
munications. Hangzhou: IEEE: 1499-1502 [DOI: 10.1109/MAPE.
2007.4393565]

Fan C, Gong J Y, Zhu J J and Liao M S. 2009. Super-resolution recon-
struction of ALOS-PRISM remote sensing images. Journal of Re-
mote Sensing (in Chinese), 13(1): 75-82 (Y& i, ZBfd M, A fdt 42,
B2 . 2009. ALOS-PRISM i /g3 150 43 F R i it . i k%
%, 13(1): 75-82) [DOI: 10.11834/jrs.20090110]

Ful,LiuJ, Tian HJ, LiY, Bao Y J, Fang Z W and Lu H Q. 2019. Dual
attention network for scene segmentation//Proceedings of the 2019
IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Long Beach: IEEE: 3141-3149 [DOI: 10.1109/CVPR.2019.00326]

He K M, Zhang X Y, Ren S Q and Sun J. 2015. Delving deep into rectifi-
ers: surpassing human-level performance on imagenet classification//
Proceedings of the 2015 IEEE International Conference on Computer
Vision. Santiago: IEEE: 1026-1034 [DOI: 10.1109/ICCV.2015.123]

He Z and He D. 2020. Deep learning-based super-resolution for GF-4
satellite imagery. Journal of Remote Sensing (in Chinese), 24(12):
1500-1510 (B, BEPF. 2020. B T-IREE 2 2T 148 43 U5 TR ]
TR PER B 3RIEAHE, 24(12): 1500-1510) [DOT: 10.11834/
j15.20208397]

Kingma D P and Ba J. 2017. Adam: a method for stochastic optimiza-
tion. arXiv preprint arXiv:1412.6980

Lin L P, Li J, Yuan Q Q and Shen H F. 2019. Polarimetric SAR image
super-resolution VIA deep convolutional neural network//IGARSS
2019-2019 IEEE International Geoscience and Remote Sensing
Symposium. Yokohama: IEEE: 3205-3208 [DOI: 10.1109/IGARSS.
2019.8898160]

Liu J, Tang J and Wu G S. 2020. Residual feature distillation network
for lightweight image super-resolution//European Conference on
Computer Vision. Glasgow: Springer: 41-55 [DOI: 10.1007/978-
3-030-67070-2_2]

Pastina D, Lombardo P, Farina A and Daddi P. 2001. Super-resolution of
polarimetric SAR images of a ship/IGARSS 2001. Scanning the
Present and Resolving the Future. Proceedings. IEEE 2001 Inter-
national Geoscience and Remote Sensing Symposium (Cat. No.
01CH37217). Sydney: IEEE: 2343-2345 [DOI: 10.1109/IGARSS.
2001.977996]

QiZX,Yeh AG O, Li X and Lin Z. 2012. A novel algorithm for land
use and land cover classification using RADARSAT-2 polarimet-
ric SAR data. Remote Sensing of Environment, 118: 21-39 [DOI:
10.1016/j.rse.2011.11.001]

Shen HF, Lin L P, Li J, Yuan Q Q and Zhao L L. 2020. A residual con-
volutional neural network for polarimetric SAR image super-reso-
lution. ISPRS Journal of Photogrammetry and Remote Sensing,
161: 90-108 [DOL: 10.1016/j.isprsjprs.2020.01.006]

Shi L, Sun W D, Yang J, Li P X and Lu L J. 2015. Building collapse as-
sessment by the use of postearthquake Chinese VHR airborne
SAR. IEEE Geoscience and Remote Sensing Letters, 12(10):
2021-2025 [DOI: 10.1109/LGRS.2015.2443018]

Suwa K and Iwamoto M. 2007. A two-dimensional bandwidth extrapo-
lation technique for polarimetric synthetic aperture radar images.
IEEE Transactions on Geoscience and Remote Sensing, 45(1): 45-
54 [DOL: 10.1109/TGRS.2006.885406]

Wang F, Jiang M Q, Qian C, Yang S, Li C, Zhang H G, Wang X G and

Tang X O. 2017. Residual attention network for image classifica-



RS 45« 3T 2 R R I HLH A PoISAR TR 225 ~1 i 7 A Y 2371

tion//Proceedings of the 2017 IEEE Conference on Computer Vi-
sion and Pattern Recognition. Honolulu: IEEE: 6450-6458 [DOI:
10.1109/CVPR.2017.683]

Wang Y H and Liu H W. 2015. PolSAR ship detection based on super-
pixel-level scattering mechanism distribution features. IEEE Geo-
science and Remote Sensing Letters, 12(8): 1780-1784 [DOI: 10.
1109/LGRS.2015.2425873]

