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1 Abstract

For professional applications, Intra-only coding is a common coding method. Furthermore, several experiments and demonstrations have shown that intra coding of H.264/AVC has an excellent performance, even compared to state of the art still image coding schemes. 

The current H.264/AVC coding scheme uses less modes for the chroma color-components of a MB. This is a drawback for RGB or YUV-4:4:4 video material. Furthermore, in the current scheme, the color components cannot be coded independently and the possibility of parallel processing is limited. This limitation is yet another drawback, because parallelization is essential, especially for future professional cameras that record video content at incessant higher resolutions. 

In this contribution an Intra-only coding scheme is proposed that allows independently encoding and decoding of each color component using the luma prediction modes. Therefore, separate mode information is associated to each color component on MB basis. In order to restrict the memory consumption, it is further proposed to keep the interleaving of color components on MB-level. Thus, the possibility of parallel processing for H.264/AVC Intra only applications is significantly enhanced. Additionally, experimental results show a gain of more than 1dB in coding efficiency for higher bitrates as they are valid for professional applications. 

In order to take the advantage of different coding schemes (e.g. 1 common mode for all components or 3 individual modes), it is proposed to signal the used coding scheme in the bitstream. Thus, encoders can select the most appropriate coding scheme. 

Since Intra-only is an important coding method for professional applications and future products, we further propose to create an Intra-only 4:4:4 profile.

2 Current Intra Coding

The following Figure 1 shows a block diagram of an exemplary intra-coding scheme. 
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Figure 1: Block diagram of current YUV based coding scheme that is used in H.264/AVC

The current H.264/AVC standard uses one individual mode for the Y-component and one common mode for the U- and V-components. Due to the usage of the same mode for U- and V-components, the possibility for parallel processing is limited. 

In Figure 2 the mode selection that is based on the G-component is used to code the R-and B-component. Due to the usage of the same mode for all three color-components, the possibility for parallel processing is limited.
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Figure 2: Block diagram of a modified coding scheme that is based on same modes for all three components
Note: In the example of Figure 2, only the G-component is used to select the prediction mode. If more than one component is used to select the prediction mode, it is even more difficult to use a parallel processing structure.

3 Proposal

In order to enable completely parallel processing of each color-component (e.g. 3 single-chip encoding in parallel) we propose:

1. Parallel and independently coding of each color component using the luma modes. This is proposed in order to be able to have an efficient parallel processing. Each color component has an own header including the mode information.

2. Interleaving the encoded data on MB level. This is proposed, in order to reduce the buffer size in the coding process. 

The following Figure 3 shows an exemplary block diagram of an encoder for the proposed modifications.
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Figure 3: Block diagram for the proposed Intra-only coding structure.

As it can be seen in Figure 3, it is proposed to use separate mode information for each color component. Furthermore it is proposed to apply the luma mode selection to each color component. Since each component-coder does not have to consider the mode that is used in another component-coder, parallel processing is much easier. In order to reduce buffer sizes, it is proposed to interleave the coded information on MB basis. 

In order to take the advantage of different coding schemes (e.g. Figure 2 or Figure 3), it is proposed to signal the used coding scheme in the bitstream. Thus, encoders can select the most appropriate coding method. 

Since Intra-only is an important coding mode for professional applications and future products, we further propose to create an Intra-only 4:4:4 profile.

4 Experimental results

4.1 Test sequences

The modified jm10.1 codec is used for the simulations. The correspondent source code is provided together with this proposal. Sequences of the “Dolby 4-4-4 Film Content Kit Two” serve as input sequences with a size of 1920x1080, a clip-length of 50 frames and 10-bit per color component. The YUV data was converted from the RGB data beforehand.

4.2 Settings

Intra-only coding along with the Hi-4:4:4 profile is performed. The settings for the quantization parameters are QP=6, 12, 18, 24, 30. Other settings are in compliance with the encoder.cfg file that is provided together with the jm10.1 codec.

4.3 Results

The following RD-plots show the results of the simulation. For each sequence exist two different plots: One is for RGB coding including a curve for residue color transform, the other one is for YUV input signals. The curve with the label ‘JM10.1’ shows the results generated with the state-of-the-art Hi-4:4:4 Profile, whereas ‘Jm10.1 ModeExt’ stands for the results generated by the proposal. Each PSNR value in the plot represents the arithmetic mean of the PSNR values for each color component, e.g.:        

PSNR = (PSNR-R + PSNR-G + PSNR-B) / 3

The proposal outperforms the JM10.1 codec for RGB or YUV-4:4:4 sequences. In the area for professional applications (PSNR > 40dB) gains around 1dB can be observed. 
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5 Syntax modifications

Syntax will be provided in a revised version.

6 Software

The software used for the simulation is provided along with this proposal. In order to enable this proposal, please set the “Period of I-frames” to 1 and set the “Profile IDC” to 144. Using the “ModeExtensionFlag” it is possible to switch between the mode selection of the current AVC Hi-4:4:4 profile and the extended mode selection as proposed herein on sequence level (RCT is not possible with this feature!).
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