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Compression and Interfaces

Introduction

The Rapporteur Group was established at the meeting of Working Party 10-11R in March 1996 and was charged with the following tasks:

1.	to analyse existing proposals on bit rate reduction schemes, file formats and network protocols;

2.	to prepare a list of requirements for the application of this new technology within television production facilities;

3.	to establish a neutral world wide forum where various parties concerned may present their views and co-operate in the selection of a single bit rate reduction scheme and file format for the use in television production or, if this is not achievable, in the selection of a restricted number of system options together with defined gateways which allow transparent interaction between them.

In its 1st Report in April 1997, the Rapporteur Group has reported on the proceedings of the EBU-SMPTE Task Force on „Harmonised Standards for the exchange of television programmes as bit streams“ which has been set up as an international platform to deal with the above questions. 

This Report mainly addressed points 1 and 2.

Following the first Report in April 1997, the Task Force has met 7 times with a participation in excess of 50 members at each meeting, composed of representatives from international broadcast organisations and key IT and broadcast industry. 

This 2nd Report / Part 1, as submitted for consideration to the ITU-R WP 10-11R responds to point 3 of the above listed tasks and focuses on the findings of that Group in the areas of compression for networked television production and post-production. 

Compression

Since the release of the last Special Rapporteur Report, the Sub-Group on Compression of the EBU-SMPTE Task Force has entertained in-depth discussions on the compression schemes available today and in the foreseeable future and on the balances obtained in terms of

ultimate technical programme quality versus data rate,

editing granularity versus complexity of networked editing control and

interoperability of compression schemes using different encoding parameters.

The Sub-Group is aware that the integration of new digital video data formats based on compression into existing digital production environments is already occurring at a rapid pace, creating a remarkable impact on storage media cost and post-production functionality. Though the widely used Digital Betacam recording format is an obvious example for the successful use of compression in digital television production and post-production operations, the manufacturer advised the Group that Digital Betacam will continue to support digital interfacing at the SDI base-band level only. Interfacing in the native compressed form is not recommended.

Compression based on M-JPEG as the key enabling factor for opening Hard Disk technology for broadcast NLE applications is yet another. 

The routing of programme data in compressed form through local area as well as national - and international Telco circuits is expected to become the predominant form of distributed programme production in the future.

Although compression can be applied to all data elements relevant to programme production - video, audio and metadata -, this Report focuses exclusively on the implications when applying compression to the video signal. It is current thinking that digital audio in production and post-production should remain uncompressed although it cannot be totally excluded that external contributions may require handling of audio in compressed form as well. In this case, the considerations described in this Report will also apply. It is further understood, that compression applied to metadata would have to be totally lossless and reversible.

Interfacing between equipment using identical or different compression formats is currently effected through the Serial Digital Interface format in base-band exclusively. On this condition, the existence of different and incompatible compression formats within manufacturers implementations reflects on achievable picture quality and storage efficiency exclusively.

This situation is expected to slowly evolve into a state where programme data composed of compressed video, audio and related Metadata will be processed and routed in its native form directly, employing methods and protocols borrowed from the IT community and adapted to meet the quality of service requirements of professional television production. 

Although techniques for minimising quality loss in production and post-production operations by direct manipulation of the compressed  bit stream or by using special „helper data“ are the subject of research, the Sub-Group has stated that the majority of broadcast production and post-production operations still cannot be performed by direct manipulation of the compressed data stream, even within a single compression scheme.. The consequent cascading of decoding and re-encoding processes within the production chain and the quality losses incurred therefore require the adoption of compression schemes and bit rates which support the quality requirements of the ultimate output product. 

Improved operating efficiency by multi-user access to identical programme segments as well as reduced data transfer times for dubbing and transfer to and from different storage- and processing platforms are further benefits of that approach. Though recording formats used in production and for programme exchange will continue to be subject to constant change due to the ever decreasing cycles of storage media development, the significance of guaranteeing future proof replay of digital compressed television signals from a particular recording support will gradually be replaced however by the need for standardised protocols for data transfer across different and changing recording platforms. The compression scheme chosen for that purpose will then no longer be a kernel feature of a particular implementation but will bear the potential of becoming the core element of a total television production chain, including a hierarchy of tape- and disk based storage devices offered by different manufacturers alliances. Integrating compression and network technology into broadcast operations is therefore expected to increase both operating flexibility and universal access to television archives. 

The EBU has acknowledged different quality levels within the confines of professional television production and post-production. Further adaptations may be required to overcome bottlenecks created by particular constraints, e.g. bandwidth, tariffs and media cost.

The Sub-Group has defined the membership within a „compression family“ by its ease of intra-family bit stream transcoding and the availability of an „agile decoder“ in integrated form.

The coexistence of different compression families in their native form within both local and remote networked production environments requires the implementation of hardware based, „agile decoders“. Software based agile decoding is currently not considered to be a practical option. It is currently still undefined how an agile decoder will output the audio - and metadata part of the bit stream.

In many instances, such decoders must allow „glitchless switching“ and can therefore realistically be implemented within one compression family only. The Sub Group on Compression concluded, that within the foreseeable future, coexistence and inter-operation of different compression families within a networked television plant will pose a number of operational problems and will therefore be the exception and not the rule.

The appropriate selection of a single compression scheme, - or a limited number of compression schemes within one compression family, together with the publicly available specifications of the relevant transport streams and interfaces -, will be of overriding importance if efficient exploitation of the potential offered by networked operating environments is to be achieved in the future.

For core applications in production and post-production for Standard Definition Television, two different compression families are currently advocated on the market as candidates for future networked television production: 

DV based 25Mb/s with a sampling structure of 4:2:0, DV based 25Mb/s with a sampling structure of 4:1:1 and a DV based 50 Mb/s with a sampling structure of 4:2:2, using fixed bitrates and intra-frame coding techniques exclusively.

