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Abstract

Proposed is a motion vector coding method that can use an optimal motion vector predictor (MVP) with reduced candidate sets. For each block, a reduced set of MVP candidates is defined by verifying validity under a predefined criterion of choosing optimal MVP (OMVP). The signaling bits for the selected MVP are accordingly defined only for the reduced set of candidates so that they are either eliminated or reduced to their minimal. Simulation results are given under the test conditions defined by TE11. 
Introduction
Since motion vector (MV) takes non-trivial portion of coded video data, its effective coding is important in enhancing compression performance of video data [1]. H.264/AVC computes MV difference (MVD) of a given MV using the median of its three spatially causal neighboring blocks’ MVs as its MVP, and the MVD is entropy-coded. Since the MV coding is lossless, its coding performance mainly depends on the goodness of predictor. Although the median MVP has been widely used, it is not always the best in the sense of rate-distortion (RD) optimality of coded MV.
The so called MV Competition method [2] chooses, for each block, an OMVP (optimal MVP) in the RD sense in a set of candidate MVPs (let’s call it a candidate set (CS)) as a part of RD-optimal MV estimation process and signals its selected OMVP to decoder. The CS may include some or all MVi’s in Fig. 1. It can also include some derived vector such as the median. The signaling overheads are shown to be surpassed by the bit saving by using the OMVP which is optimal to each block. There has been also research on similar MV coding but without requiring such additional signaling [3], however, its decoder should calculate matching cost using decoded pixels to identify the OMVP for itself.
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Fig. 1 Example of MVP candidates
The advanced motion vector prediction (AMVP) method in the TMuC [4] selects the OMVP in the RD –optimal manner in CS identical to the MV Competition method [2], and removes invalid MVPs in CS for better compression of signaling bits to inform the decoder of the OMVP. Fig. 2 shows its removal process for each MVP candidate. In details, the MV candidate is derived from the MVP candidate, and then the MVD candidates are calculated from all the MVPs in CS. If any of the estimated rates of the MVD candidates is smaller than that of the current MVD, the MVP candidate is removed in CS. Otherwise, the MVP candidate is maintained. The removal process is effective to reduce unnecessary MVPs in CS. However, the removal process cannot reduce a MVP candidate which has the same estimated rate as the current MVD (let’s call this “tie situation”). Note that non-identical MVDs can have entropy-coded representations having identical number of coded bits as in Fig. 3.
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Fig. 2 Removal process for motion vector prediction in the TMuC
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Fig. 3 Contour plot of equal rate of entropy-coded MVD in H.264/AVC
Proposed motion vector competition method with reduced candidate sets
The proposed method selects the OMVP producing the minimum RD of its MVD. We assume that encoder and decoder have prior agreement that when the tie situation occurs, encoder selects the OMVP having the smallest index. The signaling bits to notify decoder of selected OMVP are accordingly defined only for the reduced set of MVP candidates after invalid MVPs are removed in CS as shown in Fig. 4. The removal process is same as AMVP (illustrated in Fig. 2) before reaching the condition that checks the tie situation. If the joint condition that the estimated rates of MVD candidate and current MVD are the same and the index of the MVP mapped to MVD candidate is smaller than that of the MVP candidate is true, the MVP candidate is removed from CS. Otherwise, the MVP candidate is maintained. In the removal process of each MVP candidate in CS, tie in estimated rates often occurs since non-identical MVDs may produce entropy-coded representations of the same length as shown in Fig. 3. Therefore, the proposed tie-breaking rule can further enhance the coding performance without computational increment.
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Fig. 4 Removal process for motion vector prediction in the proposed method
Using the tie-breaking rule, encoder and decoder can reduce the cardinality of CS as much as possible. If the MVPs in CS are similar to each other, it is more likely that CS has just one member, thus saving lots of signaling bits. It is benefit from having the tie-breaking rule. Also, the employment of the tie-breaking rule does not need any additional computation.
Experimental results
The proposed method is implemented on TMuC 0.7.0 software and simulated under the recommended test conditions of TE11 [5]. The performance is compared in terms of Bjøntegaard Delta Bit Rate (BDBR) [6]. Table 1 summarizes the experimental results.
Table 1 Experimental results (the results will be updated in its revised doc)
	Resolution
	Sequence
	BDBR (%)

	
	
	Random Access
	Low Delay

	
	
	High Efficiency
	Low Complexity
	High Efficiency
	Low Complexity

	Class A
	Traffic
	Tb update
	To update
	N/A

	
	PeopleOnStreet
	To update
	To update
	

	Avg. of Class A
	To update
	To update
	

	Class B
	Kimono 
	To update
	To update
	To update
	To update

	
	ParkScene
	To update
	To update
	To update
	To update

	
	Cactus
	To update
	To update
	To update
	To update

	
	BasketballDrive
	To update
	To update
	To update
	To update

	
	BQTerrace
	To update
	To update
	To update
	To update

	Avg. of Class B
	To update
	To update
	To update
	To update

	Class C
	BasketballDrill
	-0.11
	-0.17
	-0.18
	-0.07

	
	BQMall
	-0.11
	-0.11
	-0.05
	-0.04

	
	PartyScene
	-0.09
	-0.08
	-0.11
	-0.05

	
	RaceHorses
	-0.10
	-0.15
	-0.10
	-0.01

	Avg. of Class C
	-0.10
	-0.13
	-0.11
	-0.04

	Class D
	BasketballPass
	-0.06
	-0.07
	-0.10
	-0.07

	
	BQSquare
	-0.08
	-0.16
	-0.18
	-0.07

	
	BlowingBubbles
	-0.02
	-0.15
	-0.01
	-0.11

	
	RaceHorses
	-0.15
	-0.09
	-0.20
	-0.08

	Avg. of Class D
	-0.08
	-0.12
	-0.12
	-0.03

	Class E
	Vidyo1
	N/A
	To update
	To update

	
	Vidyo3
	
	To update
	To update

	
	Vidyo4
	
	To update
	To update

	Avg. of Class E
	
	To update
	To update

	Avg. of Total
	To update
	To update
	To update
	To update


Concluding Remarks
In this proposal, an MV coding scheme capable of using an OMVP in the sense of minimum RD with reducing its index overhead is presented. Experiments show that the proposed method achieves coding gain of 0.10% in BD bit rates compared to TMuC. Compared to the removal process for MVP in TMuC, the proposed method with a tie-breaking rule provides stable coding gain.
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