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0.0
Introduction

In addition to the basic concepts previously presented in JVT-C137 and JVT-B039 for 4:2:2, 4:4:4, and increased sample bit depth, we provide some additional remarks herein regarding the following:

· The impact of adjusting for 10 and 12 bit sample bit depth without requiring a change of the transform.

· A discussion of color spaces with respect to the usefulness of compressing video in the RGB domain, and an introduction to the YCoCg color transformation.

Equation number references are relative to JVT-G050.

1.0
Support for 10 & 12 bit Samples in Residual 4x4
For the luma or chroma residuals inverse 4x4 transform, any valid wij value in the coefficient matrix in Eqn. (8-268) has a dynamic range of ~15.54 bits. So it fits just right in a 16-bit code word.
Thus, one way to ensure that intermediate values fit in 16-bit arithmetic for increased bit-depth input is to reduce the final scaling factor after inverse quantization and transform. That leads us to:
Proposed modification: in JVT-G050, Eqn. (8-278) should be changed from
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where NBP is the number of bits per pixel in the input data, i.e. NBP = 8, 10, or 12. That way, the dynamic range of the wij values remains at ~15.54 bits and the dynamic range of the xij values remains at 15 bits. Thus, all the row and column inverse transform operations, as well as Eqn. (8-278) can be computed in 16-bit arithmetic.

We recall that the wij values are produced by Eqn. (8-267):
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Thus, as the dynamic range of input pixel data increases from NBP = 8 to NBP = 10 or 12, the dynamic range of the cij values should remain the same. That requires a corresponding modification in the quantization equations at the encoder, but no other decoder changes are necessary.

This modification is in the spirit of the JVT-B039 design.  Note that what is achieved here is a change of bit depth, but not a change of the quantization fidelity range relative to the location of the MSB and therefore not a change of the achievable range of PSNR fidelity.  The current range of quantization step sizes in the H.264/AVC design contains some degree of "overkill" for 8-bit samples (no other standard supports quantization this fine, for example).  So for 10-bit samples, the range of quantization step sizes is probably still quite sufficient.

For 12-bit samples, a greater range of step sizes may be desirable.  There are two straightforward ways we see to achieve that.

· One is to extend the QP range down by 6 (one factor of two in step size) and, for the lowest 6 values, divide the values in the V table of Equation 8-255 by 2 rather than right-shifting by three positions  in Equation 8-258.

· The other is to allow an increased in decoding word length beyond 16 bits.  If this is done, we should scale up the V table of Equation 8-255 and the shifting factors to maximize use of the full larger range for best accuracy.  As before when we used more than 15.5 bits of the available 16-bit range, we should use the maximal amount of the new increased range (e.g., 24 bits)

2.0
Support for 4:2:2 and 4:4:4 in Chroma DC
In these cases, the chroma DC blocks will change in dimension from 2x2 to 2x4 and 4x4. In that case, we need to change the 2x2 transforms to 2x4 and 4x4 transforms. Since we already know from luma processing that the DC transforms can be Hadamard transforms (because there’s no significant coding gain advantage of using DCT-like transform), we propose that the chroma DC transform should be:

· 4:2:0 chroma: length-2 Hadamard transform for both rows and columns (that’s what’s currently in the standard).

· 4:2:2 chroma: length-2 Hadamard transform for columns and the length-4 Hadamard transform for rows. The length-4 Hadamard transform should be the same as that used for luma, as specified in Eqn. (8-256) of document JVT-G050.

· 4:4:4 chroma: length-4 Hadamard transform for both rows and columns.

The change of the chroma DC transforms from length-2 to length-4 Hadamard doesn’t lead to an increase in dynamic range, so the scaling equations (8-260) and (8-261) will not need to be changed.

3.0
YCoCg and the Value of RGB Coding in 4:4:4 Operation
Support for coding in the RGB color space has been discussed.  However, the RGB color space is neither a perceptually-optimized color space, nor does it take advantage of the statistical properties of the source video content.

In fact, our experiments have shown that when the color transformation matrix is considered as a decorrelation transform (like a DCT, for example), the RGB space is not the best choice.

Even if the goal is to minimize MSE in the RGB domain, rather than minimizing perceptual loss, transformation away from the RGB color space provides a decorrelation benefit that increases coding efficiency.
An interesting color space other than RGB or the YCbCr color space found in the current H.264/AVC design is YCoCg.  YCoCg has several beneficial properties.

Direct YCoCg color space transform:
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Inverse YCoCg color space transform:
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The YCoCg transform has a coding gain that’s better than that of the ITU-R BT.601 YCbCr transform. For the 24 images in the Kodak test set, the improvement in coding gain over YCbCr is about 0.7 dB, as shown in Table 1. Plus, the YCoCg transform is computationally simpler. The encoder needs only additions and shifts to convert to YCoCg, and the decoder needs just 4 additions per pixel to convert back to RGB, using:

G = Y + Cg;  tmp = Y – Cg;  R = tmp + Co;  B = tmp – Co.

	
	KLT
	BT.601
YCbCr
	YCoCg

	Coding gain, dB
	4.42
	3.54
	4.21


Table 1: Theoretical coding gain for several color space transforms, for the 24 RGB images in the Kodak test set. KLT is the statistically-optimal Karhunen-Loève transform.
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