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Introduction

This contribution is to propose a set of requirements for next-generation video coding standard that should be a key work item for the next study period of VCEG, which would be called “H.265”. At the last Geneva meeting, VCEG had a brain-storming discussion on the possible target and scope of “H.265”. In response to it, this document tries to draw today and future of digital video application scenarios that would require new video coding standard, and propose our idea on a set of basic requirements and issues to be explored in the context of H.265 development for further discussions in VCEG.
Digital Video Applications: Today and Future

Video coding is a core essential technology for broadcasting, visual communication, storage/package, and personal media applications in both consumer and professional domains. One of the most important common facts among today's video application segments is that video sources are going to be high quality. Although the main scope of ITU-T has been the establishment of standards for communication, the latest H.264 is no longer only for narrow application segments but has been adopted in wider range of digital video applications. In this sense, we believe next target of VCEG work should be all consumer application scenarios those require "high quality video". From this viewpoint, we summarize today’s situation and future views of several key applications relevant as next scope of video coding below.

Personal Video Application

With drastic advances in hardware implementation and storage technologies, digital video capability is now quite popular functionality in many personal devices such as PCs, mobile phones, digital camera, camcorders or portable players. One of the key trends in this area is ubiquitous use or remote sharing of personal video contents (YouTube etc). There, personal video data has to be converted to relevant media format that meets to constraint on each user’s device or applications. The quality of the video contents used in internet-sharing applications is getting improved by shifting to higher resolution video with advanced video compression technology. Considering that it is difficult to force individual applications to use unique “standardized” format, user cannot avoid conducting format conversion including coding scheme, bitrate, resolution, frame rate etc. If the original source can be recorded with 4:4:4 video (this is practically possible with today's personal device such as digital camera), color fidelity can be maintained better than 4:2:0 contents during format conversion process, which was originally the discussion of advantage of 4:2:2 in professional domain. Additionally, loss of chroma fidelity and colorfulness is much more visible for lower resolution video, and this degradation is getting serious when low resolution video is played on higher resolution displays (as in the case of SD DVD playback on HD display). Current solution for this problem is proprietary fidelity restoration processing at each display, thus user cannot enjoy "reality" of contents. It is noted that nowadays there’s no difficulties on 4:4:4 video capturing and display. These digital devices do not depend on characteristics of analog video signal any more, but only video coding part employs 4:2:0 format since chroma degradation due to subsampling has been regarded negligible with conventional displays. This will not be true for future advanced displays those would support extended wider gamut. On the other hand, since video coding performance has greatly improved through standardization work toward H.264, we believe 4:4:4 source should be considered base source format in next-generation video coding work [1]. 

Broadcasting/Communication Scenario

A recent typical trend in broadcasting domain is the shift from SD to HD (normally up to 1080i), which is a key feature of digital broadcasting that differentiates service quality from analog one. We have two issues that need to be addressed as the problem related to video coding for broadcasting applications. One is the bitrate saving to transmit higher quality video to end-users with pre-determined channel bandwidth, and the other is efficient use of channel resources to save running cost in broadcasting company. In Japan, all analog services are planned to be terminated by 2011 and after that new high-quality TV services would be coming. The basic requirement there is to provide service using video source whose quality is visibly higher than the current HDTV. A symbolic topic is a discussion of Super High-Vision (SHV) broadcasting whose resolution is up to 8K (7680pel x 4320line @ 60P). It is obvious that we will need efficient video compression technique to achieve broadcasting of such high source rate contents. It is noted that some major manufacturers have announced their prototype developments of 4K resolution displays, and 1080/60P or 4K (3840pel x 2160line @ 60P) are actually the candidates for next-generation broadcasting in Japan after 2011. These high-resolution sources would also be important for differentiation of IPTV services, which would integrate TV service and high-definition visual communication service.
In the context of broadcasting, 4:4:4 has already been regarded as useful signal format for content production, and it could also be used for direct delivery to end-users if compression performance of 4:4:4 coding can be improved. From the viewpoint of recorder products, the same discussion as in the above personal video scenario would happen since recorder user would like to store TV programs into the recorder as long as possible. This is basically the problem of format conversion for bitrate reduction, where H.264 currently plays an important role. 4:4:4 broadcasting that can transmit high color fidelity contents should be preferable for such kind of scenario.
Package Applications
Package applications such as DVD or Blu-ray are nowadays the biggest market that requires video compression standard, which includes all PC products that bundle compliant disc drive with software players. Blu-ray has already supported high-quality HD playback based on several video coding standards. IPTV could also be considered as next-generation infrastructure for on-line package media via content downloading. One of the key improvements of package applications in the future will be an extension for the support of higher quality video, which may have several directions, high color/bit-depth representation or high resolution format, etc. Considering that digital cinema mandates 4:4:4/12bpp color representation [2] and 10bit display panels are going to be popular, it is natural to think about extended use of 4:4:4 and high bit-depth sources in package applications if its compression performance can be improved compared with conventional video coding. Note that digital cinema is not only for movie theaters, but also be applicable to many other use cases that are referred to as ODS (Other Digital Stuff). For example, ODS contents for public viewing of major sport games would be delivered via IP network in the near future that extends visual experience of ordinary people, and secondary use business of such high quality contents could be launched as in the case of DVD. When these new applications are started, “the latest and the best performance video coding standard” should be adopted.

