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Second order total generalized variational model for wavelet inpainting

Xu Jianlou, Hao Yan, Zhang Ji

School of Mathematics and Statistics, Henan University of Science and Technology, Luoyang 471023, China

Abstract: Objective To address the drawback of the staircase effect of the total variational method, we proposed a weigh-
ted second-order total generalized variational model for wavelet inpainting. Method Unlike the total variational method, the
proposed model contains a second-order derivative term and a first-order derivative term, which the model can automatically
balance with two regularization parameters. To utilize the local structure of image information, we introduced an edge indi-
cator function in the proposed model. The edge indicator function was O when the pixels belonged to the edge domain of the
image and 1 when the pixels belonged to the smooth domain of the image. Thus, the proposed edge indicator function can
preserve the edges and fine parts of restored images while improving noise removal in the smooth domain. To compute the
new model effectively, we introduced a new variable and then used the alternative direction method to convert the original
model into two submodels. For the first submodel, we used variational theory to solve the energy function and obtain the
corresponding closed solution. For the second submodel, its non-convex characteristic made the derivation of solution con-

siderably difficult. We sought to overcome such disadvantage by introducing the iteratively reweighted method. This method
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was employed to convert the original non-convex problem into several convex ones, that is, we improved the edge indicator
function using the last restoration image and turned the non-convex submodel into a convex one. Subsequently, we intro-
duced dual variables and transformed the second submodel into a minmax problem, which we then solved using a primal-du-
al algorithm. Result The comprehensive experimental results show that the new model obtains better results than recent total
variation regularization wavelet inpainting methods. The average values of PSNR, MAE, and SSIM obtained with the total
variation method are 21. 8844, 6. 8578, and 0. 827 2, respectively; whereas, the values obtained with the proposed meth-
od are 22.313 8, 6.626 1, and 0. 831 8, respectively. Conclusion Total variation regularization is widely used in image
processing. However, this technique produces the staircase effect. To overcome this drawback, we proposed a new weigh-
ted variational model for wavelet inpainting. This new model contains a total generalized regularization term that includes
first-order derivative and second-order derivative terms. This feature allows the new model to automatically adjust the terms
through two regularization parameters. To solve the new model, we first used the alternative direction method to transform
the original problem into two subproblems. For the first subproblem, we obtained the necessary closed solution. For the
second subproblem, we used the iterative reweighted method to reduce this subproblem into a convex problem, which we
then solved using a primal-dual algorithm. For fair comparison, we used Daubechies 7-9 bi-orthogonal wavelets with sym-
metric extensions at the boundaries. The level of wavelet decomposition was 3, and the low frequency wavelet coefficients
were lost randomly. We adopted a signal-to-noise ratio in decibels, mean absolute deviation error, and structural similarity
to evaluate the quality of the restoration image. Experimental results show that compared with existing state-of-the-art algo-
rithms , the new model is more effective in wavelet domain inpainting and is capable of obtaining better inpainting results for
certain smooth images.

Key words: total variation; total generalized variation; image inpainting; primal-dual algorithm
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Fig. 2 The inpainting experiment for Lena image
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Table 2 SNR, SSIM MAE for different

models in the experiment 2

AL SNR MAE SSIM
k9] 15.91 11.816 2 0.708 1
k[ 10] 15.93 11.805 3 0.707 3
A3 16.36 11.2140 0.7206
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Fig. 3 The cures of SNR with the iteration
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Table 3 SNR, SSIM MAE for different
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SCHRL10]
SNR. MAE SSIM

AT
SNR MAE  SSIM

Bg Mg

10 26.86 3.582 0.912 27.23 3.523 0.913

Coco
20 21.83 5.955 0.844 22.22 5.908 0.847
10 23.11 4.005 0.892 23.40 3.926 0.896
Toys
20 19.20 6.231 0.810 19.33 6.266 0.812
10 22.97 6.193 0.868 23.49 5.803 0.877
Peppers

20 17.68 11.38 0.743 18.36 10.35 0.766

10 28.10 4.073 0.943 28.36 4.032 0.941
Airplane
20 23.89 6.483 0.867 24.25 6.322 0.868

10 20.45 6.857 0.850 21.05 6.697 0.847

Lena
20 15.93 11.81 0.707 16.36 11.21 0.721
10 25.63 4.623 0.854 26.28 4.517 0.851
House
20 21.00 7.361 0.773 21.65 7.130 0.777
10 22.96 6.612 0.899 23.15 6.525 0.902
Boat
20 19.22 9.950 0.770 19.37 9.761 0.778
10 22.84 5.659 0.815 23.26 5.589 0.815
Einstein

20 18.48 8.950 0.688 19.26 8.459 0.698
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