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1 Introduction

This document is a response to the CfP issued by document JVT-G048.  It deals with extensions to YUV formats 4:2:2 and 4:4:4.  The aim has been to keep the changes to the present standard to a minimum.  As this standard is developed for YUV coding formats, no attempt has been made to code other formats directly.  However, it is believed that all threecomponent formats can easily be converted to and from YUV.

2 Different chroma resolutions

The difference between videoformats 4:2:0,  4:2:2 and 4:4:4 is chroma resolution.  In the H.264 coding standard the frame/field is divided into macroblocks of 16x16 luma samples.  Due to lower resolution for chroma for the 4:2:0 and 4:2:2 formats, the number of chroma pixels in a macroblock is smaller.  Below is an indication of the number of pixels for one chroma component in a macroblock.  A partition into subblocks with 4x4 pixels is also shown for the different formats.

                   4:2:0                                       4:2:2                                        4:4:4
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3 Modifications due to 4:2:2 and 4:4:4 formats

Below the different modifications are described briefly.

3.1 Prediction

3.1.1 Intra

Proper action must be taken to produce DC and plane mode.  For 4:4:4 the calculations will be the same as for the appropriate modes for luma 16x16 intra.  For 4:2:2:

DC:
(2(sum of pixels above) + (sum of pixels to the left))//32

Plane:
Take 8x16 block size into account

3.1.2 Inter

4:4:4
Motion vectors are used directly.  Bilinear interpolation is based on


¼ pel motion resolution

4:2:2
Vertical motion vectors are used directly.  Horizontal vectors are scaled


by 2 as for 4:2:0.  Bilinear interpolation is based on 1/8 pel horizontal 

and ¼ pel vertical motion resolution

3.2 Transformation of chroma data

Transformation of an 8x8 block in 4:2:0 is done in two steps:

· 4x4 transforsform of the subblocks shown above

· 2x2 transform of the DC values.  

3.2.1 4:2:2 

A similar approach is proposed:

· 4x4 transform of the subblocks shown above

· 2x4 transform (Hadamard) of the DC values.  

Proposed basis vectors:

¼ ¼          ¼ -¼ 

¼ ¼          ¼ -¼ 

¼ ¼          ¼ -¼ 

¼ ¼          ¼ -¼      etc.

Division with 4 is chosen instead of 2(2.  The reason is the low frequency characteristics of chroma.  Dividing by 4 will result in chroma coefficient values more consistent with those used in 4:2:0

3.2.2 4:4:4 

A similar approach is again proposed:

· 4x4 transforsform of the subblocks shown above

· 4x4 transform (Hadamard)of the DC values.  

Proposed basis vectors:

1/8  1/8  1/8  1/8    1/8  1/8 -1/8 -1/8  

1/8  1/8  1/8  1/8    1/8  1/8 -1/8 -1/8  

1/8  1/8  1/8  1/8    1/8  1/8 -1/8 -1/8  

1/8  1/8  1/8  1/8    1/8  1/8 -1/8 -1/8  etc

Division with 8 is chosen instead of 4 is used for the same reason as mentioned above.

3.3 VLC entropy coding

Only VLC entropy coding is covered here.  A similar extension is assumed to be obtainable with CABAC.  

The only changes needed are for coding of chroma DC coefficients.  In addition the number of AC blocks will be different, but coding of each AC 4x4 block is unchanged.

3.3.1 4:2:2

· The table total_ceff()/trailing_ones():Num-VLC_Chroma_DC must be changed reflecting that there may be 0 to 8 coefficients.  Proposed code table:

Trailing_ones
0
1
2
3

Total_coeff

0
1
-
-
-

1
0001111
01
-
-

2
0001110
0001101
001
-

3
000000111
0001100
0001011
00001

4
000000110
000000101
0001010
000001

5
0000000111
0000000110
000000100
0001001

6
00000000111
00000000110
0000000101
0001000

7
000000000111
000000000110
00000000101
0000000100

8
0000000000111
000000000101
000000000100
00000000100

· A scanning order for the 2x4 transform must be defined as for instance:

0
2

1
5

3
6

4
7

· The table for total_zeroes_chroma_DC must be changed reflecting that there may be 0 to 7 zeroes.  Proposed code table:

NumCoeff
1
2
3
4
5
6
7

Total zeroes

0
1
000
000
110
00
00
0

1
010
01
001
00
01
01
1

2
011
001
01
01
10
1

3
0010
100
10
10
11

4
0011
101
110
111

5
0001
110
111

6
00001
111

7
00000

3.3.2 4:4:4

Similar action is taken here.  However, suitable tables already exist for 4x4 blocks.

· Use total_ceff()/trailing_ones():Num-VLC0

· Use normal Zig-zag scanning

· Use the same table for total_zeroes as for luma

4 Simulation results

Preliminary tests have been performed with the described approach.  We produced special test material for this initial test.  It was based on the 4:2:2 sequences:

· Mobile

· Canoe

· Rugby

· Formula1

We used every other field and produced 3 different formats:

· “4:2:0”
Luma - 352x288 chroma 176x144  (standard CIF)

· “4:2:2”
Luma - 352x288 chroma 176x288

· “4:4:4”
Luma - 352x288 chroma 352x288

All the sequences have the same luma content.  All sequences are also progressive.  We wanted to compare the bitusage with the different formats.  I used my own software (not test software) and produced a modified version that could take the 4:2:2 and 4:4:4 formats.  In summary:

· The chroma PSNRs were similar or slightly better for 4:2:2 and 4:4:4 (computations relative to uncoded values for each format)

· Increase in bitrate with 4:2:2 and 4:4:4 is shown in the figure below for the 4 sequences and  Qp = 22,26,30,34


5 Conclusion

This proposal demonstrates that an extension to YUV 4:2:2 and 4:4:4 is achievable with a simple modifications to the current 4:2:0 design. It is proposed that the extension to these YUV formats shall be based on the described strategy

Regarding other chroma formats, future investigation should be done to find whether conversion to YUV as an intermediate format is feasible.
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