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Abstract
In this contribution, KLT kernels of length 8, 16, and 32 are proposed, which can be applied as separable primary transforms on top of adaptive MTS. These KLTs are commonly applied to every block shape of which width and height ranges from 4 to 32 for only intra-coded CU. And, since they can also be applied to only one direction with DCT-2 coupled in the other, up to three pairs can be candidates as follows: (KLT, KLT), (KLT, DCT-2), and (DCT-2, KLT). These pairs are activated by setting a newly employed flag and also an additional index is followed to indicate one of the pairs. The experimental results for the proposed KLTs are reportedly observed that the BD-rates are reduced by 0.10% with 113%/100% encoding/decoding time changes for AI.
Proposed architecture
The proposed KLTs consists of three kernels for length 8, 16, and 32 each of which matrix dimension is 8x8, 16x16, and 32x32, respectively. These kernels are applied to all kinds of block shapes which has width and height ranges from 4 to 32 except 4x4 block because there is not a KLT kernel for length 4. For 4xN or Nx4 blocks with N greater than 4, the proposed kernels are applied to only one segment of length 8, 16, or 32, together with DCT-2 of length 4 for the other segment. Moreover, when absolute sum of transform coefficients is less than or equal to 6, the KLTs are disabled without any signalling where only adaptive MTS is allowed.
The memory usage of the proposed KLTs accounts to be 1,344 bytes, i.e. (8x8+16x16+32x32) kernel coefficients and 1 byte for each coefficient. Considering the fact that the existing adaptive MTS employs five types of trigonometric transforms (DCT-8, DST-7, DCT-5, DST-4, and DST-1, excluding IDT) and each has kernels for 4, 8, 16, and 32, the memory footprint for the proposed kernels is more than five times less than that for adaptive MTS.
A flag for indicating whether the proposed KLTs are applied or not is parsed, only when the existing MTS flag is parsed as 1. If the flag is equal to 1, signalling of an index consisting of two bins is followed in order to indicate a transform pair among the three candidates, i.e. (KLT, KLT), (KLT, DCT-2) and (DCT-2, KLT). Otherwise, ordinary adaptive MTS signalling is accompanied. For 4xN or Nx4 blocks with N greater than 4, the index need not to be signalled, because it is automatically decided which of (KLT, DCT-2) or (DCT-2, KLT) is to be applied according to the block shape. The first and second bins comprising of the index indicates whether or not the KLT is applied to both directions and which direction the KLT is applied to, respectively, and the second bin is signalled only if the first bin is equal to 1. Both bins are context-coded.
Experimental results
The proposed architectures have been implemented based on ECM-6.0 reference software according to common test conditions defined in JVET-Y2017 [1].
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Conclusion
In this contribution, separable KLTs for lengths of 8, 16, and 32 for primary transform are proposed. The existing adaptive MTS is untouched, and the new KLTs on top of the current primary transform structure show additional coding performance improvement. Therefore, it is recommended to further investigate the benefits of the proposed KLTs in next EE2.
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Over ECM-6.0 CTC

Y U V EncT DecT

Class A1 -0.11% 0.08% 0.09% 110% 100%

Class A2 -0.14% 0.09% -0.06% 111% 100%

Class B -0.11% 0.10% 0.06% 114% 100%

Class C -0.05% 0.11% 0.04% 114% 100%

Class E -0.10% 0.11% 0.03% 113% 100%

Overall 

-0.10% 0.10% 0.04% 113% 100%

Class D -0.04% 0.15% -0.11% 115% 101%

Class F -0.02% 0.04% 0.00% 107% 100%
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