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Abstract

This contribution presents several modifications that are aimed at simplifying motion vector coding. The first modification is related to the derivation of the L1 motion vector predictor (MVP) during bi-directional prediction. L0 and L1 MVP candidates are derived pair-wise such that both sets of candidates are derived from the same neighboring PU. This reportedly led to a coding loss of 0.0% and 0.1% BD-rate loss for RA and LB configurations respectively. The second modification restricts the reference index to zero during the derivation of the reference index of the temporal Merge candidate. This reportedly led to a coding loss of 0.0% and 0.1% BD-rate loss for RA and LB configurations respectively.  The third proposed modification is to remove the context for coding the MVP index when CABAC is the entropy coder, which reportedly resulted in an average of 0.0% BD-Rate loss. The last two modifications are related to the addition and pruning process of ‘combined’ Merge candidates. The modified process limits the number of combined candidates to five and uses a simplified pruning process. Both of these modifications result in an average of 0.0% BD-Rate loss in all configurations.
1 Introduction 

This contribution presents three modifications aimed at simplifying motion vector coding. In HM4 [1], the motion vector predictor (MVP) candidates for the L0 and L1 directions are derived independently for bi-directional prediction. The first proposed modification derives the L0 and L1 MVP candidates pair-wise such that both predictors are always derived from the same neighboring PU. This modification aims to reduce the operations required for the derivation of the L1 MVP.

In the current design of HM4, the reference index of temporal Merge candidate is inferred from the reference indices of neighboring PUs. The second modification fixes the reference index of the temporal Merge candidate to zero. This reduces the number of operations required for deriving the predictor.

The third modification removes the context for coding the MVP index when CABAC is the entropy coder; in other words, the MVP index is coded in bypass mode.
The last two modifications are related to the addition and pruning process of ‘combined’ Merge candidates, limiting the number of combined candidates to five and using a simplified pruning process.
2 Proposed modifications
2.1 Reducing operations during the derivation of L1 MVP during bi-prediction
In HM4, the MVP candidates for L0 and L1 directions are derived independently for bi-directional prediction. In the proposed approach, the L0 and L1 MVPs are derived simultaneously during bi-directional prediction. The candidate derivation and pruning process is first carried out for the L0 MVP as described in HM4. 
After determining the MVP for the L0 direction given the signaled MVP index, the MVP for the L1 direction is derived from L1 motion vector of the same PU where the L0 MVP is derived. Depending on the reference index of the derived L1 predictor and the signaled L1 reference of the current PU, the motion vector predictor is scaled accordingly.
If a L1 MVP is not available at the position indicated by the decoded MVP index, e.g., the neighboring PU only has a L0 MV, the L0 MVP is scaled accordingly to obtain the L1 MVP.
In the proposed scheme, only one MVP index is sent for the decoding of a pair of L0 and L1 MVPs.
2.2 Derivation of the reference index of temporal merge candidate
In HM4, the reference index of the temporal merge candidate is derived by checking the reference indices of neighboring PUs. In the proposed approach, the reference indices of temporal merge candidates are set to zero.
2.3 Removing context for motion vector predictor index

In the design of HM4, up to two MVP candidates are derived. The MVP used for coding a motion vector is signaled by an MVP index.
When CABAC is used as the entropy coder, we propose to remove the context used to code the MVP index. In other words, this syntax element is coded in bypass mode (assuming an equal probability distribution), eliminating one context model and initialization entry.
Limiting the number of ‘combined’ merge candidates
In the current design of HM4, after the first round of candidate addition, ‘combined’, ‘non-scaled’ and ‘zero’ Merge candidates can be added to the list if the number of candidates is less than five. 

