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Abstract
In core experiment 4, some computational complexity reduction methods are studied, including partition mode reduction, supporting coding block reduction, and coding tool disabling. However, two look-up tables are still necessary for sample blending weight calculation in geometric merge mode (GEO). The first table is used for cosine table look-up, and the seond one is designed to derive the final sample blending weight from weighting index. In this contribution, an on-the-fly weight calculation method is proposed to eliminate the above second table such that blending weights of all samples in a block could be parallelly calculated on-the-fly, which is reported as much more friendly for both hardware and software implementation. The MV storage derivation is also calculated on-the-fly, and the operations in blending weighting calculation could also be reused for motion vector storage derivation. The proposed method is implemented on top of CE4 common base. It is reported that, under the CTC, compared with VTM-7.0, the overall performance impact are as following:
· RA: -0.30%/-0.37%/-0.41% with 104% EncT and 101% DecT
· LDB: -0.64%/-0.65%/-0.67% with 104% EncT and 100% DecT
Introduction
In CE4, the coding performance of geometric merge mode (GEO) is evaluated. For the sample blending weight mask calculation, two look-up tables are used for cosine table look-up and blending weight index to weight conversion. The cosine table could be accessed once for all samples per coding block. However, multiple look-up tables for weighting index to weight conversion are necessary in parallel processing due to the fact that each sample has different input value of weighting index to weight table, which is not friendly for both hardware and software implementation. To address the issue, the weighting index to weight conversion is realized by using a simple equation such that expensive pixel level table lookup is avoided. 
Proposed methods
On-the-fly Blending Weight Calculation
In order to reduce the implementation cost of look-up table and ease weighting derivation in parallel, it is proposed to simplify the weighting process to allow on-the-fly weighting factor calculation with only a small look-up table on cosine (cos) values. Because the cosine value could be obtained before the weighting calcualtion of the current block, the weighting factor calcuation of all sample in the whole coding block could be performed in parallel. 
For a block of size  with geometric partitioning index k, the blending weights for luma samples are derived as follows:
· Variables angle index  and distance  are obtained from a look-up table using the geometric partitioning index k. The look-up table is the same as that used in CE4 common base.
· Variables  and  are calculated as follows:
	
	
	

	
	
	


The distance value between each sample and the split boundary is the function of angle index  and distance , and it could be described in Eq. (3)
	
	
	


In Eq. (3), x and y is the smaple position at x-axis and y-axis. And then the blending weight of each sample is derived in Eq. (4)
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In Eq. (4) and Eq. (5), the  is the conversion factor of the weighting index to weight, and the value is 6.
According to the weight derivation formulas in Eq. (1)-(6), the final blending weight of all samples in current coding block could be obtained by using on-the-fly calculation with a cosine table look-up.
MV Storage Derivation
The motion vector storage derivation process is very similar to the blending weight mask calculation. The operations of blending weight calculation could be reused in MV storage derivation. Because MV storage derivation is based on the distance between the split boundary and the center of each 44 block. The motion vector storage index could be derived in Eq. (6).
	
	
	


In Eq. (6), SBx and SBy represents the 44 sub-block index at horizontal direction and vertical direction in the current coding block. The  and  are the offset value at center position  of each 44 block, and these two value are reused form the weighting calculation as shown in Eq. (1) and Eq. (2).

Simulation Results
The proposed method is implemented on top of CE4 common base. VTM-7.0 is used as an anchor, and CE4 common base is used as a second anchor.
Table 1 summarizes the CTC result of the proposed method.
[bookmark: _Ref28432095]Table 1. CTC results of proposed method

	
	RA

	
	Over VTM-7
	Over VTM-7 CE4 common base

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	-0.17%
	-0.24%
	-0.26%
	104%
	101%
	-0.03%
	-0.15%
	-0.08%
	102%
	101%

	Class A2
	-0.21%
	-0.17%
	-0.03%
	104%
	101%
	0.01%
	0.02%
	-0.02%
	102%
	102%

	Class B
	-0.17%
	-0.10%
	-0.22%
	104%
	102%
	-0.03%
	0.00%
	-0.05%
	102%
	103%

	Class C
	-0.61%
	-0.95%
	-1.02%
	104%
	102%
	-0.02%
	0.04%
	-0.13%
	102%
	107%

	Class E
	　
	
	　
	　
	
	　
	
	　
	　
	　

	Overall
	-0.30%
	-0.37%
	-0.41%
	104%
	101%
	-0.02%
	-0.01%
	-0.07%
	102%
	103%

	Class D
	-0.41%
	-0.75%
	-0.69%
	104%
	101%
	0.01%
	-0.09%
	-0.07%
	102%
	105%

	Class F
	-0.26%
	-0.35%
	-0.30%
	101%
	101%
	0.05%
	0.03%
	0.03%
	102%
	105%

	
	
	
	
	
	
	
	
	
	
	

	
	LB

	
	Over VTM-7
	Over VTM-7 CE4 common base

	
	Y
	U
	V
	EncT
	DecT
	Y
	U
	V
	EncT
	DecT

	Class A1
	　
	　
	　
	　
	　
	　
	　
	　
	　
	　

	Class A2
	　
	
	　
	　
	
	　
	
	　
	　
	　

	Class B
	-0.38%
	-0.53%
	-0.29%
	106%
	101%
	-0.03%
	-0.02%
	0.31%
	102%
	103%

	Class C
	-0.74%
	-1.19%
	-0.85%
	104%
	101%
	0.05%
	0.06%
	0.04%
	101%
	102%

	Class E
	-1.04%
	-0.05%
	-0.90%
	102%
	99%
	0.12%
	0.14%
	-0.02%
	101%
	103%

	Overall
	-0.67%
	-0.63%
	-0.63%
	104%
	100%
	0.04%
	0.05%
	0.14%
	101%
	103%

	Class D
	-0.58%
	-0.50%
	-0.81%
	104%
	100%
	0.10%
	-0.06%
	0.23%
	102%
	103%

	Class F
	-0.47%
	-0.43%
	-0.36%
	103%
	99%
	0.04%
	0.48%
	-0.05%
	101%
	101%




Conclusion
This contribution proposed a on-the-fly method of blending weight calculation and motion vecotr storage derivation by using a small cosine table look-up. The proposed on-the-fly method makes the blending mask calculation and MV storage more efficient not only in software development but also in hardware implementation.
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