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Abstract

In this proposal, a symmetry-based scan order (SSO) sharing scheme is proposed to further simplify the mode-dependent directional transform (MDDT) [1]. Based on the symmetry among all intra prediction directions, the number of scan maps can be reduced by the proposed SSO while the coding performance is kept unchanged. We suggest that the proposed SSO scheme is adopted by JCT-VC.
Motivation
By using multiple transform matrices MDDT [1] exploits the redundancy in the intra prediction residuals and improves the coding performance. The intra prediction modes specified in AVC standard are shown in figure 1. In the MDDT scheme, different scan maps are used for these prediction modes, so altogether 9 scan maps are used.
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Figure 1. Intra prediction modes of AVC standard
In TMuC, totally 34 intra prediction modes are defined, and the MDDT implementation is changed accordingly. Specifically, the 34 prediction modes are grouped into 9 classes by merging the modes with adjacent prediction direction. The representative prediction modes in the 9 classes are the same as the 9 prediction modes in AVC. Then different transforms are used for these classes, one transform for all prediction modes in one class, and each transform has a corresponding scan map.
Be noted that the mode indices of the 9 representative modes of the 9 classes in TMuC are the same as those in the AVC. So prediction mode 0~9 are used as the abbreviation of all prediction modes in each of the 9 classes.

After observing the scan maps in the MDDT implementation, symmetrical feature is found among scan maps of different prediction modes. Specifically, the transposed scan map of transform mode 0 is very similar to the scan map of transform mode 1; the scan maps of mode 4, 5, 6 are very similar to the scan maps of mode 3, 7 and 8, respectively. And after transpose, scan maps of 6 and 8 are very similar to scan maps of mode 5 and 7. 
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Figure2. Comparison of scan order statistics of different prediction modes: 

(a) 4x4 blocks; (b) 8x8 blocks
Figure 2 shows the similarity of the scan maps of different prediction modes after proper alignment. The scan maps are represented by the coefficient statistics, which are obtained from the MDDT implementation in the TMuC software. Green curves are the scan maps of prediction mode 0 and the transposed scan maps of mode 1; red curves are the scan maps of prediction mode 3 and 4; and blue curves are the scan maps of prediction mode 5, 7 and the transposed scan maps of mode 6, 8. Different colors indicate different groups of there scan maps. Strong similarity is observed among scan maps within the same group. Therefore, the number of scan maps can be reduced if all prediction modes in each group could share one scan map.
Algorithm description
The only change of SSO is the scanning process of MDDT. When doing scanning, Table 1 is used to find the scan map for each prediction mode. In the SSO implementation, the scan map of each group is computed by averaging all the aligned scan maps within the group. Of course, if the prediction modes are transposing symmetric, the two components of scanning position (x, y) should be switched so (y, x) is actually used for locating the coefficient position in a block.
Table 1. Mapping of prediction modes to scan maps
	Prediction mode
	Scan map

	0
	0

	1
	0

	2
	3

	3
	2

	4
	2

	5
	1

	6
	1

	7
	1

	8
	1


Complexity analysis
Because the number of scan maps is reduced from 9 to 4, the storage is saved and the complexity is reduced.
Simulation results
The proposed SSO is implemented in TMuC 0.7 and the test condition specified by JCTVC-B300 [2] is used. The coding performance is shown in table 2 as following.
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