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Fig. 1. Schematic diagram of X-ray ghost imaging based on the beam splitter of crystal diffraction.
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Fig. 7. Line profiles of the middle parts in the reconstruc-
ted images by Grr and GLuE: (a) The black curve is the
line profile of the object, that is the mean grayscale change
of the middle part in Fig. 5(a), and the rest is the line pro-
files of the images retrieved by Grp with o set as 0.7, 1.0,
1.3, 1.6, 1.9, that is, the mean grayscale change of the
middle part in Fig. 5(b) to Fig. 5(f); (b) the black curve is
the line profile of the image retrieved by Gpyy , that is the
mean grayscale change of the middle part in Fig. 5(g), and
the rest is the line profiles of the images restored by GryE
when o is 0.7, 1.0, 1.3, 1.6, 1.9, that is, the mean grayscale
change of the middle part in Fig. 5(h) to Fig. 5(1).
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Fig. 8. Images reconstructed by Grr, GiuE, Gun under different noise: (a), (g), (m) the images reconstructed by GiL, GLuE,
Gun without noise; (b)—(f) the images reconstructed by Gpi under the noise with the mean of 0.1 and the standard deviation of
0.05, 0.1, 0.15, 0.2, 0.25 respectively; (i)—(1) the images reconstructed by GryE under the noise with the mean of 0.1 and the stand-
ard deviation of 0.05, 0.1, 0.15, 0.2, 0.25 respectively; (n)—(r) the images reconstructed by Guu under the noise with the mean of
0.1 and the standard deviation of 0.05, 0.1, 0.15, 0.2, 0.25 respectively.
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Fig. 9. PSNRs of images reconstructed by Grp, GrLgE,
Gun under different noise, where the standard deviation
on of 0 indicates there is no noise (at this time the mean

pn of noise is also 0).
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Abstract

X-ray ghost imaging is a low-dose, non-localized imaging method, which is of great significance in medical
diagnosis and biological imaging. In crystal diffraction based X-ray ghost imaging, the blurring patterns in the
diffracted beam, caused by the crystal vibration, can result in a reduction in the contrast and spatial resolution
of the reconstructed imaged by ensemble average. In the paper, we systematically analyze the influence of the
blurring degree of the speckle patterns from the diffracted beam on the normalized second-order intensity
correlation function ¢‘® numerically and theoretically. Both demonstrates that as the blurring degree increases,
the maximum value of ¢g» decreases and the full width at half maximum broadens, which theoretically proves
the blurring degree relating to image quality. In order to solve the above problem, in the paper we propose a
Gun enhanced (GinE) method to optimize the image quality based on the scheme (Gin) which directly
correlates the bucket signals in diffracted beam with the high-definition patterns in transmitted beam. The
simulation experiments exhibit that the GiwE method can improve both the image contrast and the spatial
resolution simultaneously. As the blurring degree increases, the difference between the peak signal-to noise ratio
of the reconstructed image by the iterative method and that by the scheme (G;;) which preprocess the speckle
patterns in the transmitted beam through Gaussian filtering, becomes greater. Furthermore, the GigE is almost
immune to the additive noise. In summary, the present study provides a feasible idea for the practical

application of X-ray ghost imaging based on crystal diffraction.

Keywords: X-ray ghost imaging, crystal diffraction, imaging quality, normalized second-order intensity

correlation
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