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Image Reconstruction Based on Gaussian Smooth Compressed Sensing
Fractional Order Total Variation Algorithm
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(College of Information Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: In view of the gradient effect caused by the gradient effect of the Total Variation (TV) algorithm and
the environmental noise in the single pixel imaging system, an image reconstruction based on the Gaussian
Smooth compressed sensing Fractional Order Total Variation algorithm (FOTVGS) is proposed. Fractional
differential loss of low-frequency components of the image increases the high-frequency components of the image
to achieve the purpose of enhancing image details. The Gaussian smoothing filter operator updates the
Lagrangian gradient operator to filter out the additive white Gaussian noise caused by the differential operator.
Simulation results show that, compared with other four similar algorithms, the algorithm can achieve the
maximum Peak Signal-to-Noise Ratio (PSNR) and Structural SIMilarity(SSIM) at the same sampling rate and
noise level. When the sampling rate is 0.2, compared with the Fractional Order Total Variation (FOTV)
algorithm, the maximum PSNR and SSIM increase by 1.39 dB (0.035) and 3.91 dB (0.098) respectively. It can
be proved that this algorithm can improve the reconstruction quality of the image in the absence of noise and
noise, especially in the case of noise, the quality of image reconstruction is greatly improved. The proposed
algorithm provides a feasible solution for image reconstruction of noise caused by environment in single-pixel
imaging and other computing imaging system.
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2 ELRE(NEESNR=co) BREER ToMEAEG EHDIEE SR (PSNR: dB)
T 0.1 0-2
SNR (dB) 10 20 25 30 35 o] 10 20 25 30 35 o]
TV 1253 1626 1877  19.39 2043 2206  13.62 17.25  19.83 2048  21.66  24.12
TVNR 13.50 16.73 18.92 19.83 21.53 23.06 14.54 17.82 20.23 21.56 22.23 25.05
Barbara ~ FOTV ~ 10.83 1555 1639 1828  19.86 2435 1291  16.77 1810  19.24  20.04  25.56
TVGS 13.10 16.57 18.43 18.76 20.04 21.53 14.12 17.73 19.94 19.52 20.62 23.21
FOTVGS 14.32 17.93 19.17 20.36 22.30 25.28 15.25 18.37 20.77 22.10 23.31 26.35
TV 16.65 20.48 22.53 23.96 24.03 25.29 18.33 22.10 23.43 25.24 26.94 28.42
TVNR  17.87 2142 2310 2440 2515 2634 1954  23.03 2493 2694 27.55 2893
Lena FOTV 15.93 19.40 21.58 22.78 23.44 27.81 17.21 21.22 22.30 24.19 25.12 29.38
TVGS  17.28 2098 2278 2352 2387 2472 1888 2274 2423 2514 2621  28.02
FOTVGS 18.69 22.59 24.41 25.42 26.46 27.93 20.39 24.47 25.38 27.58 28.20 30.77
TV 1475 1858 2013 21.30 2251 2321 1557 1938 21.00  22.91 2428  26.66
TVNR 15.93 19.74 20.99 21.94 23.01 23.75 16.55 20.34 22.88 23.65 24.87 27.12
Boats FOTV 1351 17.37 1889  20.86 21.39 2460  14.21 1875 2078 21.93  23.93  27.86
TVGS 15.33 19.00 20.23 21.02 22.06 23.01 16.02 19.93 21.21 22.82 24.01 26.03
FOTVGS 17.10 20.86 22.37 23.55 24.37 25.46 17.82 23.26 24.69 25.15 26.84 28.69
TV 16.66 20.51 21.19 22.54 23.53 24.03 17.89 21.75 23.24 24.65 25.30 26.06
TVNR 1752  21.79 2236 2311  24.00 2478 1877 2323 24838 2594  26.23  27.83
Peppers FOTV 15.75 19.13 20.23 21.47 22.72 25.66 16.51 20.96 22.41 23.71 24.51 28.41
TVGS  17.21 2155 21.24 2231 2317 2384 1825 2255 2394 2471  25.02  25.87
FOTVGS 18.63 22.35 23.79 24.47 25.32 26.33 19.54 24.77 25.44 26.11 27.32 28.88
P
SNR (dB) 10 20 25 30 35 o] 10 20 25 30 35 00
TV 14.69 18.55 21.05 22.50 23.40 26.33 16.55 20.45 23.64 24.98 25.90 28.11
TVNR 1577 1949  21.97 2387 2458  27.33  17.63 2237  24.53 2578 2645  29.49
Barbara FOTV 13.93 18.56 19.04 21.51 22.54 27.95 15.34 19.24 22.21 23.48 24.24 29.98
TVGS 15.43 19.03 21.24 22.47 23.21 26.00 17.21 21.23 24.01 25.07 25.79 27.91
FOTVGS 16.83 20.36 22.45 24.34 25.14 28.57 18.56 23.66 25.49 26.03 27.86 30.47
TV 19.41 2390 2572 27.42 2801 3114  21.31 2580  27.86  29.73  30.01  32.62
TVNR 21.32 25.45 26.11 28.01 29.21 31.95 22.41 26.97 28.99 30.01 31.52 33.43
Lena FOTV 1833 2297 2450 2593 2718  32.66  20.45 24.85 2506 27.11  29.99  34.53
TVGS 2078 2435 2596  27.51  27.94 3099 2217  26.65 27.99  20.70  29.88  32.39
FOTVGS 2245 26.36 27.69 29.02 30.03 33.10 23.58 27.51 29.73 31.48 32.89 35.36
TV 1788 2301 2419 2527 2655 2835  19.23 2536 26.00 27.41  28.28  29.87
TVNR 1953  24.94 2524 2645 27.14  28.83  20.82  26.65 27.21 2877  29.56  30.29
Boats FOTV 17.02 22.94 23.12 24.56 25.51 29.25 18.88 24.16 25.78 26.03 27.64 30.68
TVGS 1877  24.68 2423 2510 2635 28.01 2059  26.18 2655 2746  28.00  29.51
FOTVGS  20.45 25.49 26.22 27.18 28.03 29.67 21.96 27.42 28.69 29.15 30.24 31.43
TV 1861 2340 2422  25.04 26,74 27.96  19.97 2406 2561 2697 2816  29.71
TVNR 19.93 24.82 25.96 26.92 27.71 28.32 21.32 25.36 26.99 27.98 28.72 29.92
Peppers  pOTV 1744 2067 2258  24.23 2535  29.11 1854  23.66 2497  26.05 27.14  30.51
TVGS 19.66 24.54 24.42 25.02 26.45 27.31 20.86 25.88 25.97 26.87 29.03 29.41
FOTVGS 21.23 25.35 26.79 27.47 28.89 29.42 22.39 26.77 27.44 28.35 29.11 30.89
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