Value of 4:4:4 video in other scenarios
4:4:4 video coding will also be a key feature in other application segments. 

· In medical applications, true color and high-density image/video representation while achieving efficient data compression would be an essential feature. 

· 4:4:4 should also be attractive for some video processing field such as 3D playback requiring correct color calibration.

Figure 2 illustrates historical view of video coding standards and their applications to practical digital video services/products. We are now at the timing of completion of H.264-related standards, and to discuss the need of next H.26x (i.e., H.265) video coding standard. Based on the above discussions, we propose to make 4:4:4 video signal be the base source format. Since the 4:4:4 related factors have been considered “professional” issues so far, the design of existing standards for 4:4:4 compression would have not been optimized for the purpose of high compression of these sources yet. Historically speaking, it is the fact that the H.264 was the outcome of “long-term” exploration studies both in ITU-T and MPEG, while the older H.26x standards were driven by more application specific requirements on visual communication. It is important to consider the fact that unknown new proprietary solutions may come suddenly to fill a hole of the current standards when looking for the above new application scenarios, unless standardization body can provide relevant “differentiated” solution.
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Figure 2: History of video coding standards and their applications

Requirements for next-generation video coding standard
We propose the following set of requirements those should be relevant for next-generation video coding work toward “H.265”.

Source Formats

The next-generation video coding shall support efficient compression of the following advanced video signals and their combinations.

· Resolution: VGA - 4K (or 8K if necessary)

· Bit depth: 8-12bpp

· Chroma format: 4:4:4, with discussion of relevant color space for compression

· Frame rates: 30 - 60fps (or more if necessary)

· Progressive source

Coding Efficiency

The next-generation video coding shall achieve substantial compression efficiency relative to the existing state-of-the-art standard. One of the interested goals would be “half bitrate at the same quality”.

Complexity

The decoding process of the next-generation video coding shall be able to be implemented within 2x complexity than H.264. To achieve high coding efficiency without too much additional complexity, ability of parallel implementation shall be considered one of the key measurements of tool complexity. The encoding process shall have an ability of complexity-scalable implementation to meet various application needs.

Performance Evaluation Criteria
The next-generation video coding shall consider extended criteria for evaluation of coded picture quality considering subjective factors rather than conventional PSNR based approach. 

Intra-only Support

The next-generation video coding shall support intra-only coding that is beneficial for many application segments from professional to consumer. For example, integrated still/video coding for digital camera, efficient storage of personal edit-friendly video data, professional content production, medical use, etc.

Data Rate Scalability

The next-generation video coding shall have an ability of scalable codec implementation in order to develop compliant codec supporting various data rate sources from conventional low resolution to significantly high data rate video like 4K/8K.
Issues

In this section, we try to pick up some issues those need to be considered in exploration of next-generation video coding standard.

