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Abstract
In this contribution, new filter coefficients proposed to improve performance of Intra interpolation and Inter Chroma prediction. Usage of proposed Smooth 4-tap interpolation filter instead of Gaussian filter for Intra prediction and Sharp 4-tap interpolation filter instead DCT-IF filter for both Intra prediction and for Chroma motion compensation demonstrates the following bit-rate savings: -0.03% (Y), -0.07% (U), -0.04% (V) for AI configurations and -0.03% (Y), -0.07% (U), -0.18% (V) for RA configuration, for Low Delay configurations Chroma gain is even better: 0% (Y), -0.14% (U), -0.42% (V) for LDB and  -0.04% (Y), 0.01% (U), -0.49% (V) for LDP with up to -3.4% in Chroma of gain for some sequences. Reducing number of phases for Intra prediction from 32 to 16 leads to following results: -0.01% (Y), -0.04% (U), -0.04% (V) for AI configurations and -0.02% (Y), -0.10% (U), -0.19% (V) for RA configuration. There are no influence on encoding decoding time for both cases. There are no SW modification required apart from filter coefficients replacement.
1. [bookmark: _Ref534226093]Introduction
JVET-K and JVET-L meeting was fruitful for different proposals on Intra interpolation filters. Finally, two 4-tap filters (Gaussian + “121” and DCT-IF) was adopted into VTM SW [1] including corresponded VVC specification draft modification [2]. Gaussian and DCT-IF filters known for years, and works well for previous video codec standards. Recent video coding explorations made adoptions of a number of new coding tools and it is a good reason to investigate the possibility of improvements in interpolation filtration.
2. [bookmark: _Ref500243608]Proposed filters
1 
2 
[bookmark: _Ref534492894]Smooth and Sharpening 4-tap filters for interpolation
The linear interpolation of reference samples in intra prediction was replaced by two 4-tap interpolation filters, namely: Gaussian + “121” filter and DCT-IF filter which also used for Chroma Motion Compensation (Chroma MC). These filters have different nature. Proposed to replace them by Smooth and Sharpening filters with the same nature but obtained with different fixed settings of parameters:
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32*2*4=256 coefficients are required to store.
[bookmark: _Ref534493390]Smooth and Sharpening 4-tap filters for interpolation (16 phases)
In order to reduce memory for storing coefficients of proposed two filters the following set of coefficients proposed for Intra prediction with reduced precision of interpolation:
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For inter Chroma MC still 32 phases are used from the clause 2.1. (16+32)*4=192 coefficients are required to store.
3. Results
3 
3. For the proposal 2.1 with 32 phases the results according CTC [3] are following:

	
	All Intra Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.07%
	-0.12%
	0.01%
	101%
	100%

	Class A2
	-0.02%
	0.00%
	0.01%
	100%
	100%

	Class B
	-0.01%
	-0.01%
	-0.03%
	100%
	101%

	Class C
	-0.01%
	-0.18%
	-0.13%
	100%
	100%

	Class E
	-0.03%
	-0.03%
	0.01%
	100%
	101%

	Overall 
	-0.03%
	-0.07%
	-0.03%
	100%
	100%

	Class D
	-0.02%
	-0.18%
	0.01%
	100%
	102%

	Class F
	0.08%
	0.10%
	0.06%
	102%
	102%



	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.04%
	-0.11%
	-0.09%
	100%
	100%

	Class A2
	-0.02%
	0.12%
	-0.21%
	100%
	100%

	Class B
	-0.02%
	0.00%
	-0.33%
	100%
	100%

	Class C
	-0.03%
	-0.26%
	-0.06%
	100%
	101%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.03%
	-0.07%
	-0.18%
	100%
	100%

	Class D
	-0.06%
	-0.52%
	-0.30%
	100%
	101%

	Class F
	0.01%
	0.07%
	-0.05%
	101%
	102%




	
	Low delay B Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.01%
	-0.59%
	-0.60%
	100%
	101%

	Class C
	-0.02%
	-0.29%
	-0.37%
	100%
	100%

	Class E
	0.03%
	0.82%
	-0.19%
	100%
	101%

	Overall
	0.00%
	-0.14%
	-0.42%
	100%
	100%

	Class D
	-0.04%
	-0.90%
	-2.02%
	100%
	99%

	Class F
	
	
	
	
	



	
	Low delay P Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	 
	 
	 
	 
	 

	Class A2
	 
	
	 
	 
	 

	Class B
	-0.04%
	-0.59%
	-0.64%
	100%
	101%

	Class C
	-0.06%
	-0.32%
	-0.33%
	100%
	100%

	Class E
	-0.01%
	1.44%
	-0.47%
	100%
	101%

	Overall
	-0.04%
	0.01%
	-0.49%
	100%
	101%

	Class D
	0.00%
	-1.05%
	-1.53%
	100%
	100%

	Class F
	
	
	
	
	



For the proposal 2.2 with 16 phases the results according CTC [3] are following:

	
	All Intra Main10 

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.06%
	-0.15%
	-0.02%
	100%
	99%

	Class A2
	-0.02%
	0.04%
	0.00%
	100%
	100%

	Class B
	-0.01%
	-0.02%
	0.01%
	100%
	100%

	Class C
	0.01%
	-0.01%
	-0.22%
	100%
	99%

	Class E
	0.00%
	-0.09%
	0.03%
	100%
	99%

	Overall 
	-0.01%
	-0.04%
	-0.04%
	100%
	100%

	Class D
	-0.02%
	0.02%
	-0.03%
	100%
	99%

	Class F
	0.10%
	0.09%
	0.17%
	101%
	100%



	
	Random Access Main 10

	
	Over VTM-3.0

	
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.03%
	-0.09%
	-0.20%
	100%
	100%

	Class A2
	-0.03%
	-0.13%
	-0.13%
	100%
	100%

	Class B
	-0.02%
	0.00%
	-0.28%
	100%
	100%

	Class C
	0.01%
	-0.21%
	-0.13%
	100%
	99%

	Class E
	 
	
	 
	 
	 

	Overall
	-0.02%
	-0.10%
	-0.19%
	100%
	100%

	Class D
	-0.02%
	-0.56%
	-0.28%
	100%
	99%

	Class F
	0.06%
	-0.07%
	0.04%
	101%
	101%



4. Conclusion
Proposed two set of filter coefficients to improve compression efficiency of Intra prediction and Chroma Interpolation. The Chroma coding gain in Low Delay configurations purely achieved by filter as is without influence of RDO (Chroma is not checking in RDO). There are no SW modification required apart from filter coefficients changes. Proposed solution works equally well for 16 and 32 phases of interpolation filter. We suggest that number of phases in intra and inter interpolation will be aligned for clean and elegant codec design, but kept as small as possible in order to save memory for coefficient storage. We requesting for adoption one of proposed sets of coefficients of 4-tap interpolation filters into VTM 4 with corresponded changes in VVC specification draft.
Great thank to HHI for careful Cross-Check.
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