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Abstract

This document presents an intra prediction method based on a linear combination of three template matching predictors and the results once integrated into the TMuC 0.9. The resulting codec always improves the intra prediction. The average BD rate gain for the High Efficiency configuration is -0.8% and the maximum gain for a video is -2.2%. With this profile, the complexities of the encoder and the decoder are respectively 130% and 123% in comparison to the TMuC 0.9.
Introduction
This method of intra prediction based on a linear combination of three template matching predictors was presented during the 2nd meeting of JCT-VC [1]. At that time, a first version of this method was integrated into KTA2.7. This document presents its integration into the TMuC 0.9 and the related results.
Section 2 is a reminder of the rationale of this method. The integration into the TMuC 0.9 and the related settings are described in section 3. The resulting codec was compared to the initial TMuC 0.9. Section 4 gathers these results when this method is applied with the intra-only configuration as defined in C500 [2]. Section 5 concludes with ongoing improvements.
1 Intra prediction based on a linear combination of template matching predictors
This section is a quick reminder of the rationale of the intra prediction based on a linear combination of template matching predictors described in [1].

This method aims at predicting a block thanks to pieces of picture, the templates, belonging to the causal neighbourhood. The algorithm uses a search region adjacent to the current block to be predicted that may be similar to the one shown in Figure 1(cf. section 3 for more details about the integration into the TMuC 0.9).
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Figure 1 : Definition of search regions from causal neigbourhood

In the previous figure, the current block to be predicted is indicated in grey lines. It is surrounded by three blocks of the same size which form the template area. Choosing the most relevant neighbourhood to predict the current block is a two step process. First, two (in this example) search windows are extracted from the causal neighbourhood. Both of them have a boundary in common with the block to be predicted. From these search areas, blocks are extracted, each block being one pixel away from its neighbours. They are linearized, rows by rows, to get a vector, then normalized and finally added as an atom to a dictionary A. Once this first step is complete, the block to be predicted and its surrounding template area are linearized to get the vector Y. This vector Y can be approximated by one of the atoms multiplied by a weighting factor. However, some components of the vector Y are first unknown: they are those related to pixels belonging to the block to be predicted. So, rows corresponding to the unknown pixels are deleted in both Y and A in order to respectively get Yc and Ac. Then the algorithm looks for the atom aj in Ac which has the highest correlation with Yc such that:

j = arg maxi (aiTYc)2/aiTai
the computed weighting factor wj is:

wj = (ajTYc)/ajTaj
Then, aj with all its components is multiplied by wj in order to get Yp, the prediction of the current block. 

This type of prediction relies on the assumption that predicting the template area leads to a good prediction of the current block.

It is possible to predict a block with a linear combination of a set of atoms which have the highest correlation with Yc. In that case, the prediction is the sum of these atoms each of them being multiplied by its own weighting factor. Then, this sum is divided by the number of atoms involved in the linear combination.

The number of atoms composing this linear combination has been set to 3.

2 Integration into the TMuC 0.9

This intra prediction method has been integrated so that it competes with all other intra prediction modes existing in the TMuC 0.9. However, the algorithm briefly described in the previous section had to be adapted in order to take into account:
· The block size and the template size,

· The number and the size of the search windows and  the number of atoms,

· A RD Cost threshold,

· A new signalling.

These updates and related characteristics are detailed in the following sections.

2.1 Block size and template size
This new intra prediction is implemented for the following block size: 4x4, 8x8, 16x16 and 32x32. However, its activation depends on the chosen profile. When the High Efficiency profile is selected, the new intra prediction is used for all block sizes except for 4x4 blocks for the class A and for the 32x32 blocks for the class C and D. When the Low Complexity profile is selected, it is used only for 4x4 and 8x8 blocks whatever the video class.