MPEG-2 4:2:2P@ML using different GOP structures and data rates up to 50  Mbit/s.

(For specific applications, this could also include MPEG-2 MP@ML if decodable with a single agile decoder). ( See ANNEX 1 )

Very recently, M-JPEG compression has been submitted to the Task Force as a further contender for use within certain areas of production and post-production, once all requirements have been fulfilled as outlined in the list of requirements below. The Production Management Committee of the EBU has carefully evaluated the impact of a further ,incompatible compression family on system complexity of networked production. There was agreement that the EBU will not endorse M-JPEG as yet another compression family.

The positioning of the above compression families within a future networked digital production scenario requires careful analysis and differentiated weighting of the current and future potential influence of various technical constituents on that scenario. This also has to take into account the possible coexistence of Standard Definition Television and HDTV, where the operation at very high data rates within a range of different pixel rasters and frame rates will add yet an extra layer of complexity. There is agreement in he Sub-Group that the general rules outlined in this document also apply for HDTV. 

The Sub-Group has identified the following elements which all have a significant impact on the objectives described above:

Format Stability

Availability of chip-sets.

Format commitment by each manufacturer.

Status of Standardisation.

Picture quality ceiling, post-production potential, storage requirements

As a first step, the EBU has divided the requirements for picture quality and post production margin of networked broadcast applications into the following categories: 

- News and Sports applications.

- Mainstream Broadcasting applications requiring more post-processing overhead.

Interfaces

A stream interface for use within a television production plant has been standardised recently by SMPTE (305M). The Standard defines a Serial Data Transport Interface for the flexible transport of packetised video, audio and Metadata over coaxial cable ( See ANNEX 2 ). Interfaces for different bearers, applications and functionalities have already been standardised or will be standardised in the near future e.g. Fibre-Channel, ATM. The DV based data stream is specified in SMPTE....    „Data structure of audio, compressed video and subcode data for the 25 Mb/s and the 50 Mb/s structure at 525/60 and 625/50 system“.

The mapping of the data stream on SDTI is described in SMPTE xxx ( PT20.04A)“Data stream for the exchange of DV based audio, data and compressed video over SDTI“.

The specification for 422P@ML MPEG2 follows the MPEG rules. The mapping of 422P@ML MPEG2 compliant data as a transport stream (TS) or as an elementary stream (PES) currently under investigation. The actual status of the diverse specifications can be found in the section describing possible of production scenarios based on DV and 422P@ML.

Agile Decoders

Agile decoders for intra-family decoding(Note9) must be available in integrated form. They are expected to decode streamed real-time packetised video only. Such decoders should comply with the following requirements:

A) Decoding of different bit-streams with identical decoding delay at the output.
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B) Intra-family switching between different bit-streams at the input.
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NOTE 9: As an example, bit-stream-1 /2 in the above block diagrams could be: DV based 25 Mb( 4:2.0 or 4:1:1) or DV based 50Mb within the DV family or MPEG-2 based 422P @ML, 18Mb/s, IB or MPEG-2 based 422P @ML, 50 Mb/s, I within the MPEG family.

C) Intra-family decoding between different bit-stream packets within a single bit stream.
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Native Decoders

Native decoders, designed to operate on non-standard bit-streams, e.g. for optimised stunt-mode performance ( e.g. shuttle, slow-motion ) or for special functions, are acceptable. The decoder chip-set should be available on a non discriminatory basis on fair and equitable conditions. Details of possible deviations from the standardised input data stream should be in the public domain.



Family relations

A) Tools available for intra-family transcoding.

For reasons of restricted network bandwidth or storage space, a higher data rate family member may have to be converted into a lower data rate member. In the simplest case, this can be performed by simple decoding and re-encoding. Under certain conditions, the quality losses incurred in this process can be mitigated by re-using the original encoding decisions. This can be performed within a special chip or by retaining the relevant information through standardised procedures. The table in the Annex indicates the options available for each family. 
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B) Compatible intra-family record / replay

Operational flexibility of networked production will be influenced by the availability of recording devices which can directly record and replay all intra-family bit-streams or which allow the replay of different bit-streams recorded on cassettes. The table in the Annex indicates the options available for each family. 



Editing flexibility and complexity

Editing restrictions

For compression streams employing temporal prediction, editing granularity of the compressed bit-stream on tape without manipulation of pixels within the active picture will be restricted. Remote replay sources will require special control data and internal intelligence to allow frame accurate editing.

Examples of commercial format implementations

Television Tape Recorders

Disk Storage

File Servers

Format development criteria

A compression family must offer the potential for flexible inter-operation between family members.

It would be conceived as a benefit if the family allowed expansion to cope with restrictions imposed by special conditions in the areas of storage and Telco interconnection. 

Test equipment

Test equipment should be available on the market which allows conformance testing with the respective Standard specifications of all system modules.

The respective status of the different approaches has been assessed by the Sub-Group based on the results of official tests and on the information publicly available at the time of submission of this Special Rapporteurs Report to ITU-R.

�Television Production Scenario based on DV Compression



Format Stability

DV compression chip-set

The DV chip-set has been developed for consumer applications which provides a broad application base with resultant scaled cost in industrial production. The chip-set can be configured for either processing a 4:1:1 sampling raster („525-countries“) or a 4:2:0 sampling raster („625-countries“). This chip-set is used within Camcorders for domestic and industrial use, designed by different manufacturers but increasingly used in professional ENG and studio applications. The 4:2:0 sampling raster requires additional vertical pre-filtering of the colour-difference channels to avoid aliasing. Considerations of cost- and size of the vertical filter result in sub-optimum performance for professional applications however. 

