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Abstract: The imaging resolution of a polarization detection system in the focal plane is lower than the ac-
tual resolution of the detector owing to the influence of the detector structure. In this study, micro-scan-
ning is used to obtain the micro-displacement frame sequence without changing the optical system struc-
ture, and an improved convex set projection (POCS) algorithm is proposed to improve the imaging resolu-
tion of the polarization imaging system. In the algorithm, the obtained polarization microscan image se-
quences were first separated through angle detection, and the same group of angle detection image se-
quences were used as the input. Second, displacement matching and convex set projection iteration were

conducted to initially reconstruct high-resolution images. Thereafter, the images were grouped into sliding
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window non-neighborhood clustering, and the dimensionality of the clustered images was reduced through

principal component analysis. Finally, each one-dimensional information was regarded as a time sampling

function, and soft threshold denoising was conducted in the wavelet domain. Experiments demonstrate

that this algorithm can effectively improve the anti-noise performance of the conventional POCS algo-

rithm, improve the imaging resolution of the high-resolution focal plane polarization detection system, in-

crease the structural similarity coefficient by 0. 02, increase the peak signal-to-noise ratio by 1 dB com-

pared with similar algorithms, and achieve higher noise robustness.
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Tab.1 Comparison of reconstruction effects of different

algorithms in Macbeth _Enhancement

Algorithm SSIM PSNR/dB RMSE
Bilinear 0.5612 26.2454 0.0487
Bicubic 0.6288 26.344 8 0.048 1

Spline 0.608 5 25.7878 0.0513

NP 0.5921 22.6772 0.0735
EARI 0.5814 23.258 8 0.0687
POCS 0.6280 26.3198 0.048 3

FPPOCS 0.6315 27.005 2 0.044 6

OURS 0.6852 30.1651 0.0310
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Tab.2 Testresults of different algorithms on different test sets
Data_Name Bilinear  Bicubic Spline NP EARI POCS  FPPOCS OURS
SSIM 0.6788 0.6836 0.6668 0.7598 0.6770 0.6836 0.8072 0.8257
Food PSNR/dB 28.9376 28.3311 27.6802 30.5432 27.9517 28.3312 34.0647 36.2894
RMSE 0.0357 0.0383 0.0413 0.0297 0.0400 0.0383 0.0198 0.0153
SSIM 0.8692 0.9113 0.9042 0.8756 0.8284 0.9106 0.9012 0.9207
Glass PSNR/dB 36.1924 38.0510 37.5556 32.9775 32.0617 37.7734 37.5216 38.3739
RMSE 0.0155 0.0125 0.0133 0.0224 0.0249 0.0129 0.0133 0.0121
SSIM 0.3737 0.3820 0.3662 0.4725 0.3802 0.3787 0.5242 0.6054
Leaves PSNR/dB 18.9641 18.0995 17.3923 23.8601 20.7347 18.1190 23.9334 30.3807
RMSE 0.1127 0.1245 0.1350 0.0641 0.0919 0.1242 0.0636  0.0303
SSIM 0.6304 0.6604 0.6383 0.6813 0.5974 0.6583 0.6807 0.7897
Liquid PSNR/dB 28.7572 28.8161 28.2004 28.0108 26.1030 28.6029 28.8547 31.8903
RMSE 0.0365 0.0362 0.0389 0.0398 0.0746 0.0371 0.0361 0.0254
SSIM 0.5823 0.6168 0.5974 0.5711 0.5533 0.6161 0.7001 0.7281
Macbeth_Classic PSNR/dB  25.2606 24.7938 24.1215 23.2856 22.5469 24.8055 28.3218 31.7077
RMSE 0.0546 0.0576 0.0622 0.0685 0.0746 0.0575 0.0384 0.0260
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Fig. 8 Noise robustness of each algorithm
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Fig. 10  Superresolution reconstruction performance comparison
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Tab.3 FIG. 11 Running time of each algorithm

Algorithm Bilinear Bicubic Spline Newton
Time/s 0.021 0.038 0.228

Algorithm EARI POCS FPPOCS OURS
Time/s 0.293 2.074 25.863
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