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1 Scope

This standard defines thesdata,structure of the material exchange format (MXF) for the interchange of audio-
visual material. It defines«the) data structure for network transport and may be used on storage media. This
document does not defing internal storage formats for MXF compliant devices.

The standard defings all the components of the MXF file specification including all those in the file header. file
body and file footer. It defines the application of partitions in the file that provide valuable features such as' the
ability for_an MXF file to serve many application requirements and recovery of partially received files. The
document alsp defines key features of the file structure including the partition packs, the structural metadata
thelprimerpack, the random index pack and index tables. ,

The standard does not define either the essence container or the descriptive metadata. Instead, it defines the
requirements for these components to be added as a plug-in to an MXF file.

2 Normative references

The following star!dards contgin provisions which, through reference in this text, constitute provisions of this
standard. At the time of publication, the editions indicated were valid. All standards are subject to revision,
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and parties to agreements based on this standard are encouraged to investigate the possibility of applying the
most recent edition of the standards indicated below.

ANSI/SMPTE 298M-1997, Television — Universal Labels for Unique Identification of Digital Data
SMPTE 336M-2001, Television — Data Encoding Protocol Using KLV

SMPTE RP 210, Metadata Dictionary Registry of Metadata Element Descriptions

SMPTE RP 224, SMPTE Labels Registry

IEEE 754-1985, Floating Point Format

ITU-R BS.1196 (1995) (Annex 2), Audio Coding for Digital Terrestrial Television Broadcdsting

ISO/IEC 11578-1:1998, Information Technology — Open Systems Interconnection — Rem&ta Procedure Call
(RPC) Annex A, Universally Unique Identifier

3 Definition of acronyms, terms and data types

Acronyms, terms and data types used in the MXF specifications are defined.n this section. Many of these
terms are used in other MXF documents.

3.1 Acronyms and terms

AAF: Advanced authoring format.

Aggregation: Creating a new object by accumulating thefitems and semantics of all of its parts. For example
a "car" object is an aggregation of the "engine" object, the,"chassis" object and all the other objects that make
up the car.

ASN.1: ISO/IEC 8825-1 standard notation faormat of which BER is a part.

Audio-visual: A term used to describe anyaplayable content comprising picture (visual), sound (audio) or data
essence and includes any metadata that the content may embed. The content may comprise a single
essence element or many essencé elements (of the same kind or different kinds) that are interleaved at an
appropriate rate.

BER: Basic encoding rules,—1S0/IEC 882-1 ASN.1 for encoding KLV lengths and labels.

Best effort: Best effortymetadata is a category of metadata which may not be known at the time of writing a
file. Best efforts shouldybe made to complete these values during file creation. Only metadata parameters
marked specifically as best effort metadata may be treated this way. If the value of the parameter cannot be
completed cogrreetiythen its distinguished value shall be used.

Big endiany” A byte order where bytes of a word are transmitted most significant byte first.

BodySID: Essence container identifier. Type and use given in the specification.

CBE: Constant bytes per element.

CBR: Ceonstant bit rate.

CDCI: Color-difference component image.
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Dark: Used to describe essence and metadata items that are unknown to an application at a given time. For
example a camera GPS position may be known to a camera, dark to an MXF store and forward device,
needed and processed by a librarian program for archive, but discarded by the same application for
broadcast.

Dictionary: A list of values with defined meanings. (e.g., SMPTE RP 210 metadata dictionary).

Distinguished value: The (invalid) value of a best effort metadata item which is used to indicate that the true
value of the property is not known. This is different to the default value which is used to indicate the most
common value a parameter will take.

DM: Descriptive metadata. Data which can be placed in the file to describe the essence.

Duration: An integer number that defines the length of a property in edit units.

Edit rate: A rational number that specifies the units used to specify the duration of compgnents in a track; the

edit rate is the number of units that equal one elapsed second. In a track which describes an essence
container, the edit rate is usually chosen to be the number of editable units perisecond.

Edit unit: A period of time equal to 1/(edit rate).

Editable unit: The smallest portion of the essence container which can Be edited such as a field or frame.
Essence: The raw video, audio and data streams to be contained and described by MXF.

File package: The name for a logical grouping of structural metadata sets giving information about the
essence in the essence container. If a file package is not referenced by a material package then it provides
historical metadata annotation and shall not contain any,essenge.

Framework: The name for a number of related séts of MXF descriptive metadata.

GOP: Group of pictures — an MPEG coding‘parameter.

Grid size: The size of the KAG.

Hex: Hexadecimal (base 16) number fofmatuA hex value is represented in MXF documents as NNh or 0xNN
or NN.NN.NN.NN where NN is a hexadecimal digit.

IndexSID: Index stream identifieation, (index of essence container).

Index table: A lookup tableahich.gonverts a desired time offset on the timeline to a byte offset within the file.
Inheritance: Creating a(new object by taking the items (properties) and behaviors of a parent object and
adding to them and¥ onoverriding them.

KAG: KLV alignment grid. A notional byte spacing which may be used in the file to align KLV items

KLV: Key-length-value encoding rules in SMPTE 336M

Link: JA relatienship between two properties using a numerical value of a defined type. The link is made when
thedwo properties have the same value.

Local'set: A set where each element has a (short) locally unique tag value — see SMPTE 336M.

Lower-level source package: A source package (file package or physical package) which is not directly
referenced by a material package in this file. These source packages are used for historical annotation (or the
derivation information) of the top-level file package(s).

Material package: A collection of tracks which generally represents the output timeline of the file.

MPEG: Moving picture experts group coding standard — see references.
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NDE: Number of delta entries in an index table.

NIE: Number of index entries in an index table.

NSL: Number of slices in an index table minus 1.

Origin:  An integer number that specifies the chosen zero point on a track, in edit units, from which relative
times are measured.

Pack: A grouping of KLV elements defined in SMPTE 336M.

Package: The name for a logical grouping of structural metadata sets.

Partition: A logical separation of the MXF file. Each partition contains a single part of the file.and different
partitions may be multiplexed together. A tool for dividing the file into useful portions.

Physical package: A package with a physical essence descriptor to describe a Physical entity such as a tape.
A physical package may only be used for historical annotation in MXF.

Raster: A defined signal scanning system. Usually a standard — may be interlaced_of progressive.

RIP: Random index pack.

RGBA: Red green blue alpha.

[RP 210 text]:  The definition of a term copied from the SMPTE Dictionary' RP210 at the time of balloting this
specification. This text is informative in this document. RP 210 remains. the defining document. This text is
provided where the specific text in the MXF document constrains,the RP 210 definition such that the wording
might appear different between the two documents.

Sample rate: The field or frame rate of essence contaiper(not the video clock rate).

Sequence: A metadata structure which allows componerits (e.g., SourceClips) to be placed on a track.

Set: A grouping of KLV elements defined in SMPTE 336M.

Set Key: A SMPTE set Universal label. A 16-byte registered value.

SourceClip: A metadata structure which @llows”a portion of one track to be referenced by another. For
example to describe a portion of the storéd Video which is placed on the output timeline.

Source package: An abstract class/frem which file package and physical package derive.

Start position: An integer number that defines the offset into an essence track, relative to the origin, in edit
units which defines the desiredsstart point of the essence

Structural: The name for metadata which relates to the structure and capabilities of an MXF file.

Tag: Local tag value used to identify elements in a local set. The tag byte-order is big-endian.

Time code: An annotation of elapsed time along a track. This may be created to be be numerically equal to
time code standards such as SMPTE 12M. It can be used to convert position along a track measured in edit
units tofa cegunt,of hours, minutes, seconds and frames.

Top-level file package: A file package which is directly referenced by a material package in this file. This is
the only type of file package which may describe stored essence.

UID: Unique identifier — a generic term which may be a UL, UUID, UMID, etc.
UL designator: This is a reference to the SMPTE label in the SMPTE metadata dictionary (SMPTE RP 210)

which defines the property or term. The dictionary is the normative reference for these items and any
explanatory text in this document is informative only.
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UML: Unified modeling language.

- Unicode: A form of character coding that allows a wide range of characters and ideograms to represent most
major languages.

Universal set: A set where each element in the set has a full Universal label value — see SMPTE 336M.
VBE: Variable bytes per element. Used to describe compression coding styles.

VBR: Variable bit rate.

3.2 Simple data types
Simple data types used in the MXF format are given in this section.
BER length: A length value in bytes used to code a KLV triplet.

Boolean: 1-byte value with the logical values: zero == FALSE, non-zero == TRUEYNote for compatibility with
older AAF SDK implementations, it is recommended that MXF file writers writ&he-value 01h for TRUE values
Int8: Signed 8-bit integer.

Int16: Signed 16-bit integer.

Int32: Signed 32-bit integer.

Int64: Signed 64-bit integer.

Length: The Int64 value of the length (duration) measured,in edit units of a piece of essence such as a
SourceClip. Negative values are reserved for indigéting distinguished values and shall not be used to indicate
valid fengths.

Package ID: A UMID to uniquely identify a package or a zero value used to terminate a reference chain.

Position: The Int64 value used to locatewa $pecific point along a track. Since properties of type position are
relative to a chosen zero point, negative,vallles may occur.

StrongRef: “One-to-one” relationship between sets and implemented in MXF with UUIDs. Strong references
are typed which means that the definition identifies the kind of set which is the target of the reference.

UInt8: Unsigned 8-bit integer.

Ulnt16: Unsigned 16:bitinteger.

UInt32: Unsigned 32-bibinteger.

Ulnt64: Unsigned 64-bit integer.

UL: Universallabel (SMPTE 298M).

UMID: Unigue material ID (SMPTE 330M).

UUID;, Universally unique identifier according to 1SO 11578.

Version type: A Uint16 version number (NOTE: The number is created from major and minor version
numbers using major 256 + minor)

WeakRef: “Many-to-one” relationship between sets implemented in MXF with UUIDs. Weak references are
typed which means that the definition identifies the kind of set which is the target of the reference
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The normative definition of item ULs is given by SMPTE RP 210. The data type of certain item ULs is itself a
UL which is an enumeration of known values for the Item. The SMPTE labels registry is the normative
reference for these values which are listed in RP 224,

3.3 Compound data types

Compound data types that are created from combinations of simple data types are given in this section.
Arrays and batches are usually preceded by a name (e.g., IndexEntryArray is an ordered array of IndexEntry
values).

Array: A compound type comprising multiple individual elements. The elements are ordered,‘the™type is
defined, the count of elements is explicit and the size of each element is fixed and explicit. /NOTE. - JMXF

decoders should ensure they use the size of each element as indicated in the file, to extract individual arrays elements.
This ensures compatibility with any future extensions of MXF.

Batch: A compound type comprising multiple individual elements. The elements are unordered, the type is
defined, the count of elements is explicit and the size of each element is fixed and explicit. NOTE - MXF
decoders should ensure they use the size of each element, as indicated in the file, td.eXifact the individual batch
elements. This ensures compatibility with any future extensions of MXF.

DataStream: A string of data or metadata elements. The type of data or métadat® element and the length of
the string is defined elsewhere.

Rational: A pair of Int32 values where the first is the numerator an@ the"'s€cond is the denominator (e.g., for
an aspect ratio of 4:3, the number would appear as 00.00.00.04,00.00.00.03 in hexadecimal format).

Strings: Strings are created from individual characters_defined, efther as 1SO 7-bit characters (as used in
SMPTE RP 210) requiring 1 byte per character, orsés uinicede UTF-16 characters requiring 2 bytes per
character. In the case of UTF-16 characters expressingJSO 7-bit characters, an inspection of every byte will
show each 2-byte pair as a null byte and a character byte. Byte order is specified as fixed big endian. The
number of bytes allocated to this string is given byathe KLV encoding. There is no requirement to terminate
each string with a zero value. However, if the Ighgth of the string information is less than the space allocated,
the string shall be terminated with a zero value

Timestamp: A time and date item acegording™o the Gregorian calendar comprising, in order, Year: [Int16],
Month: [UInt8], Day: [UInt8], Hour “UInt8], Minute: [UInt8], Second: [UInt8] and mSec/4: [UInt8].
A value of ‘0" for each and every (fieldjidentifies a timestamp value of ‘unknown’. This value should not be
used unless unavoidable.

UTF-16: Unicode characters ‘€oded with 16-bits; i.e., 2-byte characters.

