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Abstract

This document presents a multiple line-based intra prediction method. In the proposed method, not only the nearest reference line but also further reference lines are utilized in intra prediction. The prediction generated from further reference line will compete with the prediction generated from the nearest reference line in order to choose the best prediction for each CU. When further reference line is used, a residue compensation procedure is introduced to further refine the prediction. In addition, this proposal also designs several optional acceleration algorithms when considering the encoding complexity. The proposed method is integrated on top of JEM-2.0 and the experimental results show that for all intra coding, the fast version of the proposed scheme saves 0.9% bits on average with increasing about 66% encoding time.
1 Introduction

In current intra prediction, only the nearest reference line is used for the intra prediction when considering the strong correlation. However, the further reference lines may provide a better prediction in some cases. For this reason, we propose to check further reference lines to perform intra prediction, and choose the best reference line according to the rate distortion (RD) cost. When generating the prediction with further reference line, some affiliated information (i.e. residue of the nearest line) also can be obtained. So, when using further reference lines, we propose a residue compensation procedure as an post processing for the prediction block, which can suppress the discontinuities. In addition, an alternative solution is provided, in where several acceleration algorithms are incorporated.
2 Proposed Method
2.1 The basic framework of multiple line-based intra prediction
In the proposed method, the reference lines are organized as Fig. 1 (a). Each reference line indicated by RefLineX has an interval with the prediction block, whose offset is X. The encoder will check the 4 reference lines, from the nearest reference line (RefLine0) to farthest reference line, and choose the best one according to the RD cost, on CU level.
The reference line index will be transmitted into the bit stream as the decoder needs to know which reference line to predict the block. It is coded using a similar way to code reference picture index. For the four reference lines, we will use 0,10, 110, and 111 to indicate RefLine0 to RefLine3, respectively. In the proposed method, the reference line index is implemented on CU level. All PUs and TUs in a CU will share the same reference line index. The chroma components will reuse the downsampled reference line index of its corresponding luma component. For 4:2:0 content, chroma components use reference line 0 when luma component uses reference line 0 or line 1. Chroma components use reference line 1 when luma component uses reference line 2 and line 3.
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Fig. 1. The structure of multiple reference lines

In JEM 2.0, the intra coding cooperates the position dependent intra prediction, adaptive reference sample smoothing, multi-parameter intra prediction, KLT transform, and so on tools. In the proposed method, to control the complexity, these tools will be disabled if the further reference lines are used. It is noted that the 4-tap interpolation filter will be used for further reference lines.
2.2 Residue compensation
From the Fig. 1 (b), we can see that interval region (green part) are also able to be predicted, as affiliated information in utilizing the further reference line. In addition, the reconstructed pixels of the interval are available. So the residue can be obtained by subtracting its “new” prediction from its reconstruction (the new prediction means the prediction is generated by the further reference line). In the proposed method, the nearest residues of block are used to refine the prediction when using further reference lines. We design four kinds of residue compensation, and apply them to different intra directions (the following description assume that the 67 intra directions are enabled in JEM 2.0).
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Fig. 2. Residue compensation

a. Perpendicular residue compensation

The perpendicular residue compensation is applied on the both of the above and left boundaries, in where the above rows of a prediction block are with vertical residue compensation and the left columns are with horizontal residue compensation. It is shown in Fig. 2 (a), and can be formulated as:
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 is the prediction value of each pixel, in where j and i are the row and column location index, respectively. r is the corresponding reconstruction value. The (0,0) represents the first pixel of original prediction block. K is the parameter representing the number of compensated row/column, set as 3. w indicates the weight of the compensation. It is calculated as:
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A and B are the parameters, which are set as 3 and 4, respectively. It is noted that the above-left part (
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, denoted by the region within dotted lines in Fig. 2 (a)) will both perform the horizontal and vertical compensation. In the proposed method, the perpendicular compensation is used for the DC and planar mode.
b. Vertical/horizontal residue compensation
The vertical residue compensation is performed on the above rows of a prediction block as shown in Fig. 2 (b). It is as:
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where the weight wj will be adjusted according to the direction mode, and it is calculated as:
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The dir is the intra direction index, and HOR is the horizontal direction index. The K is set as 1. The vertical residue compensation is performed for the intra directions around horizontal direction (i.e. mode 11 ~ 25). In similar way, the horizontal residue compensation acts on the left columns of a prediction block as shown in Fig. 2 (c), which can be regarded as a transpose of vertical residue compensation. The horizontal residue compensation is performed for the intra directions around vertical direction (i.e. mode 43 ~ 57).
c. Parallel residue compensation
The parallel residue compensation follows the same direction with the intra angular direction, it is as:
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where the projected means that current pixel is projected on the nearest reference line along the intra angular direction. We take K as 3 for parallel compensation. The weight is same with that in perpendicular compensation. The parallel compensation is illustrated in Fig. 2 (d), and performed for angular directions around diagonal direction (i.e. mode 26 ~ 42).
d. Inversely parallel residue compensation
The inversely parallel residue compensation is performed for mode 2 and 66, and it is shown in Fig. 2 (e) and Fig. 2 (f) respectively. The formulation is as:
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For mode 2, the above rows are compensated. In similar way, the left columns are compensated for mode 66. We take K as 3 for inversely parallel compensation. The weight is same with that in perpendicular compensation.
2.3 Fast algorithms
To accelerate the proposed method, several fast algorithms are deigned, and they are:
· The CU size larger than 32x32 is always not checked for further reference lines. For 32x32 CU, we will skip checking of further reference lines under the condition that the size of the above and left PUs are both less than 16.
· If we observe that:

