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1
Introduction

The Radiocommunication Assembly has already recognized that the broadcasting service must be studied on an end-to-end basis. Indeed, the terms of reference for Study Group 6 “Broadcasting services” clearly state that “the Study Group, recognizing that radiocommunication broadcasting extends from the production of programmes to their delivery to the general public (…) studies those aspects related to production and radiocommunication, including the international exchange of programs as well as the overall quality of service.”

In effect, broadcasting services are based on a long chain of technical operations that use different technologies and perform different functions, but are closely interrelated, since each operation strongly influences the operations that are located downstream in the chain.

The purpose of this document is to provide some further insight in the diversified structure of the broadcasting chain, in order to further clarify the reasons why it is essential to study broadcasting services in a single body.  A single body collects all of the diverse expertise needed to cover all the links in the broadcasting chain, keeping in mind that the goal of those studies today, is to issue a set of harmonized Recommendations.  These Recommendations point the way to achieving the best possible quality of the media (audio, video and data) that broadcasting can provide to the end user (the home listener/viewer) most reliably and with the minimum expenditure of resources (e.g., with an efficient use of the spectrum).

2
The digital broadcasting chain

Fig. 1 shows a very simplified basic block diagram of the digital broadcasting chain.  It includes four main conceptual blocks, namely the production block, the delivery block, the reception block and the presentation block.

The production block includes three main conceptual functions, namely: production, postproduction and recording. 

Production covers the capture of the various media that form a program (program image and the various accompanying sound components) and their transformation from their original state as perceptual stimuli into their representation as digital signals. This block includes the mixing and sequencing of signals from various audio and video sources. It requires, inter alia, expert knowledge of human psychophysical perception to audiovisual stimuli, including knowledge of colorimetry, and of the sampling of audio and video signals.

Recording covers the recording, playback and archiving of audiovisual programs for their subsequent use. It is used when program material produced in the production block needs to be re-mixed or re-sequenced, or when it needs to be integrated with program material produced at different times. It also covers program archiving, which now attracts the keen interest of broadcasters, in view of the possibility to exploit their asset of recorded programs, for re-use on the air, or for sale on the national and international program market. This study requires in-depth knowledge of the available recording technologies, including knowledge of modern tapeless recording (recording on optical discs, solid-state memories and on computer-type memories) and on the ways to manage the access and exploitation of such program signals. 

Postproduction covers all the technical operations required to put the captured program signals in their final form as a finished program. It includes the insertion of component elements in the program, such as the mixing of music and dialogue, the development of special visual effects such as reframing, matting or coloring, the dubbing of program sound, the insertion of archive material in studio sequences, the development of elements related to multimedia and interactive applications, etc. This study requires, inter alia, expert knowledge of the type and extent of interaction among the various postprocessing treatments of image or sound signals, when they are performed in tandem, one after the other, in view of the risk that, cumulating, they may impair the final quality of the image or sound. 
The delivery block includes four main conceptual functions, namely: compression, assembling, multiplexing and emission. 

Compression covers the operations required to reduce the bit rate of each program component (video and audio signals, etc), in order that they will require as small a bit rate in the emission channel, as it is strictly necessary to deliver the intended image and sound quality to the end user. This study requires, inter alia, an in-depth knowledge of bit-rate-reduction mechanisms and of their impact on the perceptual quality of program material.

Assembling merges the various program components (video signals, audio signals, signals related to multimedia and interactive applications, etc.), in order that they form a properly structured, single serial data stream, that also carries any ancillary information required to manage the program, such as information on intellectual property rights, conditional access, copy protection, etc.  This study, as the one described below, requires a good familiarity with the digital protocols used to smoothly multiplex various digital streams into a single stream, e.g.: preserving synchronization of audio and video

Multiplexing merges various program streams together, into a single data stream whose bit rate matches the data capacity of the transmission channel used to deliver the programs carried in the multiplexed stream. It also adds the data required to protect those program signals against errors introduced by the transmission channel.  It is at this stage that statistical multiplexing can be best implemented, thus achieving greater exploitation of the bit rate available on the emission channel.