ProductVersion: Comprises 5 values of UInt16 indicating major, minor, patch, build and release version
numbers. These describe version of the tool that created or modified the file. The specific use of the first four
values shall be defined by the tool. The “release” number is enumerated as follows:

0 = Unknown version, 1 = Released version, 2 = Development version, 3 = Released version with patches,
4 =Rresrelease beta version, 5 = Private version not intended for general release.

xxxBatch: "An unordered batch of individual elements preceded by a header of 8 bytes. The first 4 bytes
define the number of elements to follow and the second 4 bytes define the length of each element, both
represented as UInt32 coded as big-endian.

xxxArray: An ordered array of individual elements preceded by a header of 8 bytes. The first 4 bytes define
the number of elements to follow and the second 4 bytes define the length of each element, both represented
as UInt32 coded as big-endian. The order of the individual elements in the array defines the sequence in
which the referenced objects appear; for example, contiguous objects representing the timeline of a track.
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3.4 Guide to the use of tables

Tables used in this standard use the following symbols to the left of the table to help identify the entries which
link the metadata items together

[=7 Set key — top level;

<> Set length — top level;

UID used as strong reference target or a strong reference to a UID;

Strong reference array or strong reference set — references to one or more UlDs.
The property names in the columns of the set tables have the following meanings:
ltem name: The name of the property.

Type: The defined type of the data.

Len: The length of the value in bytes where known.

Local tag: The 2-byte tag of the data when encoded as a KLV local set;

UL designator: The designator portion of the UL as defined inl SMPTE 336M that defines the SMPTE
metadata dictionary entry. This does not apply in the case of thessetikey and set length.

Req'd: Indication of whether MXF encoder must supply, andlwhataction MXF decoder should take.
Meaning: A description of the property.

Default: A default value which is commonly used by an encoder and should be used by the decoder if the
property is not encoded in the set.

The following table defines the meanings ofsthe required status of items in these annexes.

EntryinTable *_ [ ABbreviation Encoder Decoder
Required Req Shall encode Shall decode
Encoder Required E/req Shall encode May decode
Decoder Required Direq May encode Shall decode
BestEffort B.Effort Should encode Shall decode
Optional Opt May encede May decode

4 Introduction

There are seyeral parts to the MXF specification. This part is a normative definition of the format of an MXF
filed MXFieperational pattern specifications define how the MXF file format specification can be configured to
provide a defined application. One or more normative documents define a descriptive metadata scheme as
“plug-in” to the MXF file format specification. A number of individual normative documents define both the
essence containers that may be used in an MXF body and the mappings of essence elements into an
essence container (section 9.1 below). In addition, the MXF engineering guideline provides an introduction
and general engineering description of MXF including the document layering.

4.1 Structure of this standard

This standard starts with an overview of the whole specification and then defines each of the different
elements in turn.
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Section 5 — Overall specification: gives an overview of the whole MXF specification and partitioning rules.

Section 6 — Partitions: gives details of the fine level structure of MXF including the header partition, the body
partition(s) and the footer partition.

Section 7 — Operational patterns: shows how interchange can be aided by defining how the file is structured.

Section 8 — Header metadata: describes the header metadata including a definition of the structural metadata and
the mechanism for adding descriptive metadata schemes as plug-ins.

Section 9 — Body: defines the requirements of the essence containers that can be used as an MXF file.
Section 10 — Index tables: defines how to locate essence elements within the file body.

Section 11 — Random index pack: defines how the partitions within an MXF file can be rapidly‘accessed.
Annexes — Detailed byte values of structural metadata sets and packages.

4.2 MXF file

An MXF file starts with a file header, is followed by a file body and is completed by/a file footer. This standard
defines the data structure of the MXF file, including a full definition of.tH& file header and file footer.
Associated documents are required to provide the full specification of anMXFile.

Operational pattern standards define the specific details of every ¢compenent in an MXF file together with the
framework needed to define the relationships between the components. At least part of these associated
documents will define the structural metadata part of the heafler metadlata such that it can be accepted as a
compliant subset of the AAF metadata structure.

Essence container standards provide the specifications(for the picture, sound and data essence containers
that can be used in a file body. The file body may contain one or more essence containers. This document
does not normatively define each individual essgncécontainer that may be placed in the file body, but leaves
that to associated MXF essence container( spéagifications. This document does, however, define the
requirements for each essence container spécifieation in order to meet the needs of program interchange.
Each essence container specification is written as a stand-alone document or document set that must meet
the requirements set out within this décument in order for it to be accepted as a compliant MXF essence
container.

Descriptive metadata standards defifé optional editorial metadata that enhance the usability of the essence
content of an MXF file.oMXF diles” include SMPTE Universal labels in the file header that provide early
identification of the opetational.pattern, any descriptive metadata and the essence containers in the file body.
MXF essence containers\may include picture, sound and data essence as well as related metadata. All
essence and metadatatypes may be constant data rate or variable data rate.

This document 8, written as though the essence data is embedded in the file body. Later parts of this
document describe how essence data may be located outside the file.

5 Overall specification

This section defines the common parts of every MXF file. Further detail on each item is given later in this
specification.

5.1 Overall data structure

The overall structure of an MXF file is shown in figure 1 and figure 2. Note that the relative lengths of
individual components shown in the figures are not to scale.
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File Header File Body File Footer
AL A A
r Y Y A
Header Header Essence Footer
partition pack| Metadata Container Partition pack
Figure 1 - Overall data structure of a simple MXF file
File Header File Body File Footer
A A -\
¢ s YT o~ ™
Run Header Header index Essence Body Essence > Heéder Random
In  |Partition Pack| Metadata Table Container Partition Pack | Container riti Metadata Index
(optional) (optional) (opticnal) ' (optional)  (optional)

Figure 2 - Overall data structure of an MXF file with some optional components

The MXF file shall be constructed as follows:
5.1.1 File header

The file header shall always be present at the start of every®XFfile. As shown in figure 2, it includes an
optional run-in, a header partition pack, header metadata and optidnally an index table. There may optionally
be fill items in the file. The rules for insertion of fill items are\given in'section 5.4,

NOTE — Although the optional run-in is a part of the filetheader, it is not a part of the header partition (see section 5.2.1).

5.1.2 File body

The file body provides a mechanism for embedding essence data within MXF files. The file body shall have one or
more essence containers. If there is, mofe thanone essence container, they shall be multiplexed together using
partitions (see section 5.2). The asseciated MXF essence container specifications define how each essence
element in the container shall be KLV éhcoded. Each essence container specification defines how index tables
should be implemented and identifies the essence descriptors that are required to describe each essence element.

MXF applications may be.created which embed all the essence data within the file. Other applications may
require some or all of thesessence data to be externally referenced. The mechanisms for this are further
explained in sectiong, sectioh 7, and in annex B.

MXF metadata only files may have no file body and hence no essence containers.

In the operatiopal pattern definitions, there may be constraints placed on the capabilities of the file body.

NOTE — Examples of the nature of these constraints are described in the MXF engineering guideline which is referenced
in the.annex F.

5.1.3 File footer

The file footer shall be located at the end of the file. As shown in figure 2, it includes a footer partition pack, an
optional repetition of the header metadata sets and an optional random index pack (see section 11). The file
footer may also include optional index table segments.

NOTE — Although the optional random index pack is a part of the file footer, it is not included as a part of the footer
partition.
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The file footer shall be present unless a specialized operational pattern is being used which defines it to be
absent or optional.

5.2 Partitions
An MXF File shall be divided into a number of partitions:

one header partition which shall be followed by
zero or more body partitions, the last of which shall be followed by
zero or one footer partition

Partitions logically divide the file to allow easier parsing, to help streaming and to manage the creation of
index tables (which, in turn, ease random access in a storage system).

An MXF file may contain many different essence containers and partitions help to manage them.

5.2.1 Partition rules overview

Each essence container shall have an identifier called the BodySID which'Ts unique within each file. Each
essence container may be segmented and distributed over one or more "Partitions. Each header or body
partition shall have data from only one essence container. The fodter partition shall not have essence
container data. All partitions containing data from a particular esseneecontainer shall have the same value of
BodySID. The order of the essence container data after segmentation ifto partitions shall be the same as the
order of the unsegmented essence container data.

The essence container data may be indexed with ansiidex\able. Each index table shall have an identifier
called the IndexSID which is unique within each file“Ansndex table shall comprise one or more index table
segments. All segments of a particular index table shall‘have the same value of IndexSID. Each partition shall
include zero or more index table segments, each of which has the same value of IndexSID. The order of the
index table segments shall present the indexipgidata in the same as the order as the indexing data of an
unsegmented index table.

The EssenceContainerData set is defiped,insannex A.4. In this data set, the relationship between the index
table and essence container shall bé‘defifed by linking the values of an IndexSID with a BodySID. The
following three rules apply:

1. If a partition has an essenee Container segment of a given BodySID, then the only index table segments
permitted in the same partition’shall be those having the linked IndexSID value.

2. If there is no esseneé container segment in a partition, then index table segments of any single IndexSID
value may be placed imthe partition.

3. If there are,no, index table segments in a partition, then an essence container segment of any single
BodySIDgvalte may be placed in the partition.

A partition pack shall define the start of every partition. Every partition shall be defined either as a header
partition, a'body partition or a footer partition depending on where it is located within the file. For each kind of
partition, the required order of the components following the partition pack is defined in the text below and
illustrated in figure 3.

The header partition shall be located at the start of the file. A header partition starts with a header partition
pack and shall be followed by the header metadata, optional index table segments and optionally by the
whole, or the first part, of an essence container. In certain specialized operational patterns, it may be
preceded by an optional run-in as shown in figure 2.
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If a file has body partitions, then each shall comprise a body partition pack followed optionally by a repeat of the
header metadata, optional index table segments and optionally by a whole or segment of an essence container.

Where present, a footer partition shall be located at the end of the file. It shall comprise a footer partition pack

followed optionally by the header metadata, and optionally by index table segments. The footer partition may
optionally be followed by a random index pack.

| Header Partition K|
gl
- .
llj-lerz;?er Run |Header Pariition| Header Index Essence Next Part
ALRIon in Pack Metadata | Table Container Pack
(optional) (optional) (optional)
I Body Partition l
I“
Body Body Partit Head Ind Essen it
Partition y rartition eader naex SS .ce artition
Pack Metadata | Table Container o Pack
(optional)  (optional) (optional)
L Footer Partition N
"™
PFOJ.’:?’ Footer Partiton| Header Index
2iion Pack Metadata | Table

(optional) (optional) (eptional)
Figure 3 — Required order of file compohents.in each partition kind

5.2.2 Partition rules summary

The logic describing partitions, essence containers'afd index tables can be summarized as follows:

Essence containers:

A file body can have zero or more es§ence.containers.

Each essence container is identified with'a file unique BodySID.

The essence container data may be'segmented over one or more partitions.

The essence container partitiopsshall be in sequence within the file, though not necessarily in adjacent partitions.
Each partition identifies its éssence container segment with the appropriate BodySID value.

Partitions with different BodySID values may be multiplexed together.

O T, P O Dt

Index tables:

Each essenceigontainer has an optional index table.

Each index tablens identified with a file unique IndexSID.

Each index table may be divided into index table segments which are distributed into partitions.
Each ipdex table segment shall be in sequence within the file, though not necessarily in adjacent partitions.
Each partition identifies its index table segment with the IndexSID value of the index table.
Rartitions with different IndexSID values may be multiplexed together.

ompown =

Implementers should be aware that, as illustrated in figure 3 and figure 4, the first essence container segment
in the file may be in the header partition. In files with no body partitions, the whole essence container shall be
in the header partition.

NOTE — Multiplexed means putting different partitions one after the other whereas "interleaved" means that the essence
container itself has different components which are interleaved on a time division basis, It is perfectly valid to create an
MXF file with two interleaved essence containers (e.g., a DV generic container and a D-10 generic container). These may
be placed in two large partitions in which all the type D-10 information follows all the DV information or alternatively the
partitions may be made smaller and multiplexed together. Providing the above rules are met, the file will be valid.
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information or alternatively the partitions may be made smaller and multiplexed together. Providing the above rules are
met, the file will be valid.

5.2.3 Partition status

A partition may be open or closed. It may be complete or incomplete according to the following definitions.
The intention is that open/closed indicates that the partition contains a partial or final version of the header
metadata. Complete/incomplete indicates whether all the (best effort) values were known at the time of
creating the file. Section 6 defines the partition pack values for all partitions.

Open or closed status —

Open: An open partition is one in which required header metadata values have not been.finalized (required
values may be absent or incorrect) and may not have the same values as the closed partition(s). Header
metadata in open partitions may change in later repetitions.

Closed: A closed partition is one in which required header metadata values have b&en finalized (all required
metadata is present and correct). All closed partitions that contain header metadata shall have identical
header metadata sets.

Incomplete or complete status —

Incomplete: An incomplete partition is one where header metadata ‘exists and some best effort metadata
properties have been flagged as unknown (by setting to the appropriatedistinguished value)

Complete: A complete partition is one where either header retadata'is absent in this partition or where the
header metadata exists and all best effort metadata properties have been correctly completed.

Closed partitions may be complete or incomplete.

5.2.4 Status of an MXF file

A closed MXF file is one in which there is githera closed header partition containing header metadata or a
closed footer partition containing header ‘metadata. An open MXF file is one which does not meet this
condition. Open files may have HeaderMetadata values which are required, but have not been finalized; i.e.,
their values may not be correct. Thissstate is defined to allow real-world applications to create and process
MXF files during the recording process.