25Mbit compression is based on a DV compression chip-set, processing video with a sampling raster of 4:1:1. The pre-filtering applied to the luminance and colour-difference signals is fixed and does not comply with the figures derived from a „real“ 4:1:1 template. Details can be found in the EBU Report: Tests on PANASONIC DVCPRO / EBU Project Group P/DTR.

50Mbit compression is based on a combination of DV compression chip-sets. The chip-set processes standard 4:2:2 digital video signals without additional pre-filtering. The chip required for pre-shuffling DV based 50 Mb is manufactured by JVC exclusively. Details of compression performance can be found in the EBU Report: „Tests on JVC Digital-S / EBU Project Group P/DTR“. 



Chip-set: (Note1),�Available��Cost:�Consumer Oriented��Application base:�Consumer and Professional, Video and PC Market��Source DV@25Mb/s�Matsushita, SONY(Note2), Toshiba, JVC ��Source Shuffling@50Mb/s�JVC��Independent source:�Next Wave Technology��Standard: (Note3,4)�DV: IEC 61834

DV based 25Mb: Draft SMPTE Standard (PT20.03) 

DV based 50Mb: Draft SMPTE Standard (PT20.03)��NOTE 1: PANASONIC and JVC have publicly stated their commitment to make the chip-set and appertaining documentation available to all interested parties on an equitable and non-discriminatory basis. This is the reason why DV chip-sets can already be found in a variety of different NLE and PC-based applications. 

NOTE 2: DV consumer and DVCAM only

NOTE 3: SMPTE is currently finalising the details of the Draft Standard for the DVCPRO recording format, (D-7). Details of the mapping of DV macro-blocks as well as mapping of digital audio and video data into the SDTI transport stream have recently been submitted to SMPTE for standardisation. The 4:1:1 filtering characteristic is an inextricable part of the Standard which allows broadcasters to retain a degree of predictability of resultant subjective picture quality after cascading. The DV chip-set does allow a degree of fine tuning for motion adaptation as a manufacturers option. In 50 Mb/s configurations, the shuffling chip further allows a degree of flexibility to handle DCT coefficients.

NOTE 4: SMPTE is currently finalising the details of the Draft Standard for the Digital-S recording format, (D-9). Details of the mapping of DV macro-blocks as well as mapping of digital audio and video data into the SDTI transport stream have recently been submitted to SMPTE for standardisation.



Picture quality ceiling, post-production potential, storage requirement

Compression for News and Sports; DV based 25 Mb/s, intra-frame 

A/V Data rate-Net Storage capacity / 90 min: (Note1)�ca. 28 Mbit/s - ca. 19 Gbytes��Sampling raster / Net video data rate: (Note2)�4:1:1 / 25 Mbit/s��Compression scheme: (Note3)�DCT Transf., VRL with Macro-block pre-shuffling��Editing granularity: (Note4)�One TV-frame��Quality at 1st Generation�Good, comparable with Betacam SP��Quality at 4th Generation: �Good, comparable with Betacam SP��Quality at 7th Generation: (Note5)�Still acceptable, better than Betacam SP��Post-processing margin: (Note6)�Small��Error concealment: (Note7)�Acceptable��NOTE 1: The net A/V data rate and the storage capacity required for a 90 min programme are within the data transfer- and storage volume capabilities of modern tape and hard-disk based mass data storage devices. The integration of DV based compression transport streams into fully networked, robot-driven hierarchical storage management systems, operating within a broad application base is therefore feasible.

NOTE 2: The picture quality achievable with the 4:1:1 sampling raster is inferior to the one defined for the 4:2:2 studio and is more closely related to best possible decoded PAL-I quality. Although this has been obvious to the experts participating in the EBU tests, there was agreement, however, that, on average, the resultant resolution was still adequate for the applications envisaged.

NOTE 3: All DV based compression formats feature special pre-sorting of the macro-blocks prior to DCT and VRL encoding. With that exception, DV compression can be considered a member of frame-bound, conventional compression systems. The achievable signal quality of such a system has been tested by the EBU Project Group P/DTR.

NOTE 4: DV based compression is frame-bound and allows simple assemble- and insert edits of the compressed signal on tape and disk, thus avoiding lossy decompression and re-compression. However, for edits requiring access to individual pixel elements ( wipes, re-sizing, amplitude adjustments ), the signals have to be decoded. 

NOTE 5: At 7th generation, the limited post-processing potential of the algorithm becomes obvious. If more elaborate post processing of news and sports clips for further use within magazine type applications is required, DV based 25 Mb/s compression quality will be stretched to its limit. In this case, the average picture quality has been rated as “acceptable”, but no longer as “good”. Picture quality is still superior to the one obtained from Betacam-SP with identical processing. 

NOTE 6: Post production potential with DV based 25 Mb/s compression is limited, due to the combined effects of reduced chroma-signal bandwidth and the progressive accumulation of compression artefacts.

NOTE 7: Compressed video signals require elaborate Forward Error Correction schemes to guarantee data integrity if routed through noisy channels. An overload of the Forward Error Correction system results in the loss of complete macro-blocks. Concealment as the obvious solution to cope with such situations by substituting complete erroneous macro-blocks with spatially adjacent ones will achieve only limited results. The DV based 25 Mb/s compression format allows for the substitution of erroneous macro-blocks by spatially coinciding macro-blocks from the preceding frame with acceptable results. Frame bound compression prevents error propagation in this case.



