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Annex A. Essence Component Files

Essence ComponentFiles shall have the following properties, which are described in more detail below:

· Mono Essence

· Frame Wrapped for video & VBI, clip wrapped for PCM audio

· Regularly Partitioned when frame wrapped

· Header Partition contains only Metadata

· 8kByte fill follows the Header partition to allow for in-place extension

· Each Body Partition has Metadata OR Index OR Essence

· Closed and Complete in the header or footer partition

· Distributed complete Index Tables

· Signaled as OP1a

· System Item should not be present

· KAG size of 1

· Annotated with metadata (when the essence is a specific variant)

· All data sets shall follow MXF Generation ID Rules

A.1 Mono Essence

There shall be only one essence Track in the File Package, There shall be only one type of Essence Element (Data or Sound or Picture or Compound) in the Essence Container.

PCM audio files may contain mono audio or stereo audio – both will be considered as mono-essence, described by a single track in the file package. PCM audio files with different languages shall be in different files.

There are some specific parameters which can be constrained

custom_ANC
When true, VBI data shall be encapsulated in the Video essence using a defined method (e.g. carriage in MPEG picture user data) as well as being placed in a separate VBI atom.
render_ANC
When true, VBI data shall be encoded as active video within the video image as well as being placed in a separate VBI atom.
video_essence
A list of supported video essence types including bitrates, spatial resolutions and any format specific elements such as GOP structures and profiles. 

audio_essence
A list of supported audio essence types including bitrates, electro-spatial formulations, compression types and any format specific elements such as delay setting. 

data_essence
A list of supported data essence types including specific parameters such as VBI lines, ANC packet types supported. 

A.2 Wrapping

Video files shall be frame wrapped with complete index tables. VBI / ANC data files shall be frame wrapped with complete index tables and shall not be interleaved in the video file. PCM audio files shall be clip wrapped with a calculated index table. Constant bitrate compressed audio files shall be clip wrapped with a calculated index table. Variable bitrate compressed audio files shall be clip wrapped with a VBE index table.
A.3 Regularly Partitioned when Frame Wrapped

Body partitions in a frame wrapped file shall occur at regular temporal spacings partition_spacing. Regular shall mean that any error in the regularity shall be less than 1 second or 10% of the period partition_spacing – whichever is the smaller.

Clip wrapped files shall have the following structure: Header partition, 2 body partitions (one with an index table and the other with the clip wrapped essence) and a footer partition.
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Production Framework

FrameworkExtendedTextLanguageCode : ISO 7 char[0:12]

PrimaryExtendedSpokenLanguageCode : ISO 7 char[0:12]

FrameworkThesaurusName : UTF-16 char [0..*]

en-US

annotations are in English

fr-FR

spoken language is in French (France)

urn:uuid:xxxx-xx-x…..

R Rated

Application specific text

Annotation

AnnotationKind : UTF-16 char [0..*]

AnnotationSynopsis : UTF-16 char [0..*]

AnnotationDescription : UTF-16 char [0..*]

technical

the kind of annotation

french

Human readable summary of annotation

french stereo

F

uller Description for GUIs etc.

Application Specific Set(s)

Application use 1 : UL or UUID

Application use 2: UTF-16 char [0..*]

Application use 3: UTF-16 char [0..*]

Essence Profile

from list

Profile Name

from list

e.g. audio type

descriptive


A RIP shall be present in all Essence Componentfiles.

index_strategy
“lead”, “follow” or “file specific”. At each partition point in a given Essence Componentfile, the Index Partition shall either lead (i.e. precede) the Essence Partition that it indexes or follow the Essence Partition that it indexes. This shall be specified application by application. The “file specific” option covers applications where the strategy cannot be defined.

generic_streams_in_video 
When True, generic stream partitions are allowed in video component files.

generic_streams_in_audio 
When True, generic stream partitions are allowed in video component files.

generic_streams_in_data 
When True, generic stream partitions are allowed in video component files.

A.4   Header Partition contains only Metadata

The Header Partition shall start with the first byte of the file (no run-in) and there shall be only header Metadata in the partition with optional fill. All files shall comply with 377M-2008. KLV extension syntax shall be used for extensions. Any specific constraints on the Header Metadata are as follows:

	Set Name
	Constraint

	Preface
	As per 377M-2008. Primary package shall be Material Package

	Identification
	One identification set shall be added by each device altering the file

	Content Storage
	1 Material Package, 1 Top-Level File Package, no restriction on lower level packages. Lower Lever Source packages shall be preserved by applications  which edit or modify component files

	Essence Container Data
	One single entry corresponding to the single generic container. BodySID and IndexSID shall be present

	Material Package
	Compliant with OP1a mono essence – shall contain only a single essence track.

track_tag_policy is specified to indicate how Material Package tracks in the Essence Componentfile shall be tagged. It is generally recommended that PCM audio should be tagged with a DM Track where identification metadata is available. Video may optionally tagged with a DM track.