MXF files shall be closed,

Note that MXF decoders ae not required to be able to decode open MXF files,

5.2.5 Header partition

The header partition shall be the first partition in any MXF file and there shall be only one such partition. The
header partition may be open or closed. The header partition may be complete or incomplete. If there are no
body partitions, then all of the file body shall be located in the header partition.

5.2.6 Optional body partitions

The optional body partition is a partition that may be present within the file body. There may be zero or more
body partitions in an MXF file,

Any body partition may be of type open or closed. A body partition may be complete or incomplete. The

FooterPartition value in the body partition pack may be zero or a non-zero (valid) value. There are many
applications for body partitions, including the ability to multiplex together different essence containers. Among
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these applications are to provide a segmentation mechanism for index tables and to assist recovery from
incomplete transfers. Where possible, body partitions must start and end at edit unit boundaries of the
essence containers.

The overall structure of file components with a single body partition is as shown in figure 4. An example with
extra body partitions is shown in figure 5.

5.2.7 Footer partition

The footer partition shall be the last partition in any MXF file and there shall be zero or one such partition. A
footer partition shall be of type “closed” as defined in section 5.2.3. A footer partition may he complete or
incomplete as defined in section 5.2.3. The FooterPartition value in the footer partition pack,shall have the
correct value.

The presence of a footer partition shall be used to identify that there is no eéssence centainer data beyond this
point in the MXF file. The footer partition shall be present unless a specialized operational pattern is used
which requires it to be absent or optional. In this case, other mechanisms shallibe used to identify that the file
is closed and complete. Such mechanisms shall be defined by the Specialized operational pattern
specification. The presence and location of a footer partition shall be indicated by a non-zero value of the
FooterPartition item in any closed partition pack within the file.

5.2.8 Essence container and partition relationships (informative)

In a simple MXF file, there is only one essence container.and optionally one index table. These can be
divided into a header partition and one or more body partitions"gs determined by the application. Figure 4
shows a file having a single embedded essence container dividéd into two segments (a and b) with an
associated index table and optional repetitions of thé*header metadata.

File Header File Body File Footer

A A
' Y Y - N

Pariition | Head | Essence Container @‘?W Head Index Essence Container (b) Parition | Head Index
\ '

Y g s r g

Header Partition Body Partition Footer Partition

Figure 4 — MXF file containing one essence container

In more complexy\MXF files, there may be multiple essence containers, each with an optional index table
(which may bg segmented). Each essence container and its index table are mapped into partitions as defined
by the application, subject to the rule that any partition may have data from only one essence container and
index table segments from only one index table.

An‘example file containing two essence containers (1 and 2) with associated index tables (1 and 2) is shown
in figurke 5. Note the insertion of additional body partitions to permit header metadata repetition, the insertion
of index table segments and the multiplexing of different essence containers.

The first body partition in figure 5 shows both an essence container segment and an index table segment in
the same partition. The partitioning rules defined in section 5.2.1 ensure that the index table segments 1a and
1b do not appear in the partition with a segment from essence container 2. Index table segment 1b appears in
a body partition of its own. Index table segment 2 appears in the footer partition.
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File Header File Body File Footer

A .
! Pin. | H IEssence Cont. 1 (a)l Pin | H llnaex 1a!Esssnce Cont 1 (b}l Pin |tnciex1h| Ptn | Essence Cont 2 i Pin I H Imdexel

- " i N Y A ' Y

Header Partition Body Partition Body Partition Body Partition Footer Partition

Figure 5 — MXF file containing two essence containers

5.3 KLV coding

The KLV coded data packets in an MXF file may be individually coded data items or data groups coded as
sets or packs as defined in SMPTE 336M. This section defines KLV coding issuesspecific to the
implementation of MXF.

NOTE — A brief introduction to KLV coding is given in the MXF engineering guideline afa a4l review of SMPTE KLV
coding is given in the July 2000 issue of the SMPTE Journal.

5.3.1 KLV coding sequence

MXF files are defined by a contiguous sequence of KLV coded data packets. All data within an MXF file
(except for the optional run-in) shall be KLV coded with no gaps. ffhe.number of KLV packets in an MXF file is
variable and depends on the number of partitions in the file, the number of metadata sets in the header
metadata, the method of coding the index tables and the lengthyof the essence container(s) in the file body.
The KLV coding rules for each essence container are given imthe individual essence container specifications.
Where the essence container allows, there should bevaifleast one KLV packet for each edit unit of essence
container data (typically one frame or one group of pictures in duration).

5.3.2 KLV coded dark components

Since extra components may be added‘o the MXF specification at any time in the future, MXF decoders must
be able to parse any KLV packet and gxtract'thie recognized packets whilst ignoring KLV coded data packets
that are not recognized.

In particular, some variants of MXF{iles may include specialized data encapsulated in KLV packets to which
the keys of the KLV syntaxare net specified in an MXF specification (known as dark metadata). In many
cases, skipping over suchydata items or data sets will have little or no significant effect. However, in some
cases, a KLV coded packet may be significant, for example the inclusion of a metadata set which defines (for
example) audio cross;fadevmetadata that has no meaning to a decoder which complies only to a simple
operational pattern.

The rule for MXF\decoding is to always follow the KLV syntax whether or not the key is recognized.
Unrecognized keys having values that cannot be determined by this decoder should, therefore, use the length
field toskip over the value of the data packet. Decoders may optionally indicate such keys to the user for
diagnostie, purposes.

5.3.3 KLV fill items
There are a number of areas where a MXF file may use the KLV Fill item. This item is defined in SMPTE
336M (as an empty metadata item). This is a KLV coded item where the value is comprised of null or

meaningless data.

This KLV fill item may be used for one of several reasons including, but not limited, to the following:
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e To pad the header metadata so that the following KLV packet lies on a convenient storage boundary
for ease of access.

* To pad header metadata sets to allow variable length strings in individual metadata items to be re-
written in place without increasing the overall length of the header metadata.

e To pad the header metadata to allow space for an optional index table to be inserted before the first
body item.

» To pad the end of a body editable unit to a known KAG boundary thereby ensuring the,next editable
unit is aligned to the next KAG boundary as described in section 5.4.1.

e To pad each body editable unit to a constant length in the event of a variable length compression
coding scheme.

This list is not exhaustive and it does not preclude other reasons for using the KLV fill {tém. The shortest KLV
fill item is 17 bytes long. This is constructed using a key and a short form BER ceded length of zero. There
are no value bytes because of the zero length. The maximum KLV fill item lengthds governed by the longest
length field which can be coded.

KLV fill items shall not be placed adjacent to each other in a file. Any contiguous KLV fill items shall be
concatenated into a single KLV fill ltem

It is not possible to make a KLV fill item which is less than 47\bytés in length. If KAG alignment is required
and a KLV gap of less than 17 bytes exists, it is necessafyyto réund up the size of the fill item to the next
nearest KAG so that the KLV fill item is 17 bytes or longér. For example, if 3 bytes are required to obtain
alignment with a 4096 byte KAG then a KLV fill it€m, with 16 bytes for the key, 5 bytes for the length and
(4096+3-16-5)= 4078 bytes for the value could bé used.

Although the length field of a KLV fill item indieates the length of the value, the value itself is provided just to
fill data space and shall have no defined m€aning. By default, the value field of any KLV fill item should be
composed of bytes with a value of zero.

The KLV fill item is defined in the SMRT Eumletadata dictionary (SMPTE RP 210).

5.3.4 KLV lengths

Lengths shall be BER engeded,using short or long-form encoding as specified by SMPTE 336M. In no event
shall MXF encoders Use'lefig=form coding that exceeds a 9-byte BER encoded length.

MXF decoders shall'be,SMPTE 336M compliant and must respond to short or long-form BER encoding as
received. Decoders,shall not rely on a fixed number of bytes for length fields. Note that in MXE files, long form
BER encoding may be used even for length values less than 128.

NOTE~ The length value “80h” shall not be used for MXF encoding.

5.3.5(Local set lengths

The key of a local set shall comply with the values defined in SMPTE 336M. By default, most local sets are
coded with 2-byte tags and 2-byte lengths, but decoders shall not assume that this is the only case.

NOTE — Tag and length fields of all items in local sets are always coded as big-endian (MSB first), non-BER values.
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5.3.6 Variable-length pack lengths

The key of a variable-length pack shall comply with the values defined in SMPTE 336M. By default, most
variable-length packs are coded with a 2-byte length field, but decoders shall not assume that this is the only
case.

NOTE - The length field of items in variable-length packs is always coded as a big-endian (MSB first), non-BER value.

5.3.7 MXF keys and Universal labels

SMPTE keys and Universal labels (ULs) may be any length in steps of 4 bytes; the length being definge.in the
second byte of the key or UL according to SMPTE 298M. MXF files shall have keys and ULs thatare\ 6 bytes
long and no other lengths are permitted.

5.3.8 KLV recursive grouping (as defined in SMPTE 336M)

SMPTE 336M places no limits on the depth of recursive grouping allowed in KLV €oded data sets (i.e., sets
contained within sets) to provide a hierarchical structure. However, MXF files shall only contain sets or packs
with individual data items unless otherwise specifically defined in a descriptive metadata or essence container
specification. Note that the use of recursive group structures could prevent backwards compatibility with
existing implementations and is therefore prohibited in MXF defined sets. Darkfietadata is not constrained.

Parts of an MXF file (with particular reference to the header metadata) may contain a logical grouping of sets
or packs that defines a hierarchical structure. The method of cediingjthis structure in the MXF file format
specification is to provide each data set with an instance UlDametadata item that provides each set in the
structure with a unique identification. This allows any set to b&yeferenéed from any other set. It provides the
same logical effect as recursive grouping, and results in-all Sets being coded in a single layer as a contiguous
sequence of sets.

Section 8.3 describing the header metadata provides more details of coding logical data structures.
5.3.9 Primer Pack — KLV local sets, dark metadata and MXF extensions

MXF local sets in the header metadata use2:-byte local tags as a shorthand for the 16-byte Universal label
which fully identifies any item within a'set\ln MXF these local tags are defined as having the scope of the
partition in which they occur. Thig*fheans that all local tags are unique within a partition. To ensure the
uniqueness of these tags, a primet pack is provided which defines the mapping between the local tags and
their 16-byte Universal label eguivalents.

Implementers who ins8rt metadata extensions in MXF defined sets shall use the primer mechanism for
generating local tags. This\wilt ensure that no two extended metadata items in a set will use a common local
tag for different data ltems. Metadata extension schemes may be added using other mechanisms such as
Universal sets, Universabitems, local sets with different sized tags and lengths.

Full details of(the‘primer pack are given in section 8.2.

5.4 MXEEncoding Requirements

The contents of an MXF file may be viewed as a multiplex of data items or objects:

Run-in — only used in specialized operational patterns.

Partition metadata — the metadata used to describe the structure of each partition in the file and defines the
header partition, any body partitions and the footer partition.

Header metadata — metadata describing the file body, its essence, its structure and possibly its meaning.

Index tables — to convert from a position in a track to a byte offset within the essence container.
Essence containers (when present) — the essence data of the file body.
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Random index pack — used to rapidly locate the partitions in the file.
All MXF data types shall be KLV coded (with the sole exception of the optional run-in).

The ordering of the various components of a partition and the use of the fill item between these components
shall follow the rules given below.

L Partition with optional Fill included I

Partition = Header =| Index = Essence = | Next Partition
Pack | ={ Metadata | E| Table | E{ Container i Pack
HeaderByteCount =0 HeaderB nt | IndexBvteG
IndexSID=N !: Jeton ;L‘T Bye °“’§!

bytes used for bytes used for
Header Metadata Index Table

I Partition with optional Fill included I

Pariition | —={ Index | . Essence = | Next Partit
Pack | i} Table |Z| Container P
HeaderByteCount=0 IndexByteCount

IndexSID=N L—)I

bytes used for
Index Table

L Partition with optional Fill included _|

. b |
Essence extPartition
Container y Pack

Figure 6 — Ordefing in a partition and the use of fil]

Filt

Partition
Pack

Fill

HeaderByteCount=0
IndexSID=0

- Each partition shall comprise the following.items (in the order defined):

1. A partition pack optionallyfollewed by one KLV fill item to ensure grid alignment when required or to
provide padding.

2. Optional header metadata. If present, it may be followed by one KLV fill item to ensure grid alignment
when required or to providespadding.

3. Zero or more index table segments. If present, each may be followed by one KLV fill item to ensure grid
alignment when required or to provide padding.

4. Zero (or more bytes of essence container data. If present, KLV fill items may be added to provide grid
alignment'when required or padding as required by the essence container.

