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Abstract: Blind deconvolution is one of the commonly used post-reconstruction methods for adaptive optics
images. In order to improve the reconstruction performance of blind deconvolution on solar (adaptive optics)
images, a space-variant multi-frame blind deconvolution model based on second-order total generalized variation is

WisHEA: 2022-08-27; f&E HER: 2022-12-02; FAHBH: 2023-01-03

EeWE: FEE AR WIIEH (11727805, 11703029, 11733005); 7 7 0 # % 35 %% BhBHIFS H (2022D020)
*@IE1EH: fifE, hbao@ioe.ac.cn,

KA B 5©2023 i ERLF Bt A AT i

220207-1


mailto:hbao@ioe.ac.cn
https://doi.org/10.12086/oee.2023.220207

T, £ G TR, 2023, 50(2): 220207

https://doi.org/10.12086/0ee.2023.220207

proposed. It first solves the proposed space-invariant blind deconvolution model via second-order total generalized

variation by the alternating minimization and half-quadratic splitting method. Then, according to the characteristics

of wide field-of-view solar images which are anisoplanatic, the space-variant in the proposed algorithm is

implemented by overlapping image segmentation and weighted stitching. Finally, the reconstruction experiment and

analysis are carried out on the real solar images observed by the one-meter New Vacuum Solar Telescope (NVST).

The results show that the proposed algorithm has good image reconstruction performance in both subjective visual

effects and objective indexes.

Keywords: multi-frame blind deconvolution; second-order total generalized variation; solar images; adaptive optics
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Fig. 1 Flow chart of the solar image reconstruction
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Table 1 Quantitative evaluation of reconstruction results (PSNR(dB)/SSIM)
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Multi-frame blind deconvolution of solar images
via second-order total generalized variation

Wang Shuai?, He Chunyuanl'z, Rong Huiqinl’z, Bao Hua>"*, Hou ]ialins, Rao Changhui“
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(a) Solar image before reconstruction; (b) Image reconstructed by our method

Overview: Ground-based optical telescopes are important tools for astronomical observation. However, atmospheric
turbulence distorts the wavefront of the light waves from the target, resulting in a serious decline in the imaging
resolution of optical telescopes. Although adaptive optics (AO) technology can reduce the influence of atmospheric
turbulence, due to the limitation of hardware performance, the AO system can only achieve partial correction, and there
is still residual aberration in the observed images, which require post-reconstruction.

At present, almost all large-aperture solar telescopes at home and abroad are equipped with AO systems, and the
collected solar (adaptive optics) images can be reconstructed by blind deconvolution, phase diversity, speckle
reconstruction, or deep learning, to further improve the image quality. Among the four post-reconstruction methods,
blind deconvolution is the most flexible. Based on the maximum a posteriori (MAP), image and PSF regularization can
be used to design blind deconvolution models to reduce the ill-posedness of the image reconstruction problem.
However, blind deconvolution is difficult to achieve the ideal reconstruction effect due to the complex structure and
texture features, strong noise, and anisoplanatism of solar images.

Total generalized variation is effective and widely used in natural image denoising and deblurring due to its ability to
suppress the staircase effect while preserving image edges and details. In order to improve the reconstruction
performance of blind deconvolution on solar images, total generalized variation and PSF regularization are introduced
into the reconstruction of solar images. A space-invariant multi-frame blind deconvolution model via second-order total
generalized variation is proposed in this paper to improve the robustness of noise and recover more texture details. The
model is solved by alternating minimization of the image sub-model and the PSF sub-model, where the image sub-
model can be solved by the half-quadratic splitting method. Combined with the non-blind deconvolution based on
hyper-Laplacian prior, a space-invariant multi-frame blind deconvolution algorithm can be established under the multi-
scale framework. Then, by overlapping image segmentation and weighted stitching, the space-invariant blind
deconvolution algorithm is extended to a reconstruction algorithm suitable for wide field-of-view solar images, which
can reduce reconstruction errors caused by anisoplanatism. Finally, the reconstruction experiment and analysis are
carried out on the real solar images observed by the one-meter New Vacuum Solar Telescope (NVST) in southwest
China. The results show that the algorithm has good image reconstruction performance in both subjective visual effects
and objective indexes. Second-order total generalized variation regularization and multi-frame can improve the stability
and reliability of solar image reconstruction.
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