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1. Introduction

This proposal addresses issues that were not resolved from the previous meeting in Geneva [1]. It includes the MC interpolation method, loop filtering, CBP coding for 4:4:4 and 4:4:4:4 Chroma formats. We also propose a mathematically lossless RGB coding for archive uses, and bit-depth adaptive weighted prediction. For each of this issue we propose solutions that need minimal syntax changes while giving better compression efficiency. In the subsequent sections we describe the proposed solutions in detail.

2. Proposed Methods

In this section, we summarize the proposed method for the issues aforementioned. 

2.1. Lossless RGB Coding

The lossless coding is required for the archive usage. To support mathematically lossless coding, we propose to use the RGB color space with 4:4:4 chroma format without transformation and quantization. To increase the coding efficiency we also apply the same Inter-Plane Prediction (IPP) coding described in [2]. No color space conversion should be allowed to be lossless.

2.2. MC Interpolation for 4:4:4 Chroma formats

We conducted an extensive simulation to compare the performances between 6-tab filter and bilinear transform for various 4:4:4 chroma format contents both in YUV and RGB spaces. Table 1 shows the summary of MC interpolation results when we apply the filtering to high resolution images and low resolution images in both spaces.  

Table1: Selection of best performance for MC interpolation comparison
	
	High Resolution (HD)
	Low Resolution (SD)

	RGB space
	Bilinear Transform (BT)
	6-tab filter

	YUV space
	BT
	Y:6-tab UV:BT


It shows that bilinear transform gives better performance for more correlated images such as high resolution images or UV components. For low resolution images, 6-tab shows better results for RGB images while 6-tab for Y and bilinear transform for UV shows better performance. In RGB space each component shows the similar characteristics among components. But in YUV space Y component and UV components show the different characteristics. To handle all the cases equally well we propose to use 6-tab for all the RGB components while to use 6-tab for Y and bilinear transform for UV components. 
2.3. Loop Filtering for 4:4:4 Chroma formats

It shares the same rationale that in RGB space each component shows the similar characteristics while in YUV space Y component and UV components show the different characteristics. So we propose as follows:

For RGB images, we apply the same Luma loop filtering to all the components. For YUV 4:4:4 format we apply the same filtering except that the Chroma deblocking filter is performed on four 16 sample edges since the resolution for Chroma format has increased. For 10-bit images we scale all the thresholds linearly as proposed in [3].
2.4. CBP Coding for 4:4:4 Chroma formats

In this application we propose how to code the coded_block_pattern efficiently in 4:4:4 chroma format in YUV or RGB color spaces. We further handle the 4:4:4:4 case that includes a possible alpha channel. Depending on partitions, the bit saving gain differs. For example as shown in Figure 1, we can assign coded_block_pattern bit independently for each 8x8 block from YUV components. In this case we have 
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 different cases to code the coded_block_pattern. On the other hand, we can combine the coded_block_pattern bit for the collocated 8x8 blocks in UV components as shown in Figure 2. In this case there are 
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 different cases. To compare the coding efficiency we need to estimate the bit saving gain for each possible partition.

[image: image3.wmf] 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

Y

 

U

 

V

 


Figure 1: 12 independent Coded Block Pattern coding
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Figure 2: 8 independent Coded Block Pattern coding (4 for Y and 4 for UV components)

For this purpose, we formulate the bit saving gain as follows:
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where A is the number of not coded 8x8 blocks, H is the entropy of the coded_block_pattern and N is the number of macroblocks. Here we assume that we need (H+1) bits to code the coded_block_pattern for each macroblock and 1 bit to code each coded_block_flag. The number of not coded 8x8 blocks differs depending on the partitions. For example in Figure 1, any block that is not coded is counted while in Figure 2, both of the collocated 8x8 blocks in UV components should not be coded to be counted as not coded blocks. Using this method, we estimated the bit saving gain for the following partitions.

