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Abstract

In Dresden JCTVC meeting, we present a new spatial prediction scheme for intra encoding by taking full use of the correlation between lines and pixels instead of blocks [1]. Unlike the traditional block-based intra prediction, we explore the spatial correlation by using the line-based and resample-based intra prediction to improve compression performance of intra encoding. After Dresden meeting, we have implemented RDOQ into the line-based intra prediction and fixed several bugs. Compared with H.264/AVC High Profile under CfP ALPHA testing condition except that GOP structure is all intra pictures, the new experimental results show an average 5.07% bit rate saving for all sequences, and about 5.71% average for HD (720P, 1080P and 1600P).
1 Introduction

Intra prediction in H.264/AVC performs zero-order extrapolation using the adjacent boundary pixels of reconstructed neighboring blocks to get the prediction of the entire coding block. One problem of such a block-based intra prediction design is that the prediction error increases as the distance from the reference pixel to the current prediction pixel increases. To make the pixel close to its predictor, a new intra prediction scheme is proposed by exploring the correlation between lines and pixels corresponding to the line based and resample based intra prediction.
2 Algorithm description

2.1 Line-based intra prediction 
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Fig. 1 Directional prediction of 1x16 and 2x8 mode

Firstly, we introduce the line-based intra prediction (LIP) to use the correlation between lines and pixels. Currently, the line-based intra prediction consists of 4 modes, i.e., 1x16, 16x1, 2x8 and 8x2 modes. For each intra MB, the lip_flag is used to indicate whether LIP is used. And a lip_type symbol is used to specify the selected LIP mode. Mode selection is based on RD evaluation. The LIP mode 16x1 and 8x2 are illustrated in Fig. 1. For each LIP mode, nine directional predictions are evaluated, the one with minimum RD cost is selected as the prediction direction. For horizontal and vertical prediction, the prediction is set as the value of the reference pixel. For other directions, the reference pixel that lies on the prediction direction and its two neighboring reference pixels are low-pass filtered to get the prediction value. According to the LIP mode used, DCT of size 1x16, 16x1, 2x8 or 8x2 is applied. The zigzag scan order is changed accordingly for coefficient blocks of size 8x2 and 2x8.
2.2 Resample-based intra prediction
Secondly, a resample-based intra prediction (RIP) is proposed for intra prediction, which aims to improve coding efficiency by taking full advantage of the correlation of pixels instead of blocks. 

[image: image3.emf]Intra_RIP_8x8

( transform_size_8x8_flag = 1,

use_RIP_flag = 1 )

Intra_16x16, Intra_8x8, Intra_4x4

( 

Traditional Intra MB partitions 

)

RDO 

selection

Intra_RIP_4x4

( transform_size_8x8_flag = 0,

use_RIP_flag = 1,

hierarchical_structure_flag = 0)

Intra_RIP_4x4_hs

( transform_size_8x8_flag = 0,

use_RIP_flag = 1,

hierarchical_structure_flag = 1)

P1 I0

P3 P2

p1

p2 p3

I

I

I I

I

P1

P3 P2

P1

P3 P2

P1 I0

P3 P2

8 x 8

I

I I

I

P1 I0

P3 P2

8 x 8 4 x 4

P1 I0

P3 P2

p1

p2 p3

I

16 x 16

8 x 8

4 x 4

1st level

decomposition

2nd level

decomposition

16 x 16

16 x 16


Fig. 2. The proposed RIP partitions and signal methods
As illustrated in Fig. 2, three new MB partitions are proposed, of which one is one-level decomposition and the others are two-level decomposition. In the first-level decomposition, a MB is decomposed into 4 blocks by down-sampling. In the second-level decomposition, one of the down-sampled blocks can be further decomposed into 4 sub-blocks by using down-sampling or not. These three new MB partitions are used for intra encoding as well as traditional intra MB partitions. The final selected intra MB partition is determined by using RDO at MB level. Two flags, use_RIP_flag and hierarchical_structure_flag, are combined with the existing transform_size_8x8_flag to signal the proposed RIP partitions.
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Fig. 3. Intra prediction and interpolation in RIP
Let’s take the proposed partition of Intra_RIP_8x8 as an example. As shown in Fig. 3, a MB is decomposed into 4 blocks (i.e. I0, P1, P2 and P3) by down-sampling. I0 block is encoded with traditional block-based intra prediction, where all of the reference pixels are from the encoded neighboring MB. P1 and P2 blocks are predicted pixel-by-pixel with the reference of the encoded I0 block by interpolation with 4-tap filter [-1, 5, 5, -1] horizontally and vertically. P3 block is predicted pixel-by-pixel with the reference of the encoded P1 and P2 blocks by averaging the four neighboring pixels. It is noticed that unavailable reference pixels are replaced by the nearest pixels when performing the prediction on the boundaries of blocks. It should be noticed that the proposed RIP technique takes full advantage of the correlation of pixels instead of blocks and has higher prediction accuracy in comparison to the traditional block-based intra prediction.