5.4.1 "KLV alighment grid (KAG)

In certain operations, it may be desirable to align certain KLV elements to specific byte boundaries. This can
be achieved with the insertion of KLV fill items to ensure the desired items are aligned. One example might be
a VBR picture stream with a peak rate of 1-Mbyte/picture. It might be desirable to align each picture on a
1-Mbyte boundary despite the increase in file size. KLV Fill items can be used to create an alignment grid for
this purpose.
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Each partition may align certain KLV elements to a KLV alignment grid (KAG). The KLV alignment grid
defines the number of bytes between gridlines to which the first byte of the Key of certain KLV elements may
be aligned. The first gridline in any partition is the first byte of the key of the partition pack that defines that
partition. Specific KLV items that may be aligned to a gridline include the preface set (of the header metadata)
and the index table segment set. Individual essence container specifications shall define which KLV elements
shall lie on a gridline. All partitions that use the KAG shall ensure that the end of that partition is padded to a
gridline defined by that partition.

A KAG value of “0” defines that the grid value is undefined; e.qg., there may once have been a KAG but.it may
no longer be valid for some reason. A KAG value of “1” defines that there is no grid; i.e., byte alignment. Any
KAG value between, and including, “2” and “1048576" defines a valid grid size. A KAG value imvexéess of
“1048576” (1 Mbyte, 2°%) is not permitted.

NOTE — The upper limit of 1 Mbyte is provided to minimize receiver buffer requirements.

It grid alignment is used, then all partitions of the same type in the file should use grid afignfment. The KAG
size is specified in every partition pack and is valid for that partition only. The KAGsSize shall be constant for
all partitions with segments from the same essence container. However, specific_applieations may require a
different KAG size value for different essence containers (for example, an MXF{file that has a high resolution
primary video and an alternate low resolution preview video might use differentuAG sizes for the essence
container of each video).

If the KAG size of any partition is changed, then the values of apptopriate items within the partition (e.g.,
partition pack, index tables) should be changed accordingly. If an MXF application modifies the KAG size in a
partition and the dependant partition items are not updated, then the'§AG value should be set to 0. The KAG
size parameter is a performance enhancement parameter. It I, pessible that some files may have the KAG
value incorrectly set.

Essence container specifications may define a KAG value which MXF encoders should use, however, all
decoders shall correctly parse a file whether the KAG parameter is correct or not.

NOTE — Application writers should be aware that ingorteet values of KAG size may lead to performance degradation,
especially when MXF files are transferred to ang'fromieértain classes of machine. Applications may also be degraded by
the requirements of KAG implementation. Its useiis therefore optional.

5.4.2 MXF byte order

This section defines the byte order"of‘the value fields in KLV packets used in MXF files. The byte order of
essence data as a value in afKLM packet shall be defined by the appropriate specification,

For all other parts of the'MXE specification, all multi-byte values in any KLV packet shall be coded as big-
endian (most significant byte first), wherever the value is sensitive to the byte order. Examples of simple multi-
byte values affected by byte order are: UInt16, Uint32, Uint64 and UTF-16.

Compound data‘types shall have all component multi-byte values coded as big-endian.

5.4.3 Encoding constraints

This document constrains several aspects of MXF encoding. Other documents, such as operational pattern
and essence container specifications, may further constrain aspects of MXF encoding for reasons particular
to their requirements.

5.5 Run-in sequence

In certain specialized operational patterns, the header partition may be preceded by a non-KLV coded run-in. This is
to allow synchronization bytes or “camouflage” bytes to be added at the front of the file in specialized applications.
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One example of this use is when a broadcast WAV header is added to the start of the MXF file to make it look like a
WAV file to a WAV machine and an MXF file to an MXF machine with no change in byte structure. In all other
circumstances, there will be no run-in and the entire file must consist of only of KLV packets with NO gaps.

- MXF decoders shall ignore the run-in sequence and parse the input data until either the first 11 bytes of the
partition pack label has been located or the maximum run-in length has been exceeded.

The run-in sequence shall be less than 65536 bytes long and shall not contain the first 11 bytes of the
partition pack label. The maximum length of the run-in prevents a decoder from searching through an
excessively large non-MXF file if incorrectly applied to an MXF decoder.

The default run-in sequence shall have a length of zero.

MXF encoders may insert any necessary run-in sequence providing it conforms to the rulés given above, and
any rules given in the appropriate specialized operational pattern document.

5.6 Minimum decoder

The concept of a minimum decoder is useful in defining the minimum behaVigt.of any device which claims to
be MXF aware. The following is a list of required functionality:

1. It must locate the first Key in the file and determine that it is the keyotthe header partition pack {(open or
closed).

2. It must then locate, in the value fields of the header partition pack, the ULs for the operational pattern and
the essence container, where present (some commissiohing\files may have no essence container and be
metadata only).

3. It must determine if the operational pattern UL is\éompatible with the capabilities of this decoder.
4. It must further determine if the essence container(s) UL is compatible with the capabilities of this decoder.

5. It must have a defined behayior{such=@s reporting an error) if the operational pattern or essence
containers(s) are incompatible with its.capabilities.

Useful decoders that are compatiblezwith the indicated operation pattern and essence container(s) will then
perform additional operations'as needed such as to verify the KLV syntax, verify the remaining partition
packs, locate the header metadata in a closed partition, decode the contents of that header metadata, decode
the contents of selected compatible essence container(s) and decode the contents of other parts of the file
such as primer packy indexiables, descriptive metadata and the RIP (where present).

5.7 Strong/weak'reference integrity (informative)

This section is,a guidance note to point out that MXF decoders may not be able to find the target of all the
references inyan MXF file. This may be because the target is a dark set. This situation can occur for many
reasons Including additions to the MXF specification (extensions, new essence types etc.) or it may be
because private additions to the specification have been included in specific files. In general, the following
points'should be observed:

1. References are made from a property in one set of type WeakRef or StrongRef to the InstanceUID
property in another set.

2. All header metadata sets (other than the primer) shall be strongly referenced (directly or indirectly) to the
preface set,

3. All strong references in a file shall match one and only one set.
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4. Weak references may be made to "global definitions" which may be inside or outside the file, in these
cases the WeakRef will be either a UUID or a UL. Therefore, if a weak reference cannot be matched in the
file, then it can be regarded as a global definition.

5. As dark metadata can exist in the header this means that references of any kind may appear to be
unresolved even though they are correct. MXF decoders shall be able to cope with this.

6 Partitions

6.1 Partition pack

Partition packs shall be KLV coded, fixed length packs as defined in SMPTE 336M. Heddat partition packs,
body partition packs and footer partition packs, whether open or closed, complete or incomplete, shall be
variants of partition pack.

The key of the partition pack is given in table 1.

Table 1 - Partition pack key value

Byte No. Description Value (hex) m Meaning

1 Object Identifier 06h

2 Label size OEh

3 Designator 2Bh ISO, ORG

4 Designator 34h SMPTE
5 Registry Category Designator 02h KLV Sets & Packs
gistry

6 Registry Designator 05h Fixed Length Packs (no length fields)

7 Structure Designator 0th Set/ Pack registry

8 Version Number 0th Registry Version 1

9 ltem Designator 0Ch Organizationally registered

10 Organization 01h AAF

11 Application 02h MXF File Structure

12 Structure Yersion 01h Version 1

13 Strugture Kind 01h MXF File Structure sets & packs

14 Sety Pagkind Sections 6.2, 6.3, 6.4 Header Partition, Body Partition or Footer Partition

15 Parition Status Sections 6.2, 6.3, 6.4 Open and Incomplete (01h

Closed and Incomplete (02h)

Open and Complete (03h)
Closed and Complete {04h)

16 Reserved 00h

Byte 15 provides four alternate partition pack key values for the combinations provided by an open or closed
partition and a complete or incomplete header metadata as defined in section 5.2.3.

The data in a partition pack is defined in table 2 and the notes which follow. Note that the values shall appear
in the order presented in table 2 because this is a pack.
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Table 2 — Partition pack

ftem Name

Type

Len

UL Designator

Meaning

Partition Metadata

Pack Key

16

Table 1

Default

Identifies a Partition Pack

Length

BER Length

var (see
8.3)

Overall Length of Parition Pack

Major Version

Ulnt16

2

03.01.02.01.06

Major Version number of MXF byte-evel format
{non-backwards compatible version number)
[RP 210 A major version number. A change ina
mejor version implies non-backwards compatibijity]

Minor Versicn

Ulnt16

03.01.02.01.07

0001h

Minor Version number of MXF byte-evel format
(backwards compatible yétsiornurmiber)
[RP 210 A minor version number. A dhange ina
minor version implies some measure.of backwards
compatibility]

KAGSize

Uini32

03.01.02.01.09

0002h

Size of the KLV Alignsient Grid (KAG) for this
pattitionyif bytes
[RP 210 Size of the' KLV Alignment Grid (KAG) for
his parition, in bytes]

ThisPartition

Ulnts4

06.10.10.03.01

The'umber.of this partition in the sequence of
partitions {as a byte count relative to the start of the
Header Partition).

[RP 210 The current numberin a sequence]

PreviousPartition

Uinte4

06.10.10.02.01

The number of the previous parition in the
sequence of pattitions (as a byte offset of the start
of the Previcus Partition, relative to the start of the
Header Partition).

[RP 210 The previous number in a sequence]

FooterPartition

Ulnte4

(06:10.10.05.01

The number of the last partition in the sequence of
pariitions (i.e. a byte offset of the Footer Parition,
relative to the start of the Header Parition).

[RP 210 The last number in a sequenc]

HeaderByteCount

Ulnte4

04.06.09.01

Count of Bytes used for Header Metadata and
Primer Pack. This starts at the first byte of the key of
the Primer pack and ends after any trailing filler
which is included within this HeaderByteCourt. See
Figure 6
[RP 210 Count of bytes used for the metadatain a file
Header]

IndexByteCount

Ulnte4

04.06.09.02

Count of Bytes used for Index Table Segments. This
starts at the first byte of the key of the first Index
Table Segment and ends atter any trailing filer

which s included in the IndexByteCount, See Figure

6
[RP 210 Count of bytes used for index table
segments]

IndexSID

Ulnt32

01.03.04.05

Indiex Table Segment Identfier in this partiion, The
value 0 defines that there are no Index Table
segments in this partition.

[RP 210 Index table stream (D]

BodyOffset

Ulnte4

06.08.01.02.01.03

Byte offset of the start of the Essence Container
segment in this partition, relative to the start of the
Essence Container [RP 210 Indicator for the position
of a packet in a stream of packets]

BodySID

Uint32

01.03.04.04

Identifier of the Essence Centainer segment found in
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ltem Name Type Len UL Designator Meaning Default

this pariition. The value 0 indicates there is no
Essence Container data in this parition.

[RP 210 Essence (or its container) stream ID]

Operational Patiern uL 16 |01.02.02.03 Universal Label of the Operational Pattern to which
this file complies (copy of Preface Set value)
[RP 210 Specifies the SMPTE Universal Label that
locates an Operational Pattem]

EssenceContainers ULBatch 8+16n | 01.02.02.10.02.01 An unordered Batch of Universal Labels of internal
(Essence Essence Containers used in or referenced by the.top.
Containers) level Fie Package this file

Individual UL values are listed in RP224:
[RP210 Batch of universal labels of allessence
containers in the filg]

The first two items (Major Version, Minor Version) shall be the same in every partition pack in a file. Minor
version is used to indicate the precise revision of this document, both prior-to and postistandardization.

ThisPartition specifies the byte offset of the start of this partition relative to the”sfart of the header partition.
Regardless of any run-in, the “ThisPartition” value in the header partition is@Zere.

INFORMATIVE NOTE — This definition means that a change in the size of any runsin will not affect the addressing of the
rest of the file.

PreviousPartition specifies the byte offset of the start of theVpreviSus partition relative to the start of this
partition.

FooterPartition specifies the byte offset of the startiof the footer partition relative to the start of the header
partition. The rules for setting this parameter are given,in the sections on header partitions, body partitions
and footer partitions (see section 5.2).

HeaderByteCount specifies the number of bytes used for the header metadata in this partition. This starts at
the first byte of the key of the primer pack and ends after any trailing KLV fill item which is included within this
HeaderByteCount (see figure 6). The valuesishall be zero if there is no header metadata in this partition.

IndexByteCount specifies the number of bytes used for index table segments in this partition. This starts at
the first byte of the key of thedirst index table segment and ends after any trailing KLV fill item which is
included within this IndexByte€ount,(see figure 6).

IndexSID specifies the ldentifier of the index table segment(s) in this partition. The value shall be zero if there
are no index table segmients in this partition.

BodyOffset spegcifies the byte offset of the essence container segment in this partition relative to the start of
the essence container with the specified BodySID. This value includes any KLV fill items that are part of the
essencegeoritaingr. An example is shown in figure 7. This value provides a tool for building index tables and
for regvering pattial file transfers.