Compression for Mainstream Broadcasting; DV based 50 Mb/s, intra-frame

A/V Data rate-Net Storage capacity / 90 min:(Note1)�ca. 58 Mbit/s - ca. 39 Gbytes��Sampling raster: �4:2:2��Compression scheme: (Note2) �DCT, VRL with Macro-block pre-shuffling��Editing granularity: (Note3)�One TV-frame��Quality 1st Generation: (Note44)�Identical to Digital Betacam��Quality 4th Generation: (Note4)�Similar to Digital Betacam��Quality 7th Generation: (Note4)�Comparable, slightly worse than Digital Betacam��Post-processing margin: (Note5)�Adequate��Error concealment: (Note6)�Acceptable��NOTE 1: The net A/V data rate and a storage capacity required for a 90 min programme are within the data transfer- and storage volume capabilities of modern tape and hard-disk based mass data storage devices. The integration of DV based 50 Mb/s compression transport streams into fully networked, robot-driven hierarchical storage management systems, operating within a broad application base is therefore feasible.

NOTE 2 All DV compression formats feature special pre-sorting of the macro-blocks prior to DCT and VRL encoding. With that exception, DV compression can be considered a member of frame-bound, conventional compression systems. 

NOTE 3 DV based compression is frame-bound and allows simple assemble- and insert edits of the compressed signal on tape and disk, thus avoiding lossy decompression and re-compression. However, for edits requiring access to individual pixel elements ( wipes, re-sizing, amplitude adjustments ), the compressed signals have to be decoded. 

NOTE 4: At normal viewing distance, picture quality of 1. generation Digital-S was practically indistinguishable from the 4:2:2 source. At normal viewing distance, experts had difficulty to identify differences between the performance of Digital-S through all generations for non critical sequences. No significant decrease of picture quality was observed up to the 7. generation. In direct comparison with the source, critical sequences processed by Digital-S showed a certain softening of sub-areas containing high picture detail. This effect could be observed with a slight increase through each generation. In general, the level of impairment of seventh generation does not compromise picture quality.

NOTE 5: DV based 50 compression does not employ pre-filtering. Post-processing margin up to the 7. Generation has been rated as adequate for mainstream broadcasting applications.

NOTE 6: Compressed video signals require elaborate Forward Error Correction schemes to guarantee data integrity if routed through noisy channels. An overload of the Forward Error Correction system results in the loss of complete macro-blocks. Concealment is the obvious solution to cope with such situations by substituting complete erroneous macro-blocks with other ones. These can be spatially and/or temporally adjacent macroblocks. Concealment is independent of DV based 50 Mb/s compression and can be implemented in different ways depending on the application in actual products. DV based compression processes in segments of five macroblocks, thus, preventing error propagation beyond one video segment of five macroblocks.

Digital Interfaces

Interfaces for DV based compression

Interface: �Status���Defined�In progress�Not defined�Standard Document��SDTI��SYMBOL 252 \f "Wingdings" \s 8�����SMPTE M 305��ATM���SYMBOL 252 \f "Wingdings" \s 8������FC��SYMBOL 252 \f "Wingdings" \s 8�������IEEE-1394��SYMBOL 252 \f "Wingdings" \s 8�������T-3����SYMBOL 252 \f "Wingdings" \s 8�����OC-3����SYMBOL 252 \f "Wingdings" \s 8�����Satellite����SYMBOL 252 \f "Wingdings" \s 8�����MPEG-2����SMPTE M292 / ITU-R BT.656��

Agile Decoders

Intra-family decoding

Panasonic and JVC have stated their commitment to produce an agile decoder chip which performs (4:2:0 / 4:1.1 DV based 25Mb/s and 4:2:2 DV based 50Mb/s decoding. Both manufacturers have been requested to publicly state that the agile decoder will also decode DVCAM bit streams.

Decoding of different DV bit-streams with identical decoding delay at the output

The general feasibility of seamless switching between DV based 25 Mb/s / DV based 50 Mb/s bit input streams at SDI output level has been demonstrated.

The agile DV decoder will �SYMBOL 168 \f "Wingdings" \s 10�� comply with the requirement (A) in the introduction.

Intra- family switching between different DV bit-streams at the input

The agile DV decoder will �SYMBOL 168 \f "Wingdings" \s 10�� comply with the requirement (B) in the introduction.

Intra- family decoding between different DV packets within a single bit-stream

The agile DV decoder will �SYMBOL 168 \f "Wingdings" \s 10���SYMBOL 168 \f "Wingdings" \s 10��comply with the requirement (C) in the introduction.



Native Decoders

DV decoders are native by definition. 

�Family relations

A) Tools available for intra family transcoding

No special tools are currently available. All DV based compression schemes feature the same basic compression and macro block structure. Different sampling structure and horizontal / vertical pre-filtering requires transcoding via baseband decoding however. 



B) Compatible intra family record/replay

Input�DV�DVCAM�DVCPRO@25�DVCPRO@50�Digital-S��Tape Cassette�Rec�Play�Rec�Play�Rec�Play�Rec�Play�Rec�Play��DV Small�Y �Y�Y�Y�N�Y(*)�N�Y(*,Note1)�N�N��DV Large�Y�Y�Y�Y�N�Y�N�Y(Note1)�N�N��DVCAM Small�N�Y�Y�Y�N�Y(*)�N�Y(*,Note1)�N�N��DVCAM Large�N�Y�Y�Y�N�Y�N�Y(Note1)�N�N��DVCPRO@25 Medium�N�N�N�N�Y�Y�Y�Y�N�N��DVCPRO@25 Large�N�N�N�N�Y�Y�Y�Y�N�N��DVCPRO@50

Medium�N�N�N�N�N�N�Y�Y�N�N��DVCPRO@50

Large�N�N�N�N�N�N�Y�Y�N�N��Digital S�N �N�N�N�N�N�N�N�Y�Y��(*): With adaptor

NOTE 1: Presently available equipment does not support this functionality. Equipment under development will support playback of DV and DVCAM formats.

