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Remote Sensing Image Restoration Method Based on
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Abstract Aiming at the problem that the existing remote sensing image restoration effect is poor due to the
mismatch between the point spread function (PSF) model and the actual blur kernel, an image restoration method
based on a Lorentz fitted PSF is proposed to fully fit the estimated PSF of a remote sensing image and to improve
the restoration accuracy. Firstly, considering the matching error between the existing model and the actual
degradation process, the blurred kernel is modeled as a linear combination of basic two-dimensional models, and a
Lorentz function is used as the basis function to model the blurred effect caused by actual degradation. Then, while
selecting the ground object with edge characteristics to estimate the degradation function of the remote sensing
imaging system, the established mathematical model is used for fitting correction of the estimated point spread
function. After fitting correction, the point spread function is applied to the remote sensing image restoration and to
reduce the interference of the degradation ambiguity of the imaging system. Finally, the corrected point spread
function and the Richardson-Lucy restoration algorithm are used to restore the remote sensing image. The
experimental results show that compared with those of the existing remote sensing image restoration methods based
on other point spread function models, the effectiveness of the proposed method is significantly enhanced.
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(b)(e) Airy spot; (c¢)(f) convolution result
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Fig. 9 Detection results of ESF curves. (a)(b) Before interpolation; (c)(d) after interpolation
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Fig. 11 Original images and composite blurred kernels
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Fig. 12 Restoration results by method in Ref. [20]
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Fig. 13 Restoration results by method in Ref. [16]
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Fig. 14 Restoration results by method in Ref. [4]

image blurred kernel image

blurred kernel image

®) (c

blurred kernel

)

F15 B Ui ik i S IR 5 2R

Fig. 15 Restoration results by proposed method
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Table 1 Restoration effect comparison of composite images

Method Image 1 7 Image 2 Image 3
GMG SSIM GMG SSIM GMG SSIM
Actual image 3.21 0.55 3.34 0.53 2.88 0.61
Method in Ref. [20] 5.33 0. 65 4.97 0.73 4. 44 0.72
Method in Ref. [16] 5.28 0.72 4,43 0.77 4.31 0.79
Method in Ref. [4] 5.74 0. 81 4.58 0.79 4.61 0. 81
Proposed method 6.35 0.91 4,82 0. 87 4.98 0. 86
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Fig. 17 Restoration results of house image. (a) Actual blurred image; (b) restoration result in Ref. [20];

(¢) restoration result in Ref. [16]; (d) restoration result in Ref. [4]; (e) restoration result here
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Fig. 18 Restoration results of track image. (a) Actual blurred image; (b) restoration result in Ref. [20];

(¢) restoration result in Ref. [16]; (d) restoration result in Ref. [4]; (e) restoration result here
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Fig. 19 Restoration results of harbor image. (a) Actual blurred image; (b) restoration result in Ref. [20];

B 19 s EMR R R R A

%41 % %16 #1/2021 £ 8 B/ FER

@

(¢) restoration result in Ref. [16]; (d) restoration result in Ref. [4]; (e) restoration result here
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Table 2 Restoration effect comparison of real images

House Track Harbor
Method
GMG SSIM GMG SSIM GMG SSIM
Actual image 2.26 1. 00 2.94 1. 00 3.18 1. 00
Method in Ref. [20] 6.12 0.78 3. 87 0. 74 6.03 0.77
Method in Ref. [16] 4.56 0.63 4.69 0. 66 4. 81 0.59
Method in Ref. [4] 4.98 0.59 4. 88 0.61 5. 44 0.57
Proposed method 5.77 0. 54 5.62 0. 56 6.21 0.55
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