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Fig. 2. The spots under different noise levels.
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Fig. 3. The spots obtained by using threshold reduc-

tion algorithm.
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Fig. 4. The processing results obtained by using

Eq. (6) as a adaptively regularization term.
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K1 MK T S EEA RO % RMS, PV 2 PSNR HAL
Table 1. The comparison of centroid deviation’s RMS, PV and PSNR under different noise levels for three

processing methods.

InE {5 AL I BME S5 TV 5k
PSNR  PSNR PV RMS PSNR PV~ RMS PSNR PV~ RMS
1 20.34 2441  1.27  0.63 2241 249 113 24.03  1.51  0.89
2 15.68 19.01  1.01  0.60 16,70 2.09  1.09 18.62 127 0.77
4 12.73 16.93 098  0.55 1325  1.89  0.93 14.99  1.03  0.70
6 9.67 13.40 084 041 1131 1.83  0.83 12.87 097  0.65
8 5.99 9.72 067  0.35 7.02 1.69  0.67 899  0.88 051
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Fig. 6. (a) Small size sub-aperture image with noise; (b) the
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Fig. 8. (a) Shack-Hartmann image with high back-
ground; (b) the image after subtracting the threshold;

(c) the processing results by using Eq. (6) as a adap-
tively regularization term; (d) the image processed by

the proposed method.
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Fig. 9. (a) Sub-aperture image before being processed;
(b) the image after subtracting the threshold; (c) the

processing results by using Eq. (6) as a adaptively reg-
ularization term; (d) the image processed by the pro-

posed method.
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Fig. 10. (a) Shack-Hartmann image with weak signal in low signal-to-noise ratio and (b) the corresponding sub-

(e)

aperture image; (c) the image after subtracting the threshold and (d) the corresponding sub-aperture image; (e) the
processing results by using Eq. (6) as a adaptively regularization term and (f) the corresponding sub-aperture image;

(g) the image processed by the proposed method and (h) the corresponding sub-aperture image.
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Abstract

Adaptive optics (AO) system which is widely used in astronomical observations can improve the image quality by
the real-time measurement and correction of the wave-front. One of the main problems in the AO system is the poor
quality of the image because of the system noises. The noises in AO system are additive noises. The main sources of
the noises are the background noise, the photon noise, and the readout noise of charge-coupled device. The background
noise is distributed evenly and is easy to process. The photon noise is dependent on the characteristics of the spot itself.
Readout noise, which is Gaussian distribution with the mean value of 0 and the variance of ¢2, is the main noise source
in AO system. In this paper, we focus on the readout noise and propose a new regularization model to remove additive
noises from the AO system. In this model, the regularization parameters can be adaptively changed. A nonconvex
regularization term is used to make the homogeneous region of the image smooth efficiently, while the integrity of the
spot can be well restored. The properties of the regularization proposed are shown below. 1) The proposed nonconvex
regularization term can act as the Lo norm which is sparser than L; norm. 2) The proposed model can protect the
edge of the spot from over smoothing. To prevent the edges from over smoothing, the regularization parameter must be
an increasing function. Moreover, it converges to a constant so that it cannot affect the strong gradient of the image.
3) The regularization term proposed is nonconvex which is more sensible to the minor change of the image. Therefore,
the edges of the image can be better preserved. Though the proposed model can well preserve the edges of the spot,
it is difficult to resolve by traditional methods because of the nonconvexity. Split Bregman algorithm and augmented
Lagrangian duality algorithm are used to solve this problem. We can obtain a denoised spot image as well as an edge
indicator by using the proposed model. The visual and quantitative evaluations are used to value the restored images.
The evaluating indicators are the peak signal-to-noise ratio and centroid detecting error which includes the root mean
square and the peak valley value of the centroid deviation. The simulation and experimental results show the efficiency

of this model in removing the additive noises from the AO system.
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