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Blind restoration of atmospheric turbulence images based on P system
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Abstract: The image process of ground-based telescopes is affected by complicated and variable fac-
tors, which seriously influences high-precision observation of space targets. Herein, a spatial object
image restoration algorithm based on the P system was proposed based on the atmospheric turbulence
transfer function model under long-term exposure. The non-reference single-frame image evaluation
index was taken as the optimization objective function, and the P system optimization method was
used to quickly obtain the atmospheric coherence length and spectral density ratio, thus reconstructing
the image with the Wiener deconvolution algorithm. The algorithm was compared with five main blind
restoration algorithms experimentally, which shows the proposed algorithm has the best turbulence
deblurring image restoration effect. In terms of the simulated images, the average gradient and edge
strength index of the proposed method are 3. 74 and 39. 92 respectively. In terms of real images, the
entropy and edge strength of the method are 5. 66 and 61. 61 respectively. Generally, the average eval-
uation of the algorithm is more than 10% above the contrast method.
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Fig. 1 Structure of P system model
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Tab.1 PSNR values of restored images under different objective functions
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Fig. 2 Simulation results of atmospheric turbulence blurred image
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No reference evaluation results of atmospheric

turbulence blurred image in simulation
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Kotera®?® 2.61 28.17 3.96 22.81 11.77

Perrone®™  3.61 33.77 4.46 22.26 12.11
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Fig. 3 Restoration results of real atmospheric turbulence blurred image
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Tab. 4 No reference evaluation results of real atmospher-

ic turbulence blurred image

A 3 %@g
P A Wi B xR

Krishnan®'"  4.946 51.10 4.79 24.88 22.70
Kotera™®' 3.70 37.44 4.75 26.32 16.94
Perrone® 4,09 40.37 4.95 25.21 18.34
Perrone®™ 4,29 44,59 4.31 22.26 25.50

Xu 3.65 37.16 4.71 26.47 19.52

ours 7.10  61.60 5.67 25.81 24.56
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