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1 Introduction

This document lays down the requirements for technology destined for Digital Cinema applications, focusing on the aspects of Audio, Visual, and Systems.  The lifecycle of motion pictures can be seen as a six-step process:  production, post-production, archival, distribution, exhibition and post-exhibition. This document focuses on the archival and distribution steps.

Of these two steps, the archival one is intended for storage of the highest quality version of a motion picture. It is the output of the post-production cycle. An archive is the source from which all release material is generated.  The preservation of this high quality material will be guaranteed by truly lossless compression.

Distribution includes the process of transmitting motion pictures to movie theater and their subsequent projection.  Compression ratios are expected to be higher than for the archive by permitting visually lossless compression for moving and still pictures.  Although the primary intent of distribution is to carry motion pictures, it may also carry pictures of live events and trailers/commercials.

2 Visual

2.1 Requirements for Archive

· The standard shall support efficient mathematically lossless compression of moving pictures.

· The standard shall support coding of pictures containing up to 16 million pixels. The typical operating range is expected to be between 2 and 12 million pixels.

· The standard shall support coding of moving pictures in progressive format only.

· The standard shall support coding of moving pictures with frame rates ranging between 12 and 150Hz.

· The standard shall support coding of moving pictures containing up to 16 bits per pixel component (linear and logarithmic).
· The standard shall support coding of moving pictures in RGB and YUV formats.  For the YUV format, 4:4:4, 4:2:2 and 4:2:0 samplings shall be supported.  Furthermore, coding of colorimetry information, e.g., color primaries, shall be supported.

· The standard should support means to facilitate transcoding to a wide range of lower resolution formats, such as theatre resolution, HDTV, SDTV, mobile applications.
2.2 Requirements for Distribution
2.2.1 Moving pictures

· The standard shall support efficient visually lossless compression of moving pictures. Visually lossless is understood to mean that the reconstructed moving picture after decompression shall not be distinguishable from its original by a human observer when exposed to typical viewing conditions in a theatre set-up. This applies to different kinds of material, such as natural scenes, animation, and computer generated.

· The standard shall support coding of moving pictures containing up to 16 million pixels. The typical operating range is expected to be between 2 and 8 million pixels.

· The standard shall support coding of moving pictures in progressive format.

· The standard shall support coding of moving pictures with frame rates ranging between 12 and 150Hz.

· The standard shall support coding of moving pictures containing up to 12 bits per pixel component (linear, gamma corrected, and logarithmic).

· The standard shall support coding of moving pictures in RGB and YUV formats. For the YUV format, 4:4:4, 4:2:2 and 4:2:0 samplings shall be supported. Furthermore coding of colorimetry information (e.g. color primaries) shall be supported.

· The standard shall support real-time decompression of moving pictures.

· The standard shall support real-time compression of moving pictures. However non-real-time compression is acceptable to achieve optimal coding efficiency.

· The standard shall support limited random access capabilities, e.g. for splicing, restarting the system after a crash.
· The standard shall support variable bit rate coding.
· The standard shall support constant bit rate coding.
· The standard shall support simple transcoding from the Archive.
· The standard shall support simple transcoding from MPEG-2 material.
2.2.2 Still pictures

· The standard shall support efficient visually lossless compression of still pictures. 

· The standard shall support coding of still pictures containing up to 16 million pixels.

· The standard shall support coding of still pictures containing up to 12 bits per pixel component (linear, gamma corrected and logarithmic).

· The standard shall support coding of still pictures in RGB and YUV formats. For the YUV format, 4:4:4, 4:2:2 and 4:2:0 samplings shall be supported. Furthermore coding of colorimetry information (e.g. color primaries) shall be supported.
2.2.3 Subtitles

· The standard shall support the coding of textual and graphical subtitles.

3 Audio

3.1 Requirements for Archive

· The standard shall support lossless representation of audio.

· The standard shall support up to 16 channels.

· The standard shall support up to 96000 samples per second per channel.

· The standard shall support up to 24 bits per sample.

3.2 Requirements for Distribution

· The standard shall support lossless representation of audio.

· The standard shall support efficient audibly lossless compression of audio.

· The standard shall support up to 16 channels.

· The standard shall support up to 96000 samples per second per channel.

· The standard shall support up to 24 bits per sample.

4 Systems

4.1 Requirements for Archive

· The standard shall support synchronization of moving and still pictures, subtitles, captions, audio, and metadata streams.

· The standard shall support efficient carriage of multi-lingual captions.

· The standard shall support efficient carriage of metadata.

4.2 Requirements for Distribution

· Composition: 
· The standard shall support composition of moving and still pictures and subtitles.

· The standard shall support synchronization of moving and still pictures, subtitles, audio, captions, and metadata streams.

· The standard shall support multiple streams of moving and still pictures, subtitles, audio, captions, and metadata, to be played back in a sequence. For example, trailers, local commercials, and movies could be played back in a sequence. This capability shall also be applicable to multi-versioning (different edit lists, e.g. for restricted viewing or general viewing).
· The standard shall support scrolling of graphical information
· The standard shall support efficient carriage of metadata.

· The standard shall support efficient carriage of multi-lingual captions.