In experiments done in CE13, it was found that the total number of pruning during the second round of candidate addition can be limited to five without a coding performance drop. During the addition of combined candidates, however,  up to twelve combinations may have to be constructed.
In this part of the proposal, different limits are placed on the maximum number of combinations constructed.  It was found that the maximum can be reduced from twelve to five without coding performance drop.
Simplified pruning during addition of ‘combined’ merge candidates
Experiments were done in CE13 to limit the number of pruning required during the second round of candidate addition. In this part of the proposal, a simplified checking process on each combination is carried out in place of the current pruning process. Consider the case where a combination is to be constructed from the pair of bi-directional motion vector, MVa and MVb . MVa(0) and MVa(1) is the L0 and L1 motion vector of MVa respectively and refa(0) and refa(1) is reference index of MVa(0) and MVa(1) respectively. The combination involving MVa and MVb is not allowed if 
·  MVa(0)== MVb(0) && refa(0)== refb(0) || MVa(1)== MVb(1) && refa(1)== refb(1).
That is, a combination is allowed only if both L0 and L1 components of the two potential combination candidates are different.
3 Experimental results
The implementation is on HM 4.0. Tests were conducted on the High-Efficiency and Low-Complexity settings of the Random Access and Low Delay configurations as specified in the common test conditions [2]. The results are shown in the table below.

3.1 Reducing operations during the derivation of L1 MVP during bi-prediction

The tables below show the performance of the proposed bi-directional motion vector coding method when applied to HM4.
	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0%
	-0.1%
	-0.1%
	0.0%
	0.2%
	0.1%

	Class B
	0.0%
	0.1%
	0.1%
	0.0%
	0.1%
	0.1%

	Class C
	0.1%
	0.0%
	0.2%
	0.1%
	0.1%
	0.1%

	Class D
	0.1%
	0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	Class E
	 
	
	 
	 
	
	 

	Overall
	0.0%
	0.0%
	0.1%
	0.0%
	0.1%
	0.1%

	 
	0.0%
	0.0%
	0.1%
	0.0%
	0.1%
	0.1%

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	98%


	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.1%
	0.2%
	0.1%
	0.2%
	0.2%
	0.3%

	Class C
	0.1%
	0.1%
	0.1%
	0.1%
	0.1%
	-0.1%

	Class D
	0.1%
	0.5%
	0.4%
	0.1%
	0.6%
	0.0%

	Class E
	0.1%
	-0.4%
	0.9%
	0.0%
	0.1%
	0.1%

	Overall
	0.1%
	0.1%
	0.3%
	0.1%
	0.3%
	0.1%

	 
	0.1%
	0.1%
	0.3%
	0.1%
	0.2%
	0.1%

	Enc Time[%]
	100%
	99%

	Dec Time[%]
	100%
	99%


From the results, it can be observed that the proposed method has no significant impact on coding performance in the Random Access configurations (~0.0%) and impacts coding performance in the Low Delay configurations by ~0.1%.
3.2 Derivation of the reference index of temporal merge candidate

Next, we show the effect of setting the reference indices of temporal merge candidates to zero in HM4:
	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	Class B
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%
	0.0%

	Class C
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	-0.1%
	0.0%
	0.0%
	-0.1%

	Class E
	 
	
	 
	 
	
	 

	Overall
	0.0%
	-0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	100%
	100%

	Dec Time[%]
	100%
	98%


	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.1%
	0.3%
	0.6%
	0.1%
	0.7%
	0.8%

	Class C
	0.0%
	0.1%
	0.2%
	0.0%
	0.4%
	0.3%

	Class D
	0.3%
	0.8%
	0.4%
	0.2%
	0.8%
	0.3%

	Class E
	0.0%
	0.1%
	0.5%
	0.1%
	1.0%
	0.6%

	Overall
	0.1%
	0.3%
	0.4%
	0.1%
	0.7%
	0.5%

	 
	0.1%
	0.3%
	0.4%
	0.1%
	0.7%
	0.6%

	Enc Time[%]
	101%
	100%

	Dec Time[%]
	99%
	97%


From the results, it can be observed that the proposed method has no significant impact on coding performance in the Random Access configurations (~0.0%) and impacts coding performance in the Low Delay configurations by ~0.1%.

3.3 Removing context for motion vector predictor index

The table below shows the results for coding MVP index in bypass mode, i.e., removing the context for MVP index.

