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1 Summary
This document is to discuss intra coding efficiency on the existing High 4:4:4 profile of AVC/H.264. At the Busan meeting, there was a discussion on the need of advanced 4:4:4 profile for AVC/H.264 due to a loss of coding efficiency at very high bitrate [1]. Along with this discussion, we focus on intra coding efficiency of the existing High 4:4:4 profile especially when the input source signal is not YUV basis. For the applications targeting very high quality and resolution, color conversion to YUV space may be a limitation for further coding gain due to an information loss derived from color matrix conversion, as discussed in [2]. We tested the intra coding performance of the High 4:4:4 profile for the XYZ formatted content, which is adopted by Digital Cinema Initiative (DCI) as the signal representation for digital cinema contents. As the result of our tests, we observed that the intra coding performance for 4:4:4 high quality contents could further be improved by careful design of the intra prediction scheme suitable for 4:4:4 contents.
2 Color space and Intra Coding Performance
The YUV color space has widely been adopted as input source format for various video coding standards. AVC/H.264 does also rely on this format to achieve high coding performance, and this affects the design of the current High 4:4:4 profile so that it can easily be implemented by extending the idea of other lower-level profiles. Especially, the intra prediction modes for the High 4:4:4 profile is a simple extension of that of High profile, assuming YUV 4:2:0 input. Even if the RCT is turned on, the intra prediction shall be performed in the input color space domain. This could be a burden for the intra prediction performance for the input other than YUV format. 
Based on this consideration, we checked the intra coding performance of the current High 4:4:4 profile by focusing on the efficiency of the intra prediction. As a reference coding scheme, we considered the independent 4:0:0 coding for all color components. It is easy to understand that the amount of overhead bits in the reference scheme is more than that of the High 4:4:4 profile, in spite that the reference scheme can obtain better prediction gain. The main objective of this contribution is to share the information to JVT members about the trade-off between the intra prediction efficiency and additional overhead bits for intra prediction modes for very high quality coding.
2.1 Test Conditions
For our tests, we picked up five frames from the sequence “StEM” that is a formal test sequence for the DCI compliance test, and encoded with all I-picture coding. Input picture resolution is 4096 pixels x 1714 lines, and color space is originally XYZ space. Chroma format is 4:4:4 with 12 bits/pixel. JM9.6 was used for both the reference scheme and the High 4:4:4 profile, with CABAC, 1 slice per 1 picture, and RDO=ON. We tested two input signal formats to the coder. One is the direct XYZ input (“XYZ”), and the other is to input the result of the following XYZ to YUV conversion (“YUV”). This conversion is based on the RGB to YUV conversion adopted in JPEG2000. 
Y = 0.299*X + 0.587*Y + 0.114*Z;
U = -0.16875*X – 0.33126*Y + 0.5*Z;

V = 0.5*X – 0.41869*Y – 0.08131*Z;

We did not consider the XYZ to YCoCg conversion since the bit depth of the source signal is 12bits/sample. In the High 4:4:4 profile, performance evaluation of RCT was also checked for “XYZ” case. 
2.2 Experimental Results
Figure 1 shows the rate-distortion performance of the evaluated cases. The PSNR value here is the averaged sum for all color components measured in XYZ domain. From this result, we can observe the following:

· The rate-distortion performance of the independent 4:0:0 coding for all color components is generally superior to that of the High 4:4:4 profile at around relatively high bitrates, regardless of the color space used for the input to the coder.

· “YUV” case is superior to “XYZ” case, which is due to better intra prediction performance under the current AVC/H.264 coding design.

· RCT does not affect coding efficiency at all when the input is “XYZ”.
The above first observation suggests that the intra prediction performance using luma prediction modes to all color components could be better than the current High 4:4:4 profile configuration even though the overhead bits for these mode information need be coded. Thus, we made a comparison on the degree of prediction efficiency and the overhead bits for mode information. Table 1 lists the prediction error value measured in RMSE form, and Table 2 presents coded bits for macroblock-level information. From these numbers, it can be observed that the use of independent intra prediction using luma prediction modes can greatly reduce prediction error which results in the reduction of coded bits for transform coefficients. This means that there is some potential to improve the coding gain of the High 4:4:4 coding by careful consideration on the design of intra prediction scheme. In addition, the use of RCT may need to be studied carefully since it seems that the most of coding gain comes from prediction efficiency.
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Figure 1.  Objective Quality Comparison (Rate-Distortion Curve)
	Table 1. Intra Prediction Error (RMSE)
　
	　
	High 4:4:4
	reference

	"XYZ"
	X
	241.00 
	99.12 

	　
	Y
	101.94 
	101.47 

	　
	Z
	314.84 
	161.46 

	"YUV"
	Y
	99.39 
	99.52 

	　
	U
	90.15 
	64.57 

	　
	V
	20.51 
	13.40 


Table 2 (a). Coded bits for Macroblock-level Information (“XYZ”, RCT OFF, Qp=18, 1 frame)
	　
	High 4:4:4
	Reference
	diff.

	MB mode
	12394
	31984
	19590

	CBP Y/C
	6714
	20049
	13335

	Intra pred. mode Y
	406347
	1178215
	771868

	Intra pred. mode C
	39275
	0
	-39275

	Coeffs.Y
	6339641
	23095615
	　

	Coeffs.C
	19900047
	0
	　

	Coeffs.Y+Coeffs.C
	26278963
	23095615
	-3183348

	total
	26705160
	24327991
	-2377169


Table 2 (b). Coded bits for Macroblock-level Information (“YUV” , Qp=12, 1 frame)

	　
	High 4:4:4
	Reference
	diff.

	MB mode
	9073
	39115
	30042

	CBP Y/C
	6266
	51527
	45261

	Intra pred. mode Y
	389351
	389197
	-154

	Intra pred. mode C
	34486
	630444
	595958

	Coeffs.Y
	11568074
	11565697
	　

	Coeffs.C
	14143079
	11712948
	　

	Coeffs.Y+Coeffs.C
	25745639
	23278645
	-2466994

	total
	26151092
	24391345
	-1759747


3 Conclusion
A preliminary evaluation on the intra coding efficiency of the current High 4:4:4 profile has been made. The results suggest that the intra coding performance for 4:4:4 high quality contents could further be improved by careful design of the intra prediction scheme suitable for 4:4:4 contents. 
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