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Abstract Photonics integrated interference imaging method is a far-field imaging method developed in recent years,
which aims at high quality imaging and system flattening. It is expected to reduce the energy consumption, volume,
and weight of the system can be reduced to 1/10~1/100 under the same resolution. However, the existing systems
have sparse characteristics for high-frequency signal sampling. When inverse Fourier transform (IFT) is used to
solve the object intensity distribution, Gibbs ringing artifact appears in the sharp edge of the restored observation
target, thus affecting the image quality. In order to suppress artifacts, entropy prior is proposed and the entropy
penalty characteristics are studied. The maximum entropy algorithm is designed by using entropy prior and
combining with the characteristics of photonics integrated interference imaging. In order to verify the performance of
the method, a multi-layer hierarchical aperture arrangement structure with better performance is used for
simulation, and peak signal-to-noise ratio (PSNR), structural similarity coefficient (SSIM), and mean square error
(MSE) are used as image quality evaluation methods. Simulation results show that the maximum entropy algorithm
can eliminate the artifacts caused by high-frequency sparse sampling. For the images obviously affected by ringing,
MSE and SSIM can be improved by more than 50%, and PSNR can be improved by more than 10%5.
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Fig. 1 Structure of photonics integrated interference

imaging system
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Table 1  Simulation parameters of photonics integrated interference imaging system--
Parameter Symbol Value
Range of wavelength A /nm 380—700
Object distance z /km 250
Microlens diameter D /mm 3.6
Longest interferometric baseline B /mm 104. 4
Number of microlens per column M 30
Number of PIC P 19
Channel number of AWG S 16
Wavelength spacing of AWG AA /nm 20
Fixed FOV F 4A/D
Discrete data points of fixed FOV N XN /(pixel X pixel) 512X512
Sampling rate of visibility /% 3. 36
Concentration
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Fig. 2 Layered and multistage microlens and spatial frequency sampling result. (a) Layout; (b) sampling result
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Fig. 3 Test images commonly used in image restoration. (a) Butterfly; (b) boat; (c) satellite; (d) cameraman; (e) USAF
# 2 ANEF A MSE,PSNR F1 SSIM A/ 45
Table 2 MSE, PSNR and SSIM evaluation results of dirrerent methods

Method Index Butterfly Boat Satellite Cameraman USAF Average
MSE 0. 0042 0. 0054 0. 0011 0. 0046 0. 0236 0. 0078
MEM PSNR 23. 8294 22. 6947 29. 4061 23. 3441 16. 2780 23. 1105
SSIM 0. 5424 0. 5102 0. 8402 0. 6340 0. 2567 0. 5567
MSE 0. 0042 0. 0054 0. 0028 0. 0050 0.0324 0. 0100
IFT PSNR 23. 8029 22. 6367 25.5147 23. 0020 14. 8959 21. 9615
SSIM 0. 4804 0. 5035 0. 2696 0. 6053 0. 2246 0. 3716
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Fig. 4 Final recovery effects of different methods.
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Fig. 6 Performance curves of reconstructed images under different iterations. (a) PSNR; (b) SSIM
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