Yamaguchi Y, Moriyama T, Ishido M and Yamada H. 2005. Four-com-
ponent scattering model for polarimetric SAR image decomposi-
tion. IEEE Transactions on Geoscience and Remote Sensing, 43(8):
1699-1706 [DOI: 10.1109/TGRS.2005.852084]

Zamir S W, Arora A, Khan S, Hayat M, Khan F S, Yang M H and Shao
L. 2021. Multi-stage progressive image restoration//Proceedings
of the 2021 IEEE/CVF Conference on Computer Vision and Pat-
tern Recognition. Nashville: IEEE: 14816-14826 [DOI: 10.1109/
CVPR46437.2021.01458]

Zeiler M D, Krishnan D, Taylor G W and Fergus R. 2010. Deconvolu-
tional networks//2010 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition. San Francisco: IEEE:
2528-2535 [DOI: 10.1109/CVPR.2010.5539957]

Zhang L M, Zou B, Hao H J and Zhang Y. 2011. A novel super-resolu-
tion method of PoISAR images based on target decomposition and

polarimetric spatial correlation. International Journal of Remote

Sensing, 32(17): 4893-4913 [DOI: 10.1080/01431161.2010.492251]

Zhang T, Jiang L F, Xiang D L, Ban Y F, Pei L and Xiong H L. 2019.
Ship detection from PolSAR imagery using the ambiguity removal
polarimetric notch filter. ISPRS Journal of Photogrammetry and
Remote Sensing, 157: 41-58 [DOI: 10.1016/j.isprsjprs.2019.08.009]

Zhang Y L, Li K P, Li K, Wang L C, Zhong B N and Fu Y. 2018a. Im-
age super-resolution using very deep residual channel attention
networks//Proceedings of the 15th European Conference on Com-
puter Vision (ECCV). Munich: Springer: 294-310 [DOI: 10.1007/
978-3-030-01234-2_18]

Zhang Y L, Tian Y P, Kong Y, Zhong B N and Fu Y. 2018b. Residual
dense network for image super-resolution//Proceedings of the 2018
IEEE/CVF Conference on Computer Vision and Pattern Recognition.
Salt Lake City: IEEE: 2472-2481 [DOI: 10.1109/CVPR.2018.00262]

Zhao L L, Yang J, Li P X, Zhang L P, Shi L and Lang F K. 2013. Dam-
age assessment in urban areas using post-earthquake airborne Pol-
SAR imagery. International Journal of Remote Sensing, 34(24):
8952-8966 [DOI: 10.1080/01431161.2013.860566]

Zou B, Hao H J and Guo X J. 2008. Super-resolution of polarimetric
SAR images based on target decomposition and polarimetric spa-
tial correlation//IGARSS 2008-2008 IEEE International Geosci-
ence and Remote Sensing Symposium. Boston: IEEE: 1I-911-1I-
914 [DOI: 10.1109/IGARSS.2008.4779143]

PoISAR image deep learning super—resolution model based on multiscale
attention mechanism
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Abstract: Fully Polarimetric Synthetic Aperture Radar imagery (PolSAR) can provide rich polarimetric information; however, given the
limitations of the system’s signal bandwidth and the physical size of the antenna, the spatial resolution of the SAR imaging system is
restricted while acquiring multiple polarization information. To solve this problem, on the basis of the deep learning framework, this study
proposes a multiscale attention-based PolISAR super-resolution network (MS-PSRN), which performs super-resolution reconstruction on the
low-resolution full-polarimetric SAR images to generate the fully polarimetric SAR images with high spatial resolution. Under this super-
resolution reconstruction framework, this study uses a multiscale architecture to fully extract the feature information of objects at different
scales. On this basis, the spatial attention mechanism and the channel attention mechanism are introduced to recalibrate the feature maps,
which are used to enhance the reconstruction performance of spatial details and improve the ability to maintain polarization information,
respectively. Two attention mechanism embedding methods, i.e., joint and separated, are proposed to cope with the spatial size and quantity
changes of the feature maps processed by the encoder and decoder. This study introduces a residual information distillation mechanism,
extracts discriminative features through feature distillation, and compresses model parameters at the same time. In addition, the adaptive loss
function is proposed to constrain the network training process and improve the model’s numerical fitting ability and edge information
preservation ability. In this study, the proposed method is verified by two datasets, namely, the simulated data and the real data produced by
RADARSAT-2 images. The experimental results of spatial information show that the proposed method is superior to the comparison
algorithms in terms of visual results and quantitative indicators and has higher texture detail reconstruction accuracy and lower
reconstruction error. The polarimetric information preservation test shows that the proposed method can effectively preserve the polarimetric
information of PoISAR images while improving spatial resolution.

Key words: remote sensing, fully polarimetric synthetic aperture radar, super resolution, deep learning, remote sensing, multi-scale,
attention mechanism
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