	
	Random Access HE

	
	Y
	U
	V

	Class A
	0.0%
	0.0%
	0.0%

	Class B
	0.0%
	0.0%
	0.1%

	Class C
	0.0%
	0.0%
	0.1%

	Class D
	0.1%
	0.0%
	-0.1%

	Class E
	 
	
	 

	Overall
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	99%

	Dec Time[%]
	97%


	
	Low delay B HE

	
	Y
	U
	V

	Class A
	 
	 
	 

	Class B
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.5%
	-0.1%

	Class E
	0.1%
	0.0%
	0.9%

	Overall
	0.0%
	0.1%
	0.1%

	 
	0.0%
	0.1%
	0.1%

	Enc Time[%]
	99%

	Dec Time[%]
	96%


From the results, no significant coding loss is observed. 
3.4 Limiting the number of ‘combined’ merge candidates
3.5 The tables below show the results when the maximum number of combined candidates is limited to 2.

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0%
	-0.1%
	-0.1%
	0.1%
	0.0%
	0.1%

	Class B
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%
	0.1%

	Class C
	0.1%
	-0.1%
	0.1%
	0.0%
	0.0%
	0.0%

	Class D
	0.1%
	0.0%
	0.0%
	0.1%
	0.1%
	-0.1%

	Class E
	 
	
	 
	 
	
	 

	Overall
	0.1%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	 
	0.1%
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	98%
	96%


	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.2%
	0.4%
	0.3%
	0.4%
	0.2%
	0.5%

	Class C
	0.3%
	0.3%
	0.1%
	0.3%
	0.4%
	0.3%

	Class D
	0.3%
	0.1%
	0.1%
	0.3%
	0.2%
	0.4%

	Class E
	0.2%
	0.8%
	1.1%
	0.4%
	0.4%
	0.2%

	Overall
	0.2%
	0.4%
	0.3%
	0.3%
	0.3%
	0.3%

	 
	0.3%
	0.3%
	0.3%
	0.3%
	0.3%
	0.3%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	96%
	95%


3.6 The tables below show the results when the maximum number of combined candidates is limited to 5.
	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.0%
	-0.1%
	-0.1%
	0.0%
	0.1%
	0.0%

	Class B
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%

	Class C
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	-0.1%

	Class E
	 
	
	 
	 
	
	 

	Overall
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	99%
	102%


	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.0%
	-0.2%
	0.0%
	0.1%
	0.2%
	0.0%

	Class C
	0.0%
	0.2%
	0.0%
	0.0%
	0.1%
	0.0%

	Class D
	0.0%
	0.0%
	0.1%
	0.1%
	0.2%
	0.1%

	Class E
	0.0%
	-0.5%
	0.4%
	0.0%
	-0.1%
	-0.1%

	Overall
	0.0%
	-0.1%
	0.1%
	0.0%
	0.1%
	0.0%

	 
	0.0%
	-0.1%
	0.1%
	0.0%
	0.1%
	0.0%

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	97%
	96%


3.7 From the results, no significant coding loss is observed when the maximum number of combinations is limited to 5. 
3.8 Simplified pruning during addition of ‘combined’ merge candidates
The table below shows the results when the simplified pruning process is used during the addition of combined Merge candidates.
	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.1%
	-0.1%
	-0.1%
	0.0%
	0.1%
	0.0%

	Class B
	0.0%
	0.0%
	0.1%
	0.0%
	0.0%
	0.1%

	Class C
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Class D
	0.0%
	0.0%
	0.1%
	0.0%
	0.1%
	0.0%

	Class E
	 
	
	 
	 
	
	 

	Overall
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	99%
	98%

	Dec Time[%]
	97%
	96%


	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	 
	 
	 
	 
	 
	 

	Class B
	0.1%
	-0.2%
	-0.3%
	0.0%
	-0.1%
	0.0%

	Class C
	0.0%
	0.0%
	0.0%
	0.0%
	0.2%
	-0.1%

	Class D
	0.0%
	0.1%
	0.2%
	0.1%
	0.0%
	0.2%

	Class E
	0.0%
	0.6%
	0.3%
	0.1%
	0.4%
	-0.1%

	Overall
	0.0%
	0.1%
	0.0%
	0.0%
	0.1%
	0.0%

	 
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	Enc Time[%]
	99%
	98%

	Dec Time[%]
	97%
	96%


From the results, no significant coding loss is observed when the simplified pruning process is used. 

4 Conclusions

In this contribution, we have presented several possible methods of simplifying motion coding. Coding simulations on HM4 shows no significant coding loss. We recommend adopting the modifications into the next HEVC test model.
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