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Video Denoising Using block Shearlet Transform

Hojjat Bagherzadeh!, Ahad Harati**, Zahra Amiri* & RajabAli KamyabiGol*
12Department of Computer Engineering, Ferdowsi University of Mashhad, Iran
34Faculty of Mathematical Sciences, Ferdowsi University of Mashhad, Iran

Abstract

Parabolic scaling and anisotropic dilation form the core of famous multi-resolution transformations such as
curvelet and shearlet, which are widely used in signal processing applications like denoising. These non-
adaptive geometrical wavelets are commonly used to extract structures and geometrical features of multi-
dimensional signals and preserve them in noise removal treatments. In discrete setups, it is shown that

! Anisotropic Dilations 5 Dimensions
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shearlets can outperform other rivals since in addition to scaling, they are formed by shear operator which
can fully remain on integer grid. However, the redundancy of multidimensional shearlet transform
exponentially grows with respect to the number of dimensions which in turn leads to the exponential
computational and space complexity. This, seriously limits the applicability of shearlet transform in higher
dimensions. In contrast, separable transforms process each dimension of data independent of other
dimensions which result in missing the informative relations among different dimensions of the data.

Therefore, in this paper a modified discrete shearlet transform is proposed which can overcome the
redundancy and complexity issues of the classical transform. It makes a better tradeoff between completeness
of the analysis achieved by processing full relations among dimensions on one hand and the redundancy and
computational complexity of the resulting transform on the other hand. In fact, how dilation matrix is
decomposed and block diagonalized, gives a tuning parameter for the amount of inter dimension analysis
which may be used to control computation complexity and also redundancy of the resultant transform.

In the context of video denoising, three different decompositions are proposed for 3x3 dilation matrix.
In each block diagonalization of this dilation matrix, one dimension is separated and the other two constitute
a 2D shearlet transform. The three block shearlet transforms are computed for the input data up to three
levels and the resultant coefficients are treated with automatically adjusted thresholds. The output is obtained
via an aggregation mechanism which combine the result of reconstruction of these three transforms. Using
experiments on standard set of videos at different levels of noise, we show that the proposed approach can get
very near to the quality of full 3D shearlet analysis while it keeps the computational complexity (time and
space) comparable to the 2D shearlet transform.

Keywords: anisotropic dilation matrix, curvelet transform, multidimensional shearlet transform, block
diagonal dilation matrix, video denoising
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(Figure-3): Examples of 2D cuts from the 3D input cube

corresponding to decompositions of the dilation matrix in each
analysis.
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(Table-2): Comparison of running times for different 3D
transforms. * reprinted from [6]
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(Table-1): Performance of denoising algorithm on 3 different
videos. * reprinted from [6]

PSNR (dB) Mobile Coastguard Tempete

Running time Noi 30 | 40 | 50 | 30 | 40 | 50 | 30 | 40 | 50
Algorithm A olse o
g (data size: 1923)

SURF * 34 sec SURF *  |28.39|27.18(26.27[26.82(25.87|25.15| 24.2 [23.26(22.61
3DSHEAR 263 sec 3DSHEAR |29.49(27.93|26.74(27.99|26.72(25.77|25.87|24.51(23.52
3DSHEAR Serial Computing | 825 sec

2DSHEAR [25.43(23.97(22.92(24.62|23.33(22.42|22.36(21.19(20.43
2DSHEAR 154 sec

3D DWT [24.93(23.94(23.03(24.34(23.44[22.57|22.09| 21.5 [20.92
3D DWT 7.5 sec
BST 168 sec BST 26.64[25.07[23.95[27.03[25.8024.88[24.823.51[22.60

2 Double ! Block Shearlet Transform
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9 (Table-3) Comparing performance of different video denoising method based on PSNR and SSIM.

Video o .
Sequence Coastguard Miss America Mobile Sequence
Noisestd () | 10 [ 20 | 30 | 40 | 50 | 10 [ 20 | 30 [ 40 | 50 [ .10 | 20 30 [ 40 | 50
PSNR Result

3DSHEAR |33.36|29.84|27.99 | 26.72 | 25.77 | 36.32 | 33.55 | 31.85 | 30.57 | 29.51 | 35.49 | 31.70 | 29.49 | 27.93 |26.74

2DSHEAR [30.43]26.61|24.62 | 23.33 | 22.42 | 34.11 | 30.93 | 29.05 [ 27.75 [ 26.77 | 31.91 | 27.68 | 25.43 [ 23.97 (22.92

BST 32.24|28.84]| 27.03 | 25.80 | 24.88 | 35.20 | 31.94 | 30.07| 28.86 | 27.97 | 33.33 | 29.07 | 26.64 | 25.07 {23.95

SSIM Result

3DSHEAR 0.933]0.868| 0.814 | 0.767 | 0.726 [0.936( 0.899 | 0.863 | 0.829 | 0.795| 0.958 | 0.912 | 0.865 | 0.819 [0.776

2DSHEAR [0.874]0.752| 0.658 | 0.558 | 0.534.1.0.904 | 0.846 | 0.7971 0.757] 0.723 | 0.911 | 0.814 | 0.734  0.670 [0.618

BST 0.913(0.838| 0:779 [10.729.| 0.686 | 0.920| 0.861| 0.810] 0.768 | 0.730| 0.932 | 0.853 | 0.775 | 0.706 (0.647

S Video Salesman Tempete Tennis

equence

Noisestd ()] 10 |20 [30.] 40 | 50 [ 10 [ 20 [ 30 [ 40 [ 50 [ 10 ] 20 | 30 | 40 [ 50
PSNR Result

3DSHEAR |36.36 | 33.29 | 31.37 | 29.94 | 28.82 | 32.05 | 27.98 | 25.87 | 24.51 | 23.52 | 33.40 | 30.15 | 28.56 | 27.51 (26.73

2DSHEAR | 3220 | 28.57 | 26.63 | 25.41 | 24.59 | 29.04 | 24.44 | 22.36 | 21.19 | 20.43 | 30.67 | 28.69 | 27.57 | 26.61 [25.79

BST 35.53 | 31.74 | 29.58 | 28.18 | 27.21 | 31.22 | 26.95 | 24.82{ 23.51 | 22.60 | 32.31 | 29.43 | 27.85 | 26.78 [25.94

SSIM Result

3DSHEAR | 0.942 | 0.899 | 0.857 | 0.815| 0.773 | 0.950 | 0.891 | 0.834 | 0.781 | 0.733 | 0.844 | 0.712 | 0.639 | 0.591 |0.555

2DSHEAR | 0.877 | 0.776 | 0.696 | 0.635| 0.588 | 0.903 | 0.766 | 0.649 | 0.560 | 0.496 [ 0.686 | 0.599 | 0.570 | 0.549 {0.529

BST 0.930 | 0.864 | 0.799 | 0.742 | 0.694 | 0.942 | 0.864 | 0.791] 0.726 [ 0.671 | 0.803 | 0.667 | 0.594 | 0.563 |0.541
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(Figure-4): A comparison of performance of denoising algorithms on Mobile video. From top left: Original frame, noised frame (with ¢ =
30), a frame denoised by Surflet, a frame denoised by 2DSIIEAR, a frame denoised by BST and A frame denoised by 3DSIIEAR.

r— |
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(Figure-5): A comparison of performance of denoising algorithms on Coast Guard video. From top left: Original frame, noised frame
(with ¢ =30), a frame denoised by Surflet, a frame denoised by 2DSHEAR, a frame denoised by BST and A frame denoised by
3DSHEAR.
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