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Abstract
In this document, we propose improved coding methods such as inter-plane prediction and single mode intra prediction to increase the coding efficiency of the current FRExt 4:4:4 video coding technology, especially for high quality image coding using RCT. Our proposed method shows better coding efficiency than the existing FRExt 4:4:4 video coding and the Thomson’s method in JVT-O013 and JVT-P017.
1. Introduction

H.264/MPEG-4 AVC Fidelity Range Extensions (FRExt) [1] includes 4:4:4 profile, which provides effective coding tools to deal with not only YCbCr 4:4:4 image but also various color spaces such as RGB and XYZ, supports higher bit-depth up to 12 bit per pixel, and has capability of lossless coding.

During the course of the FRExt standardization the new RGB coding technology had been developed of which the name is residual color transform (RCT) [2-4] as a result of responding to the call for proposal [5] issued to satisfy increasing demand from industry for high quality video coding. The RCT showed effectiveness for RGB coding for various high quality test materials, and adopted to the FRExt. Though RGB video coding is promising area for high quality video coding, it has not been matured enough since it has just take its step a while ago.
In last 16th JVT meeting in Poznan additional research showed room to improve current technology for 4:4:4 video coding and new standardization work was recommended [6]. Since the research area for high quality video coding has just opened recently, we think the research on 4:4:4 coding is desirable and additional standardization work can be encouraged.
In this document, we propose some improvements on the current FRExt technology to increase the coding efficiency of 4:4:4 video coding, especially for RGB coding using RCT. This is the re-collection of our previous proposals for advanced 4:4:4 video coding in addition to the current standard. The methods were not adopted since any major technical changes only for 4:4:4 were not agreed and the consistent structure with 4:2:0 and 4:2:2 formats were preferred at that time. But now it is good time to consider them again since the situation has been changed that there is brisk interest in advanced 4:4:4 profiles.
2. Review of proposed methods
2.1. Inter-plane prediction (IPP)

In JVT-H018, JVT-I023, and JVT-IJ017, we proposed IPP (inter plane prediction) to exploit the redundancy between color components after intra/inter predictions [8][10][11]. The equations for the forward and backward IPP operations are:
Encoding:                Decoding:
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where (X denotes the intra/inter predicted residual value, (X' denotes the reconstructed residual value, and (2X and (2X' denote the inter-plane predicted and reconstructed signals, respectively.
It is noted that the residual data of R and B components are predicted not from the original data of residual G component but from the reconstructed residual G data. Compared to the residual color transform (RCT) in FREXT the IPP gives higher coding efficiency specially in Film-grain sequences in relatively higher bit-rates. So it is useful to apply the IPP and the RCT methods adaptively based on the bit-rates or the characteristic of the coded sequences.
2.2. Single mode intra prediction 

In JVT-H018 and JVT-J018, new intra chroma prediction was proposed, in which the chroma components use the same prediction mode as the luminance component [8][12]. In FREXT there are 9 modes of 4(4 intra prediction and 4 modes of 16(16 intra prediction for luma component, and 4 modes of 8x8 prediction for chroma components. Since the prediction modes of luma are different from those of chroma, the correlation becomes weak. This would not be optimal for RCT and IPP or for similar in-loop transforms. Hence, it is better to use the same intra prediction mode for all color components to increase the coding efficiency. As proposed in [8][12], this can be achieved by applying the luma intra prediction scheme such as 4x4, 8x8, and 16x16 to the chroma prediction scheme.
2.3. Inter prediction for 4:4:4 chroma format
In JVT-I012 and JVT-J018, we conducted an extensive simulation to compare the performances between 6-tab filter and bilinear transform for various 4:4:4 chroma format contents both in YUV and RGB spaces [9][12]. Table 1 shows the summary of MC interpolation results when we apply the filtering to high resolution images and low resolution images in both spaces [9][12].
Table1: Selection of best performance for MC interpolation comparison
	
	High Resolution (HD)
	Low Resolution (SD)

	RGB space
	Bilinear Transform (BT)
	6-tab filter

	YUV space
	BT
	Y:6-tab UV:BT


It shows that bilinear transform gives better performance for more correlated images such as high resolution images or UV components. For low resolution images, 6-tab shows better results for RGB images while 6-tab for Y and bilinear transform for UV shows better performance. In RGB space each component shows the similar characteristics among components. But in YUV space Y component and UV components show the different characteristics. Based on the observations we need to change the MC interpolation scheme for advanced 4:4:4 format. But this change complicates the existing coding structure while much gain from such a change cannot be expected. So we propose to use bilinear interpolation for 4:4:4 format Chroma components as in FREXT. But this should be further investigated for the final decision.
2.4. CBP for 4:4:4 image format

In JVT-I012 and JVT-J018, we proposed how to code the coded_block_pattern (CBP) efficiently for 4:4:4 chroma format [9][12]. Depending on partitions, the bit saving gain differs. For example we can uses CBP method as in FREXT. In the case we cannot take advantage of the CBP since the entire two 16x16 chroma blocks are treated as one block pattern. Instead we can assign coded_block_pattern bit independently for each 8x8 block from YUV components as in Fig 1. In this case we have 
[image: image3.wmf]12

