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This paper proposes a novel multiscale online dictionary learning algorithm with double sparsity
structure for scalable video coding. Along hierarchical structures on the feature set by wavelet
transform, the search space of online learning is optimized to sub-blocks for hierarchical sparsity.
The group sparsity is exploited on lowest sub-band in the base layer to obtain the low-frequency sub-
dictionary and sparse coefficient. We also designed cross-scale decomposition and reconstruction,
for which the recovery error can be bounded. The dictionary is updated by stochastic gradient
descent to optimize the expected cost. Hierarchical high-frequency information is predicted from
a pre-learned corresponding sub-dictionary pairs for scalable coding. We demonstrated that the
proposed algorithm can achieve scalable signal to noise ratio (SNR).

Given a video sequence Fj, with group of pictures (GOP), it is decomposed into a selected HR
key frames Xy and the down-sampled LR non-key frames Z;. Through a standard codec, Xy and
Z;, are coded and decoded. At the receiver, the multi-scale dictionary will be learned from HR key
frames for each wavelet level. The HR version Xp; would be recovered from Z; by the scalable
super-resolution reconstruction via sparse representation in a SNR-scalable manner.

The multiscale super-resolution reconstruction can be defined as an energy minimization:
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The HR key frames are decomposed into four sub-band via non-decimated 2D-DWTT. For all the
3K sub-bands, overlapping patches with the same size are sketched as the training set in identical
position according to each direction. Thus, we have a set of training pair Ti,qul,i =1,2,3,l =
1...k— 1. For each lowest sub-band, the sub-dictionary D; and the sparse representation over each
sub-dictionary ¢ are obtained.

Through the patches sketched from three level NDWT, it can be observed that the different level
patches of each column share the same structure and texture. The supports of wavelet transform
at different scales create a parent/child relationship between wavelet coefficients, and the multi-
scale dictionary learning algorithm selects the set of multi-scale dictionary atom F as a connected
sub-tree. Each direction has such set F' which defines a subspace of signal that all representation
coefficients outside F' are zero. For the the sub-dictionary D as an N X K matrix , where N < K and
satisfies the (&r, @)-RAmP for model T with small enough signal residual €r, the signal estimate
X; = Da has the upper-bound with noise n
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where 8 is a parameter limited by signal set Tr and nonzero index F. Thus, we have a guarantee
recovery for the proposed parent-child structure. Also, experiments of several CIF sequences with
a variety of motion activities show that the proposed algorithm achieves the SNR-scalable video
coding and behaves comparative performance with H.264/SVC.
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