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Abstract
In this document, we propose a new 4:2:0 sample format to solve the phase difference problem of the upsampling and downsampling process in current SVC. The newly proposed 4:2:0 format also simplifies the 4:2:0 to 4:2:2 and 4:4:4 color space conversion and color space scalability.
In this proposal, we present a new scheme on how to perform 4:2:0 to 4:2:2, 4:4:4 color space scalability based on the proposed format. 
Introduction

For video coding, YUV color space is widely used. Considering the chroma sampling, there are three YUV formats 4:4:4, 4:2:2 and 4:2:0. The 4:2:0 format is widely used in video coding standards [1]

 REF _Ref101066952 \r \h 
 \* MERGEFORMAT [2]

 REF _Ref101067464 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref98308526 \r \h 
 \* MERGEFORMAT [4]. The other formats 4:2:2 and 4:4:4 are also important for professional applications and are supported in H.264 FRExt[5].
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Figure 1. YUV 4:2:0 sample positions (MPEG-1)
Historically, two kinds of 4:2:0 sample formats are supported in the video coding standards. MPEG-1 and H.263 use the format shown in Figure 1, named as type-1 4:2:0 format. MPEG-2, MPEG-4 and H.264/AVC supports the format shown in Figure 2, named as type-2 4:2:0 format. 

[image: image2.emf]
Figure 2. YUV 4:2:0 sample positions (MPEG-2, MPEG-4 and H.264)
1. Current 4:2:0 format requires different taps downsampling and upsampling filter to be applied horizontally and vertically for chroma component
To provide spatial scalability, in scalable video coding scheme [8], MPEG-4 downsampling filter[6] is used to get the downsampled low resolution images and H.264 6 tap filter [4] is used to get the upsampled reconstructed picture[7]. The downsampling filter is h[n]=[2, 0,−4,−3, 5, 19, 26, 19, 5,−3,−4, 0, 2]/64, [1] which is an odd-length filter. The 6-tap upsampling filter is g[n]= [1, -5, 20, 20, -5,  1,]/32[4]. There is no phase shift problem for the Y (Luma) component, which is crucial for the efficiency of some SVC modes, such as INTRA-BL. 
However, for U and V (Chroma) component, if we use the same downsampling scheme, shown in figure 3, compared to Y component, there is a displacement which may lead to phase shift for the vertical downsampling. In the original resolution, if we define the distance of two neighbouring luminance pixels as 1, the vertical distance between a chroma and its nearest luma sample is 1/2. However, after downsampling, in the new resolution, the distance between a chroma and its nearest luma sample is 1/4, as figure 4 shows. So ideally speaking, the current downsampling filter is not a perfect downsample scheme. To overcome the phase shift problem in vertical direction, we need to design an even length symmetrical FIR. 
In order that the downsampled sequence has the same chroma sampling position as the original sequence, we can design an even length filter at vertical direction. That is, to perform a proper 2:1 downsampling for the vertical direction, even length filter (assuming a mirror-symmetric filter) is required, which is centered between the rows 0 and 1, rows 2 and 3 etc. of chroma samples.

[image: image3.emf]
Figure 3. Downsampling scheme of JSVM using MPEG-4 downsampling filter
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Figure 4. Downsampled Luma and Choma components

However, odd length filter, or other different filter, is still needed for horizontal downsampling because of the different displacement in the vertical and horizontal directions. Consequently, the downsampling processes in the different directions utilize different FIRs and increase the coding complexity. We also need to define a new even length filter in JSVM.
Though the downsampling can be solved by using different FIRs for different direction, for the applications of spatial scalability, there is still a problem for upsampling. The upsampled samples are marked in blue.

[image: image5.emf]
Figure 5. Upsample scheme of JSVM using 6 tap filter

The black ones are the original samples and the blue ones are the upsampled


[image: image6.emf]
Figure 6. Upsampled format (left) and the type 2 4:2:0 format (right) 

Figure 5 shows the upsampling process for the type-2 sample format picture. From figure 6, we could notice that in the upsampled picture, the distance between chroma and its nearest odd luma sample is 1, rather than 1/2, which is the proper distance of type-2 4:2:0 sample format. So phase shift problem still exists. And the phase shift problem here will somewhat hurt the efficiency of coding tools like INTRAL_BL and residual prediction.

2. Current 4:2:0 format may not be perfect to provide 4:2:0 to 4:2:2 and 4:4:4 color space scalability
As scalable video coding has wide applications in professional environment, more types of scalability are expected to be involved into the standard, such as non-dyadic spatial scalability and color space scalability. 
Based on the current JSVM reference software [8], upsampling schemes prefer to keep the original samples unchanged as the odd signals and interpolate the other even signals. It will not be convenient to implement the scalability from 4:2:0 to 4:2:2 and 4:4:4, since vertically, all the chroma samples need a displacement to fill in the upsampled image. It’s neither convenient for image based upsampling (from 4:2:0 to 4:2:2) using 6 tap filter, nor convenient for MB based upsampling, like residual upsampling in JSVM, which uses 2 tap FIR. 
The proposed new type 4:2:0 chroma format provides a clean solution for the issues mentioned above.  
The proposed 4:2:0 format will not only facilitate the conversion between 4:2:0 and 4:2:2 and 4:4:4, but also make the color space scalability more efficient and with considerable lower complexity at decoder side. To make the problem clear, here we propose some potential schemes to deal with the color space scalability and discuss the performance with different 4:2:0 formats.

