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Abstract:

the parameterized models to fit the measured data, and hence suffered from mismatch. The learning-driven methods ignored

The quality of SAR imaging was important for the downstream tasks. The classical methods were relied on

the coherent imaging mechanism and phase information. To solve these problems, a new complex-valued SAR image super-
resolution method via signal extrapolation and hierarchical learning was proposed in this paper. It was composed of three
phases, signal extrapolation, dual-mode cross learning, and hierarchical fusion. The spatial alignment of amplitude and
phase was first achieved by the imaging operation on the zero-padded frequencies. Then, a cross learning of convolution
and Transformer was employed to capture the high-level semantic information. Finally, the high-resolution SAR image was
formed by feature refinement. On this basis, an evaluation system composed of the vision metrics, the imaging metrics, and
the phase congruency were presented. Extensive rounds of experiments demonstrated that the proposed method improved
the peak signal-to-noise ratio (PSNR) by 6.27 dB, the peak sidelobe ratio (PSLR) by 5.85 dB.
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Figure 1  Overall framework of signal extrapolation and hierarchical
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Figure 3 Dual-mode branches and heteromorphic attention mechanism
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Figure 6  Calculation methods for point target imaging metrics
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Table 2 Ablation study on heteromorphic window attention mechanism

(G210 4x8 2x8 4% 16
SSIM 0.9338 0.926 3 0.904 9
PSNR 32.05 31.47 32.12
4.2 TFAIHALIFEGY

TSR S B o A HEAT 2 4% A 445 1Y SAR
R 5y R AL, XA AT LR AT, SO A AR
e 3 Fron , 2o LPIPS fifi Fl VGG Net T )11 2 [ 25 55 784
ATV o A= R A7 {8 2 5 7 B S i 178 08 3 1) 3 4
RGN AR AT X 5, AR AR SR FE K SAR K4
T 1) 4% 52 F U B, SRS HEAT AN AR S I EE A, WK
DL ik R de AR IR UK T Ir e ik .

ATLVE W, e 2 5 R U 4 Ry A, i Jr
P38 A T L Ty i, o PSNR A1 SSIM 48 45 2 3
FET. DL 2 A5 E S5 i, PSNR i 2 £ 7+ 6.27 dB
(I8 ) , /L # T+ 2.37 dB (EDSR) , SSIM 1% £ #2 7}
13.63% (i fid) , e /42 T 3.88% (15 5 4N ) , LPIPS 15
Frix £ T 0.103 7(SWinIR) 5% /0 F % 0.010 5(5 5
M) o X F AR E ARSI, WEEA R RIS R
FEERE AR ST e 35 B 5 Transformer 2244 119
DRSS A, S8 BB 22 SUIR A 2% 20, DT o4 35 e AiF
SO RUE
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F3 SARBAPEERFILLIEMNEE R (2x/4x)

Table 3 Visual evaluation results of SAR super-resolution (2%/4X)

ik PSNR/dB SSIM LPIPS

MEYAFE | 32.81/26.67 | 0.759 4/0.483 8 | 0.173 8/0.404 1
SRGAN 36.57/28.97 | 0.8514/0.5612 | 0.161 4/0.398 8
EDSR 36.71/29.02 | 0.8539/0.5669 | 0.161 0/0.383 6
RCAN 36.60/29.15 | 0.8515/0.5655 | 0.1728/0.396 1
SWinIR 33.21/27.14 | 0.7810/0.5456 | 0.221 0/0.403 8
RS 35.79/27.51 | 0.8569/0.5456 | 0.128 9/0.3919
FREJITE: | 39.08/33.84 | 0.8957/0.6904 | 0.118 4/0.335 8
U IWIRES 2.37/4.69 1 3.88%/12.35% | 0.010 5/0.047 8
B KIETE 6.27/7.171 | 13.63%/20.66% | 0.103 7/0.068 3
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Table 4  Point target evaluation results of SAR super-resolution (2X)

- 1 B 1] yRvAL]
PSLR ISLR IRW PSLR ISLR IRW
RIS | -17.28 | -13.57 | 180 | —22.16 | —15.57 | 163
UHR(E | -14.96 | —12.31 | 236 | —12.81 | —11.57 | 291
ek —13.71 | -10.48 | 239 | —14.85 | —-11.25 | 243
RCAN -18.77 | -16.83 | 135 | -5.49 | —4.38 74
SRGAN | —19.89 | —14.13 | 175 | -19.41 | -13.96 | 194
SwinlR | —19.20 | —15.00 | 246 | —14.21 | —11.71 | 267
R TrE | —22.04 | -1570 | 175 | =22.74 | -16.25 | 166

- ¥ » - »
#E $AifEL EDSR RCAN SwinlR T Ty i
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Figure 7 Super-resolution results of point targets
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Figure 8 Phase evaluation results of SAR super-resolution
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Figure 9  Reconstruction of SAR azimuth-range profile curves and EMD distance
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