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Fig. 1 Overall flowchart of the proposed denoising algorithm
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Fig.2  Sonar image of a shipwreck
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Fig. 3 Noisy image
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Table 2 Calculation results of objective indicators
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Table 3  Calculation results of signal-to-noise ratio and

peak signal-to-noise ratio of noisy images

M 7 AR SNR PSNR
0.1 9.204 9 20. 489 0
0.2 6.265 7 17.788 5
0.3 3.943 5 16.162 9
0.4 3.192 7 15.107 8
0.6 1.536 9 13.795 6
0.7 -0.1952 13.383 6
0.8 -1.4295 13.002 5
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Table 4 Correlation coefficient results

T HIEMAEGUEN TV BA 2D-VMD NSST S Z:M: A7k

0.1 0.951 0 0.975 9 0.973 1 0.976 8
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0.3 0.894 1 0.957 3 0.954 3 0.959 2
0.4 0. 868 8 0.947 7 0.947 8 0.9511
0.5 0.847 2 0.940 7 0.947 0 0.947 6
0.6 0.834 3 0.935 2 0.934 2 0.940 7
0.7 0.824 0 0.9317 0.930 7 0.934 0
0.8 0.811 9 0.922 9 0.928 7 0.929 1
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Table 5  Structural similarity results

Ji2E HIBNZEGNUERE TV KA 2D-VMD NSST MM Ay ik

0.1 0.636 5 0.7155 0.641 7 0.726 3
0.2 0.568 2 0.637 6 0.619 1 0. 669 4
0.3 0.526 1 0.5970 0.595 4 0.641 0
0.4 0.491 7 0.565 1 0.572 1 0.6157
0.5 0.470 8 0.513 6 0.561 6 0.589 6
0.6 0.457 1 0.5293 0.550 1 0.582 1
0.7 0.444 4 0.469 4 0.5350 0.563 4
0.8 0.436 1 0.450 8 0.5327 0.5457
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Table 6 Results of edge retention index

JrZE HIEMAEUER TV BCA 2D-VMD NSST 3 M ATk

0.1 0.983 1 0.991 6 0.987 8 0.991 9
0.2 0.977 1 0.986 7 0.987 0 0.988 5
0.3 0.959 4 0.982 2 0.987 6 0.985 3
0.4 0.938 8 0.979 0 0.987 8 0.983 8
0.5 0.9250 0.978 4 0.9859 0.986 4
0.6 0.905 9 0.972 4 0.984 8 0.980 0
0.7 0.900 3 0.975 6 0.9823 0.977 7
0.8 0.894 1 0.974 0 0.981 9 0.982 3
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Table 7 Peak signal-to-noise ratio results

T AENLENIED TV B4 2D-VMD NSST 8k 25 M A% S0y

0.1 25.186 2 26.718 1 26.9753 26.8217
0.2 23.162 4 25.298 2 25.9596 24.9843
0.3 21.745 2 23.442 17 24.8942 23.2095
0.4 20.762 4 22.790 0 24.4100 22.6316
0.5 20. 050 2 21.882 4 23.9320 20.2526
0.6 19.610 8 21.747 17 23.6563 21.4595
0.7 19.275 4 19. 865 1 23.4979 20.7385
0.8 18.916 9 19.944 3 23.454 6 19.438 9
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Abstract Sonar images are prone to problems such as low contrast,low resolution,and edge distortion,so it is dif-
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ficult to accurately separate effective signals from noise when removing noise from sonar images , resulting in reduced
image contrast,unclear edge contours, and severe detail loss after denoising. Therefore , this paper proposes a sonar
image denoising algorithm based on adaptive Wiener filtering and 2D-VMD (Two Dimensional Variational Mode De-
composition ) . First,a noisy image is decomposed using 2D-VMD to obtain a series of sub modes with different center
frequencies. Effective modal components are obtained via correlation coefficients and structural similarity,then pro-
cessed by adaptive Wiener filtering, and finally the filtered modal components are reconstructed to remove noise.The
experimental results show that the proposed image denoising algorithm achieves the best results in terms of correla-
tion coefficient and structural similarity , with a peak signal-to-noise ratio slightly lower than that of NSST domain de-
noising. Taking into account objective data and visual effects,the algorithm proposed in this paper achieves the best
performance in image details and edge preservation after removing noise.

Key words image denoising;two dimensional variational mode decomposition (2D-VMD ) ; adaptive Wiener filte-

ring ; modal component ;sonar image



