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Fig. 1. Experimental schematic of GI with pseudo-thermal light. BS, beam splitter; PC,

personal computer; z1, the distance between the light source and the object; z2, the distance

between the light source and the CCD.
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Fig. 2. Simulation demonstration of reconstruction results for letter “Z”: (a) Original object; (b) GI re-
construction image, PSNR = 10.72 dB; (c) DGI reconstruction image, PSNR = 13.54 dB; (d) ¢’ = 0.5,
IDGI reconstruction image, PSNR = 15.44 dB; (e) IDGI-At reconstruction image, PSNR = 16.92 dB;
(f) IDGI-AT reconstruction image, PSNR = 19.0227 dB.
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Fig. 3. Noise interference construction based on different thresholds: (a) Calculated results for the part region of
matrix ®.. The x and y represent the row and column coordinate respectively. The A denotes the amplitude of
@/; (b) the partial sectional view of the matrix $., y = 500, z = 1, 2, ---, 1000; (c) T1 = t, corresponding to the
part less than Ty in (b); (d) Te = " x §2

max?

. .
. .
B4 HirgsRey” i BRI (a) EiG B (b) GIREMEG, PSNR = 12.94 dB; (c) DGI ) E 4 K%,
PSNR = 1544 dB; (d) ¢/ = 0.5, IDGI E’Jiﬁl%, PSNR = 16.06 dB; (e) IDGI-At I E # B {%, PSNR =
18.07 dB; (f) IDGI-AT MEMZEIE, PSNR = 20.8274 dB
Fig. 4. Simulation demonstration of reconstruction results for letter “Y”: (a) Original object; (b) GI reconstruction
image, PSNR = 12.94 dB; (c) DGI reconstruction image, PSNR = 15.44 dB; (d) ¢/ = 0.5, IDGI-At reconstruction

image, PSNR = 16.06 dB; (e) IDGI-At reconstruction image, PSNR = 18.07 dB; (f) IDGI-AT reconstruction
image, PSNR = 20.8274 dB.
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Fig. 5. The PSNRs of GI, DGI, IDGI-0.5, IDGI-At
and IDGI-AT for different number of measurements.
Black solid curve with squares shows IDGI-AT recon-
struction results. Purple solid curve with diamonds
indicates IDGI-At reconstruction results. Green solid
curve with stars shows IDGI-0.5 reconstruction re-
sults. Red solid curve with rings and blue solid curve
with triangles correspond to DGI and GI reconstruc-

tion images respectively.
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Table 1. Performance comparison of three imaging

schemes.
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Bl6 Hir“GIseig Bttt (a) Ras Hx; (

) GI kM EMEG, PSNR = 11.54 dB; (c) DGI I E

K{%, PSNR = 13.09 dB; (d) t’ = 0.5 i, IDGIB’JEHI’EH%, PSNR = 14.24 dB; (e) IDGI-At ) L} &%,
PSNR = 15.37 dB; (f) IDGI-AT MEME®H, PSNR = 17.0783 dB

Fig. 6. Experimental demonstration of reconstruction results for letter “GI” object: (a) Original object;
(b) GI reconstruction image, PSNR = 11.54 dB; (c) DGI reconstruction image, PSNR = 13.09 dB; (d) t' =
0.5, IDGI reconstruction image, PSNR = 14.24 dB; (e) IDGI-At reconstruction image, PSNR = 15.37 dB;
(f) IDGI-AT reconstruction image, PSNR = 17.0783 dB.
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Fig. 7. The PSNR of GI, DGI, IDGI-0.5, IDGI-
At and IDGI-AT for different number of measure-
ments. Black dashed curve with squares represents
IDGI-AT reconstruction results. Purple dashed curve
with diamonds indicates IDGI-At reconstruction re-
sults. Green dashed curve with stars shows IDGI-0.5
reconstruction results. Red dashed curve with rings
and blue dashed with triangles correspond to the DGI

and GI reconstruction results.
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Abstract

Ghost imaging (GI) is an important technique in the fields of quantum imaging and classical optical imaging,
and it can solve the problems which are difficult to solve by the traditional imaging techniques in the optically harsh
environments. In this paper, we present the iterative denoising of GI based on an adaptive threshold method. This
method is abbreviated as IDGI-AT, which takes the advantages of adaptive threshold, differential, binarization and
iterative operation method, and can enhance image quality in GI. In addition, this method can reduce the number of
measurements. As is well known, the enormous number of measurements and poor reconstruction quality are obstacles to
the engineering application of GI. The correlation noise leads to low signal-to-noise ratio and low imaging efficiency in GI
as well. Therefore, we establish a denoising model, which can reduce correlation noise and improve reconstruction quality.
We first analyze the iterative denoising of ghost imaging (IDGI) theory, and use the adaptive threshold technique to
calculate the ideal threshold associated with the correlation noise. It should be noted that the threshold can be obtained
by this method under the condition without requiring prior knowledge of the object. Afterwards, we can construct the
correlation noise in this denoising model. In the IDGI, the differential ghost imaging (DGI) image is taken as the initial
iteration value. We use the adaptive threshold method, which is different from IDGI, to binarize the initial value of
each iteration to make it closer to the original object’s transmission coefficient. After three iterations, we can obtain a
higher-quality reconstruction image. In order to demonstrate that the IDGI-AT is available, a GI experimental system
with a pseudo-thermal light source is set up. The considerable simulation and experimental results show the advantage
of our scheme in terms of removing reconstruction image background noise. Especially, the visual effects and peak
signal-to-noise ratio values are improved in comparison with those from the traditional GI, DGI and IDGI. Besides, we
demonstrate the role of binarization in our scheme. For a binary object, the iterative value binarization can achieve
better image quality than that in the case without binarizing the iterative initial value. Therefore, this novel method
is likely to provide an alternative mean for GI and further pave the way for the application fields of GI, such as lidar,

biomedical engineering, etc.
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