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Abstract
This contribution reports results for EE2 Test 1.15b which was proposed in JVET-AC0146. The method in this test proposes to apply a 6-tap filter on the template-matching based intra prediction (intraTMP) mode to improve the prediction performance. The filter input consists of 5 spatial luma samples and a bias term. Filter coefficients are derived via regression based MSE minimization on reconstructed samples over the template areas of the current and reference blocks. A list of four best performing candidates from intraTMP search is created. The filter parameters are calculated for each candidate in the list and the best performing one in terms of template cost after filtering is selected and used as the final candidate. The mode is signaled with a flag conditioned on intraTMP flag. The impact on coding efficiency and runtimes over ECM-8.0 is reportedly {for Y, U, V, EncT, DecT}:
AI { -0.16%, -0.19%, -0.19%, 10x%, 100%}, RA { -0.xx%, -0.xx%, -0.xx%, 100%, 100%}
Introduction
Intra template matching prediction (IntraTMP) copies a reference block from the reconstructed part of the current frame, whose L-shaped template matches the current template [1] . For a predefined search range, the encoder searches for the most similar template to the current template in a reconstructed part of the current frame and uses the corresponding block as a prediction block. The encoder then signals the usage of this mode, and the same prediction operation is performed at the decoder side. Sum of absolute differences (SAD) is used as the cost function during the search, and the mode is signaled at CU level through a dedicated flag when DIMD is not used for current CU.
Proposed Method
The Filtered intraTMP (FTMP) method, in JVET-AC0146 [2], proposed to apply a filter on the intra template matching based prediction block to increase prediction accuracy and adapt the characteristics of the copied block to the local neighbourhood. Reconstructed luma samples over the template area of the reference block are used as inputs to the filter during training and corresponding luma sample in the template of the current block is the target. Parameters are derived using the regression based MSE minimization technique (i.e., gaussian solver) existing in ECM and being utilized by other tools such as CCCM. 
The proposed 6-tap filter takes spatial samples from the reconstructed reference block and uses middle value of the operating bit depth (e.g., 512 for 10-bit content) for bias. The formula for each new prediction sample is as follows:
		predVal = c0C + c1N + c2S + c3W + c4E + c5b
The input to the spatial 5-tap component of the filter consists of a center (C) luma sample and its above/north (N), below/south (S), left/west (W) and right/east (E) neighbors as illustrated in Figure 1.
Template size and shapes are same as in intraTMP, the template size used for training is 4 lines above and to the left of the current block depending on their availability. Moreover, the search range for FTMP is also the same as intra TMP method.
Figure 1 illustrates the filter shape and training area where the green parts are the boundary region. Reconstructed samples in the boundary region are used in training when available and they are padded with closest available sample when unavailable.
The mode is signaled at CU level with a dedicated flag combined with the intraTMP flag. The FTMP flag is inferred to be zero if intraTMP flag is 0.

	Mode to be signaled
	Intra TMP flag
	FTMP flag

	Intra Template Matching
	1
	0

	Filtered Template Matching
	1
	1
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[bookmark: _Ref123551230][bookmark: _Ref123551217]				Figure 1. Filter shape and training area of the reference block.
The proposed method uses the current intraTMP’s SAD based search in ECM-8.0 for creating a list of four candidate reference blocks to be filtered. Entry to the candidate list is based on SAD cost of the unfiltered template.
The filter parameters are calculated for each candidate in the list and the best performing one in terms of template cost after filtering is selected and used as the final candidate. The final prediction of the block is then generated by applying the derived filter for the best candidate. 

Simulation Results
Tables below summarize the coding efficiency and runtime impact of the proposed method in ECM-8.0 [3] using the JVET common test conditions [4].

	
	All Intra Main10

	
	 
	 
	Over ECM-8.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.01 %
	-0.03 %
	-0.07 %
	
	

	Class A2
	-0.23 %
	-0.27 %
	-0.25 %
	
	

	Class B
	-0.19 %
	-0.23 %
	-0.19 %
	
	

	Class C
	-0.05 %
	-0.09 %
	-0.16 %
	
	

	Class E
	-0.31 %
	-0.36 %
	-0.27 %
	
	

	Overall
	-0.16 %
	-0.19 %
	-0.19 %
	
	

	Class D
	-0.02 %
	-0.29 %
	-0.16 %
	
	

	Class F
	-0.04 %
	-0.20 %
	-0.19 %
	
	

	Class TGM
	-0.15 %
	-0.05 %
	-0.12 %
	
	



	
	Random Access Main10 

	
	 
	 
	Over ECM-8.0
	 
	 

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	#VALUE!
	#VALUE!
	#VALUE!
	
	

	Class A2
	#VALUE!
	#VALUE!
	#VALUE!
	
	

	Class B
	-0.10 %
	-0.12 %
	-0.11 %
	
	

	Class C
	-0.04 %
	-0.02 %
	0.09 %
	
	

	Class E
	
	
	
	
	

	Overall
	#VALUE!
	#VALUE!
	#VALUE!
	
	

	Class D
	0.01 %
	0.05 %
	-0.19 %
	
	

	Class F
	-0.06 %
	-0.44 %
	-0.23 %
	
	

	Class TGM
	-0.05 %
	-0.10 %
	-0.03 %
	
	




Conclusion
This contribution reports results of EE2 Test 1.15b where a 6-tap filter is proposed to be applied to intraTMP mode to further improve the coding efficiency of intra coding in ECM-8.0. The experiments showed that the proposed method provides 0.16%, 0.19% and 0.19% coding gains, for Y, Cb and Cr components, in all intra configuration and xx%, xx% and xx% coding gains for Y, Cb and Cr components in random access configuration over ECM-8.0. It is suggested to adopt the proposed method in ECM-9.0.
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