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Abstract

This contribution proposes a parallel friendly MVP candidate calculation when a CU consists of two PUs. Simulation results show that there is a loss of 0.3% for random access condition and a loss of 0.1% for low delay condition compared to original AMVP while it is possible to parallel process two PUs.

1 Introduction 
In HEVC [1], motion vector predictor (MVP) of a current PU is derived from motion vectors (MV) of the current PU’s spatial and temporal (collocated) neighboring blocks [2]. In the current HEVC, there are three MVP candidates per PU per reference list [3]. 
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Figure 1. (a) A CU only consists of one PU, (b) A CU consists of two PUs. The blue blocks are possible spatial neighboring blocks for PUs.

Fig. 1 shows two examples where in (a), a CU contains only one PU of the same size, and in (b), a CU has two non-square PUs. Note that the spatial neighboring blocks for a current PU may or may not be in the same CU where the current PU block resides. In Fig. 1 (a), all the spatial neighboring blocks of a current PU are outside of the current CU. On the other hand, in Fig. 1(b), the spatial neighboring blocks for PU0 are all outside in the current CU. But, the left spatial neighboring block for PU1 is PU0, which is inside the same current CU.
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Figure 2. (a) Two examples that a CU consists of two PUs.

Fig. 2 shows two examples that a CU consists of two PUs. In Fig. 2a, the right PU (PU1) will use the left PU (PU0) as one of the left spatial neighbors and in Fig 2b, the bottom PU (PU1) will use the top PU (PU0) as one of the above spatial neighbors. As a result, the two PUs within a CU cannot be parallel processed; i.e., PU1 has to wait for PU0 to finish MV derivation before PU1 can start its own MVP derivation. 

In the meantime, a fixed order for encoding possible candidate set is used in the HEVC. The index number for the left spatial neighbor is always smaller than that for the above spatial neighbor no matter what kind of PU partition is. This may result in a poor coding performance for some specific PU partitions.

2 The Proposed Parallel Friendly MVP Candidates Calculation 

If there are two PUs within one CU, it is better for these two PUs to be parallel processed. However, the right PU in Fig. 2a or the bottom PU in Fig. 2b cannot be parallel processed because they have to use the left or the above PU in the same CU as one of spatial neighbors. 
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Figure 3 (a) Nx2N, nLx2N, or nRx2N type PU, (b) 2NxN, 2NxnU, or 2NxnD type PU.

This contribution proposes that for a current PU, only use PUs in spatial neighboring CUs as spatial candidates. This way, parallel processing of PUs in the same CU is possible.

For example, in Fig. 3a, block A0, instead of block A1, is used as the left spatial block for the right PU (PU1). In Fig. 3a, blocks A2 and A3 are still treated as the left-bottom and the left-above blocks for the right PU (PU1). Similarly, in Fig. 3b, block B0, instead of block B1, is used as the above spatial block for the bottom PU (PU1), and blocks B2 and B3 are treated as the above-right and the above-left blocks for the bottom PU (PU1). 

In order to improve the coding performance, this contribution further proposes to modify indexing of spatial and temporal neighbors. More specifically, if there is only one PU within one CU, the current indexing keeps unchanged, where the index for the left neighbor block is smaller than that for the above neighbor block. If there are two PUs within one CU, the index for the left and the above block may be swapped, depending on PU partition types. 

3 The Simulation Results
The proposed method was implemented in the HM-4.0 and tested to evaluate its coding performance and complexity. The binaries were compiled using Microsoft Visual Studio 2010 64 bits. The coding conditions used for the simulations are specified in [4]. Experimental result is given in Table 1. 

From Table 1, we can see that there is minor loss. However, the proposed method makes parallel MVPs processing possible if a CU consists of two PUs. Notice that the time measurement shown in the table is not realiable because the anchor and test may be run at different platforms.
Table 1: Coding performance and complexity of the proposed method 

	
	Random Access HE
	Random Access LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	0.4%
	0.5%
	0.5%
	0.4%
	0.7%
	0.6%

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

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

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

	Class E
	
	
	
	
	
	

	Class F
	
	
	
	
	
	

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

	 
	0.3%
	0.3%
	0.3%
	0.3%
	0.3%
	0.4%

	Enc Time[%]
	100%
	109%

	Dec Time[%]
	98%
	120%

	
	
	
	
	
	
	

	
	Low delay B HE
	Low delay B LC

	
	Y
	U
	V
	Y
	U
	V

	Class A
	
	
	
	
	
	

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

	Class C
	0.1%
	0.1%
	0.2%
	0.2%
	0.4%
	0.1%

	Class D
	0.2%
	0.1%
	0.3%
	0.2%
	0.5%
	0.0%

	Class E
	0.1%
	0.5%
	0.3%
	0.0%
	0.3%
	-0.6%

	Class F
	
	
	
	
	
	

	Overall
	0.1%
	0.2%
	0.2%
	0.1%
	0.4%
	0.0%

	 
	0.1%
	0.2%
	0.1%
	0.1%
	0.3%
	0.0%

	Enc Time[%]
	79%
	109%

	Dec Time[%]
	82%
	109%


4 Conclusions
In this contribution, a parallel friendly MVP candidate calculation is proposed if a CU consists of two PUs. With minor coding performance loss, this proposal allows parallel processing of two PUs in a CU.
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