1-6　Sound systems providing a strong sense of presence
　We are researching a three-dimensional 22.2 multichannel sound (22.2 ch sound) system for 8K Super Hi-Vision (SHV). 

■22.2 ch sound pickup and production system

　We are studying ways to pick up and produce 22.2 ch sound easily and efficiently. The plane wave characteristics of the individual microphone elements must be measured in order to separately pick up each channel composing 22.2 ch sound. In reality however, only spherical waves originating from nearby sound sources in an anechoic room are available for such a purpose. As a way of dealing with this problem, we found that accurate plane wave characteristics could be obtained by synthesizing a plane wave from multiple spherical-wave sound sources(1).
　Regarding the sound production system, we collected more than 100 different impulse responses with different sound field capacities and reverberation times by measuring sound fields of 17 locations, including the Broadcast Center’s studios, NHK Hall, and a stadium (Figure 1). We incorporated these impulse responses into a 3D reverberator that generates 22-direction reverberations. This reverberator has been in use at the CD-606 studio since July 2014(2). We also prototyped a 3D reverberator that is half the size of a conventional device and equipped with a reverberation control function to adjust the spatial impression. 


Figure 1. Measurement locations and characteristics of impulse responses

■22.2 ch sound production studio (CD-606)

　The CD-606 studio (Figure 2) that we had been building in cooperation with the Broadcast Engineering Department and Engineering Administration Department since FY 2012 was completed in July 2014(3). It is the world’s first dubbing studio dedicated to 22.2 ch sound production. The channel configuration is compliant with the advanced sound system standard for program production (Rec. ITU-R BS. 2051). As such, it meets the requirements for sound components with or without expanded-large screen digital imagery (LSDI) and ultra-high-definition television (UHDTV) (Rec. ITU-R BS. 1909). With introduction of a new mixing system, and an acoustic transparent screen supporting 8K video which allowed the use of real loudspeakers behind the screen for the channels on the screen, the studio lets producers edit 22.2 ch sound more efficiently using 24 loudspeakers. 

[image: image1.jpg]



Figure 2. CD-606 dubbing studio

■Sound reproduction system integrated in flat panel display for home use

　For easy reproduction of 22.2 ch sound at home, we are researching binaural reproduction using a loudspeaker frame integrated with a flat panel display (FPD). In FY 2014, we developed a method to identify the acoustic transfer functions to both ears with low-order models as well as a processing method for the binaural reproduction using the models(4). As a result, the amount of computations required for processing was reduced to about one-sixth that of conventional methods. This research was conducted in cooperation with Keio University. We also set up this reproduction system in the 8K video editing room at the Broadcast Center and began using it in December. 
　We are also studying a technology to help directional discrimination of the sound transmitted to both ears that is used in the binaural reproduction process. In FY 2014, we added a frequency amplitude characteristic that depends on the elevation angle to the rear enhancement filter which we developed in FY 2013. We confirmed that the new filter can enhance the perception of sound coming from sources behind the listener for a large number of people(5). We also found that more accurate front-back perception of sound could be obtained by adding reflected sound to the sound transmission characteristics(6). 

■Standardization

　At the November meeting of the International Telecommunication Union, Radiocommunication Sector (ITU-R), we proposed a revision of Recommendations on the subjective sound quality evaluation method related to 22.2 ch sound and the audio coding scheme for digital broadcasting. Our proposal was approved. We also extended the existing loudness measurement algorithm to support 22.2 multichannel sound and verified its validity through evaluation experiments. We proposed a draft revision of Recommendation on the loudness measurement algorithm at the February meeting in 2015.
　At MPEG, we contributed to the establishment of an international standard for MPEG-H 3D Audio capable of compression and transmission of the next-generation 3D audio and made preparations to promote 22.2 ch sound internationally.
　At the Advanced Television Systems Committee (ATSC), an organization standardizing TV broadcasting systems in the U.S., we provided binaural room impulse responses and 22.2 ch sound sources for standardization of ATSC 3.0; this will help to popularize 22.2 ch sound systems in the U.S.
　At the Association of Radio Industries and Businesses (ARIB), we proposed MPEG-4 AAC as an audio coding technology for 22.2 ch broadcasting and dialogue control information for supporting multiple languages and making narrations easier to listen to on receivers and contributed to the standardization(7). 

■“Ultra-reality” meter

　We are studying ways to objectively evaluate otherwise subjective factors such as the sense of presence and emotional effect of sound systems. In FY 2014, we conducted subjective evaluation experiments to build a learning database for the model used to predict acoustic impressions from acoustic feature values. This research was supported by the National Institute of Information and Communications Technology (NICT) as part of the project titled “R&D on Ultra-Realistic Communication Technology with Innovative 3D Video technology.”
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