Editing flexibility and complexity

Edit restrictions 

None, because of frame bound prediction window. Editing granularity is 1 frame. 

No special host / client interactions required. Assembly and insert edit at bit stream level is possible.

Edit control via RS 422 or RS 232 protocol.

	

�Examples of commercial format implementations

DVCPRO@25Mb tape recording format

Tape:�6.35 mm Metal Particle, 8,8�SYMBOL 109 \f "Symbol Set SWA" \s 10�� ��Cassettes:�Medium (up to 63 min.), Large (up to 125 min) ��Robustness: (Note1)�good, adequate for News & Sports��Slow-Motion and Shuttle: (Note2)�limited, requires adaptation to picture build-up��DV replay: (Note3)�o.k.��Audio channels:�2 channels, 48 KHz, 16 bit(Note4)��Audio 1/2 cross-fade: (Note5)�5 frames��Editing granularity on tape:�1 frame ��Transparency of VBI: (Note6)�Transparent, limited to ca. 2Kbytes/frame, ��SDTI Interface: (Note7)�Available��NOTE 1: The error rates measured under realistic stress conditions during the EBU test have confirmed, that DVCPRO is adequately robust within the application field envisaged for the recording format. The error rate of 10-6 measured off tape with error correction completely switched off indicates a solid design of the complete head-to-tape area.

NOTE 2: For Slow -Motion, the replay quality is heavily dependent on the chosen setting. The identification of short audio and video inserts during Shuttle is heavily dependent on the individual setting of the shuttle speed. Identification is further influenced by content and length of the segment to be located. Details can be found in the EBU Test Report.

NOTE 3: This requires the use of an adapter cassette. Replay of DV- and DVCAM recordings in the original DV format is possible without quality loss. 

NOTE 4: One out of 65536 codes is reserved for error signalling. Code 8000h becomes 8001h.

NOTE 5: This operational mode seems to be uniquely confined to Europe. The 5-frame delay measured with current implementations is not acceptable and will be remedied, according to PANASONIC, by an optional, external RAM delay. 

NOTE 6: Currently not implemented. Data located within this area will be recorded transparently. No cross influence between VBI data and active picture.

NOTE 7: The SDTI interface for the transport of audio, compressed video and Metadata in real-time and non-real-time has recently passed the final ballot with SMPTE (SMPTE M305); practical implementation into digital equipment is therefore imminent. 



DVCPRO@50 Mb tape recording format ( tentative )

Tape:�6,35mm Metal Particle, 8,8�SYMBOL 109 \f "Symbol Set SWA" \s 10�� ��Cassettes:�Medium (up to 33 min.), Large (up to 93 min)���

Digital-S tape recording format

Tape:�6,35 mm Metal Particle��Cassettes:�One size, up to 104 minutes��Robustness: (Note1)�Mainstream broadcast applications, News and Sports��Slow-Motion and Shuttle: (Note2)�Limited, requires adaptation to picture build-up��Audio channels:�2 channels(Note3), 48 KHz, 16 bit(Note4)��Audio 1/2 cross fade:�o.k.��Editing granularity on tape:�1 frame��Transparency of VBI: (Note5)�Transparent, limited to ca. 2Kbytes / frame, ��SDTI Interface: (Note6)�planned, but not yet implemented��NOTE 1: The error rates measured under realistic stress conditions during the EBU test have confirmed, that Digital-S is adequately robust within the application field envisaged. The error rate of 10-6 measured off tape with error correction completely switched off indicates a solid design of the complete head-to-tape area.

NOTE 2: For Slow -Motion, the replay quality is heavily dependent on the chosen setting. The identification of short audio and video inserts during Shuttle is heavily dependent on the individual setting of the shuttle speed. Identification is further influenced by content and length of the segment to be located. Details can be found in the EBU Test Report.

NOTE 3: Will be upgraded to four channels

NOTE 4: One out of 65536 codes is reserved for error signalling. Code 8000h becomes 8001h.

NOTE 5: Currently not implemented. Data located within this area will be recorded transparently. No cross influence between VBI data and active picture.

NOTE 6: The SDTI interface for the transport of audio, compressed video and Metadata in real-time and non-real-time has recently passed the final ballot with SMPTE (SMPTE 305M); practical implementation into Digital-S equipment is therefore imminent. 



NLE-equipment

DV based @ 25 Mb/s is available.

DV based @ 50 Mb/s under development, will be available soon.



Format development potential

The following options within the DV based tape format family potentially exist. Implementation will depend on user demand:



·	Replay-compatibility of DV (DVCAM) recordings on DVCPRO.

·	Replay-compatibility of a DVCPRO recordings on DVCPRO 50.

·	An integrated decoder for three DV based tape formats; DVCPRO, DVCPRO 50, and Digital-S has been demonstrated.

·	Optional recording of DVCPRO signals on a DVCPRO 50 recorder.

·	1/4 reduction of transfer time from tape / tape and tape / Hard Disk / tape with DVCPRO and DVCPRO 50.

·	Integration of DV based tape formats supports into workstations for direct PC based post processing.

