1-5　Video coding
　We are researching video compression techniques for 8K Super Hi-Vision broadcasting. 

■8K HEVC coding system

　We developed an 8K Super Hi-Vision video encoder and decoder that uses the MPEG-H High Efficiency Video Coding (HEVC)/H. 265 standard.
　The 8K HEVC encoder developed in FY 2012 was upgraded to make it compliant with the domestic standard for 8K broadcasting (ARIB STD-B32 ver. 3.0). The standard specifies that the video frame must be divided into four vertical slices for 8K video coding and that re-division within each slice is also allowed. To comply with these requirements, we readjusted the existing 17-slice encoder (Figure 1). We also changed the rate control method to allocate an adequate number of bits in accordance with the complexity of each divided slice. We also implemented a cross boundary filter to smooth discontinuities across slice boundaries. These modifications improved subjective quality.
　We developed an 8K HEVC decoder based on the specifications we drew up in FY 2013. This decoder supports the four-slice frame coding method. 
　We also developed a tool that can measure the quality of ultra-high-definition video in real time and that be used for improving the image quality of encoders. The tool compares reference video signals and impaired sequence signals and measures the peak signal to noise ratio (PSNR) in real time. 
　The R&D on encoders and decoders was conducted in cooperation with Mitsubishi Electric Co. Ltd. 


Figure 1. Video frame dividing compliant with the domestic standard

■8K IP Transmission

　We conducted public viewings (PVs) of the 2014 FIFA World CupTM in Brazil from June to July 2014, in cooperation with the Fédération Internationale de Football Association (FIFA)(1). We recorded and screened live a total of nine games in 8K, including the Japan-Cote d’Ivoire match and the final between Germany and Argentina at three sites in Brazil and four sites in Japan (Figure 2).
　The 8K content produced at the stadium was compressed to 280 Mbps by using the MPEG-4 AVC/H. 264 encoder we developed. Then, with support from NTT (Nippon Telegraph and Telephone corporation), it was transmitted through RNP (Rede Nacional de Ensino e Pesquisa: the Brazilian National Research and Educational Network), which is the transmission hub in Rio de Janeiro, to NHK Broadcast Center in Shibuya over shared IP networks. The signals decoded at the Broadcast Center were transmitted to PV sites in Tokyo and Yokohama, while the compressed content was directly transmitted to PV sites in Osaka and Tokushima. 
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Figure 2. PV site in Osaka

■Reconstructive video coding system

　We are developing a video coding system using super-resolution image reconstruction technologies.
　We built an integrated processor incorporating the tonal and spatial conversion (reduction and reconstruction) technologies we had developed earlier. The processor can convert 4K/12-bit video into 2K/8-bit video and transmit it in real time. In addition to the previously developed wavelet super-resolution technique and reconstruction optimization, the device is equipped with new functions of tone mapping, feed-forward control, and side data compression (Figure 3).
　For the tone mapping, we approximated the method of Lloyd-Max (LM) quantization, which re-quantizes frequent pixel levels in finer steps. The processing speed was increased by avoiding the iterative computations of LM quantization and introducing feed-forward control of reconstruction at the receiving unit.
　For the optimization of spatial-resolution reconstruction, we added new structural similarity and total variation criteria to the existing root mean square error-based criterion. The optimization of these criteria enables up-conversion with higher subjective quality.
　Side data output from the encoder contains parameters for spatial and tonal super-resolution reconstruction. The spatial parameters, which specify the filter types used for super-resolution reconstruction, are described in an array format. The tonal parameters, which are used to extend the bit depth, are stored for each quarter of the video frame. We devised an algorithm of lossless compression of these parameters. The algorithm uses Huffman coding to reduce the size of the data to approximately 5% of its original size. The whole system including this algorithm works in real time(2).
　Aiming at sending 4K and 8K videos within a 4K bandwidth, we studied the use of super-resolution techniques for inter-layer prediction. We developed a real-time inter-layer prediction processor based on the wavelet super-resolution technique. 8K transmissions are possible using four transmission/reception pairs (i.e., eight 2K/4K inter-layer prediction processors), of which we prototyped five processors in FY 2014. This research and development is being performed under the auspices of “Research and Development of Technology Encouraging Effective Utilization of Frequency for Ultra High Definition Satellite and Terrestrial Broadcasting System” program, and it is funded by the Ministry of Internal Affairs and Communications, Japan.
　We started studies on using super-resolution technologies to convert video formats with respect to spatial, temporal, tonal and colorimetric axes. In FY 2014, we developed a spatial super-resolution technique that utilizes the registration super-resolution method to enable highly accurate registration among multiple frames. Taking advantage of the self-similarity of high-definition video, the technique incorporates registration among similar objects within a single frame(3). We also developed a method to improve the registration accuracy that takes into account the color sampling patterns of various cameras.
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Figure 3. Configuration of reconstructive video coding system
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