Emission modulates the multiplexed data stream on the channel carrier, in order that it may be broadcast in the foreseen delivery channel. It also studies the frequency plan, the location and design of the emitting antennas and their emitted power. This study requires an excellent grasp of the related spectrum implications, in order to adequately cover the intended service area while complying with the mandated requirements in terms of interference to and from the emissions of other transmitters. 

The reception block of the broadcast chain implements functions that are the counterparts of the functions implemented in the delivery block, namely: demodulation, de-multiplexing, disassembling and decompression..

Demodulation operates on the modulated signal received by the receiver at the user premises, recovering the multiplexed bit stream and correcting as far as possible the errors introduced by the transmission channel.

Demultiplexing operates on the multiplexed bit stream, extracting from it the various program streams that are multiplexed on it. 

Disassembling operates on a program stream selected among those demultiplexed in the previous function, recovering the compressed signals that contain the components of the selected program (video signal, various audio signals, and data). 

Decompression operates on the compressed signals that compose the selected program, recovering them in their uncompressed form. 

The presentation block operates on the decompressed signals, processing them in such a way that the original audio and video program material may be properly presented on the set (radio or television) at the end-user premises. This study requires matching the characteristics of the devices originally used to capture the program, to the characteristics of the user’s display. With the current advent of new types of displays, this has become an important challenge. 

3
Conclusions

The Chairman of Study Group 6 is happy to report that Study Group 6 has grasped the multifaceted nature of broadcasting at an early stage of its activity and has promptly and efficiently addressed this challenge. 

Indeed, Study Group 6 has set up a Working Party responsible for all aspects of the production of program material. It should be noted in this respect that the production block also includes all the functions needed to re-purpose program material in order that it may also be distributed over the advanced applications that have recently proliferated, namely: distribution of programming over the internet, or to the latest generations of cellular phones. It also includes the production of television programs for collective viewing in large halls, similar to movie theaters, a major study that Study Group 6 has recently completed. 

Another Working Party of Study Group 6 is responsible for aspects related to digital signal compression, program material assembling and the relevant metadata.

Another Working Party is studying aspects of broadcasting specific to new and developing applications such as multimedia broadcasting and interactive broadcasting.

Two further Working Parties are respectively responsible for the distribution of program material by terrestrial broadcasting and by satellite broadcasting, while another Working Party is responsible for studies related to program distribution over the new, emerging media, including interactive television and “webcasting”, i.e. the use of fast Internet for program distribution of television programming.  Indeed, the broadcasting chain described above indifferently applies to traditional broadcasting and to interactive broadcasting, be it over the air or by television cable or by fiber optics. The identification of appropriate return channels, and of the applicable digital protocols to achieve the desired degree of interactivity are being aggressively pursued in cooperation with other Sectors of the ITU.

Finally, in recognition of the need to study the broadcast chain as an end-to-end entity, in order to ensure that the best possible picture and sound quality is delivered to the user, Study Group 6 has set up a Working Party with the task to study the subjective assessment and the objective measurement of perceptual video and audio quality at the end of a chain, even when the chain is in actual on-line operation.

The Chairman of Study Group 6 is submitting this contribution to the Radiocommunication Advisory Group in the hope that a detailed understanding of the complexity of the broadcast chain and of the need to study it on an end-to-end basis will help them to make the right decisions vis-a-vis some proposals that they may receive, aimed at assigning the study of various vital parts of the broadcast chain to different bodies, within or even outside the ITU. The Chairman of Study Group 6 holds the view that the best possible decision that the RAG  can make on this matter is to allow Study Group 6 to retain full responsibility for all the different links in the broadcast chain, since Study Group 6 is the only group in the ITU that has the experience and the expertise to perform these tasks.

We are now witnessing an explosive increase in the convergence of various media in the wake of the pervasive introduction of digital technologies,  In view of the success of the approach taken by Study Group 6 to the study of the broadcasting service as an end-to-end chain, Study Group 6 may well have a role to play at this time in the study of those new services and applications that continue to emerge, which involve the distribution of television program material by new broadcasting means such as over-the-air distribution of television program material to portable and handheld receivers or even for distribution of that material over cabled connections by “web-casting” or “cable-casting” in cooperation.

Fig. 1 – Conceptual block diagram of the broadcasting chain
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