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Abstract

The Rotational Transform (ROT) is a secondary transform applied to 8x8 DCT-coefficient blocks while Short Distance Intra Prediction (SDIP) improves intra prediction by partitioning spatial-domain blocks into squares or rectangles. These tools have formerly been tested separately in HM 2.0. In this contribution it is demonstrated that the tools can be harmonized so that their gains are almost additive when both tools are combined together in HM 3.0. Specifically, it is shown that for the All-Intra (AI) case, the ROT provides 0.7% (HE) / 0.8% (LC) additional gains over SDIP and for the Random-Access case, the ROT provides 0.4% (HE) / 0.4% (HE) additional gains over SDIP.
1 Introduction 

Traditionally, block-based intra coding uses an NxN square block as the reconstruction unit and prediction unit. The pixels inside a square block are all predicted from the boundaries of neighboring reconstructed blocks, producing poor predictions for pixels on the right-bottom part than the others in some regions of sequences. To better exploit spatial correlations, the Short Distance Intra Prediction (SDIP) coding scheme is proposed by partitioning one NxN square block into smaller squares or rectangles [1]. In the block, pixels are predicted and reconstructed rectangle by rectangle. Therefore, the prediction distance is shortened and compression performance is improved. 
An alternative method to improve compression performance is to apply a secondary Rotational Transform (ROT) to DCT-coefficient blocks to increase energy compaction [2,3]. This technique improves performance because DCT basis functions are sub-optimal for certain residuals and provide poor energy compaction. 
In this contribution, we show that SDIP and ROT can function together efficiently in an HM 3.0 implementation. Furthermore, the gains from both tools are almost additive.
Algorithm description 
In SDIP modes, a CU that is smaller than 64x64 can be partitioned into square or rectangular blocks. One 32x32 CU can be partitioned as four 8x32 or 32x8 PUs, and the 16x16 CU can not only be divided into four 8x8 PU as did in HM, but also into four 4x16/16x4 Pus. Hence, two types of PU are supported in SDIP, the first is rectangular PU named as hNx2N/2NxhN, where h means half (1/2), the second is line based PU named as 1xN/Nx1. For 32x32 CU, only rectangular SDIP PU is used. For 16x16 and 8x8 CU, both the rectangular and line based PU are supported because there are more textures in these kind of CUs.

To harmonize the ROT and the SDIP, we apply the ROT only to square TUs of size 64x64, 32x32, 16x16 or 8x8. No SDIP prediction modes are applied to these square TUs. However, for rectangular PUs, the SDIP modes are applied, but the ROT is not used. 
2 Experimental Results

Experiments are conducted according to the common test condition [4]. HM3.0 based SDIP development branch is used for simulation.
Table 1 Coding efficiency and Encoding/Decoding Time for harmonized ROT and SDIP

	 
	Intra
	Intra LC

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.0 
	0.4 
	0.5 
	-1.1 
	0.0 
	-0.1 

	Class B
	-1.0 
	0.8 
	0.9 
	-1.1 
	0.4 
	0.5 

	Class C
	-0.5 
	0.5 
	0.5 
	-0.6 
	0.3 
	0.3 

	Class D
	-0.4 
	0.6 
	0.5 
	-0.5 
	0.3 
	0.3 

	Class E
	-0.7 
	0.7 
	0.8 
	-0.9 
	0.6 
	0.5 

	All
	-0.7 
	0.6 
	0.6 
	-0.8 
	0.3 
	0.3 

	Enc Time[%]
	127%
	137%

	Dec Time[%]
	108%
	101%

	
	
	
	
	
	
	

	 
	 
	Random access
	 
	 
	Random access LC
	 

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-0.4 
	0.1 
	0.3 
	-0.5 
	-0.5 
	-0.6 

	Class B
	-0.5 
	0.5 
	0.6 
	-0.6 
	0.2 
	0.2 

	Class C
	-0.3 
	0.2 
	0.3 
	-0.4 
	0.1 
	0.1 

	Class D
	-0.2 
	0.3 
	0.5 
	-0.3 
	-0.1 
	0.1 

	Class E
	 
	 
	 
	 
	 
	 

	All
	-0.4 
	0.3 
	0.5 
	-0.4 
	0.0 
	0.0 

	Enc Time[%]
	104%
	104%

	Dec Time[%]
	101%
	100%


3 Conclusion
This contribution demonstrates that Short Distance Intra Prediction [1] and Rotational Transform (ROT) [3] can be harmonized to provide additive coding gain. Experiments are conducted in the HM3.0 software according to the common test condition [4]. Based on the simulation results, we recommend HM adoption of the ROT as an additional transform.
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