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Image Denoising Using Weighted Nuclear Norm Minimization with
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Abstract Image denoising using weighted nuclear norm minimization (WNNM) is prone to over-smoothing and
cannot distinguish intricate and irregular image structures effectively. Image denoising model using relative total
variation (RTV) WNNM is proposed. The proposed denoising method, which utilizes the alternate direction
multiplier (ADMM) algorithm to solve the corresponding model iteratively, can obtain a clear image. The ADMM
algorithm integrates RTV into WNNM and applies the RTV norm constraint to the low-rank representation model
of WNNM. Compared to several state-of-the-art denoising methods based on low-rank matrix approximation, the
proposed method improves image denoising performance, maintains image edges effectively, and enhances
smoothness, particularly for images with high-density noise. Experimental results demonstrate that the proposed
method with RTV norm restores image structure effectively and improves denoising performance.
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Fig. 1 Comparison of average values of PNSR and FSIM indexes for Berkeley test dataset images by various algorithms.

(a) Comparison result of PNSR values; (b) comparison result of FSIM values

2 RS R MR V)R AR S Fh e 2 R R LR, (a) 5 MRI )5 (b) RM 2B A% 5 5 (¢) BM3D 2 Mk R
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Fig. 2 Comparison of denoising effects of noised MRI brain slices by various algorithms. (a) MRI slice with noise;

(b) denoising effect by RM algorithm; (c) denoising effect by BM3D algorithm; (d) denoising effect by WSNM

algorithm; (e) denoising effect by WNNM algorithm; (f) denoising effect by proposed algorithm
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Fig. 3 Denoising residual components of Lena image (¢ = 40). (a) Residual component of RM algorithm; (b) residual

component of BM3D algorithm; (¢) residual component of proposed algorithm; (d) residual component of WSNM

algorithm; (e) residual component of WNNM algorithm
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Fig. 4 Comparison of denoising details of Male image in salt and pepper noise with the noise density of 50. Figs. 4(c)-(g)

are detail parts of Fig. 4(a). (a) Original Male image; (b) salt and pepper noise image with noise density of 50;

(c) result of proposed algorithm; (d) result of WNNM algorithm; (e) result of WSNM algorithm; (f) result of
BM3D algorithm; (g) result of RM algorithm
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Table 1

Comparison between proposed algorithm and other algorithms on PSNR and FSIM by selecting four images

of Boat. Male, Peppers, and Pentagon under different salt and pepper noise densities

P Image Proposed WNNM RM WSNM BM3D
Boat 32.59 0.953 31.37/0.913 31.23/0.901 31.98/0.912 31.88/0.921
20 Male 32.19 0.939 31.58/0.910 31.29/0.907 31.45/0.921 31.90/0.923
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Pentagon 30.42 0.893 28.63/0.830 27.94/0.853 28.68/0.805 28.72/0.841
Boat 28.22 0.821 27.13/0.712 26.31/0.703 27.35/0.745 27.10/0.727
10 Male 28.16 0.837 26.78/0.704 26.20/0.651 27.46/0.760 27.02/0.704
Peppers 28.44 0.803 26.22/0.692 26.16/0.609 27.30/0.725 26.52/0.687
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