·	Two times real time digital audio and compressed digital video transfer using SDTI interface (SMPTE M305) for Digital S.
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Television Production Scenario based on MPEG2 Compression



Format Stability

MPEG2 4:2:2@ML compression chip-sets

Chip-sets:�Available��Source 1:�IBM��Operating range:���Cost:�Oriented towards professional market��Application base: �Telecoms, computer and professional��Source 2:�C-Cube DVX��Operating range:���Cost:�Oriented towards consumer & professional market��Application base: (Note 1)�Telecoms, computer, consumer, and professional��Source 3:�SONY(Notes 2,3)��Operating range:�15-50 Mb/s, GOP: I, IB��Cost:�Oriented towards professional market��Application base: �Telecoms, computer and professional��Source 4:�Fast / Philips��Operating range:���Cost:�Oriented towards professional market��Application base: �Intra-frame only. Telecoms, computer and professional��Standard: (Note 4)�MPEG2 422P@ML standardised by MPEG group and transport protocols submitted to SMPTE for standardisation��NOTE (1): Chip sets are available for both professional and consumer applications

NOTE (2): SONY have publicly stated their commitment to make the SX chip-set available together with the appertaining software documentation to all interested parties on an equitable and non-discriminatory basis. For reasons of optimum vtr stunt mode operation, the arrangement of coefficients within Macro-blocks within the Betacam SX Native data stream differs from that of an MPEG compliant data stream.

NOTE (3): SONY have announced their intention to produce ‘data re-ordering’ chips  which transparently translate the Betacam SX Native data stream to a fully MPEG-compliant data stream (and vice versa). These chips will be made available to all interested parties on an equitable and non-discriminatory basis.

NOTE (4): MPEG compression allows great flexibility in encoder design. The balance of the great number of encoding parameters to achieve optimum quality is a manufacturers choice and need not be documented. Since most pre-processing, such as filtering or noise reduction, is not always required, the pre-processing parameters may be selected depending upon the nature of the images and the capabilities of the compression system. These choices can be pre-set or can be adaptive. Multigeneration performance of individual codec designs with identical data-rate and GOP structure but different manufacture and pre-settings will therefore be difficult to predict and will require subjective testing in each case.



Picture Quality Ceiling, Post-Production Potential, Storage Requirements

MPEG2 422P@ML: An estimate of first generation performance

The diagram below shows the data rates required to encode picture sequences of different coding complexity. Software codecs were used and data rates were adjusted to achieve equal output performance in terms of noise power of the differences between the original and the compressed a decompressed picture sequence (PSNR =40dB). The prediction window could be adjusted and varied between GOPs in the range of 1 to 15( Notes 1,2,3).

NOTE 1: The curves shown in the diagram should be taken as an indication of first generation performance within the wide span of MPEG2 encoding options only. Taking signal differences as a measure of picture quality only allows coarse evaluation of actual quality performance. The variance of encoding parameters allowed in MPEG2 encoding structures to achieve the desired flexibility will require subjective testing of each individual encoder design to determine the actual quality performance at a given data rate and GOP structure. The arrows indicate possible members of an 422P@ML MPEG2 compression family envisaged for Mainstream Broadcasting, News and Sports and for Contribution.

The arrows in the diagram indicate the approximate location of some current industrial designs used in broadcast operations.

NOTE 2: Sony have demonstrated a MPEG2 422P@ML at 50Mbps (Intra-frame) implementation to the EBU. A formal subjective test of the picture quality obtained with the parameter settings chosen  will be carried out shortly. 

NOTE 3: The EBU has evaluated the performance of MPEG2 422P@ML at 21Mbps operation as selected for the EBU contribution network. Results of a subjective test carried out by SVT will be listed in this document.
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Compression for News and Sports; MPEG2 422P@ML, 18Mb/s, IB. „( SX )“ (Note1)

A/V Data rate-Net Storage capacity / 90 min: (Note2) �ca. 21 Mbit/s - ca.14 Gbytes��Sampling raster: (Note3)�4:2:2��Compression scheme: �DCT, VRL 4:2:2 MPEG2@ML, GOP=2, IB��Editing granularity: (Note4)�2 frames without frame modification��Quality at 1st Generation:�Good, comparable with Betacam SP��Quality at 4th Generation: (Note5)�Good, comparable with Betacam-SP��Quality at 7th Generation: (Note6)�Still acceptable, better than Betacam-SP��Post-processing margin: (Note7)�Small��Error concealment: �Not practicable��NOTE 1: SX compression can be described as a subset of 4:2:2 MPEG2@ML compression with a GOP of 2, based on a IB structure. For reasons of optimum stunt mode operation, the arrangement of coefficients within Macro-blocks within the SX Native data stream differs from that of an MPEG2 compliant data stream.

NOTE 2: The net A/V data rate and the storage capacity required for 90 min programme are within the data transfer- and storage volume capabilities of modern tape and hard-disk based mass data storage devices. The integration of SX transport streams into fully networked, robot-driven hierarchical storage management systems operating within a broad application base is therefore possible.

NOTE 3: The pre-filtering applied to the luminance and colour-difference signals does not comply with the figures derived from a „real“ 4:2:2 template. Expert viewing tests have confirmed that, due to the pre-filtering used in the colour-difference channels, the picture quality obtainable with a 4:2:2 sampling raster compliant with the digital studio standard has not been achieved. Resolution obtainable with current SX implementation is comparable to the one achievable with a 4:1,5:1.5 sampling raster. There was agreement however that, on average, the resultant resolution of picture details was still adequate for the applications envisaged.

NOTE 4: Simple frame accurate assemble- and insert edits of MPEG2 compressed signals is strongly dependent on the relative position of the GOP structures within the data streams to be edited. Details can be found in the EBU Test Report: Tests on SONY SX / EBU Project Group P/DTR. This restriction is removed however if the GOP structure around the edit point can be changed. For edits requiring access to individual pixel elements ( wipes, re-sizing, amplitude adjustments ), the signals have to be decoded.