1. 12x1 (combined coding using 12 8x8 blocks)

2. 4+8 (separate coding for Y and UV components using 12 8x8 blocks)
3. 4+4+4 (separate coding for YUV components using 12 8x8 blocks) 
4. 8x1 (combined coding using 8 8x8 blocks)
5. 4+4 (separate coding for Y and UV components using 8 8x8 blocks)
6. 6x1 (current scheme for 4:2:0 format)
For cases 1-3 we use the partition in Figure 1 while for cases 4-5 we use the partition in Figure 2. The difference between case 1 and 2 is that we use separate codebook for Y component and UV component in case (2) while we use one codebook to represent the 
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 cases in case (1). We use the following formula if separate coding is involved as in cases 2, 3 and 5.
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where i is the number of independent cases.

Using (1) and (2) we run the test for several images. The simulation results show that case 1 shows the best performance followed by case (4). For cases 2 and 3, their gain is decreased due to the increased entropy for separate coding. It is more efficient to generate codewords for groups or sequences of symbols rather than generating a separate codeword for each symbol in a sequence. 

To compare the case 1 and 4 we need to consider the several factors other than the coding gain. The current JVT coding uses the either context adaptive arithmetic coding (CABAC) or Exp-Golomb code. The CABAC is not affected by the long sequence of symbols because we don’t have to generate codewords for all sequences of the given length. But the Exp_Golomb code should generate codewords for all sequences of the given length (12 for case 1). But this approach is impractical when we try to obtain codewords for long sequences of symbols. Another factor is that as we decrease the quantization step size, the number of not coded blocks decreases more rapidly than the entropy. So the coding gain order is reversed between (1) and (4). For 4:4:4 chroma formats, we assume that the popular quantization step size will be lower than that of 4:2:0 formats. So we propose case (4) for coded_block_pattern coding in 4:4:4 chroma formats. It will give the better coding efficiency for lower quantization step sizes along with the compressed codebook for Exp-Golomb code. The 6-bit assignment for the coded_block_pattern as in the 4:2:0 chroma format case [4] shows poor performance due to the increased resolution of the UV components.

We also need to consider the case of 4:4:4:4 chroma formats to include the possible alpha channel. In this case we propose to use 4+8 coded_block_pattern coding to separate the alpha channel from the other YUV components as shown in Figure 3. Using this method, we can avoid the problem of longer sequences due to the added alpha channel.
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Figure 3: Proposed method (4+8 independent Coded Block Pattern coding: 4 for alpha channel and 8 for Y and UV components)
2.5. Bit-depth adaptive Weighted prediction

To support N-bit weighted prediction, the prediction process of the explicit mode described in section 8.4.2.3.2 in [4] should be changed accordingly. There are two possible solutions:

1. Use the weighting offset values (o0, o1) of 8-bit case multiplied by 2(N-8).

2. Modify the range of the weighting offset values (o0, o1).
In both cases, the weighting values logWD, w0, and w1 shall be remained the same regardless of the sample bit-depth.
We propose to use solution 1. This will change the specification as below

· For luma samples,

· o0 = luma_offset_10[refIdxL0WP] << (N(8)

· o1 = luma_offset_11[refIdxL1WP] << (N(8)

· For chroma samples, the same modification is applied as in the luma case.
The advantage of using solution 1 in the explicit mode is that the code length for the weighting values is bit-depth independent.
3. Experimental Results

This section summarizes the simulation results of lossless RGB coding. 

The test condition is as follows:

· Test sequences: Crew, Harbour (1280x720@60p, 8 bit)

· QP: 4, 12, 18, 24, 30

· Search range: 32

· Entropy coding: CABAC

· RD-optimized mode selection: On

· Number of reference frames: 3

· GOP structure: N 30, M 3 (IBBP…)
Table 4 summarizes the simulation results. It clearly shows the efficiency of the inter-plane prediction. 

Table4: Lossless RGB coding Results
	Bit-depth
	Seq.
	Bitrate (Mbps)
	gain (%)

	
	
	RGB
	New
	

	10 bit
	Crew
	1001
	884
	13.29

	
	Harbour
	1185
	921
	28.60

	8 bit
	Crew
	625
	552
	13.15

	
	Harbour
	756
	602
	25.50


4. Conclusions

We provided solutions for the unsolved issues from the previous meeting. We also proposed mathematically lossless RGB coding using the same IPP coding while removing the transformation part.
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