	Source Package (File / Physical)
	There shall be a Single Essence Descriptor for the Essence.

	Track (Timeline)
	Edit rates shall be FRAME rates for all essence track, regardless of MPEG coding mode. DM track may have edit rates which are field based. Tracks shall be named “Timecode”, Video”, “Mono PCM audio”, “Stereo PCM audio” where information for such naming is available. Timecode rules are explained below.

	Event Track
	Only used for DM tracks. Note that metadata on an event track shall have its event duration equal to the validity of the metadata on the timeline. This may often be the duration of the track.

	Static Track
	Static metadata may be present. Applications manipulating files should be aware of the track morphing rules given in 2.1.21. To prevent track morphing, event tracks should be used in preference to static tracks for descriptive metadata.

	Sequence (all cases)
	Unknown duration flagged as –1 in Header during writing. Known duration values shall be accurately signaled. Duration updated in footer (and optionally Header) on closing of file

	SourceClip (Picture, Sound, Data)
	Duration as above

	MPEG Descriptor
	Used for all MPEG video component files, shall include picture essence coding, display width and height (Frame Height), Aspect Ratio, Constant Bframes, MaxGOP, BpictureCount, Bitrate, ProfileAndLevel, VerticalSubsampling.

	Wave Audio Essence Descriptor
	Used for all uncompressed PCM audio component files

	VBI Data Descriptor
	Used for all VBI component

	ANC Data Descriptor
	Used for all ANC component

	Multiple Descriptor
	Used only for component files which have VBI and ANC data present otherwise neither used in video nor PCM audio files

	Network Locator
	Not present in Essence Componentfiles

	Text Locator
	Not present in Essence Componentfiles

	Timecode
	This recommendation constrains the  EBU recommendation on Timecode in MXF. The Material Package timecode and the top-level file package timecode shall be identical. Any captured timecode (which may be discontinuous) shall be captured in the source package which is referenced by the top-level file package.

ingest_TC
<value> or “source” - indicates that ingest  applications shall start the MP timecode  and the top-level file package timecode at a given value, or derive it from the specified source: “LTC”, “VITC”, “DVITC”, “external”
lead_TC
MP, FP - indicates that an applications requiring the Timecode of the Component file shall use the lowest numbered File Package Timecode Track (default) or the Material Package timecode track of the file.


The Header metadata shall always be valid in a component file. This means that the following process needs to be followed:
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Open and incomplete partitions are created during file writing When the writing is finished, the header or footer shall be marked closed and complete. If the footer shall contain a copy of the header metadata, it shall be marked closed and complete. The footer shall be followed by a RIP.

A.5 Each Body partition has Metadata OR Index OR Essence OR Generic Stream Data

There shall only be Essence OR Index OR Metadata OR Generic Stream Data in any one partition.

A.6 Closed and Complete header or footer partition

The Footer shall contain a copy of the header metadata and it shall be marked closed and complete.

A.7 Distributed Index Tables 

Frame wrapped:
Each Index partition shall contain the index table information for all the essence in the following partition.

Clip Files:
An Index partition shall immediately follow the Header Partition. A second Index Partition may immediately precede the footer partition.

A.8 Signaled as OP1a

The Operational Pattern of the file shall be signaled as OP1a to ensure maximum legacy compatibility with MXF decoder applications. The qualifier bits of the Operational Pattern shall be set as follows:

· bit 1: Internal Essence

“0” - signaling internal essence only

· bit 2: Streamable

“0” - signaling that the essence in the file is streamable

· bit 3: uni-track

“0” - signaling that the essence in the file is atomic i.e. there is only one track

NOTE – I don’t think any of the following has been implemented. DMS has bee unsuccessful in all attempts to implement it. The bundle structure may prove an easier, cheaper, faster way to interchange metadata by putting XML files in the extra folder.
The fact that the written essence file is constrained by this Application Specification shall be signaled with one or more AS-DMS identifiers.
Compliance_IDs
A list of ULs indicating the hierarchiy of specifications the file complies with. Eg. MXF-AS02, MXF-AS04 language tagging, MyFacilitiesMetadataStandard schemes
One of the DMS identifiers shall indicate that the file (and its metadata) complies with this Application Specification. This shall have the value:

AS02_UL
TBD – identical to the urn value in the Production Framework Thesaurus Name of any SMPTE 380M (DMS1) sets

There shall also be one or more DMS identifiers indicating the constrained DMS in use, for example language identification using a SMPTE 380M based scheme. Or some private scheme.
The DMS identifiers shall be carried in the Preface set of the MXF file according to SMPTE 377M. For example, using a constrained SMPTE 380M scheme for language identification would result in the following labels:

DMS1

06.0b.0e.2b.34.  04.01.01.01.  0d.01.04.01.  01.02.01.01

AS02_UL
TBD – identifies compliance to MXF-AS02. The value of the unique identifier shall be:
urn:uuid:xxxxxxxx-xxxx-xxxx-xxxx-xxxxxxxxxxxx (as above)
Note – if this document goes to SMPTE, then this should become a urn representation of a SMPTE label.

AS04_UL
TBD – identifies the MXF-AS-04 language tagging scheme is used in the file
DM_MyAS04
TBD – identifies constraints to the language tagging in a specific business application.
Note that the existence of these identifier indicates conformance to SMPTE’s MXF suite of standards and to this Recommended Practice and also to a specific set of parameters which further constrain this RP to a set of Application specific values.

Further identification should be required to signal that the essence within the Essence Componentfile is constrained to one of the profiles listed in an application specification. This shall be done by creating a property in a private metadata set whose value is taken from a controlled enumeration of essence types permitted by the application specification. Note that this enumeration may change over time within an application specification (e.g. SD today, HD tomorrow, new compression scheme the day after).
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The metadata set which contains the Essence Profile shall be a set referenced by a Language Tagging set as shown in the diagram above.

Enumeration IDs shall be UIDs which shall be associated with an informative textual name

A.9 System item should not be present

There should not be system items in a Essence Componentfile. If they are present, they should be ignored.
-- This goes against the EBU recommendations – should we revise?
A.10 KAG size

Shall be set to 1

A.11 Annotated with metadata (when the essence is a specific variant)
NOTE – I don’t think any of the stuff in Green has been implemented

There shall be a DM timeline track in the File Package giving the variant as detailed below. The metadata shall be part of the defined private scheme which shall conform to the rules below. Some schemes may use SMPTE 380M Frameworks and annotations, others may be registered private schemes.

Metadata may be attached to Picture, Sound and / or Data Component files.

A.11.1 All schemes

A DM Track shall not mix metadata from different schemes. The implication of this is that adding metadata from a new scheme shall result in the creation of a new DM track to hold that metadata. 

The DM scheme shall be identified in the preface as described in B.8.

There shall be a single Framework in each DM Track.

Each DM track complying with this RP shall be linked to the essence track.

There may be other DM tracks in the file which shall be treated according to the SMPTE 377M Dark metadata guidelines unless they are recognized by an application.

There may be static DM tracks in an MXF file. Applications which modify MXF files shall handle static tracks as follows:

1. if there is no change to the file duration or to the essence, then the static track can remain static

2. if the file is truncated, then the static track can remain static

3. if the file is extended or appended or become part of a complex version file / timeline, then the application needs to know if the static metadata is still static. If the application does not know for certain that the metadata is still static then the track type shall become an event track with the same duration as the essence to which it refers. An example is shown in the diagram below
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A.11.2 SMPTE 380M based schemes

Need to update this section to be KLV Extensions compliant

The set keys for the frameworks shall be in accordance with SMPTE 380M-2004. No other sets shall be used in the Descriptive Metadata Scheme unless specified in the parameterized Metadata definition document.

SMPTE 380M based sets will need the following identification:

· compliance with this RP

· compliance with a defined constraint of SMPTE 380M (e.g. Language tagging)

· compliance with an application specification restriction to the constrained SMPTE 380M

With these tiers of identification, an MXF encoder can insert annotations which are constrained for a given business use by an application specification. There are different levels of decoder behavior:

· Generic 380M decoder. This level of device will be able to parse and display the Descriptive Metadata according to its own rules. It will be able to display information about the constraints but not be able to act on them

· RPzzz aware decoder. This level of device will be able to check for well-formed metadata tracks and can check the constraints by reading the Preface and the ProductionFramework. It knows the metadata conforms to some specification, but may not know which one. It may be able to look up syntax and rules in a dictionary to give it knowledge of the meaning of the constraints.