[image: image15.wmf]0

Re

1

Re

1

.

1

fLine

fLine

RDCost

RDCost

´

>


where RDCostRefLineX indicates the RD cost of CU with RefLineX, we will not check the reference lines which are further than the line RefLine1.
· In JEM 2.0, the intra mode 2Nx2N will be checked in front of mode NxN. If we find that the RD cost of mode NxN with the nearest reference line is much larger than that of mode 2Nx2N with the best reference line:
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, the further reference lines of mode NxN will not be examined because we deduce that the mode 2Nx2N performs better than mode NxN.

· The number of direction candidates (before that the number of most probable modes (MPM) is counted) will be cut by half in the direction decision based on RD cost.

· The rate distortion optimized quantization (RDOQ) is disabled in the direction decision based on RD cost with fixed TU size, but it still be enabled in checking the best RQT.
· The reference line RefLine2 with two pixels offset will not be checked, and we also modify the binarization of reference line index (as RefLine2 is not allowed). It is a normative modification.
It should be noted that the above fast algorithms only work for the further reference lines. The intra coding with the RefLine0 keeps unchanged.
3 Experimental Results 
The software is implemented based on HM-16.6+JEM-2.0. The unmodified HM-16.6+JEM-2.0 is used as anchor and the proposed method is used as test. The test is under CTC [1] and the results are summarized in the tables below. More detailed results can be found in the accompanied Excel tables.

For All Intra configuration, the bit saving of the proposed fast version scheme is 0.9% (Y), 0.9% (U), and 0.9% (V) on average, with increasing about 66% encoding time. The gain is 1.1% (Y), 1.2% (U), and 1.3% (V) BD-rate gain on average, with increasing about 162% encoding time, for the proposed full search method. 
Table 1 Lossy coding result for AI
	
	
	
	
	
	
	
	

	
	
	Proposed Method-Fast Version
	

	
	
	All Intra Main10 
	

	
	
	Y
	U
	V
	EncT
	DecT
	

	
	Class A1
	-0.63%
	-1.03%
	-1.16%
	165%
	104%
	 

	
	Class A2
	-1.35%
	-1.28%
	-1.36%
	166%
	104%
	 

	
	Class B
	-0.82%
	-0.65%
	-0.77%
	167%
	106%
	 

	
	Class C
	-1.02%
	-0.80%
	-0.91%
	166%
	102%
	 

	
	Class D
	-0.58%
	-0.53%
	-0.67%
	165%
	107%
	 

	
	Class E
	-0.84%
	-0.85%
	-0.64%
	164%
	101%
	 

	
	Overall 
	-0.87%
	-0.85%
	-0.92%
	166%
	104%
	 

	
	Class F (optional)
	-1.97%
	-1.39%
	-1.33%
	165%
	96%
	 

	
	
	
	
	
	
	
	

	
	
	Proposed Method-Full Search
	

	
	
	All Intra Main10 
	

	
	
	Y
	U
	V
	EncT
	DecT
	

	
	Class A1
	-0.75%
	-1.45%
	-1.57%
	268%
	104%
	 

	
	Class A2
	-1.62%
	-1.85%
	-1.97%
	274%
	106%
	 

	
	Class B
	-0.97%
	-1.02%
	-1.19%
	258%
	105%
	 

	
	Class C
	-1.20%
	-1.02%
	-1.22%
	254%
	102%
	 

	
	Class D
	-0.78%
	-0.74%
	-1.00%
	249%
	106%
	 

	
	Class E
	-0.95%
	-1.06%
	-0.89%
	270%
	101%
	 

	
	Overall 
	-1.05%
	-1.19%
	-1.32%
	262%
	104%
	 

	
	Class F (optional)
	-2.55%
	-1.97%
	-2.17%
	266%
	98%
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