NOTE 5: The limits of the SX compression scheme become conspicuous once more elaborate post-processing of sequences originating from ENG and Sports is required. Average picture quality has been rated to be still acceptable, but no longer good. Picture quality is still better than that obtained from Betacam-SP under identical circumstances. In the case of Betacam SP, increasing number of generations beyond about 5 to 6 cause increasingly conspicuous spatial displacement of contiguous luminance and colour-difference samples.

NOTE 6: For the application envisaged, despite the artefacts of the SX compression scheme accumulated in progressive generations, post-production headroom for processes requiring access to individual pixels is still considered adequate.

NOTE 7: Post production potential outside the recommended applications with SX compression is limited, due to the combined effects of reduced chroma-signal bandwidth and the progressive accumulation of compression artefacts.

NOTE 8: Because of the wide temporal prediction window, error concealment is not practicable and will lead to error propagation. Therefore sufficient margin must be allocated to the error correction scheme and format robustness to compensate for this.



Compression for Mainstream Broadcasting, MPEG2 422P@ML, 50Mb/s, I ( Tentative )

A/V Data rate-Net Storage capacity / 90 min: �to be completed��Sampling raster: �4:2:2��Compression scheme: �DCT, VRL MPEG2 422P@ML, GOP 1��Editing granularity: �One TV-frame��

Digital Interfaces

Interfaces for MPEG2 422@ML based compression

Interface: �Status���Defined�In progress�Not defined�Standard Document��SDTI�(���SMPTE M 305��ATM�(���AAL5 / AAL 1��FC��(����IEEE-1394���(���T-3��(����OC-3��(����Satellite��(����DV�(���SMPTE M292 / ITU-R BT.656��

Agile Decoders 

Throughout the broadcast ‘programme chain’, a number of different MPEG profiles, levels, and bit rates may be used. These include MPEG2 422P@ML for production and contribution, and MPEG2 MP@ML for distribution and transmission.

MPEG offers several methods for inter-operation between bit-streams of different data rates.  Agile decoders working automatically over the 15 - 50Mps range of MPEG2 422P@ML have been implemented and demonstrated by several manufacturers. Furthermore, these agile decoders may also have to operate at MPEG2 MP@ML. Broadcasters require that that source material coded at different rates can be seamlessly edited, mixed and processed without additional intervention.

Decoding of different MPEG2 422P@ML bit-streams with identical decoding delay at the output

The general feasibility of seamless switching between DV based 25 Mb/s / DV based 50 Mb/s bit input streams at SDI output level has been publicly demonstrated.

The integrated agile MPEG decoder chip will ( comply with the requirement (A) in the introduction.

Intra- family switching between different MPEG2 422P@ML bit-streams at the input

The integrated agile MPEG decoder chip will ( comply with the requirement (B) in the introduction.

Intra- family decoding between different MPEG2 422P@ML packets within a single bit-stream

The integrated agile MPEG decoder chip will ( comply with the requirement (C) in the introduction.

Native SX bit-stream decoders

The native SX bit-stream does not comply with the specification of a MPEG2 422P@ML transport stream for reasons of optimum stunt mode operation. A native decoder or a bit-stream converter at 4x speed is therefore required (and will be made available) to process the SX bit-stream. A formal specification of the SX native format has been prepared as a general reference document. This document is not a Standard but a freely available published specification.

Family relations

The following options within both MPEG2 4:2:2P@ML and MPEG2 MP@ML formats exist:

a) Transcoding between MPEG bit rates can be achieved by restricting the decoding processes to a minimum and by transferring information extracted by the decoding process to the re-encoder. Information such as the previous quantisation levels, motion vector information and GOP information can help the re-encoder more accurately reverse the decoding process at the new bit rate. By utilising techniques explored in the ACTS ATLANTIC Project(*), flexible adjustment of data rate to different post-production, storage, distribution and transmission requirements by transcoding into different GOP structures can be achieved with reduced quality loss. This applies only in the case that picture content is not changed between transcodings however. 

Complete transparency in cascading of identical encoding structures can be achieved if the relatively complex step of re-using all the relevant information is taken.

Transparent cascading in conjunction with intermediate video or audio processing requires the routing of helper information through the processing chain, the maintenance of strict synchronism between macroblocks and helper data and the provision of dedicated I/O ports for encoders and decoders. Specifications of automatically routed and synchronised helper data (MOLE TM ) for both video and audio have been submitted to SMPTE for standardisation.

b) SONY will provide optimised transcoding between bit rates to support the flexibility benefits of MPEG. The transcoders will not necessarily be working on the same principles as the Atlantic project 

(*): The work of the ‘Atlantic’ project led by the BBC and Snell and Wilcox (described in: Seamless Concatenation of MPEG2 bit-streams - An introduction to Mole Technology) is directed towards providing benefits such as:

Transparent cascading

Bit rate changing

Frame-accurate video switching, editing and full post-production.

Better than frame-accurate audio switching and editing.

Editing Flexibility and Complexity

At bit rates in excess of 40 Mb/s it is likely that I frame only structures will be implemented. In the case of lower bit rates and GOPs greater than 1, interoperability between equipment of different GOPs may require some additional processing. Assemble- and insert edits of extended MPEG2 GOP structures require either decoding of the compressed data steam or a forces P-encoding of an original B picture, depending on the actual positioning of the GOP structure relative to the edit point. This requires a degree of interactivity between the devices involved in editing, e.g. pre-load of data if the edit segment is streamed off a HD server or a confidence replay head, in the case of compressed data replay off and to tape. 

