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Abstract

In this document, we proposed new downsampling and upsampling processes for chroma samples for SVC spatial scalability, based on two facts: the correlation of the chroma samples is low and the current downsampling and upsampling processes are not perfect for the sample format 4:2:0, defined in H.264.

New downsampling and upsampling processes
The 4:2:0 format is widely used in video coding standards [1]

 REF _Ref101066952 \r \h 
 \* MERGEFORMAT [2]
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 \* MERGEFORMAT [3]
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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.
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Figure 2. YUV 4:2:0 sample positions (MPEG-2, MPEG-4 and H.264)
To provide spatial scalability, in scalable video coding scheme [7], MPEG-4 downsampling filter[5] is used to get the downsampled low resolution images and H.264 6 tap filter [4] is used to get the upsampled reconstructed picture[6]. 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]. Both filters are used for luma and chroma components. There is no phase shift problem for the Y component, which is crucial for the efficiency of some SVC modes, such as INTRA-BL. 
However, there is phase difference problem for chroma samples based on the above solutions. Since the chroma samples have higher correlation than luma samples, shorter FIR filters will not reduce the coding efficiency and image quality while providing more effective solutions. 

Chroma downsampling

2 tap filter f[n]=[1,1]/2 is a possible solution for downsampling both for horizontal or vertical directions. And to solve the possible phase shift problem, one solution is, for horizontal direction, to use 3 tap filter [1, 2, 1]/4, shown in figure 3 (downsampled samples are indicated in blue), and for vertical direction, to use 2 tap filter [3, 1]/4, which is actually a linear filter shown in figure 4 (downsampled samples are indicated in red). 
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Figure 3. Horizontal downsampling using 3 tap filter [1, 2, 1]/4
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Figure 4. Vertical downsampling using 2 tap linear filter [3, 1]/4
Chroma upsampling

One solution is bi-linear interpolation, which is used in H.264/AVC upsampling for half/quarter pixel motion compensation. 


[image: image5.emf]1/21/2


Figure 4. Horizontal upsampling using 2 tap filter
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Figure 5. Vertical upsampling using linear filters [5, 3]/8 and [1, 7]/8

Another solution is using 2 tap filters for the horizontal and vertical upsampling processes. However the weights of the filters are based on the distances between the locations of original samples (marked in black in figure 4; blue/black in figure 5) and that of the respected upsampled (marked in blue in figure 4 and red in figure 5) Vertically, for the odd pixels, we use a linear filter of [1, 7]/8 and for even pixels, we use a linear filter of [5, 3]/8.

A simpler solution could be utilized for low complexity applications, so the filters mentioned above can be approximate to [0, 8]/8 and [4, 4]/8, that is [0, 1]/1 and [1, 1]/2. So for chroma samples, let x[n] (n=0, 1, … N-1.) be the original column signal. Then suppose upsampled chroma samples are X[n] (n=0, 1, …, 2N-1). We have X[0]=x[0]; X[2*k+1]=(x[k]+x[k+1]+1)/2, X[2*k+2]=x[k+1] (k=0, 1, … N-2); X[2N-1]=x[N-1]. 

All the proposed downsampling and upsampling techniques are only for chroma components, for luma components, MPEG-4 downsampling filter and H.264 6-tap filter shall still be utilized. 

For the cases that a filter encounters a border, we use border extension method just like JSVM. 
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