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1. Introduction

In this document, we present an alternative motion vector prediction method which, for each candidate motion vector also considers the temporal distance of its corresponding reference picture. Furthermore, similar to the Spatial Direct Method in the FCD, we introduce a reference frame selection process that can be used within the Skip motion vector macroblock mode. Our results show that we can achieve additional benefits by considering the combination of these two methods within the JVT standard.
2. Motion Vector Prediction

Motion Vector Prediction within the JVT standard is essentially Median Biased. If multiple reference encoding is used in order to improve performance, the current FCD also considers the case where if only one of the candidate motion vectors used for the motion vector prediction uses the same reference picture as the current block, then only this candidate is used instead of the median value. Apparently though no consideration was made for the case where only 1 candidate or all three use a different reference picture. In such cases, the median calculation is still used, which could potentially lead to a bad motion vector prediction. 
To resolve this problem, we propose also considering the temporal distance of each motion vector within the motion vector prediction calculation. More specifically, instead of having to compute the median predictor as:
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if any of the motion vectors points to a different picture than the current reference and is not intra, then the median calculation can be calculated as : 
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where TDref is the temporal distance of the current reference picture, and TDA, TDB, TDC, are the corresponding temporal distances of the three motion vector candidates. Similar to the Direct mode motion parameter calculation, the above division operation could be replaced with a shift calculation as:
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The changes in both the text and the software are extremely minor for introducing the above concept. In particular, in section 8.4.1.1 we may add the following additional rule:


If any predictor is using a different reference picture than E and is not intra then this predictor is scaled according to the temporal distance of its reference picture and the temporal distance of the reference picture of E, prior to the median calculation. Scaling for a predictor X is performed as follows
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If any predictor is using a different reference picture than E and is pointing to a long term reference picture, then this predictor shall be set to zero prior to the median calculation. 
2. Skip Mode Reference Picture Selection

The existing skip mode in the FCD standard always uses the last decoded picture as its reference. This though might not always be appropriate and could impair performance especially for some special types of sequences (such as news sequences). The spatial direct mode apart from the motion vector calculation process, also introduced a method for selecting the reference pictures of the direct coded block. We propose using the same concept for selecting the reference picture for the skip mode. Similar to the direct mode approach, the process is done as follows: 

“The reference picture indices for the neighbouring blocks A, B, C, and D within the current slice for the 16x16 current luma block E, as described in subclause 8.4.1.1 and shown in Figure 8‑4, shall be used to determine the reference picture index of the skip mode macroblock.  The reference picture index shall be the minimum reference picture index among the reference picture indices used for the prediction of the neighbouring blocks.  If no neighbouring blocks are present within the current slice (i.e. are all intra), the reference index for that list shall be the last decoded picture. “
Again modifications within the code are relatively minor while this process does not affect.
3. Simulation results

The proposed methods were incorporated within the JVT reference software, version 4.0c. We have used the testing conditions recommended in [3], while also adding some additional sequences. 
	
	Foreman
QCIF
	Container
	News
	Paris
	Silence
	Mobile
	Tempete
	Foreman
 CIF
	Stefan 
QCIF
	Stefan
CIF
	Coastguard
	Bus

	(PSNR
	0.012
	0.035
	-0.023
	0.004
	-0.008
	0.225
	0.134
	0.063
	0.080
	0.131
	0.038
	0.172

	(bitrate %
	0.22
	0.70
	-0.39
	0.06
	-0.17
	4.89
	3.15
	1.36
	1.38
	2.52
	1.13
	3.58


We observe that even though our modifications are very minor, we can achieve up to 0.225dB PSNR gain, or equivalently 4.89% bitrate reduction. We have only experienced loss in two sequences, News and Silence, which could be considered quite minor. As we have also mentioned previously, we expect other sequences which might be switching back and forth to the same scenes to perform even better than the above. If time allows, we will try to provide additional evidence on this claim. In general, we recommend that these methods are accepted within the standard since they could provide additional quality benefits, while only requiring minor modifications. It is also important to point out, that these do not affect in any way the encoder/decoder if only 1 reference frame is used.
We have also examined one additional case within the motion vector prediction process, which though gave worse performance than the current FCD and thus we do not wish to propose it. According to this case, if 2 of the motion vector candidates are intra, and only one candidate is not intra but uses a different reference picture, only the non-intra candidate is used within the motion vector prediction calculation. 
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