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1. Introduction

The JVT Professional Extension work has been developed for the high quality video coding applications such as professional production, post production, HD/DVDs, surveillance, broadcasting distribution, contribution, digital cinema and earth resources. To cope with this purpose, the call for proposal was issued to cover the increased sample bit-depth, YUV 4:2:2 chroma format, and 4:4:4 format for YUV, RGB and XYZ data [1].

During the course of MPEG-4 AVC/H.264 Professional Extension standardization, we showed the effectiveness of the INTER-PLANE PREDICTION (IPP) coding technology [2-4] for 4:4:4 RGB coding. It showed the better coding efficiency than that of coding in other color spaces at relatively high bit rates. It also showed that the high color fidelity is maintained, which would be very important in the professional application area.

In this proposal, we propose a new coding method called “Adaptive Residue Transform and Sampling”. It exploits the redundancy among the residue data of each RGB component after intra/inter prediction. This method was motivated by the observation that there still exists redundancy among the residue data of each color component even after intra/inter prediction. As addressed in JVT-J017, for some images, the statistical properties of the color space converted data do not conform to the assumed intra/inter redundancy of current JVT specification [5]. In that case it is more efficient to apply intra/inter prediction directly to RGB data first. Then we can find suitable transform that matches well to the statistical properties of the residue. We can further compress the data by applying sub-sampling to the transformed residue data.

Section 2 briefly describes the proposed algorithm. The test results are summarized in Section 3. We conclude in Section 4.
2. Residue Transform Coding

In the conventional coding methods, RGB data is converted into the YCbCr space. During the color transform, the correlation among color components is removed, which results in high coding efficiency. Recently, there has been researches to further decorrelate the redundancy among color components using Karhunen-Loève transform (KLT) whose basis vectors are the eigenvectors of the autocorrelation matrix of the RGB components [6-8]. These new transforms not only show the good coding efficiency, but also result in a complexity reduction using integer transform derived from the lifting scheme.

Though these methods remove the redundancy among color components effectively, the color distortion cannot be avoided, since the chrominance components are distorted more than the luminance component. The color fidelity can be achieved when all components are equally well processed.

But, if the RGB data is coded directly to keep the color fidelity, the coding efficiency is degraded much. To solve this problem, we propose a residue transform coding. It removes the remaining redundancy among color components after intra/inter prediction.

The correlation among color components still exists even after the intra/inter prediction. We can achieve high coding efficiency by decorrelating the residue data of each color component after intra/inter prediction. Because most information is included in the predictor and less information is remained in the residue data, the color fidelity can be kept by decorrelating the residue data using the residue transform.

To decorrelate the residue data, the YCoCg transform [7] has been selected after extensive simulations using several color transforms recently developed. The transform is presented below where (R, (G, and (B are the residue data and (Y, (Co, and (Cg are the residue transformed data, respectively.

Forward YCoCg color space transform:
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Inverse YCoCg color space transform:
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Figure 1 shows the block diagram of the proposed algorithm. This scheme can be easily incorporated into the existing JVT specification [5], since only one additional block has been added.

To elevate the coding efficiency, we introduced the chroma intra 4x4 mode in case of luma intra 4x4 mode selection. The mode and the prediction method shall be the same between the luma and the chroma components, so that the co-located RGB residue would have more correlation. In this case, the chroma DC transform shall be skipped, and the DC value shall be coded with the AC values in the same 4x4 block.

The residue transform can be performed adaptively according to the various characteristics of the input data and the requirement of the application. In very high bit rate for near-lossless and lossless coding, it is more appropriate to code the RGB data directly without residue transform. We propose to add a flag, “residue_transform_flag” to the sequence parameter set to signal the residue transform feature. If residue_transform_flag equals to ‘1’, the residue transform shall be performed, otherwise, the input data shall be coded without residue transform.

Since the proposed method is robust to the color distortion, it can be applied effectively to other input data such as XYZ.

3. Residue Sampling

The 4:2:0 and 4:2:2 formats are the mostly well-known sample formats. In these formats, only chrominance components are sub-sampled in the ratio of 1/4 and 1/2, respectively, compared to the luminance sampling rate, because the luminance components has more information than the chrominance components.

In the professional applications, it would be better not to use the chrominance sub-sampling, which would results in the color distortion. However, the chrominance sampling would be required for the low bit rate applications.

[image: image12.wmf]To adapt to the variety of applications, we propose to use the adaptive sampling method. If the RGB data is sub-sampled directly, the distortion would be very large. We propose to apply the sub-sampling to the residue data. Once the residue transform is performed, there is luminance-like component, (Y, which have more information than other components. As same as the 4:2:0 format, (Co and (Cg components are sub-sampled vertically and horizontally. Figure 2 show the block diagram of the proposed residue transform and sampling procedure.

In case of intra 4x4 mode, the residue sampling is not performed.

On the decoder side, the reconstructed data from the inverse integer transform is up-sampled to the residue transformed data. The bi-linear interpolation is used for the up-sampling, except for the samples at the left and the upper boundary position of the macroblock. These boundary pixels are up-sampled by copying the nearest neighbor pixel in the current macroblock. Figure 3 shows this process.

We propose to apply this residue sampling adaptively in macroblock basis. We propose to add two flags, “residue_sampling_flag” to the sequence parameter set, and “mb_residue_sampling_flag” to the macroblock layer after macroblock type. If residue_sampling_flag equals to ‘1’ and macroblock type is not intra 4x4, mb_residue_sampling_flag shall be coded and decoded. Otherwise, this flag shall not be coded and decoded. The sampling is performed depending on encoder’s discretion by setting these flags. When decoding, if mb_residue_sampling_flag is present and equals to ‘1’, the reconstructed chrominance data from the inverse integer transform shall be up-sampled as shown in Figure 3.

4. Experimental Results

We compared our residue transform method using the above options with YCoCg-R proposed in [7]. And the coding efficiency of the residue sampling method is compared with that of YCbCr 4:2:0 coding. The test conditions are summarized as follows:

· Search range: 32

· Number of reference frame: 3

· Entropy coding: CABAC

· RD-optimized mode selection: On

· GOP structure: IBBP…
· Number of slice groups: 1

We tested this residue transform and sampling options over various image set. The complete test results are available in the accompanying excel file (JVT-K018.xls). The simulation results manifest that it is desirable to apply inter/intra prediction followed by color transform. If we apply color transform first before coding, the coding efficiency deteriorates. It becomes severe especially on film material or unprocessed images. Due to the film grain or shot noise, the color space converted data are bad fit for the JVT inter/intra prediction. It tells that the coding gain of using intra/inter redundancy is bigger than that of using inter-color redundancy.
Based on this observation and experimental results, the best method to code RGB material is to code the given image in the given space. Especially for high bit rate it is the best way to code RGB material without color space conversion. By properly using the residue transform and sampling options, we can always achieve good coding efficiency over wide range of bit rate.
5. Conclusions

The use of residue transform and sampling in RGB space achieves great coding efficiency for various kinds of RGB data including film material and professional filmstream material. The advantage is clearly shown in the simulation results. It tells that it is desirable to apply inter/intra prediction followed by color transform. We can select residue transform and sampling options depending on image characteristics and requirements of the given application at encoder’s discretion. It helps achieve the best coding efficiency for any type of input data.
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Figure 2: Block diagram of the proposed residue sampling
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Figure 3: Up-sampling procedure
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Figure 1: Block diagram of the proposed residue transform
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