BodySID specifies the identifier of the essence container in this partition. The value shall be zero if there is no
essence container segment in this partition.

OperationalPattern is a UL that identifies the operational pattern for this MXF file (see section 7).
EssenceContainers is a batch of ULs that identifies the different essence container types used in or
referenced by this MXF file. This should be complete where possible. Note that for any given container type,

there may be more than one label if different mappings are used for picture, sound, data, etc. If this partition is
closed, the values shall be complete and correct. There shall be no duplicate values. The length the partition
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pack includes the length of this batch. MXF files with different EssenceContainers may have different lengths
of partition pack.

(NOTES (i). According to the terminology in SMPTE 336M this is still classed as a fixed length pack; (ii) It is perfectly valid
for this batch to have an overall length of 8 bytes with its Item count set to zero indicating that a file has metadata but no

essence or that the essence is external; (iii) It may not be possible for this information to be fully provided by all MXF
encoders and hence decoders should not fail if this information is empty or missing).

The essence container ULs placed in this batch should be for those essence containers which appear
internally in the file. These essence container ULs shall have the same value as those found in the essence
descriptors for the file package(s) directly referenced by the material package(s) in the file.

6.2 Header partition pack

In the default case of a run-in sequence length of zero, the file shall start with the hdader partition pack.
The header partition shall be the first partition in an MXF file.

6.2.1 Header partition pack key

The 16-byte SMPTE Universal label of the header partition pack both identifigs the file as an MXF file and
acts as a Key for KLV coding of the header partition pack.

The header partition pack key shall have the following value:

Table 3 - Specification of the header,partition pack key

Byte No. Description s, Value (hex) Meaning

1-13 See Parition Pack (Table 1) - Refer to Table 1

14 Partition Kind 02h MXF Header Partition

15 Partition Status 01h Open and Incomplete
02h Closed and Incomplete
03h Open and Complete
04h Closed and Complete

16 See Partition Pack (Table 1) - Referto Table 1

The header partition pack status byte 15 shall be set according to the definitions in section 5.2.3.

NOTE — Implementers‘areadvised that future extensions to MXF may introduce new types of partition and that these, if
not known by the decoder,sheuld be treated as dark.

6.2.2 Header partition pack value

The value of'the FooterPartition property shall be filled in correctly if known, otherwise it shall be zero. If the
footer pattition is not present in the file then this property shall be zero.

Thewalue of the PreviousPartition property shall be zero.

Header metadata is required in the header partition. The value of the HeaderByteCount property shall be
correct and shall not be zero.

An index table is optional in the header partition. The value of the IndexByteCount Item shall be zero if there
is no index table, or be the correct non-zero value where an index table is present.

An essence container is optional in the header partition. The BodySID value shall be zero if there is no
essence container in this partition or non-zero if an essence container is present in this partition.
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6.3 Body partition pack

Zero or more body partitions may be embedded at intervals throughout the file. Where a body partition is
used, the partition shall start with a body partition pack defined as follows:

6.3.1 Body partition pack key
The body partition pack key shall have the following value:

Table 4 — Specification of the body partition pack key

Byte No. Description Value (hex) Meaning ™
113 See Parition Pack (Table 1) - Refer to'Table
14 Partition Kind 03h MXF Bagy Partition
15 Partition Status 01h Open and Incomplste
02h Clgsed.and Incomplete
03h Open and Complete
04h Clased and Complete
16 See Partition Pack (Table 1) - Referto Table 1

The body partition pack status byte 15 shall be set according to the @efinitions in section 5.2.3.

NOTE — Implementers are advised that future extensions to MXF may introduce new types of partition and that these, if
not known by the decoder, should be treated as dark.

6.3.2 Body partition pack value

The value of the FooterPartition property shall betilled in correctly if known, otherwise it shall be zero. If the
footer partition is not present in the file then thisfproperty shall be zero.

The value of the PreviousPartition preperty shall be correctly completed. If it is the first body partition, then
the value will be zero as the previous partitionwill be the header partition.

Header metadata is optional in the body partition. The value of the HeaderByteCount Item shall be zero if
there is no header metadata or be the gorrect non-zero value where header metadata is present.

An index table is optional’ip abody partition. The value of the IndexByteCount ltem shall be zero if there are
no index table segments,jorbe the correct non-zero value where index table segments are present.

An essence container segment is optional in a body partition. The BodySID value shall be zero if there is no
essence containgr segment in this partition or non-zero if an essence container segment is present in this
partition.

6.4 Footerpartition pack

The footer partition shall be the last partition in an MXF file and shall not contain any essence container data.
The footer partition shall start with a footer partition pack.

6.4.1 Footer partition pack key

The footer partition pack key shall have the following value:
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Table 5 — Specification of the footer partition pack key

Byte No. Description Value (hex) Meaning
1-13 See Partition Pack (Table 1) - Refer to Table 1
14 Partition Kind 04h MXF Footer Partition
15 Partition Status 02h Closed and Incomplete
04h Closed and Complete
16 See Partition Pack (Table 1) - Referto Table 1

The footer partition pack status byte 15 shall be set according to the definitions in section 5:2.3 Open footer
partitions are not permitted.

NOTE — Implementers are advised that future extensions to MXF may introduce new types of partition and that these, if
not known by the decoder, should be treated as dark.

6.4.2 Footer partition pack value

The item FooterPartition shall be equal to the value of ThisPartition.

The value of the item BodyOffset shall be zero.

The BodySID item shall be set to zero (as there is no essence.éontaineér in a footer partition).

The value of the PreviousPartition property shall be comectly completed. If there are no body partitions in
the file, then the value shall be zero as the previous partition'will be the header partition.

Header metadata is optional in the footer partitionyThe value of the HeaderByteCount Item shall be zero if
there is no header metadata or be the correctigon-zete value where header metadata is present.

An index table is optional in a footer partitions The value of the IndexByteCount Item shall be zero if there is
no index table, or be the correct non-zepe*valug' where an index table is present.

6.4.3 Header metadata repetitioninfooter partition
The header metadata may optionally be repeated in the file footer, following the rules set out in section 6.6.
6.5 Using the partitionjpack data for indexing the essence container (informative)

Figure 7 shows_an example of the use of the KAG, BodyOffset, IndexSID and BodySID. In this example,
two essence containers*A and B are multiplexed into a file which has a total of 17 units aligned to the KAG.
The file is divided into six partitions. Stream A consists of six CBE pictures (v0 to v5) and stream B consists of
four VBE pictures (u0 to u3). These pictures are mapped into units (A0 to A5 and B0 to B2) with the addition
of KLV Fill'items to align to the KAG.

Note the different strategies employed. The CBR stream aligns each picture to a gridline, whereas the VBR
stream is more storage efficient, but needs to employ an index table to provide random access.

The MXF file is then created by adding the partition pack information, header metadata information and index
table information. The gray diagonal lines show how the multiplexing algorithm has used the grid to place the
grid units of each stream in the file. Finally in the lower part of the diagram, the absolute grid numbers of the
resulting file have been shown.

In figure 7, the ‘Essence’ shows the actual essence encoded in the body, both CBR in BodySID(A) (not
indexed) and VBR in BodySID(B) (indexed), plus filler to complete the grid alignment of each stream.
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‘IndexSID’ shows the stream identifiers of the (one and only) index table segment and shows the index
entries as relative byte offsets within the BodySID(B). The ‘BodySID(A)’ and ‘BodySID(B)’ tags show the
relative addresses within the given essence container. The line IndexSID(B) tag shows the index entries as
relative byte offsets within the BodySID(B) essence container. The “BodySID and BodyOffset’ tag show the
entries in the partition pack for each partition.

& Filler -~ & Filler ~h Filler Filler

el e vc| Vi vzl vai va V5| (VBR) fwo] w | u2 fo indexsioe) [ &

Create KLV Alignment Grid <—> KAG Size
BodySID A BodySID B

A0 | A1 | A2 | A3 | A4 | A5

Bo | Bt | B2 | IncexsiD@®f By

Construct MXF partitions & Parition Packs
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Header > ‘Td SID
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MXFFneial1[2 3[4!5'6 7|a|\*\a§§m\$1 122 | 13 | 14 15]151

Figure 7 — Example of BodyQffSet, IndexSID and BodySID

6.6 Header metadata repetition in body and footer partitions
Header metadata may be repeated in body partitions and in the footer partition.

Repetition of the header metadata is dépendant on the application. Such applications are to be found in the
transfer of an MXF file as a stream.ever a unidirectional link and in tape streamers. The purpose of header
metadata repetition in the file i tosupport the recovery of critical metadata in applications where the file may
be interrupted, stored on tape, orwheré the decoder receives data in mid-transfer.

The KLV coding protocel allows/the easy repetition of the header metadata as the entire file is KLV coded
(with the exception of thehoptional run-in). The insertion of the UL identifying a body partition pack is easily
detected. The component parts of partitions are shown in figure 3.

If the header pariition is open, each repetition of the header metadata in a body partition or the footer partition
shall be an updated,copy. In the repetition, element durations and other header metadata properties may be
changed to reflect conditions at the time of writing and the last closed partition (which may be the footer
partition) shall contain the last updated copy. Note that in section 5.2.3, it is stated that there shall be at least
one closed partition in a closed MXF file. The closed partition(s) may be Incomplete according to the definition
in section 5.2.3.

If the header partition is closed, then each repetition of the header metadata in a closed body partition or the
footer partition shall be identical to that in the header partition. In this case, repetition in the last closed
partition (which may be the footer partition) is optional. See section 5.2.3 for more information.

Updated repetitions shall be distinguished from the original, and from one another, by updating the generation
number item in the identification set together with the reference in the set or sets in which the change(s) was made.
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If there have been no changes to the header metadata, the generation number in the copy shall be the same
as the generation number in the original.

In all cases, the header metadata with the latest generation number shall be considered as the master version
and all other header metadata versions shall be considered outdated.

6.6.1 Guidelines for using header metadata repetition

It is not practical to list all the situations under which the MXF footer may not be available to an MXF
application. Guidance is therefore given in this subsection on how an MXF application should behave when
using header metadata repetitions. In the following text an application may be an MXF encoder, MXE decoder
or some other MXF modification process.

If an MXF file has an open header partition then the footer partition, if presentsshotild“contain updated
metadata. Therefore, MXF decoders should, if possible, use the header metadata in the footer partition for
files with open header partitions. MXF files shall be closed. This means that failufestd' repeat the header
metadata in the footer, when the header is open, results in an open MXF file which is not a valid file. In the
event that the footer header metadata is not available or is not easily accessibi€, MXF decoders may use a
repeated header metadata from a body partition or from the header partitién,"TAis may occur in the case of
partial transfer or preplay (where a file is played or transferred before regerdifigds finished).

When devices are creating MXF files, every effort should be madéyte*ensure that closed and complete
partitions are created wherever possible.

In the case of recording on streaming linear media, whete header metadata repetition may increase the
speed of data recovery, header metadata repetitions may be recorded as part of the file but should be
updated to match the most recent header metadatadngtance when practicable.

When the incoming file is received in complete form, the header metadata repetitions should be updated,
where practical, to match the closed partition‘walues ‘or they should be removed (possibly by overwriting with
a KLV fill item) from the data stream priore recording on nonstreaming media. Users and manufacturers
should be aware that repetition of header mgtadata may result in inconsistencies if any values in the closed
and complete header metadata are not copied to all other instances of header metadata in the file. MXF
decoders should indicate, where practieal,/by an appropriate means, that the header metadata in use is a
copy (from a body partition) and net from a closed or complete, header or footer partition.

6.6.2 Tracking changes with generation UID

When an MXF file is initially-ereated, a single identification set shall be added giving details of the device that
created the file. Each subseguient modification to the metadata shall add a new identification set that identifies
the device thatymadeithe modification. Each metadata set modified shall have its “generation UID" item
modified to matchithe "This Generation UID” value in the identification set relating to the device that modified
it. Metadata sets that do not have a “Generation UID” value are unchanged from the initial file creation and
are associated with the first identification set in the “Identification” array in the preface set.

7 Operational patterns

7.1 General

MXF defines operational patterns to define constrained levels of file complexity.

It is intended that the operational patterns be written and standardized as separate documents as they are
needed. Most operational patterns will be written as a constraint on the axes defined in the next section.

These are referred to as generalized operational patterns. However, for certain specialized applications (such
as allowing audio-only WAV files to be read by non-MXF devices) there may be specialized operational
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patterns which constrain the specification in a different way. Regardless of the Operational pattern, any MXF
decoder should be able to read the partition pack of the file header and report the contents of the file and why
it can or cannot process the file.

It is possible that a file of any operational pattern may be created which has no essence containers. These
metadata only files should correctly report the complexity of their timeline with the mechanisms defined below.

7.2 Generic Universal label for all operational patterns

The value of the operational pattern Universal label used to identify any MXF operational pattern 8hall be
defined in the table below.