Examples of commercial format implementations

Betacam SX tape recording format

Tape:�12,65 mm Metal Particle, 14,5 (��Cassettes:�Small ( up to 60 min ); Large ( up to 184 min )��Robustness:(Notes1,2)�very good, adequate for in News & Sports��Slow-Motion and Shuttle:(Note3)�good off tape, very good off HD��Betacam-SP replay:(Note4)�o.k.��Audio channels:�4 channels, 48 KHz, 16 bit��Editing granularity on tape:(Note5)�Equipment dependent. 1 frame with pre-read heads possible��Cross fade-delay of audio Ch1 / Ch2:�o.k.��Transparency of VBI:(Note6)�608 lines recorded , transparent for 1440 samples/field.��SDTI Interface:(Note7)�Already implemented��Extensibility to a format family: �Inherent in MPEG��NOTE 1: Replay capability of Betacam-SP tapes has been one of the key requirements in the development of the SX format. The use of ½“ MP tape together with a moderate data rate of 44 Mbit/s allows generous dimensioning of all recording parameters and contributes significantly to the excellent robustness of the whole system. This is confirmed by the error rates measured during the EBU Tests which document the excellent robustness under a variety of different and realistic stress conditions. The actual error rate performance of the SX Camcorder could not be measured however. The error rate of 10-6 measured off tape with the Hybrid-Recorder testifies for a robust design of the head and tape area. 

NOTE 2: Compressed video signals require elaborate error correction schemes to guarantee data integrity through noise infected channels. An overload of the Forward Error Correction system results in the loss of complete macro-blocks. Concealment as the obvious panacea to cope with such situations by substituting complete erroneous macro-blocks by spatially adjacent ones will achieve only limited results. SX compression does not allow the substitution of erroneous macro-blocks by spatially coincident macro-blocks from the preceding frame. This would lead to significant error propagation due to the prediction range embracing several frames. The FEC used in SX and the use of relaxed recording parameters possible with the available tape area compensate this however.

NOTE 3: The audio / video replay quality was good on all settings chosen for Slow Motion and Shuttle replay. The identification of short audio- and video inserts during shuttle is also strongly dependent on the setting of the shuttle speed. Identification is further influenced by scene content and length of the inserted segment to be located. Details can be found in the EBU Test Report.

NOTE 4: When replaying original Betacam-SP recordings on SX, a reduction of video signal/noise ratio of 3 dB was measured, compared to replay on Betacam-SP.

Betacam-SP FM audio can be replayed from SX.

NOTE 5: Frame accurate assemble- and insert edits of MPEG2 compressed signals is strongly dependent on the relative position of the GOP structures within the data streams to be edited. Details can be found in the EBU Test Report. For edits requiring access to individual pixel elements ( wipes, re-sizing, amplitude adjustments ), the signals have to be decoded.

NOTE 6: With the exception of 1440 samples, input data in this area will not be conveyed transparently through the SX recording- and replay channel. Mutual influence of VBI data and data in the active picture area can therefore not excluded. For details, see EBU Test Report. Cross-talk between data in the active video area and the VBI lines subjected to compression encoding has been measured.

NOTE 7: The SDTI interface for the transport of the audio, compressed video and metadata stream in real-time and non-real-time has recently passed the final ballot at SMPTE; practical implementation into SX equipment is therefore expected imminently.

NLE-equipment

Still to be completed.

Format development potential

- MPEG2 compression operates over a wide range of Profiles, Levels, GOPs, and Data Rates. This provides the user the flexibility to select the combination of picture quality, operational flexibility, and economy relevant to the specific application. A wide range of applications can be addressed within the tool box provided by  MPEG2, ranging from distribution at lower bit rates using MPEG2 MP@ML, production and post-production using MPEG2 422P@ML at higher data rates up to HDTV applications using MPEG2 MP@HL and MPEG2 422P@HL.

- constant quality can be achieved if the application supports variable data rate.

�ANNEX 1

DRAFT NEW RECOMMENDATION

COMPRESSION FAMILIES TO BE USED IN NETWORKED TELEVISION PRODUCTION(Note 1)



The ITU Radiocommunication Assembly,

considering

that an ITU-R Draft New Recommendation on the „Use of Compression in Television Production“ already exists;

that maintaining video signals in compressed form as far as possible throughout the production and post-production process offers the potential of increased operating efficiency;

that the use of several, incompatible compression families within a production plant will counter-balance the expected gains in productivity and programme throughput;

that market forces prevent the adoption of a single compression family(Note2);

that the appropriate selection of a limited number of compatible compression schemes, will be of overriding importance if efficient exploitation of the potential offered by networked operating environments is to be achieved in the future;

that the gamut of different quality requirements and economical constraints ranging from acquisition, production, post-production to contribution will require the allocation of different family members for different applications;

that the proponents of the compression families listed below have agreed to submit the specification of the compressed data stream and for mapping audio, video and data into different transport mechanisms for standardisation,

	recommends

1	that for core applications in production and post-production for Standard Definition Television, one of the two compression families which are currently advocated on the market as candidates for future networked television production should be used: 

DV based 25Mb/s with a sampling structure of 4:2:0, DV based 25Mb/s with a sampling structure of 4:1:1 and a DV based 50 Mb/s with a sampling structure of 4:2:2, using fixed bitrates and intra-frame coding techniques exclusively;

MPEG-2 4:2:2P@ML using different GOP structures and data rates up to 50  Mbit/s.

2	that for mainstream television production applications requiring a higher margin of quality overhead for post-production, the member within one compression family based on intra-frame encoding at a data rate of 50Mb/s should be chosen.

NOTE 1: An excerpt of the Report of the Special Rapporteur on compression is annexed to this Draft Recommendation.

NOTE 2: A compression family is defined by its ease of intra-family bit stream transcoding and the availability of an „ agile decoder“ in integrated form.

____________________
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