The prediction residuals of all blocks are processed with transform, quantization and entropy coding. In quantization process, block-based QP shift scheme is employed to achieve higher coding performance, where smaller QP is assigned to the reference block(s). Change to entropy coding of CBP (Coded Block Pattern) syntax element is necessary since all the decomposed blocks don’t have similar distribution of residual coefficients. The in-loop filter process inside a MB is disabled for Intra_RIP_8x8 and Intra_RIP_4x4_hs partitions.

3 Compression performance discussion

Table I.  Comparison of coding efficiency for CfP sequences
	　
	low-bitrate range
	high-bitrate range

	sequence
	BD-bitrate
	BD-PSNR
	BD-bitrate
	BD-PSNR

	RaceHorses_416x240_30
	-2.80%
	0.17 
	-2.83%
	0.21 

	BasketballPass_416x240_50
	-4.51%
	0.25 
	-4.03%
	0.25 

	BlowingBubbles_416x240_50
	-3.21%
	0.20 
	-3.22%
	0.24 

	BQSquare_416x240_60
	-3.25%
	0.24 
	-2.95%
	0.25 

	Average QWVGA
	-3.44%
	  0.22
	-3.26%
	0.24 

	RaceHorses_832x480_30
	-3.71%
	0.17 
	-3.53%
	0.19 

	BasketballDrill_832x480_50
	-7.14%
	0.32 
	-7.06%
	0.32 

	PartyScene_832x480_50
	-4.78%
	0.22 
	-4.27%
	0.24 

	BQMall_832x480_60
	-5.63%
	0.30 
	-5.48%
	0.31 

	Average WVGA
	-5.32%
	0.25 
	-5.09%
	0.26 

	vidyo1_720p_60
	-7.16%
	0.40 
	-7.60%
	0.42 

	vidyo3_720p_60
	-6.04%
	0.37 
	-5.79%
	0.36 

	vidyo4_720p_60
	-6.44%
	0.33 
	-6.33%
	0.33 

	Average 720P
	-6.55%
	0.37 
	-6.57%
	0.37 

	Kimono1_1920x1080_24
	-8.88%
	0.33 
	-5.99%
	0.19 

	ParkScene_1920x1080_24
	-2.05%
	0.09 
	-1.42%
	0.07 

	BasketballDrive_1920x1080_50
	-6.62%
	0.22 
	-6.03%
	0.19 

	Cactus_1920x1080_50
	-4.79%
	0.19 
	-4.08%
	0.16 

	BQTerrace_1920x1080_60
	-7.25%
	0.31 
	-6.52%
	0.28 

	Average 1080P
	-5.92%
	0.23 
	-4.81%
	0.18 

	PeopleOnStreet_2560x1600_30_crop
	-6.75%
	0.38 
	-6.04%
	0.34 

	Traffic_2560x1600_30_crop
	-4.54%
	0.25 
	-3.94%
	0.22 

	Average 1600P
	-5.65%
	0.31 
	-4.99%
	0.28 

	Average
	-5.31%
	0.26 
	-4.84%
	0.25 

	All Bitrate Average
	-5.07%     0.26 


The proposed technique has been integrated into KTA2.6r1 reference software. It is noted that the proposed technique is only applied to luminance component. Encoding parameters are configured according to CfP ALPHA common test condition except that GOP structure is all intra pictures. Anchor is H.264/AVC High Profile, all CfP sequences with full length are tested, CABAC entropy coding mode is enabled, RDO and RDOQ (Rate Distortion Optimized Quantization) are enabled. 5 QP points used in the experiment are the same as CfP Alpha anchors [1].

Table I shows the experimental results at low-bitrate and high-bitrate ranges. The average PSNR gain and bitrate reduction are calculated based on VCEG-M33 [2]. As shown by the table, average 5.31% bitrate reduction for low-bitrate QP set and 4.84% bitrate reduction for high-bitrate can be achieved. At all bit rate range, the average bitrate saving is 5.07%.
It is observed that the proposed method can achieve a considerable coding gain on all CfP sequences at both high bitrate and low bit rate range. One interesting thing that the proposed technique can provide more performance gain for HD (High Definition) sequences (720p, 1080p and 1600p) than those sequences with low resolution (WVGA and WQVGA). The average bit reduction for HD sequences is even 5.71%. Generally speaking, both non-smooth regions with complex texture and smooth regions with simple texture are exist in HD sequences, the spatial correlations in both smooth and non-smooth regions can be well explored by the proposed technique.
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