Table 6 - Value of the MXF operational pattern identification Universal label

Byte No. Description Value (hex) an i
1 Object Identifier 06h
2 Label size 0Eh
3 Designator 2Bh IS0, CRG
4 Designator 34h SMPTE
5 Registry Category Designator 04h Labels
6 Registry Designator 0th Labels
7 Structure Designator 0th Labels
8 Version Number 0th Registry Version 1
9 [tem Designator 0Bh Organizationally Registered
10 Organization 01h AAF Association
11 Application 02h Operational Pattems
12 Structure Version 01h Version 1
13 Operational Pattem Definition xh Iterm Complexity
14-16 Definition depends on byte 13 xxh

7.3 Generalized operational patterns
Generalized operational pattefhs cemprise two components:

1. Operational pattern axesithat define the file complexity in two dimensions of item complexity and channel
complexity (see below)s

2. Operational pattern qualifiers that define file parameters that are common to all operational patterns.
7.3.1 Item complexity

Single item: The file contains only one item. There is a single material package SourceClip which is the same
duration as'the top-level file package(s).

Playlist items: The file contains several items that are butted one against the other. Each material package
SourceClip is the same duration as an entire top-level file package.

Edit items: The file contains several items with one or more edits. Any material package SourceClip may
come from any part of any appropriate top-level file package.
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7.3.2 Package complexity

Single package: The material package can only access a single top-level source package at a time.

Ganged packages: The material package can access one or more top-level source packages at a time.
Alternate packages: There are two or more alternative material packages, each of which can access one or
more top-level file packages at a time. Informative example: These different material packages might be

used to provide different language versions or special edits destined for different censorship zones)

These axes are summarized in figure 8.

Item
Complexity
Package Single Iltem Play-list Items Edit ltems
Complexity 1 2 3
MPF 1 MP m MPE 1 T = |
L | | i . L k| 1 | |
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Only 1 MP SourceClip = FP duration Each MP SourceClip = entire FP Any MP track from any FP track
y ny y

Figure 8 (informative) — lllustration of the operational pattern axes

Notesthat for generalized operational patterns (OPs), an application shall identify the correct values of the item
and package complexity through the operational pattern UL in the partition pack. Applications creating files
conferming to generalized operational patterns shall ensure that the simplest operational pattern to which a
file conforms is always reported in the operation pattern UL. For example, if a file conforms to OP-1b, it shall
not identify the file as OP-2b or OP-1c.

7.3.3 Universal label for generalized operational patterns

For generalized operational patterns, certain axes of flexibility have been defined and the normative value
ranges are tabulated here. For specific values of bytes 13 and 14, the associated operational pattern
document should be consulited.
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Table 7 - Universal label byte ranges for generalized operational patterns

Byte No. Description Value (hex) Meaning
13 Operational Pattern Definition 01h-03h ltern Complexity
01h=Single Item
02h = Play-list ltems
03h = Edit items
14 Operational Pattem Definition 01h-03h Package Complexity

01h = Single Package
02h = Ganged Packagas
03h = Altemate Versions

15 Operational Pattem Definition zzh Qualifier bits see Table 8

16 Operational Pattern Definition nnh Reserved for spedification in@P decuments

The table below gives the values of the qualifier byte 15. This byte qualifies the operational pattern in a way
which is general to all generalized operational patterns.

NOTE - If the essence container in table 8 is the generic container, then the bits described in table 8 refer to (one of) the
generic container(s) in the file.

Table 8 — Byte 15 values of the generalized MXF operational pattern UL

Bit number Values and Descriptions |
0 Value =1 (Marker bit toyprevent a zero value)
1 O=intemal essence.

(No Essencé Container isextemally referenced)

1= extemal essence.
(One or more Essence Gontainers are extemally referenced)

2 0=stream file.
(All Essence Container are multiplexed and/or interleaved to allow streaming of the file)
1=non-stream file.
{No support for strearning of the file),

3 0 = unirack.
(Every Essence Container has one and only one essence track)
1 = multirack.
(One or more Essence Containers have more than one essence track)

7-4 Reserved for future use, encoder should set to zero

7.4 Specialized operational patterns

For specialized“operational patterns, it is likely that very detailed and specialized constraints will apply. These
will be defined in the associated specialized operational pattern specification.

7.4.1 Universal label byte values for specialized operational patterns
Values for byte 13 of the operational pattern UL in the range “10h” to “7Fh” are reserved to allow specialized

operational patterns to be uniquely identified. The meaning of the final 3 bytes of the label will defined in the
operational pattern specification.
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Table 9 — Byte ranges of the specialized MXF operational pattern UL

ByteNo. | Description Value (hex) Meaning
13 Operational Pattem Definition 10h-7Fh ltern Complexity: specialized pattem number
14-16 Operational Pattern Definition xxh Reserved for specification in OP documents

7.5 Package hierarchy in operational patterns

Where present, the primary package property of the preface set identifies the packagézwhigh. an MXF
application treats as the default or primary package.

In certain specialized operational patterns, a material package may reference a sofirce package which may
be a file package or a physical package. However, unless specifically permitted by the relevant operational
pattern document a material package may only reference a file package. For clarityjtext and figures in this
document show the constrained hierarchy. The difference between these package types is detailed in annex
C.5.

8 Header metadata

The header metadata is broadly split into two categories: structuralfanddescriptive. Both categories shall be a
sequence of KLV coded packets.

This specification defines the structural metadata packages.and'§ets as a single scheme. There shall be no
other structural metadata schemes in MXF. The structural'metadata scheme shall occupy the first part of the
header metadata.

Any MXF descriptive metadata is defined as a “plug-in” in order to accommodate one or more descriptive
metadata schemes. Where present, any MXF'descriptive metadata scheme shall use the plug-in mechanism
provided by the structural metadata schemé)Where there is more than one descriptive metadata scheme in
the header metadata, any order of schemesis beyond the scope of this specification.

8.1 Parsing the header metadata

The header metadata shall start with the primer pack. There may be one KLV Fill item that separates the
partition pack and the header metadata. No other KLV packet is permitted between the partition pack and the
header metadata.

The header metadata may“optionally be followed by a single KLV fill item as the last KLV packet. This KLV fill
item shall be inGluded'in the value of HeaderByteCount as defined in the preceding partition pack. There may
be KLV fill items anywhere within the header metadata.

8.2 Primerpack

The primerpack is intended to be a look up table which ensures that all local tags in all public sets are unique
withi a partition. This is a constraint on the scope rules of SMPTE 336M. Specifically it provides a mapping
from all local tags to their respective UIDs for all MXF defined sets; i.e., all those defined in any of the
documents in the MXF specification. The primer pack does not cover local sets within essence containers.

The key of the primer pack is given in table 10.
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Table 10 — Primer pack key value

Byte No. ' Description Value (hex) Meaning
1 Object Identifier 06h
2 Label size OEh
3 Designator 2Bh ISO, ORG
4 Designator Hh SMPTE
5 Registry Category Designator 02h KLV Sets & Packs
6 Registry Designator 05h Fixed Length Packs (no lengtfifields)
7 Structure Designator 01h Set/ Pack registry
8 Version Number 01h Registry Version 1
9 ltem Designator 0Dh Organizationally registered
10 Organization 01h AAF Association
11 Application 02h MXE File Structure
12 Structure Version 01h Version 1
13 Structure Kind 0th MXF File Structure sets & packs
14 Set / Pack Kind 05h Primer Pack
15 Primer version 01h Version of the Primer Pack
16 Reserved 00h

The value of the primer pack is defined in table 11.

Table 11 <Primer pack

- - 5
ltem Name Type Len uL Dmglaﬁ,} Meaning Default

=] Primer Pack Pack Key 16 Table 10 Identifies a Primer Pack
“ Length BER Length | var Overall Length of Primer Pack

(see

8.3)

LocalTagEntry Batch | Local Tag 4{+8+18n |06.01.01.07.15 An unordered Baich of Local Tag to UL mappings {see
Entry Batch Table 12)

The LocalTagEntry ‘bateh isya batch of local tag to UID mappings with the format below. The pairs are in no
particular order. There'ghall be only one entry for each local tag in the LocalTagEntry Batch. There shall be
only one dynami¢ entry for each UID in the LocalTagEntry batch (see 8.2.2). The scope of the pack is one
partition. The packs do not accumulate with every new partition, they are replaced by the pack in the new
partition.

Table 12 — LocalTagEntry batch

# ltem Name Type Len UL Designator Meaning Default
Number of items Uint32 4 |NA The Number of ltems in the Batch N
tem Length Uint32 4 | NA The Length of each ltem 18
Local Tag Uint16 2 | 01.03.06.02 The value of the Lecal Tag. [RP 210: A locally unique
N registry identifier]
uD ULorUUID | 16 |[01.03.06.03 The UID of which the local tag is an alias
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8.2.1 Contents of the primer

The primer shall contain all local tags used in MXF sets within the partition in which it occurs. The primer may
also contain private local tags used in sets defined outside the scope of the MXF defined sets. The primer
may also contain local tags which are not used within the partition

8.2.2 Local tag values

Local tags shall be allocated in the following ranges:

00.00h Shall not be used

00.01h to 00.FFh Reserved for compatibility with AAF

01.00h to 7F.FFh Statically assigned Tags — assigned by MXF specificatiors
80.00h to FF.FFh Dynamically allocated tags.

The statically allocated tags are part of a public specification and the mapping betweeh a static 2-byte local
tag and the UID is permanently defined. This allows implementers to have a fagt look up strategy for all MXF
defined tags.

The dynamically allocated tags are allocated on a partition by partitionsbasis«#This means that when a file is
re-written, the mapping between a dynamic 2-byte local tag and a UID mdy change.

The algorithm for allocating the dynamic tags is not specified. The ‘algerithm shall ensure that the restrictions
to the table written in this specification are met.

8.2.3 Dark metadata support

Metadata values inserted into a file which are intended to be preserved, but are unknown to some decoders
are known as dark metadata (see section 5.3.2). Metadata extensions to MXF sets shall place their tags in
the primer pack in order to prevent tag clashes. An"MXF decoder should not attempt to interpret local tag
values within sets whose set key is not understood by that decoder.

Note that any implementer inserting métadata in MXF which does not conform to the MXF constraints upon
SMPTE 336M, must recognize that this/may jeopardize future public specification within MXF of that
metadata.

Metadata sets outside the 'seope of this specification may have local set coding. The existence of a local tag
in a set with an unknown _set'key does not imply that the local tag in the primer enables the translation of this
local tag into a UID,

The processing«wf darkymetadata by MXF decoders is an application issue. MXF Decoders are not required to
handle dark metadata, but they should preserve any dark metadata in the file in case later processes require
it.

8.3 Header metadata coding

Thewieader metadata is a sequence of KLV coded metadata sets which describe the contents of the file body.
Decoders shall comply with section 5.3.4. It is preferred that the length field of each metadata set shall be
BER long-form encoded using 4 bytes. However, header metadata decoders shall not assume that this is the

only value used.

An example of KLV packets is shown in figure 9.
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Figure 9 — KLV data coding in the header metadata

8.3.1 Data model

The header metadata contains metadata sets which describe the contents of the file body as a whole. The
metadata is broadly split into two parts: structural metadata and descripfive gmetadata. The structural
metadata is defined in this section and defines the capabilities of the file*and=how it is constructed. The
definitions of the operational patterns are given in section 7 and these _defifie the structural metadata items
that needs to be included for a complete definition of the file body. The(desefiptive metadata is used to define
various editorial aspects of the file, for example production andselipwinformation. This is defined in the
descriptive metadata specification plug-ins in section 8.7.

8.3.2 Strong and weak references

References are merely a way of allowing one item té,refer to another. This may be a one to one relationship
implying ownership (strong reference) or a many to one‘relationship (weak reference). Strong references shall
be made to the Instance UID of another set and weak references shall be made either to the instance UID of
another set or to a UL. This is known as the referencing method. The alternate method of embedding each
strongly referred data set into the referring data set (as allowed by the recursive grouping mechanism in
SMPTE 336M) is not used in MXF defined/headéf metadata. It use is discouraged, but not prohibited in dark
metadata.

Figure 10 illustrates a sequence of'KBV packets, each with a unique identification (UID) and the connections
between packets.

KlL|wD . I KL

[
Strong Ref

e e o

: Weak Ref

] |

Strong Ref

Strong Ref

Figure 10 - Using UIDs to connect metadata sets in a data stream

A guide to the use and implementation of strong and weak references is given in the MXFE engineering
guideline.

The logical model that results from the use of references and other syntactic constructs is defined in section

8.5 of this specification. Logical models for descriptive metadata schemes must follow the same broad
guidelines as used in this specification.
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Unigueness of UIDs —

The UIDs used in the MXF header metadata are globally unique values. However, the scope of their
application shall be limited to any one instance of the header metadata. Thus, simple repetition of the header
metadata does not require new UIDs to be created. Likewise, no processing is required if an MXF file is
copied. Updates to any header metadata set can be detected using the Generation UID ltem within that set.

