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1 Introduction

Reduced Resolution Update (RRU) mode was proposed to VCEG as a potential tool for achieving improved encoding performance within H.264/MPEG-4 AVC [1] and its future extensions [2]

 REF _Ref84751959 \r \h 
[3]

 REF _Ref93229544 \r \h 
[4]. In this document, we will propose a new intra prediction method for RRU mode based on two previously proposed methods [2]

 REF _Ref84751959 \r \h 
[3]. Compared to [2][3], the new method can remove the blocky artifact and jagged edges on macroblock or inner 8x8 block boundaries for intra coded macroblocks which contain a lot of textures or edges. At the same time, it keeps the complexity of intra prediction as low as [4] and does not need to standardize the downsampling process as required by [4]. The new intra prediction can also benefit the complexity scalable video codec [5].

2 RRU Intra Prediction Background

In [2], the spatial intra prediction methods in H.264 using either 4x4 or 16x16 block size is extended to 8x8 and 32x32 block sizes for RRU mode. Then the residue is downsampled and is coded using the same transform and quantization process in H.264. During decoding, the residual data needs to be upsampled. The downsampling process is done only in the encoder, and hence does not need to be standardized. The upsampling process must be matched in the encoder and decoder, and so must be standardized. In [2], since the upsampling is performed on the residue, it is done within 4x4 block. But because the intra prediction in general does not have very good prediction for textures, this approach can result in the blocky artifact and jagged edge along inner 8x8 block boundaries and the macroblock boundaries. In [4], instead of working on the full resolution image as [2], the pixels neighboring the 32x32 coding region are downsampled and placed in a temporary buffer. Then the intra prediction is done exactly the same as in the standard implementation. After the prediction and residue coding is complete, the intra macroblock is upsampled to replace the macroblock in the reference image. In this method, since the downsampling process was also performed at the decoder, it requires to be standardized.

3 Our Proposal

Our new intra prediction method is based on [4], but with the following modifications.

· downsampling is only performed at the encoder, so it does not need to be standardized

· constrained_intra_prediction_flag needs to always be set to 1

· different upsampling method is performed for intra macroblock and inter macroblock

· loop filter is modified on macroblock boundary when strength equals to 4

In our proposed method, we also perform the intra prediction on a 16x16 macroblock basis as in [4]. But instead of using the first upsampled then downsampled neighboring pixels for intra prediction [4], we store the low resolution version of the neighboring pixels before we upsample it and use these pixels to perform intra prediction on a 16x16 macroblock basis, as specified in H.264. To be specific, given a 32x32 macroblock, we first downsample it to 16x16 macroblock, and then use the neighboring pixels in low resolution to perform intra prediction. After the prediction and residue coding is complete, we store the right column and bottom row in a temporary buffer. Then the intra macroblock is upsampled to replace the macroblock in the reference image. Since the pixels for low resolution is not available for non-intra macroblock, we need to set constrained_intra_prediction_flag to be 1. In order to perform intra prediction with the proposed method, some additional memory is required. For each MB we need to store its right column (16 pixels for luma, 8 pixels for Cr and 8 pixels for Cb) and bottom row (16 pixels for luma, 8 pixels for Cr and 8 pixels for Cb) i.e., 64 additional bytes for the intra coded macroblock. 

In [2], the residue is upsampled within 4x4 blocks. In our proposal, for intra macroblock, since upsampling is performed on pixels, we use 6-tap upsampling filter as in H.264 and the upsampling is done on a 16x16 macroblock basis. In this way, the blocky artifact and jagged edges on inner 8x8 block boundaries can be removed. But since the upsampling does not extend the macroblock boundaries, a discontinuity is produced on a 32x32 boundary. We thus increase the strength for loop filter when bS equals to 4.

A side advantage of our approach is that it can benefit the complexity scalable video coding techniques proposed in [5]. By using this intra coding method combined with intra-refresh techniques, it can stop the drift propagation in reduced-resolution video.

4 Simulation Result

Our proposed method aims at removing the subjective coding artifact for intra-coded macroblocks. Similar to [4], since this method loses the high-frequency information during the downsampling process, the PSNR is not as good as in [2] for intra-coded macroblocks. But if we only use RRU for inter-pictures, which is typically the case in real applications, the PSNR does not get affected. This is because fewer intra macroblocks are used in inter-pictures. Table 1 shows the average (bitrate and (PSNR of our proposed method versus [2], where RRU mode is only used for inter-pictures. Figure 1 illustrates a visual comparison of the intra-coded ball from Mobile using the old method in [2] and our new method. Figure 2 illustrates a visual comparison of the intra-coded player from Football using the old method in [2] and our new method. We can see clearly that with the new method, the jagged edges in the ball or the back of the player are smoothed.

Table 1 Comparison of the proposed method versus [2]

	
	old method in [2]
	
	proposed method
	Average
 bitrate
	Average 
PSNR

	Sequence
	Resolution
	frames
	QP
	PSNRY
	bitrate
	QP
	PSNRY
	bitrate
	
	

	Bus
	CIF
	150
	28
	29.59
	486.88
	28
	29.59
	486.64
	-0.14
	0.005

	
	
	
	32
	28.29
	320.9
	32
	28.29
	320.53
	
	

	
	
	
	36
	26.68
	194
	36
	26.67
	193.39
	
	

	
	
	
	40
	25.05
	118.82
	40
	25.06
	118.40
	
	

	Football
	CIF
	260
	28
	30.96
	608.77
	28
	30.92
	616.72
	2.42
	-0.072

	
	
	
	32
	29.69
	404
	32
	29.64
	406.75
	
	

	
	
	
	36
	28.14
	242.63
	36
	28.08
	243.39
	
	

	
	
	
	40
	26.62
	143.94
	40
	26.52
	142.70
	
	

	Foreman
	CIF
	300
	28
	33.94
	223.63
	28
	33.93
	223.59
	0.32
	-0.012

	
	
	
	32
	32.32
	145.42
	32
	32.30
	145.37
	
	

	
	
	
	36
	30.50
	91.1
	36
	30.49
	91.14
	
	

	
	
	
	40
	28.67
	58.46
	40
	28.65
	58.21
	
	

	Mobile
	CIF
	300
	28
	28.99
	517.59
	28
	28.99
	517.57
	-0.12
	0.004

	
	
	
	32
	27.76
	344.83
	32
	27.76
	344.81
	
	

	
	
	
	36
	26.11
	217.38
	36
	26.12
	217.45
	
	

	
	
	
	40
	24.21
	137.46
	40
	24.21
	137.37
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	method [2]
	proposed method


Figure 1 Comparison of visual quality of an intra-coded ball in frame 11
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	method [2]
	proposed method


Figure 2 Comparison of visual quality of an intra-coded football player in frame 22

5 Conclusion

We have presented in this document the new intra prediction method for RRU. The method can improve the subjective quality of RRU intra coding while not increasing the coding complexity. The side advantage of this method is to help reduce the drift propagation for reduced-resolution video using intra-refresh for complexity scalable video codec [5].
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