· Constrained 380M, RPzzz aware decoder. This level of decoder behavior is able to interpret the identifiers on the track and knows the syntax and semantics of the metadata. It is able to take decisions based on the metadata and therefore enhance its operation.

· Paramerized, constrained 380M, RPzzz aware decoder. This level of decoder, not only knows the syntax and semantics of the constraints, but also knows about the restricted (or extended) set of values for a particular business application. An example of this is a language tag aware decoder which understands an application specific mark-up for en-US with profanity removed. This tag is different to en-US with profanity left in.

In order to discriminate the DMS1 track from other DM tracks in the file, and to ensure the correct level of identification, the ProductionFramework set shall have the FrameworkThesaurusName set to a text string containing a list of UIDs separated by semicolons. The order of the UIDs should not convey any meaning, but the encoder convention shall be to start with the most general and end with the most specific.

RPz_compl
“UID as RFC4122 text”
see section 2.9 for value

An example of the use of this field is given in the language tag specification document.
A.11.3 Private AS-Defined schemes
Need to update this section to be KLV Extensions compliant
Private AS-Defined schemes and extensions to DMS-1 based schemes shall be identified in the Preface as shown in section 2.9. An example of private extension to a DMS1 based scheme is given in the language tag specification document.

A.12 All data sets shall follow MXF Generation ID Rules

All data sets shall include a Generation ID which shall reference the Generation UIDs in the identification sets which correspond to the generation of the file at which the data set was last modified. All applications which modify an MXF file shall create a new identification set in the file and shall preserve existing identification sets. Full details in 377M-2004. This feature is used to audit metadata modification in the Essence Componentfile. It can therefore allow the detection of differences between “master” metadata and “derived” metadata when an MXF process modifies a file and thus flag the fact that a metadata reconciliation may be required.

A.13 Integrity of the Program Components

The requirement here is to validate the integrity of the essence to ensure that there have been no modifications or errors during file movement or manipulations. Whichever signing technique is used, must meet the following requirements

· not a new invention (preferably something which is widely deployed)

· fast

· robust enough to detect but not correct changes due to ftp errors / byte or bit errors

· allows simple program versions and inventories to verify they are referencing the right file

· must check only essence bytes to verify re-partitioning, re-wrapping options have not changed the essence bytes

· must check essence and header metadata to ensure the entire Essence Component has not been modified

The two different requirements at the end of this list lead to two different mechanism being needed. Each of these requirements is stored in a property of metadata track similar to that defined in SMPTE 429M-6. 

SourcePackage ( DM Track(static) ( DM Segment ( MICframework ( properties

MIC Framework key = TBD
Properties:

MIC_algorithm = Message integrity algorithm identifier


= aaaa
Intel SSE 4.2 instruction CRC32 using the fixed Castagnoli polynomial. Each word in the CRC shall be calculated using little endian byte order (for performance on Intel platforms) NOT in the order the bytes appear in the stream. The file shall be padded with an 0xFF byte if it is not an even number of bytes long. Casagnoli polynomial = x32 + x28 + x27 + x26 + x25 + x23 + x22 + x20 + x19 + x18 + x14 + x13 + x11 + x10 + x9 + x8 + x6 + 1 or 0x1EDC6F41.

= bbbb
MD-5 – as uppercase text string. (RFC1321)

MIC_scope
= xxxx
EssenceOnly –This static DM track shall be linked to a single essence track. That essence track shall be linked to a single KLV stream in an Essence Container. The signature shall be calculated on the value bytes of the KLVs of the essence elements.


= yyyyy
WholeFile –This static DM track shall be linked to a single essence track. That essence track is linked to a single Essence Component The signature is calculated on all the bytes of the file.

MIC_value
= zzzz
The value of the message integrity check expressed as a UTF-16 text string.

When MIC_self_sign is true, then the essence component files shall include a MICframework with MIC_scope set to EssenceOnly.

When the Simple Program Version MIC_enforced property is set then Simple Program Version files shall contain a MICframework for each Essence Component.

If the Simple Program Version property MIC_scope is not set to EssenceOnly then the Essence Component MIC_self_sign shall be false to prevent double signing calculations reducing system performance.
If the MIC_scope is EssenceOnly, the signature shall be stored in the program version and in the program component.

If the MIC_scope is WholeFile, the signature shall be stored in the program version. It may optionally be stored in the Essence Componentif a computation algorithm is used which guarantees is to be correct and self-signing.
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