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Proposed restoration algorithm 

•  Many image restoration or reconstruction problems are linear inverse problems, e.g. deblurring, compressed sensing, etc.  
•  Here we consider the linear degradation problem with additive noise: y = Ax + n 
•  Issue we want to solve: what to do in case of color channels or in multispectral imaging? 

Problem formulation 

Experimental results 

•  Primal variational formulation: 

•  Primal-dual variational formulation (1): 

•  Primal-dual variational formulation (2): 

•  lq-norm is convex conjugate of lp-norm: 1/p + 1/q = 1 (p≥1) 

•  The minimization can carried out by well-known first-
order primal-dual schemes 

•  Sparsifying transform S is a combination of discrete 
gradient and discrete shearlet transform 

•  Rather than using a fixed decorrelation matrix D, we 
propose to update D during reconstruction via l1-PCA 

•  We relax the sparsity of the “chrominance” channels: 

Conclusion: we obtain significant improvement for our color image restoration/reconstruction algorithm. 

•  We present reconstruction results for joint demosaicking/deblurring/denoising problem 
•  The images are corrupted by Gaussian blur (σb = 1) and white Gaussian noise (σn = 1) 
•  Parameters are chosen based on trial-and-error: λ = 100, step parameters σ = τ = 1/√8, 500 iterations 

Method Average PSNR 
(24 images) 

denoisaicking + deconvolution 32.93 dB 

primal-dual RGB 29.70 dB 
primal-dual groupsparsity 30.50 dB 
primal-dual YCrCb 32.15 dB 
primal-dual l1-sparsity 32.83 dB 
joint approach (Soulez et al.) 32.42 dB 
proposed method 33.09 dB 

original bilinear demosaicking 
(without deblurring) 

primal-dual RGB primal-dual groupsparsity 
(RGB treated as vectors) 

primal-dual l1-sparsity 
(without relaxation) 

denoisaicking (Condat) 
+ deconvolution 

proposed method Table with average PSNR results joint approach 
(Soulez and Thiébaut) 