2

 different cases to code the coded_block_pattern. This may give some problem because it needs a lot overhead bits. On the other hand, we can combine the coded_block_pattern bit for the collocated 8x8 blocks in UV components as shown in Fig 2. In this case there are 
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 different cases. Either of Fig. 1 and Fig. 2 are good CBP methods for 4:4:4 chroma format. We need to further investigate which is better for advanced 4:4:4 profile.
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Fig.1. 12 independent Coded Block Pattern coding


[image: image6.wmf] 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

8x8

 

Y

 

UV

 


Fig. 2. 8 independent Coded Block Pattern coding (4 for Y and 4 for UV components)

2.5. Experimental results

The aforementioned intra prediction scheme is implemented in the reference SW, JM96, and the coding efficiency is measured by means of RD-curve and Y-PSNR difference. Test condition is same with those described in section 4 except that the GOP structure is I frame only.
Fig. 3 is the RD-curves which show the improvements using 4x4 chroma intra prediction method described in section 2.2. Table 2 and Table 3 show the coding efficiency gain of single intra prediction method in case of RCT and IPP, respectively.
Table 2. Coding efficiency gain of single mode intra prediction (RCT)
	
	Mbps
	PSNR Y

	
	
	Separate Mode
	Single Mode
	( PSNR

	Analog TV
	100
	45.55
	45.9
	0.35

	Bicycle
	40
	48.25
	49
	0.75

	Card Toss
	100
	45.9
	46.55
	0.65

	Dinner
	100
	46.1
	46.65
	0.55

	Restaurant
	40
	50.35
	50.9
	0.55

	Tomatoes
	100
	47.4
	47.85
	0.45

	Avg
	
	47.3
	47.8
	0.6


Table 3. Coding efficiency gain of single mode intra prediction (IPP)
	
	Mbps
	PSNR Y

	
	
	Separate Mode
	Single Mode
	( PSNR

	Analog TV
	100
	44
	44.45
	0.5

	Bicycle
	40
	47.8
	48.5
	0.7

	Card Toss
	100
	44.55
	45.25
	0.7

	Dinner
	100
	44.7
	45.2
	0.5

	Restaurant
	40
	49.7
	50.2
	0.5

	Tomatoes
	100
	47.2
	47.7
	0.5

	Avg
	
	46.3
	46.9
	0.6


According to Table 2 and Table 3, it is highly desirable to apply same intra prediction scheme for all color components.
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3. Adaptive Residual Color Transform
So far we observed that the coding efficiency of inside/outside color transforms is very dependent to the image sequence characteristics. For example, IPP shows good performance where color component independent noise such as film grain is dominant since it reduces inter-color correlation without intermingle each color component unlike RCT. However, if there are strong correlations among color components, RCT shows better results. Therefore, it is preferable to apply RCT adaptively according to the characteristic of given image sequence.
To support this adaptive feature, we propose to change RCT_flag to RCT_type_idc in SPS so that it can indicate proper RCT type according to given image characteristics.
	RCT_type_idc
	Meaning

	0
	No RCT/IPP

	1
	RCT

	2
	IPP


4. Experimental results

In this section we verify the coding efficiency of proposed methods.

The test conditions are as follows:
· Test material : 
Film scanned sequences (1920x1088 @ 24 Hz, progressive, 10 bit per pixel),
Viper sequences (1920x1088 @ 24 Hz, progressive, 10 bit per pixel)
· QP : (6,) 12, 18, (24)

· Entropy coding: CABAC

· RD-optimized mode selection: On

· Number of slice groups: 1

· Rounding control : Off

· IBBPBBP… (no reference B picture)

· Search range : 64

· Fast ME : On

Each method is described as follows:

· Proposed : Adaptive RCT (RCT and IPP)
· Thomson : Best one between Thomson RGB and Thomson YCgCo [6][7] (Using software provided by Thomson)
· JVT : Best one among RCT, YCgCo, and RGB [1]
Table 4 shows the PSNR Y differences.
Table 4. PSNR Y difference in the experimental results

	Seq.
	Mbps
	PSNR Y

	
	
	Thomson
	Proposed
	( PSNR

	Analog TV
	100
	44.3
	45.5
	1.2 

	Bicycle
	40
	46.2
	46.7
	0.5 

	Card Toss
	100
	46.3
	47.0
	0.8 

	Dinner
	100
	45.8
	46.7
	0.9 

	Restaurant
	40
	48.5
	48.9
	0.4 

	Tomatoes
	100
	47.6
	47.6
	0.0 

	Avg
	　
	46.2 
	47.1 
	0.6 


Attached Excel file contains whole results of bitrates, RGB average PSNR, and Y PSNR with R-D curve plot.

5. Conclusion

In this document we proposed methods to improve the coding efficiency of RGB coding using adaptive RCT in addition to the previous proposals. The experimental results showed that our proposed method gives better coding efficiency than the existing FRExt 4:4:4 video coding and the Thomson’s method in JVT-O013 and JVT-P017. Thus, we recommend our method to be adopted for advanced 4:4:4 coding.
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Fig. 3. R-D curve showing coding efficiency gain of single intra prediction in case of IPP and RCT
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