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Photon Counting Integral Imaging Based on Lucy-Richardson Algorithm
Li Shangru, Ge Peng

School of Physics and Optoelectronics, South China University of Technology , Guangzhow, Guangdong 510641, China

For the photon counting integral imaging system in a low-light environment, this paper proposes an

lement image enhancement algorithm based on the composite photon counting model and the Lucy-Richardson

likelihood estimation method.
Key words

algorithm. First, in compliance with the integral imaging principle, 3DSMAX software is used to simulate the
distribution. Finally, the Lucy-Richardson algorithm is iterated to enhance the element image and the reconstruction

target element image collected by the synthetic aperture integral imaging system. After normalization of the target

ratio of the enhanced element image increases with the algorithm iteration number and gradually stabilizes. In
OCIS codes

element image, the photon counting element image is obtained via the photon counting model. Then, it is processed
addition, enhancing the element image delivers a better reconstruction result than the conventional maximum
algorithm; composite photon counting model

in light of the composite photon counting model and its quality is enhanced in view of the additivity of the Poisson
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formula is employed to generate the reconstructed image. Experimental results show that the peak signal-to-noise
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image processing; integral imaging; computational reconstruction; photon counting; Lucy-Richardson
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Fig. 1 Principle of our algorithm. (a) Collection of element images; (b) photon counting image;

(¢) CMLE+LR algorithm; (d) reconstructed image

(@) ®)

K2 ERCETHITRER. (RETREGR: (DR TERER

Fig. 2 Element image under normal lighting. (a) Overall element image; (b) single element image
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Fig. 3 Reconstructed images at different depths. (a) d =500 mm; (b) d =450 mm
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Fig. 4 Simulation process of the photon counting element image
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Fig. 5 Photon counting element images under different conditions. (a) N,=100; (b) N,=300;
(¢) N,=500; (d) N,=1000; (e) N,=10"; (f) N, =10’
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Fig. 7 Element images obtained by different algorithms.
(a) MLE; (b) CMLE; (¢) MLE+LR; (d) CMLE+LR
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Fig. 8 Reconsituted images of different algorithms.
(a) MLE; (b) CMLE; (¢) MLE+LR; (d) CMLE+LR
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Fig. 9 Reconstruction results of teapot and tree by
different algorithms. (a) MLE; (b) CMLE;
(¢) MLE+LR; (d) CMLE+LR
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Table 1 PSNR of reconstructed images using

different algorithms unit: dB

Algorithm MLE CMLE MLE+LR CMLE+LR

Car 20.161  20.734 21.252 21.803

Tea 22.132  22.437 23.084 23.548
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