1.8　Satellite broadcasting technology
　We are researching satellite transmission schemes, multiplexing technologies, and satellite broadcasting systems for 8K Super Hi-Vision (SHV) satellite broadcasting. 

■Transmission schemes for satellite broadcasting

　We made progress with our research on broadcasting ultra-high-definition television over a satellite operating in the 12-GHz band. We devised a scheme that enables transmissions to be sent at 100 Mbps over a single channel of the satellite transponder. The scheme uses 16APSK (amplitude phase shift keying), a roll-off factor of 0.03, and a symbol rate of 33.7561 Mbaud. It was approved as a standard at the Association of Radio Industries and Businesses (ARIB)(1). Moreover, to make it an international standard, we proposed it to the International Telecommunication Union, Radiocommunication Sector (ITU-R).
　To improve satellite transmission performance when using 16APSK, we researched technologies to reduce distortion caused by the satellite transponder. We studied an on-board solid-state power amplifier using gallium nitride that has higher linearity than the current traveling wave tube amplifier. We also researched an equalization technology to compensate for the non-linearity of the satellite transponder in the first stage of the equalizer by making use of the known non-linear characteristics of the filters and amplifiers of the satellite transponder(2).
　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 are also working on improving the performance of multi-level coded modulation to further increase the transmission capacity. We proposed a method to improve the performance by applying set partitioning, which increases the minimum Euclidean distance for each bit constituting a symbol, to 16QAM (quadrature amplitude modulation) and optimizing error correction coding. The method can improve the transmission performance in terms of white noise more than the aforementioned 16APSK scheme can (Figure 1) (3). 


Figure 1. Transmission performance of set partitioning 16QAM

■Media transport scheme for multiple delivery channels

　We are researching a media transport scheme that proactively uses broadband networks in a broadcasting system to support various delivery channels and viewer environments. The results of our research were reflected in the standardization of MPEG’s new media transport scheme called MPEG Media Transport (MMT), which was approved as the ISO/ IEC 23008-1 international standard in March 2014(4).
　One of the requirements of domestic standardization of 8K Super Hi-Vision satellite broadcasting is to support the “convergence” of broadcasting and broadband networks in terms of enabling delivery on various channels and hybrid delivery of content. We proposed to use MMT for multiple channels including broadcasting and broadband. A large part of our proposal was reflected in the ARIB Standard STD-B60 “MMT-based Media Transport Scheme in Digital Broadcasting Systems,” which was approved and published in July 2014.
　When using MMT, the presentation time of each media component such as video and sound is specified in the broadcasting signal using Coordinated Universal Time (UTC) as the base time. This allows multiple media components transmitted through various channels to be presented in synchronization with each other in a simple and easy way. Also, the signaling information of MMT contains information for controlling the content layout in the transport layer, without the need of the application layer. These features of MMT can be used for synchronized presentation of multiple media components within a device or between devices and for control of presentation positions of media components using the layout control function in the transport layer. We implemented these functions in a prototype system for 8K Super Hi-Vision satellite broadcasting and demonstrated their effectiveness(5). We also studied a transmission scheme using a TMCC signal of advanced satellite broadcasting so that the UTC can be transmitted in broadcasting signals. Our transmission experiments using a modulator and demodulator showed that the scheme could reduce variations in the delay of the UTC information(6). As with the current digital broadcasting, 8K Super Hi-Vision satellite broadcasting is expected to provide services for which applications and other data are multiplexed in addition to video and sound. We examined the effectiveness of the protocol for the MMT-based application transmission scheme which we proposed and that subsequently became a standard and verified its performance through simulations(7).
　We are also developing technologies to use MMT for other broadcasting media including terrestrial broadcasting and cable TV. We produced a specification for encapsulating media signals using MMT that uses about the same amount of processing time as the current digital broadcasting and a specification for efficiently multiplexing media signals and control signals. We developed and verified a multiplexing device based on the specifications. 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 conducted experiments in which MMT signals were transmitted using two channels in a transponder of the WINDS satellite. We confirmed that two signals transmitted through different channels can be presented in synchronization by using the presentation time included in the two received MMT signals. 

■Advanced satellite broadcasting system

　We designed a four-element micro-strip antenna as a feeder of a parabolic reflector antenna for 12-GHz satellite broadcasting. The antenna can receive both right- and left-hand circularly polarized waves. Computer simulations showed that a cross polarization discrimination level of over 25 dB could be obtained when the antenna is used as a receiving antenna together with an offset reflector antenna.
　We studied a cable distribution system for 12-GHz satellite broadcasting using left-hand circularly polarized waves. We proposed to ARIB a coaxial cable distribution scheme and an optical fiber distribution scheme that use the 2.2 to 3.2-GHz band as intermediate frequencies. Our proposal was incorporated in the standard(8).
　We are studying engineering models of the output filter for the 21-GHz-band broadcasting satellite. We prototyped a band rejection filter (BRF) that suppresses unnecessary emissions to the 22-GHz band, which is a radio astronomy band, and a low pass filter (LPF) that suppresses harmonics. We built an output filter by combining them with the band pass filter (BPF) that we fabricated in FY 2013. The results of thermal vacuum tests showed that favorable electrical characteristics could be obtained in a temperature range from -20°C to +55°C.
　We also prototyped a 32-element beam forming network that constitutes a 21-GHz-band array-fed imaging reflector antenna. We measured radiation patterns by combining it with the power-feeding unit and confirmed that they are consistent with the calculated values.
　We advanced with our development of a prototype modulator and demodulator for a 250-MHz-class wide band that will be used for wide-band transmissions for the 21-GHz-band satellite broadcasting. Considering control of the beam forming network required to form radiation patterns, we added an interleaving process after BCH coding of outer codes. This improved tolerance to short burst errors. This research and development is being performed under the auspices of “Research and development of efficient use of frequency resource for next-generation satellite broadcasting system” program, and it is funded by the Ministry of Internal Affairs and Communications, Japan.
　We designed seven- and 15-element array-fed reflector antennas. We studied thermal transportation methods for these antenna configurations with a closely set high-power traveling wave tube (TWT). This research was conducted in cooperation with the Japan Aerospace Exploration Agency.
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