· The standard shall support independent management and protection (IPMP) of moving and still pictures, subtitles, captions, audio, and metadata objects.

· File transfer

· The standard shall support point to multi-point (one to many) transfer.

· The standard shall support error recovery.

· The standard shall support independent transfer of moving and still pictures, subtitle, captions, audio and metadata streams.

Proposed Digital Cinema System Requirements

Discussion Items

The requirements listed in this section are under study, although MPEG considers these to have reached a sufficient level of maturity for them to be integrated in the main body of this document. This will happen at the next MPEG meeting (July 2001). 

.

1. This standard shall support each of the following Digital Cinema processes:  archive, distribution, exhibition and post-exhibition.  Metadata associated with each of the various elements of an archive should be invaluable in preparing different releases of a work that is the start of the distribution step.  Post-exhibition includes non-theatrical distribution and the return of the theatrical distribution medium.  Different formats may be used to represent a work at each step.

2. Neither business-to-business nor business-to-consumer relationships shall be precluded.

3. Viewer customization shall be supported.

4. Viewer interaction shall be supported.

5. Back channels shall be supported with appropriate bandwidth between entities at each stage, e.g., archivist, release creator, distributor, exhibitor and viewer.  The form of what is sent back needs to be considered, e.g., key management and tracking information may be sent back to the distributor.  What types of information may be sent back to the producer, the archivist, the release creator?

6. Composition at the time of exhibition shall be supported.

7. The standard shall support all types of distribution media: tape, hard disk, optical media, satellite, cable, fiber, and Internet.

8. The standard shall support protocols and packet sizes or file systems and file segmentation appropriate to each type of distribution media.
9. The standard shall support timestamps of sufficient precision to synchronize playback of a long movie, e.g., as long as 10 or 24 hours.

10. The standard shall supply a buffering model sufficient to align subtitles, captions, sound, and metadata-based operations with pictures 
11. The system shall include consideration of pre-roll of each stream’s player.
Note: parts of Digital Cinema systems may need considerable time to start up.
12. The standard shall support indexing into a program/presentation.

13. The standard shall support start, stop and restart at predefined points with appropriate consideration for buffering and preroll issues.

14. The standard shall support multiple language versions by substitution of appropriate sound channels.

15. The standard shall support multi-language, multi-version releases, multi-language, single-release versions, and single-language, single-version releases.

16. The standard shall not preclude the use of Digital Cinema exhibition resources for other purposes.

Proposed Digital Cinema IPMP Requirements

Discussion Items

1. The IPMP System shall support protection and management of image, sound, subtitles, and effects control data, including support for separate protection of individual components within the same system. 
Note: Digital Cinema content files, Image, Audio, Subtitle Data, and Effects Control Data, are referred to as 'content' in the remainder of these requirements.
2. The system shall support inclusion of traceable forensic evidence before and during exhibition, to enable tracing of content in the event of unauthorized duplication.  
Example: a unique Exhibition Identification Watermark, or fingerprint, could be generated and embedded as the content is exhibited.
3. The IPMP System shall be able to manage the protection of a single inventory of content to play on multiple systems within a single facility.
4. The IPMP System shall provide a tamper-proof system designed with a high level of architectural and physical robustness to make the system as resistant to attack as possible.
5. The IPMP System shall support identification and authentication of the playback devices, e.g., projector, audio decoder.

6. The IPMP System shall support secure transmission of content across insecure networks.
7. The IPMP System shall support secure storage of content on insecure devices and media.

8. The IPMP System shall enable content owners to control which of their assets are available when, where and under what conditions.

9. The IPMP System shall support conveyance to end users which conditions apply to what types of interaction with the content. 
Note: such conditions may also be agreed in paper contracts, in which case the conditions will reflect such a contract.
 

10. The IPMP system shall support enforcing of usage conditions.  This capability includes protecting the content from unauthorized use, while ensuring that authorized users are granted access.
11. The IPMP System shall support persistent security over time and renewability of that security.  The renewability of the conditional access system should be designed to address physical attacks on equipment as well as a breach of the encryption and authentication protocols.
12. The IPMP System shall not impose policies.  Note:  Imposing policies is the legitimate domain of content, service and application providers, and governments.

13. The IPMP system shall support protection and management until the latest possible point inside the authenticated projection device and audio decoder/processor, or effects control device.
14. Auditing shall be supported in a mutually agreed upon, secure manner at each stage commencing with archive.
15. Playing of content from different sources should be possible. 
Note: This may require swapping of physical modules.  Note:  this is not a CE application, swapping of smart cards may not be a problem.
Example: playing movies from different studios, which may employ different IPMP systems

16. The IPMP System shall be robust enough for rights to survive a server crash, without having to acquire the complete set of content bits again.  It may be allowed to require the download/reacquisition of some rights information necessary to play the content.

17. The same rights robustness as in the above item applies when a piece of equipment is replaced.

18. The IPMP System shall support implementations that are cost effective with regard to the value of the content to be managed and protected.  
Note:  it is understood that the value of the content in Digital Cinema is considerable and the cost of protecting it may be substantial as well.  However, when comparing equally secure solutions, the cost of implementation is an important factor.

19. The IPMP System shall support implementations into devices that have a long life cycle, i.e., at least ten years.

