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Adaptive optical image restoration method based on PSF
reconstruction and improved Maximum A Posteriori estimation
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Abstract: The adaptive optics (AQO) system can provide real-time compensation for atmospheric tur-
bulence. However, an AO image is usually of poor contrast and brings about a loss in quality. In this
paper, a adaptive optical image restoration method was presented wia the Point Spread Function
(PSF) reconstruction and improved Maximum A Posteriori (MAP) estimation. Firstly, combining the
observed conditions and AO system characteristics, a predicted PSF model for the wavefront phase
effect was developed. Secondly, the iterative solution formulas of AO image was build up based on the
proposed algorithm, addressing the implementation process of multi-frame AO images joint deconvo-
lution method. A series of experiments on simulated degraded AO images were conducted to evaluate
our proposed algorithm. Compared with the Wiener iterative blind deconvolution (Wiener-IBD) algo-
rithm, Richardson-Lucy IBD algorithm and FS-ML]D algorithm, our algorithm has better restoration
effects including higher Peak Signal-to-Noise Ratio (PSNR) and Laplacian Sum (LS) values than the
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others. For “Man” image, the PSNR has improved 6.83%, 4.47% and 2.28% , and the LS value has

improved 22.2% ., 7.9% and 12.1%, respectively. The research results have a certain application

values for actual AO image restoration.

Key words: image restoration; Adaptive Optics (AO); Point Spread Function (PSF); Maximum A

Posteriori (MAP)
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Fig.1 Original images and the multi-frame degraded images

(2) RL-IBD HJi (b) Wiener-IBDAJi{ (c) FS-MLIDE (@) AT EER

(a) RL-IBD restoration (b) Wiener-IBD restoration (c) FS-MLIJD restoration (d) Restoration by the
proposed method in this paper
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Fig.2 Comparison for image-restoring methods

FHZE MM FrfE PSNR LS FISHE A Feds  PSNR IR 20 B4R 7 T 6.83%.4.47% F 2.28%, LS
A SCEVE S H A 3 A (Wiener-IBD B3 RLAIBD B33 & T 22.226.17.9%6 8 12.1% . 7E3 1 Haf
B K FSMLID 5830 #EAT 20 UL 52 50 L, 45 SR 4 DI AR SCRE AT UARAS B = ) PSNR LS, fH
F 1w, “Man”BHE R, 5 Wiener-1BD 553, FEZSE T T A 3 R ISR T LA
RL-IBD 83 & FSMLID Bk M e, A SCE ) F— PR ER AL TR,

X1 AEEFEEZXN PSNR, LS RitERE 3 THEM ISR RER

Tab.1 Comparison results on PSNR, LS and Computation time of different restoration algorithms

RL-IBD & Wiener-1BD & ¥ FS-MLJD %5 3 A S
PSNR i mfE PSNR i mtE PSNR i mfE PSNR 5 )
& 14 % LS LS LS LS
/dB /s /dB /s /dB /s /dB /s

Man 24.245 5.204 12.17 24.793 5.395 12.86 25.324 5.672 13.95 25.901 6.362 13.90

House 26.094 5.891 11.96 26.405 5.986 12.47 26.903 6.001 13.03 27.281 6.531 12.98
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