Assuming 8-bit depth is concerned, we are considering 4:2:0 to 4:2:2 scalability. The base layer is a coded 4:2:0 bitstream and the enhancement layer is a 4:2:2 bitstream with only additional chroma components information. To predict the additional chroma information in the enhancement layer, two potential coding tools may be considered. The first one is INTRA_BL, which predict the new chroma component from the reconstructed base layer chroma component and then encode the residual. This coding tool could be used in I slice, P slice and B slice. The second approach is intended to be used in P/B frame. The base layer motion vectors are used to accomplish the additional chroma component motion compensation. After residual is obtained, we employ residual prediction to reduce the redundancy thus improve the coding efficiency, which tries to predict the residual with reconstructed base layer chroma residual. The two tools could be used alternatively in order to be efficient. In the following discussion, we could see that the proposed 4:2:0 format would make these tools more efficient.
Proposed new 4:2:0 format
To solve this problem, a new type of 4:2:0 format is proposed, shown in figure 7. In this format, the chroma sample will be generated at the same place as the odd (with odd horizontal and vertical coordinates) luma samples. 
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Figure 7, Proposed 4:2:0 format

1. New 4:2:0 format to facilitate upsampling and downsampling

Figure 8 shows that after downsampling using odd length filter, for example, MPEG-4 downsampling filter used in SVC, in the downsampled image (marked in red), the relative sampling locations of the chroma samples will not change. The chroma samples co-locate with the odd (with odd vertical coordinate and odd horizontal coordinate) samples.

[image: image8.emf]

[image: image9.emf]
Figure 8, Downsampled YUV components for proposed format

After upsampling using 6-tap filter or any kind of even-length filter which keeps the original samples, the relative sampling location of the chroma samples does not change, showed in figure 9. The upsampled samples are marked in blue. So there is no phase difference problem based on this format for both downsampling and upsampling. 
With the filters in JSVM1 working on the proposed 4:2:0 format, there is no problem any more of using the downsampled images with the odd-length filter as the input of the base layer encoder and of using upsampled reconstructed base layer images with even-length filter as a predictor of the enhancement layer.


[image: image10.emf]
Figure 9, upsampling process for proposed 4:2:0 format

2 Format conversion between proposed 4:2:0, 4:2:2 and 4:4:4 formats
For YUV sequences, it is easier to convert from 4:2:0 to 4:2:2 now. The advantage is when we have a 4:4:4 sequence, it would be easy to get 4:2:2 and 4:2:0 sequence without additional sampling on analog devices. We just select the samples we need based on the 4:2:2 or proposed 4:2:0 format. To generate original sequence, no filter is employed. From 4:2:0 to 4:2:2, in the vertical direction, 6-tap filter could be used ; in the horizontal direction 6-tap filter could be used from 4:2:2 to 4:4:4.
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Figure 10, conversions between the proposed 4:2:0 format and 4:2:2 format and 4:4:4 format

3  4:2:0 to 4:2:2 and to 4:4:4 color space scalability. 

The proposed 4:2:0 format will not only simplify the conversion between 4:2:0 and 4:2:2, but also make the color space scalability more efficient and with considerable lower complexity at decoder side. To make the problem clear, we shall propose some potential schemes to deal with the color spatial scalability and discuss the performance with different 4:2:0 format.

Assuming 8-bit depth is concerned, we are considering 4:2:0 to 4:2:2 scalability. The base layer is a coded 4:2:0 bitstream and the enhancement layer is a 4:2:2 bitstream with only additional chroma components information. 
To predict the additional chroma information in the enhancement layer, two potential coding tools may be considered. 
3.1 4:2:0 to 4:2:2 scalability using as an extension of INTRA_BL

The first one is INTRA_BL, which predicts the additional chroma component from the reconstructed base layer chroma component and then encode the residual. This coding tool could be used in I slice, P slice and B slice.
When using the original 4:2:0 format, all the chroma pixels in enhancement layer have to be predicted and coded. From Fig 11a, to do the INTRA_BL prediction, each point in enhancement layer (marked in red) has to be interpolated using the reconstructed base layer chroma points (marked in blue). Because the available neighbor points are not symmetric, sophisticated filter has to be defined if more than two tap filter is preferred. Even if bilinear interpolation is employed, it would be more complex than the case with the proposed format. 
By contrast, with the proposed 4:2:0 format, half of chroma points need not be coded in enhancement layer (Fig 11b). That means the points to be encoded is reduced by half. For the other chroma points, they could be easily predicted by neighbor available points using symmetric FIR filter, for example 2-tap filter [1/2,1/2]. Considering these facts, the complexity at decoder side would be considerably reduced. At the same time, we also expect the coding efficiency to be higher than the case with original 4:2:0 format since only half points are to be coded.
3.2 4:2:0 to 4:2:2 scalability using as an extension of Residual Prediction
The second approach is intended to be used in inter P/B frame. Residual prediction flag is used in SVC to denote whether we use the upsampled residual of the base layer or not for spatial scalability. 
In JSVM, 2-tap filter is used for residual upsampling. If we use our 4:2:0 format, a simple extension from residual prediction is: for the residual of the chroma samples in the base layer after motion compensation, 2-tap filter could be use to interpolate the residual of the chroma samples which will appear in 4:2:2 format. 
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Figure 11. INTRA_BL prediction in (a) original 4:2:0 format (b) proposed 4:2:0 format

Conclusion
The original YUV 4:2:0 format will inherently have the problem of chroma component position shifting in downsampled sequence if the odd-length filter is used vertically. Employing different downsampling filter in vertical and horizontal direction may help but would introduce phase shift in chroma component during upsampling, which would affect the coding efficiency of some coding tools in spatial scalable scenario. Therefore in the document we propose a new 4:2:0 format which could get over the mentioned problems. Meanwhile the format would facilitate the color space scalability. We bring forward two new coding tools to realize color space scalability and discuss the advantages of using proposed 4:2:0 format in color space scalable scenario.
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