Target quality range

VCEG has continued KTA work to find alternative technologies contributing further coding gain, however, it lacks clear definition of target operating point for 4:4:4 video. We evaluated the range of picture quality that should be relevant for next-generation coding very preliminarily. We encoded some HD-resolution YUV 4:4:4 8bpp sources (3 from JVT 4:4:4 CE materials, 1 from CoSME, 1 from SVT) with/without 4:2:0 subsampling by using H.264 reference software. We used the same experimental conditions that were used in the Lausanne JVT contribution [3] for 4:2:0 generation and up-conversion to 4:4:4, and employed common coding conditions that are being discussed for coding efficiency tests in VCEG [4]. Since VCEG condition does not contain 4:4:4 case, we simply extended it for High 4:4:4 coding. The encoded quality was subjectively evaluated by SONY’s professional 4:4:4 master monitor (BVM-L230). In this experiment, we just simply checked absolute picture quality that should be discussed in next-generation coding including 4:4:4.
According to this test, we think 38-40dB of Luma PSNR would be relevant as start of discussion on target quality. For film-scanned contents(SVT), little bit lower PSNR than above may also cover the target quality. These points correspond to "middle to upper" bitrate range of the current VCEG common condition. The reason why Luma fidelity was checked is that it is important when considering quality tuning for existing video applications. There should be more discussions on quality evaluation factors relevant for 4:4:4 quality. From the comparison of bitrates for 4:2:0 and 4:4:4 coding around this quality, it was observed that 20-30% additional bits are required for 4:4:4. In the next-generation video coding discussion, we believe direct compression of 4:4:4 source that outperforms conventional 4:2:0 coding would be one of the important goals.
It is, of course, necessary to perform this kind of assessment formally based on relevant test materials, source formats, equipments and viewing conditions. KTA software by adding 4:4:4 feature may also be a good platform for this evaluation. Different aspects such as color space, frame rate, bit depth, resolution, etc. may also need to be considered for defining target quality and bitrate for next-generation video coding.
Quality evaluation methodology
When 4:4:4 CE was conducted in JVT, target PSNR was around 45dB where it is quite difficult to see visible quality degradation. However, the bitrate range of such an excellent quality should not be relevant for consumer domain applications. On the other hand, it is also difficult to prepare sufficient viewing equipments in every meeting. A solution would be to start from having agreement on benchmark quality using conventional standard (i.e., H.264) based on subjective viewings, and then setup experimental conditions for exploration study.

 On the other hand, we also think it important to discuss advanced distortion measures that may not rely only on flat MSE but consider subjective effects. When talking about higher resolution video, influence of noise components should be more serious in coding efficiency. Influence of noise cannot be removed when we only think about flat MSE as distortion measure, thus it may be difficult to achieve break-though on compression ratio if we continue to use MSE-based measurement. These issues may need help of experts in subjective quality evaluation field like VQEG.

Test materials

JVT used some 4:4:4 test materials for CE on professional profiles. However, it cannot be said that these test set are sufficient for quality evaluation of next-generation video coding, especially for high compression of 4:4:4 and over HD resolution. Much better test materials should be collected. One option is to consider the issue of call for test materials for the exploration study of next-generation video coding. We are planning to work for generation of relevant test materials.
Common standard

When launching exploration for next-generation coding, we think it better to have close communication with MPEG as in the case of H.264. MPEG is also talking about future item toward next video compression standard after MPEG-4 AVC and we believe the scope of study can mostly be overlapped. Potential joint work can avoid unnecessary overlap of discussion of different standards in the same application domain. In this sense, JVT can be a good place to do this work.

Timing issue
We think new standardization work that will be optimized for high compression of 4:4:4 and over HD should be completed within 2-3 years to prepare for the next-generation video applications to be discussed after 2011-2012. We believe the next study period of VCEG completely meets this timing requirement. After that, compliant hardware will be developed within 3 years (2015). According to the Moore’s Law, assumption of (4x) * (4x) complexity relative to current one will be feasible around the above timing. Thus, more optimized video coding for 4:4:4 (2x vs. 4:2:0) with up to 4K(4x vs. HD) resolution at 2x complexity can be implemented.

Conclusion

In this document, we presented basic requirements those should need to be considered when next-generation video coding “H.265” will be studied. We propose to perform exploration study that 1) collects test materials that are relevant as next-generation video sources, 2) produces common benchmark results for the well-defined test set at target compression ratio, and 3) calls for new solution that is superior to the benchmark. If this study can identify potential existence of new technical solution, VCEG can discuss the setup of formal standardization work.
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