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Abstract

This document provides a potential benefit of using localized horizontal spatial prediction in the intra block prediction. In the proposed algorithm, a block of size 32x16 is divided into two 16x16 MBs, consisting of the pixels from the even-numbered columns and the odd-numbered columns (termed the even MB or EMB and the odd MB or OMB) respectively. The EMB is encoded using conventional intra coding techniques and then its reconstruction is used for the prediction of the OMB. Experimental results show that with CAVLC coding, up to 6.76% and on average 2.91% bit-rate saving can be achieved for all sequences and 3.84% for HD sequences with the proposed method incorporated in the intra coding of H.264/AVC.
1 Introduction of spatial prediction
In the current intra prediction of H.264/AVC, a block of sizes 16x16, 8x8 or 4x4 is predicted from the reconstructed boundary pixels in its available left, up, left-up and left-right neighboring blocks. Although the reference pixels are spatially close to the pixels that are currently being encoded, the largest spatial distance between the reference pixel and the pixel to be predicted that can be as far as 4 pixels, which for high texture, high detail inputs, can result in significantly degraded prediction quality. 

To exploit correlation among neighboring pixels, we propose a spatial prediction method for Intra frames based on horizontal sampling. The proposed algorithm firstly divide every 32x16 double MB pairs into two parts, the even-numbered columns (termed even MB or EMB) and the odd-numbered columns (termed odd MB or OMB). The OMB will then be predicted from the EMB. The main difference between the proposed algorithm and the already exist intra prediction algorithm lies in that our partition is carried out in the horizontal direction on a local level, which enables the algorithm to take advantage of correlations between pixels in a close neighborhood of each other. This in term leads to improved encoding of detailed textures often present in high-definition high quality inputs. The proposed algorithm allows for lower bandwidth and higher parallelized implementations.
2 Proposal of Bi-MB level horizontal spatial prediction
A conceptual illustration of the coding framework can be seen in Fig. 1. The EMB is encoded using H.264-like intra coding techniques (i.e. with H.264 encoding modes and prediction filters using pixels from reconstructed neighboring blocks). The reconstruction of the EMB is then used to produce a prediction of the OMB using the H.264 six-tap interpolation filter. The prediction error then undergoes transform, quantization and entropy coding. After both the EMB and the OMB are reconstructed, the pixels from the two MBs are interleaved again to their original positions in the 32x16 partition.

[image: image1.emf]
Fig. 1. The proposed intra coding framework
Fig. 2 illustrates the partition of a 32x16 array of neighboring pixels into the even and odd MBs. 
[image: image2.emf]
Fig. 2. Horizontal Sampling

Prediction method of the even MB is similar to the directional intra prediction in H.264 standard. There are still 4 prediction modes for intra 16x16 MB and 9 modes for intra 4x4 MB. The surrounding pixels for intra 16x16 MB prediction are kept as same location as that in the H.264 standard. While the position of some pixels, which are used to generate intra 4x4 MBs’ prediction samples, are changed to get more accurate prediction. Fig. 3 shows how to select boundary pixels A-M for a 4x4 block of the even MB. The current 4x4 block is making up of the gray pixels in the rectangle. Pixels A-D and I-M are taken from the nearest blocks in its neighboring even MB, while pixels E-H comes from the nearest nature block in the upright.
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Fig. 3. Surrounding pixels selection of intra 4x4 MB prediction in the even-pixel MB

After the EMB is coded and reconstructed, the left and right neighboring pixels for the pixels in the OMB are available. To exploit the correlation between the EMB and the OMB, a horizontal six-tap filter is applied. Fig. 4 shows how a horizontal six-tap filter is used to generate prediction samples for the even-pixel MB. The circle with ‘X’ denotes the current pixel to be predicted, its 6 neighbor circles colored dark grey denote the pixels that have already been reconstructed and used as input of the filter. The calculation of ‘X’ is carried out as follows.

X = round( (A – 5B + 20C + 20D – 5E + F) / 32 )


[image: image4]
Fig. 4. Interpolation from the right partition

The prediction of the odd MB is rather accurate because each pixel is predicted separately from its own neighbor pixels. For MBs in smooth region, the prediction performance is almost the same as using the directional prediction. Especially, for MBs with detailed textures, the prediction performance can be much better. 

Two different prediction methods separately exploit directional correlation and horizontal correlation among pixels. In both two methods, more pixels are used for prediction. RDO is used to determine which method will be used and a bit for each 32x16 block will be used to indicate the decoder do the right thing for decoding the blocks. That’s the reason why the proposed method can achieve better performance.
3 Experiment Results

The proposed method is implemented in the reference software JM16.2. All experiments results of it are compared with the results of H.264 High Profile encoder with full I frames coding. One group results is encoded with CAVLC and another is encoded with CABAC. The Bjontegaard Delta method is used to evaluate the performance of our proposal method.

Table 1: results of CAVLC

	
	Sequence
	BD Bitrate(%)
	BD PSNR(dB)

	Class A
	ParkJoy
	-2.23%
	0.108

	
	PeopleOnStreet
	-5.77%
	0.377

	
	Traffic
	-5.38%
	0.336

	
	Average
	-4.46%
	0.274

	Class B
	Kimono1
	-4.65%
	0.191

	
	ParkScene
	-1.23%
	0.105

	
	Tennis
	-3.79%
	0.134

	
	Average
	-3.22%
	0.143

	Class C
	Flowervase
	-0.61%
	0.040

	
	Keiba
	-6.76%
	0.414

	
	Mobisode2
	0.65%
	-0.029

	
	Average
	-2.24%
	0.142

	Class D
	Flowervase
	-0.29%
	0.019

	
	Keiba
	-4.65%
	0.311

	
	Mobisode2
	-0.24%
	0.008

	
	Average
	-1.73%
	0.113

	Total Average
	-2.91%
	0.168


Table 2: results of CABAC

	
	Sequence
	BD Bitrate(%)
	BD PSNR(dB)

	Class A
	ParkJoy
	0.42%
	-0.020

	
	PeopleOnStreet
	-3.30%
	0.206

	
	Traffic
	-1.96%
	0.105

	
	Average
	-1.61%
	0.097

	Class B
	Kimono1
	-2.08%
	0.080

	
	ParkScene
	0.72%
	0.005

	
	Tennis
	-2.26%
	0.072

	
	Average
	-1.21%
	0.052

	Class C
	Flowervase
	0.20%
	-0.012

	
	Keiba
	-2.65%
	0.139

	
	Mobisode2
	1.49%
	-0.052

	
	Average
	-0.32%
	0.025

	Class D
	Flowervase
	-0.14%
	0.006

	
	Keiba
	-1.91%
	0.123

	
	Mobisode2
	0.59%
	-0.035

	
	Average
	-0.49%
	0.031

	Total Average
	-0.91%
	0.051


The experiment results show that the proposed algorithm can bring improvement for both CAVLC than CABAC, but CAVLC is better. And it can do better in the high definition sequences. With a view of the CAVLC is easy to implement in the chip and easy to parallel on the multi-core platform, we believe the improvement in the CAVLC is valuable for IPred AhG as a candidate tool in the future.
4 Conclusion
This proposal presents a localized horizontal spatial prediction in the intra block prediction. Experimental results show an average bit-rate reduction of about 2.91%. We suggest the proposed spatial prediction as a valuable tool for the future intra coding, especially for the high definition video sequences.
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