For each block size, the template area surrounded the block to be predicted has a L shape and is four pixels large whatever the size of the block as shown in Figure 2.
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Figure 2 : Size of template area according to block sizes

2.2 Search windows and number of atoms

The concept of prediction unit (PU) introduces two possible sizes during the prediction process: NxN and 2Nx2N. Depending on whether the cases NxN or 2Nx2N are processed, the number of search windows is respectively 3 or 2.
The number of atoms added in the dictionary is determined according to the number of windows and their width and height.
The possible numbers of atoms according to the possible block sizes and the type of CU (NxN or 2Nx2N) are listed in the table below: 
	Block Size
	Window size
(Width x Height)
	# of atoms
 per window
	# total of atoms

	
	
	
	NxN
	2Nx2N

	4x4
	15x11
	32
	96
	64

	8x8
	27x19
	128
	384
	256

	16x16
	31x31
	144
	432
	288

	32x32
	43x51
	128
	384
	256


Table 1 : number of atoms according to the block size

2.3 RD cost threshold
Predicting a block with a method based on a linear combination of template matching predictors is time demanding. It should be used only when the gain is significant. That is why the value computed for the RD cost decision is 1% higher than the one returned by the usual RD cost estimation.
2.4 Signalling the new intra prediction mode
The syntax of the TMuC bit stream has been modified in order to specify when this new intra prediction mode is used.

Four cases are taken into account: 4x4, 8x8, 16x16 and 32x32 intra prediction modes.

The mode “4”, (Intra_Vertical - 4 [3]), has been extended with one flag the “weighted template matching” flag (wtm_flag). If this flag is set, that means that the new intra prediction mode is used; otherwise the classic mode “4” prediction is used.
	

if( PredMode == MODE_INTRA ) {

	



intra_split_flag 

	



for( i = 0; i < ( intra_split_flag ? 4 : 1 ); i++ ) { 

	




prev_intra_luma_pred_ flag 

	




if (intra_luma_pred_mode ==  mode “4”){

	




wtm_flag

	



}

	




if ( !prev_intra_pred_luma_flag ){ 

	





rem_intra_luma_pred_mode 

	





if (rem_intra_luma_pred_mode == mode “4”){ 

	






wtm_flag

	





}

	




} 

	



} 

	

} 


Figure 3 : Signaling taking into account the new prediction mode
3 Test conditions and results

This section presents results when all videos are encoded with the TMuC 0.9 in which the new intra prediction has been integrated. The “All Intra” configurations as defined in C500 [2] were used for both high efficiency and low complexity profiles.

Results are compared with those obtained with the original TMuC 0.9.

The compiler used was gcc 4.4.4 and tests were run on a grid composed of bi-xeon 4 cores at 2.66 Ghz with 12 Go of RAM per core.

Here are the results in the table below.
	 
	Intra
	Intra LoCo

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

	Class A
	-0.3 
	-0.1 
	-0.1 
	-0.5 
	-0.1 
	-0.1 

	Class B
	-1.1 
	-0.9 
	-0.8 
	-1.1 
	-0.6 
	-0.5 

	Class C
	-0.9 
	-04 
	-0.5 
	-1.2 
	-0.5 
	-0.5 

	Class D
	-0.4 
	-0.2 
	-0.2 
	-0.6 
	-0.2 
	-0.3 

	Class E
	-0.9 
	-0.5 
	-0.5 
	-1.0 
	0.0 
	-0.2 

	All
	-0.8 
	-0.5 
	-0.5 
	-0.9 
	-0.3 
	-0.4 

	Enc Time[%]
	130%
	141%

	Dec Time[%]
	123%
	144%


Table 2: TMuC 0.9 + new intra prediction vs TMuC 0.9
We notice that:
· the new prediction method always improves the prediction of TMuC 0.9,

· the average BD rate gain is -0.8% and the maximum gain is -2.2% (video “BasketballDrill”, class C, see the attached excel file),

· although the new intra prediction is not used for 16x16 and 32x32 blocks with the Low Complexity profile, it performs better than when it is used with the High Efficiency profile. However, it is too time demanding and only the High Efficiency profile should be taken into account.

4 Conclusion

The intra prediction based on a linear combination of template matching predictors always improves the intra prediction of the TMuC 0.9. The BD rate gain is -0.8% in average for the High Efficiency profile.
However, the improvement should be more significant if ongoing works, but not included yet, were added. For instance, first studies show that using several shapes of template leads to better performances. Moreover, reducing the complexity can save time which could be used to process more relevant dictionaries.
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