NOTE — A fuller description on the difference between UUIDs and ULs is given in the MXF engineering guideline.

8.4 Structural metadata semantics

The header metadata is composed of a sequence of metadata sets which shall be positioned adjacent to
each other. These sets are connected to each other using strong or weak referencés (section 8.3.2) in order
to provide a logical data model. Figure 11 and figure 13 broadly illustrate the semanties of the structural
metadata and how it relates to the content of the file body.

Figure 11 shows the main synchronization and referencing features of an MXFfile) The material package (at
the top) is a metadata structure which generally represents the “output’ timeéline of the file. If the MXF file
were played then this timeline represents the output that would be seen.andheard.

e The material package owns a track which defines the start And'edit unit rate of the output.
e The track owns a sequence which defines the duration ofithe output.
e The sequence, in turn, may be divided into one or more SourceClips.

The material package SourceClip is linked to a track Within a top-level source package. In generalized
operational patterns, the material package shall spegifically reference a top-level file package. The top-level
source package contains a file descriptor varidnt of an“essence descriptor which identifies the essence
container and may also contain a link to another'§ource package. A lower-level source package contains
information about how a file was created and‘possibly contains a physical descriptor which may describe the
video tape or other physical medium from witere'the material came. This is historical annotation and may give
rise to lower-level source packages referenging-other source packages to any depth as long as there is no
recursion. See annex C.5 for more details.

An informative example of the use of this mechanism could be in the creation of a promotional program by a
broadcaster. The material pagkage‘defines the output. The top-level file packages contain material from
several television programs,which are being promoted. The first lower-level source packages in turn describe
the MXF files used to make the_television programs. The next lower-level of source package may define the
tapes used to capture the efiginal material.

Page 35 of 101 pages



SMPTE 377M-2004

Material Package —— Track (defines onigin) ]
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Figure 11 — Header metadata packages

Figure 11 illustrates the relationship between thestrack and the actual essence in its container. In the center of
the figure, it shows the essence data which wodldvbe KLV encapsulated in MXF using one or more of the
essence container specifications. In the upper part of the figure is a representation of the structural metadata
which generally describes the output timeling of the file through the material package. The material package
governs the synchronization and playserder,of the SourceClips defined in the top-level source package. This
is achieved using a number of parallel metadata tracks each comprising a sequence of one or more
SourceClips. Each SourceClip in,a matetial package track can describe the location of the essence item in the top-
level source package. The top:level Source package in turn identifies the actual essence container through the
essence container data set usingthe BodySID value to link to the appropriate file partition(s) [see figure 18].

Each SourceClip in, a gnaterial package has a SourcePackagelD value and a SourceTracklD value that
identify respectively the top-level source package and the track which is to be accessed. The SourceClip also
has a start positign value and a duration value that access the portion of the track required. The start position
value is the number of material package track edit units along the top-level source package track with the first
edit unit pumberion the track set by the top-level source package track origin value. Clearly, the SourceClip
being gxtracted from the top-level source package must fall within the total duration of the referenced track.
This reference chain shall end when a zero valued SourcePackagelD is encountered.

The same mechanism is used within a source package to access tracks in other lower-level source packages.
However, whereas a top-level source package represents essence data in the file body, lower-level source
packages are used to annotate the derivation of that essence. Annex C defines the two sorts of source
package available in MXF: a file package and a physical package.

Metadata tracks such as those used for time code and descriptive metadata refer to the package which

contains them. Thus the time code track in a material package defines the time code for the file playout and
will therefore be continuous. A time code track in a file package represents the time code in the essence
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container associated with that file package. Since the time code in an essence container may be
discontinuous, the file package may require one or more time code SourceClips to represent the desired time
code values in the essence container.

Position=0 Position=9 Add 3 edit units to Position=0 Position=9
the start of track 1
Duration= 9 edit units — Duration= 9 edit units
@ P o— >
source clip 1 | _sourcedlip2 |Track 1 Origin=0 source clip 1 | sourcecig? |Track 1
Origin=0

Both tracks source clip 1 | sourcechp2 |Track 2 Origin=3[source clip 3| Source olip 1 [soltce tp2  Trrack 2

Duration=6 Duration=4 ration=. jon= ion=

¢ ---Duration=6 ____ > Dualigl -, il & TR Duration=6_¢PW\ NyiraiPied -,

Figure 12 — MXF timing model example where all tracks have the same &dit rate

Synchronization between tracks is achieved by using an idealized timing model within any package.

Figure 12 shows the relationship between the position and origin ¢fparameters. In most tracks, essence
containers will start at Position=0, with an origin of 0. If the edit units of €ach track are the same then any
essence content on the tracks with the same value of position will be synchronized.

If material is added to the start of one of the tracks then, ap offset is required in order to maintain
synchronization. In the example above, three edit units are\added to the beginning of track 2. To maintain
synchronization, the origin of the track now starts at the third ‘edit unit of the track. In this example, the edit
units in both tracks are identical. In general, the/concept.of idealized time can be introduced to determine
synchronization.

. Position + Origi
Time offset from start of essence T, on tragk mis given by T.= Ed‘:R 1gin,,
' itRate,

Position=0 within track n (Py) equates, to'the numerical Origin,, position of the essence in that track. Samples
which have the same normalized valueof Position on any track are synchronized and shall be played at the
same time in MXF.

Position, _ Position,
EditRate, EditRate,

Essence on tracks n andsm are.synchronized when

The normalized pesitiorr on all tracks shall be aligned even when they have different values of “edit rate” and
origin. Time code s represented by a track and can be used to annotate the value of position at any point in
the of the file, When using time code to synchronize different streams, it is important to realize that in MXF,
time code"is,awnetadata annotation and a time code value gets converted to an edit unit count value (and
hence a position value) which is the underlying synchronization mechanism.
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Figure 13 — Logical header metadata structure andiits relation to essence data
8.4.1 Relationship between file packages and essence containers

Each file package is related to one essence contaiper through an EssenceContainerData set as illustrated in
figure 13 and in more detail in figure 18. Therg”i§,one EssenceContainerData set for each file package and
they are linked through a common package UID ¥alue. Each EssenceContainerData set has a BodySID value
that identifies any partition(s) in this file,thdt contdin the essence container. Each EssenceContainerData set
may also have an IndexSID value that identifies the partition(s) that contain the index table used to index the
contents of that essence container.

8.5 Structural metadata definition

This section specifies the MXF class structure so that it can be used to define all operational patterns. The
normative annexes of this decument define the structural metadata sets and their property definitions.

NOTE - The class structure of the MXF structural metadata is based on a simplified instance of the AAF metadata class
model.

8.5.1 Header metadata start
The header metadata sets shall start with a preface set that includes a value of the operational pattern UL, a
batch of zero or more descriptive metadata scheme ULs and a batch containing zero or more essence

container ULs. These properties provide an early indication of the complexity of the file structure and its
essence containers.

8.5.2 Generic class diagram

The structural metadata class model is represented below in diagrammatic form. Each class shall be
implemented as KLV coded metadata set.

Page 38 of 101 pages



SMPTE 377M-2004
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Generation U{ID
Lost Medfied Date
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The Operationd P aftern defines the number of Materid and File Packages allowed

Figure 14 — Root metadata sets for structural header metadata

Figure 14 shows the root metadata set structure for an MXF file. An MXF parser would find a partition pack
within the file and then look to see if there was header metadatayin that partition. It would then look for the
preface set which defines the version and contents of the stfuctural metadata. The preface set references one
or more identification sets which contain humansreadable/information about the tool(s) used to create or
modify the MXF file. A new instance of this identification set shall be created every time the file is modified.
The preface set also references the content,storage, set which identifies all the packages (material, file or
physical) and the EssenceContainerData sets\in the structural metadata. The relationship between these
packages is given in section 8.4 and showf diagrammatically in figure 11. In order to define these packages
(material, file and physical), a generic package class has been defined. Subclasses of this generic package
are then defined.
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Figure 15 — Diagram of a generic package in the structural header metadata
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8.5.3 Material package
The material package shall be an instance of the generic package with the following semantics:

1. The number of material packages in a file shall be defined by an operational pattern specification.

2. The tracks of a material package generally represent the “output timeline” of the file (figure 11).

3. The number of picture tracks, sound tracks and data tracks shall be controlled by the operational pattern
specification and by the top-level source package(s) which are associated with the material package.

The SourceClips of any track in a material package shall link to a track in a top-level source package.

There shall be only one time code SourceClip in a material package (i.e., continuous output time,code).

There shall be no descriptor sets in the material package.

There shall be no EssenceContainerData linked to the material package.

Any descriptive metadata referenced by the material package generally relates to the “Gutpubtimeline”.

N MR

8.5.4 Source package

The source package is an instance of the generic package which has a strong_teference to a descriptor to
describe essence container. Source packages are known as file packages_or‘physical packages depending
on the application. Further details are given in annex C.4.

8.5.5 Top-level source packages
These source packages have the following semantics:

1. The number of these top-level source packages and the desctiptors they contain shall be controlled by the
operational pattern specification.
2. The tracks of these top-level source packages shall represent the “input timeline” of the file (figure 11).
3. The number of picture tracks, sound tracks an@ data tracks shall be controlled by the operational pattern
specification and by the essence container which is associated with these top-level source packages.
4. The SourceClips of any track in these top-level source packages may associate with a track in another
source package.
5. There shall be zero or more time code compenents in a top-level source package.
6. There shall be zero or one file descriptor,set in a file package. (This may be a multiple descriptor linking to
zero or more file descriptors.)
Each file descriptor shall definera different essence element in the essence container.
The top-level source packagé€may.optionally use essence locator sets to locate external essence,
Any descriptive metadatasreferenced by the top-level source package relates to the content of the essence
container associated.with this source package.

L

8.5.6 Lower-level sourcespackages
These source packages have the following semantics:

1. The tracksiof these lower-level source packages document the derivation or history of SourceClips of the
source essence (figure 11).

The,number of lower-level source packages in a file is controlled by the application writing the file and is
not constrained by any operational pattern.

There may be several time code components in a lower-level source package

The number of picture tracks, sound tracks and data tracks is not bounded as this is historical annotation only.

Any descriptive metadata in the lower-level source package relates to the content of the source essence.

If a file package has a descriptor, it shall be a file descriptor. (This may be a multiple descriptor linking to
zero or more file descriptors.)

A physical package shall have a physical descriptor.

n

Ok w

o
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8.5.7 Relationship between the packages and SourcePackagelD / SourceTrackiD

The content storage set contains a batch of strong references to every package in the file. At least one of
these will be a material package. This package will contain a number of tracks, each of which has a
sequence, which in turn will have a number of SourceClips. File package tracks have a track number whose
value is defined by the essence container specification and a Track 1D to which a SourceClip can refer.

The SourceClips contain:

associated;

a SourcePackagelD which identifies the package with which this SourceClip is associated:
a SourceTracklD which identifies the track within the package with which this SourceClip is

a start position which identifies the start of the essence element in the packagestrack,(measured in

edit units defined in the referencing package track);

a duration which identifies the length of the essence element in the package track (measured in edit

units defined in the referencing package track).

The same mechanism shall be used to relate each SourceClip in a material package to a source package,
and each SourceClip in a source package to another source package. Theéd relationships are shown

diagrammatically for the material package and file package in figure 16 anddigure={7.

Terminating the package referencing chain

The chain of source package references shall be terminated by thé follawing method:

Every SourceClip in the last package shall set the sourgePagkagelD to zero.

Operatio

Allows fasbrecognition

e
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4
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Figure 16 — Relationship between material package references
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Figure 17 — Relationship between material package SourcePackagelD / SourceTrackID and file package

8.5.8 Relationship between the BodySID and IndexSID

The content storage set contains a batch of UIDs“which reference every package in the file. The content
storage set also contains a batch of essencéycontainer data sets, each of which defines the relationship
between BodySID and IndexSID for each ¢f the packages. The UMID of the file package is used to link it to
one of the EssenceContainerData sets which in turn defines the BodySID and IndexSID values which must be
used for that package. This is shown diagrainmatically in figure 18.

Partition Header Metadata IndexTable IndexTable Essence Container
Pack  fpreface Sefl Segment Segment BodySID(x) defined in Partition Pack
containg I'i_b_UTIT IndexSID(y) IndexSID(y)

s reference by

BodySID{x) link by BodySID{x)
Index8ID(y) h 4

I Conlent Storage Set l—

IndexSID{y

reference by UID reference by UID
A 4 A 4
| File Package | EssenceContainer Data
UMID - > UMID
I_ link by UMID BodySID(x)
IndexSID(y)

!

Defines IndexSID - BodySID relationship

Figure 18 — Relationship between BodySID and IndexSID
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8.5.9 Scope of the track ID values
The scope of all track ID values is limited to the package in which the track occurs. Therefore, a material
package and a source package may use the same track ID value for the picture track, but each track ID is
valid only in the appropriate package.

8.6 Structural header metadata Implementation

All structural header metadata cobjects shall be implemented as KLV coded local sets according to SMPTE
336M. All object properties in KLV coded local sets are encoded according to section 5.3.5.

The common key structure for all the structural header metadata objects coded as local sets in this decument,
shall be defined as follows:

Table 13 — Common key value for the all structural metadata sets

Byte No. Description Value (hex) (7 4 “Weaning
1 Obiject Identifier 06h
2 Label size 0Eh
3 Designator 2Bh IS0, ORG
4 Designator 34h SMPTE
5 Registry Category Designator 02h Sets & packs
6 Registry Designator: 53h Local Sets: 2-byte local tags, 2 byte lengths
7 Structure Designator 01h Set/Pack Dictionary
8 Version Number O1h Registry Version 1
9 ltem Designator 0Dh Organizaticnally Registered
10 Organization 01h AAF Association
1 Application 01h MXF / AAF Association Structural Metadata Sets
12 Structure version 0th Structure Version 1
13 Structure Kind 01h MXF / AAF Assodiation compatible sets & packs
14 Set Kind (1) xxh MXF Set Definition (see Table 14)
15 Set Kind(2) yyh MXF Set Definition (see Table 14)
16 Reserved Q0h Reserved

The definition of bytesi]4 and 15 of the keys for all objects coded as local sets is given in table 14.
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Table 14 — Key values for structural metadata sets

Set Name Byte 14 Byte 15
Preface 0 2Fh
Identificaticn 0th 30h
Content Storage 01h 18h
Essence Container Data 01h 23h
Material Package 01h 36h
Source Package (File / Physical) 01h 37h
Track (Timeline) 01h 3Bh
Event Track 01h 3%
Static Track 01h 3Ah
Sequence (all cases) 01h OFh
SourceClip {Picture, Sound, Data) 01h 11k
Timecode Component 01h 14h
DM Segment 01h 41h
DM SourceClip 01h 45h
File Descriptor 01h 25h
Generic Picture Essence Descriptor 01h 27h
CDCI Essence Descriptor 01h 28h
RGBA Essence Descriptor 0th 2%h
Generic Sound Essence Descriptar 01h 42h
Generic Data Essence Descriptor 01h 43h
Muttiple Descriptor 01h 44h
Network Locatar 0th 32h
Text Logator 01h 33h

8.7 Descriptive metadata plug-ins
8.7.1 General

This section defines the nofmative descriptive metadata plug-in mechanism and generic label used to identify
the descriptive metadatayséts.

NOTE - The MXF descriptive metadata plug-in is very simple. Guidelines on its use can be found in the MXF engineering
guideline SMPTE EG 41. General guidelines for adding descriptive metadata can be found in the engineering guideline for
MXF descriptive,metadata, SMPTE EG 42.

8.7¢2 Generic Universal label for the MXF descriptive metadata sets
In MXF, descriptive metadata schemes are identified by Universal labels in the value field of the DM schemes
batch property. Table 15 shows a Universal label structure which has been pre-allocated for this purpose. All
schemes which are called “MXF defined schemes” shall be identified by using Universal labels with this
structure. There may be other schemes which use other label structures.

NOTE — Implementers are advised to inspect the appropriate SMPTE registries to determine the precise meaning of the
values in the DM schemes batch property.
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Table 15 — Generic Universal label for MXF descriptive metadata schemes

Byte No. Description _ Value (hex) Meaning
1 Object Identifier 06h
2 Label size OEh
3 Designator 2Bh ISO, CRG
4 Designator 34h SMPTE
5 Registry Category Designator 04h Labels
6 Registry Designator: 01h Labels
7 Structure Designator 01h Labels
8 Version Number 0th Registry Version
9 item Designator 0Dh Organizationally:Registered
10 Organization 01h AAE Association
1 Application 04h MXF / AAF compatible Descriptive Metadata Labels
12 Label Version 0th Version 1/of the MXF / AAF DM labels
13 Scheme Kind xh Defined by the scheme specification
14~16 Reserved 00h Reserved for use by each scheme

8.7.3 Generic MXF descriptive metadata keys

The generic key below identifies MXF descriptive metadatassets*and MXF descriptive metadata frameworks.
Individual key values are defined in the associated MXF descriptive metadata specification.

Table 16 — Generic key forlMIXF descriptive metadata schemes

Byte No. Description o~ (] Value(hex) Meaning
1 Object Identifier 06h
2 Label size 0Eh
3 Designator ¢ 2Bh ISO, ORG
4 Designator 34h SMPTE
5 Registry GategoryDesignator 02h Sets & packs
6 Registry Designator: 53h (default) Local Sets: 2-byte local tags, 2 byte lengths

see secfion 5.3.5 and appropriate DM Specification
7 Stiucture Designator 0th Set/Pack Dictionary
8 Version Number 01h Registry Version 1
9 tem Designator 0Dh Crganizationally Registered
10 Organization 0th AAF Association
11 Application 04h MXF / AAF Descriptive Metadata sets
12 Structure version 0th Version 1
13 Structure / Scheme Kind xh See scheme for definition
14~16 Reserved 00h Reserved for use by each scheme
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8.7.4 Plug-in mechanism

An MXF file may contain zero or more descriptive metadata (DM) schemes. These schemes may or may not
be MXF DM schemes.

A descriptive metadata scheme comprises one or more descriptive metadata frameworks in which each DM
framework has several metadata items and sets grouped together (generally for semantic reasons).
A DM scheme may have several DM frameworks. A DM framework comprises a number of metadata items
and sets, each set containing further metadata items (or more sets). These items define the metadata values
of the DM framework.

In order to synchronize the metadata to the essence, each DM framework shall Have a track in a Material
package, a file package or a source package (see annex B.17).

NOTE — If the track is in a material package then the metadata refers to the essence céntent as it is to be presented (the
generally the output timeline). If the track is in a top-level file package then the metadata tefers to the essence content of
each essence container associated with that file package (the input streams). If(thé track is in the lower-level source
package, then the metadata refers to the content associated with that source package:

Unless specified in a descriptive metadata document, all DM frameworks €an be contained by any package.

Some DM frameworks will relate to an entire package. In this ease the duration of the metadata track shall be
set to be the duration of the entire package.

NOTE — Descriptive metadata tracks may be event track§. This\means that DM segments may overlap. It also means that
segments with zero duration are possible in this case. Thissllows annotation of instantaneous events occurring within the
package.

9 File body

Immediately following the file header is, the file body, consisting of one or more essence containers. Each
essence container contains KLV efcoded essence data (which may also include system data and embedded
metadata). Each partition contains ‘a single segment of essence container (see below) which, through its
essence container specification, defines the KLV encoding. The principle of KLV encapsulation of a typical
essence container is showr'in, figure 19.

| Edit Unit 0 ] Edit Unit 1 ]

System Data Picture Sound System Data Picture Sound
eiement element element element slement elamant element element
i
CBE CBE VBE CBE VBE CBE CBE VBE CBE VBE

Figure 19 — Typical KLV coding in an essence container wrapped every edit unit

9.1 Essence containers

An essence container specification shall meet the requirements given below. An essence container
specification may also define how index tables shall be used and how the essence descriptor shall be coded.

The individual essence container specifications are defined in other documents not included here. All
compliant essence container specifications shall meet all the normative criteria listed below. These criteria are
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listed under two broad headings grouping the technical requirements and the standardization requirements.
An essence container specification may be split over multiple documents when generic structures and specific
mappings of different essence types are required into those structures.

9.2 Technical requirements

An essence container specification shall be coded as a concatenated sequence of individually coded KLV
packets where each KLV packet meets the following requirements:

e FEach KLV packet shall be coded according to SMPTE 336M and the values of the KLV packet key
shall be publicly registered with the SMPTE.

e The essence container shall be formed by a stream of one or more KLV packets.

e The length field of each KLV packet shall be coded according to SMPTE 336M with a limit to the
coding range provided to limit the requirements of compliant equipment for this essente container.

e The specification shall include the byte order for the correct interpretation of multi-byte values.

» The essence containers used in streaming operational patterns must be capable of interleave over a
defined interleaving period or must be capable of being multiplexedsin an-MXF file using the partition
mechanism. The interleave / multiplex duration is dependent uponiihie application, but should be the
period of the minimum duration of usable picture essence, typically'a picture frame period.

e The KLV packets of each interleave period should contain €ssence of essentially the same timing (for
example, audio-video timing is rarely sample-accurate), Special timing arrangements may be needed
in the case of, for example, long GOP coding using B-frame eoding. This requirement allows simple
editing and switching of the interleaved essence,

e The essence container specification shall befassigned a registered Universal label value, which shall
be used by the partition pack, the descriptor setiand the preface set to identify the essence container

type.

» The essence container may contain KLV packets containing separate streams of metadata in addition
to essence data.

e The essence container specification'should define the use of index tables for that essence container
type.
e The essence container,specification may define the use of descriptor(s) for that essence container

type including any mappings*fequired from multitrack audio in the header metadata to multichanne
audio in the essence container.

e The essence container specification shall define the mechanism to identify track numbers for the
purpose of identifying specific content within the essence container.

e The essence container specification may define an optimal KAG value in compliance with section
5.4.1.

9.3 Standards requirements of an MXF essence container document

An MXF essence container specification should be a public standard from an internationally accredited
standards body. This is to ensure that all essence container documents can be used for interchange. New
essence types should use the MXF generic container. Doing so will minimize the implementation burden for
equipment makers and increase the chances of interoperability.
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9.4 General information (informative)

The size of each element (in bytes) may be determined by the length value of the KLV packet according to
SMPTE 336M in conjunction with the defining essence container specification.

The essence container specification may comprise more than one document. This is the case with the generic
container which requires associated essence and metadata mapping documents together with application
documents to provide a complete specification.

The interleaving of elements of different essence types is fully described in each essenca container
document.

The description of each essence type is defined in the appropriate essence container specification.

9.5 Descriptors

The header metadata describes the essence and its container(s). Packages”are concerned with temporal
characteristics whereas descriptors are concemed with parametric properties. These properties may be to do
with sampling, such as sampled screen size. They may be to do with the organization of the data such as the
number of audio channels. They may also give information such as where extefnal essence may be located.
All descriptors are derived from the generic descriptor set which is ghowr{" table 17. This generic set defines
the base functionality of all descriptor sets. It is never used direetlysand the UL designator and set keys are
defined by the individually derived descriptor sets.

Table 17 — Generic descriptor set

ftem Name Type Len | Local Tag Wgnator Req? Meaning Default
=} Generic Descriptor SetKey 16 Defined bydescriptor | Req Defines the Generic Descriptor set
type
Py Length BER Length var Req Set length (see 8.3)
Instance UID uuID 16 3C.0AY [01.01.15.02 Req Unique ID of this instance

[RP210 The ISO/IEC 11578 (Annex A} 16 byte
Globally Unique Identifier]

Generation UID uuiD 16 01.02 |05.20.07.01.08 Opt Generation Identifier
[RP 210 Specifies the reference to an overall
modification]
gl Locators StrongRefArray | 8+ 2F01 | 06.01.01.04.06.03 Opt | Ordered array of strong references to Locator sets
(Locators) 16n If present, essence may be located extemal o the

file. If there is more than one locator set an MXF
Decoder shall use them in the order specified.
[RP 210 Specifies a vector of references to
essence locators]

10 Index table

10.1 Overview

Index tables can be used to speed up the location of individual editable units of essence in a timeline. The
essence itself may be interleaved, as in the generic container, or may be a single essence element. An index
table may be placed in the header partition, in the footer partition or optionally distributed throughout body
partitions of an MXF file.
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Index tables should be implemented wherever possible. They can be used to satisfy a number of the user
requirements, particularly those to do with the handling of partial files (for example reading part of a large file
from the middle of a data tape, indexed by the timeline). When index tables are used, they shall conform to
this specification.

An index table can be created “on the fly” during file creation from an input signal and is notionally placed in
the file footer on recording. In practice, its placement in a server file system may be anywhere for storage
convenience. During transfer of a complete file, an application may choose to replace a distributed index table
with one placed immediately after the header. It should be noted, however, that streaming devices may have
limited index table memories and a single large index table may be less useful, in this circumstance \than a
distributed one. ,

Index values and offsets do not change if the index table is relocated within the file — this isthandied by the
low-level byte-stream format described in section 6, in which the index table and efsence Gontainer are
treated as separate streams linked together by properties in the partition packs. All index table entries use
offsets relative to the start of the essence container stream, and not absolute offsets withirkthé file.

An index table shall be used to index a single essence container. Each index tablé shall be indexed by edit
units. The edit unit rate of an index table is defined by the tracks for the essende €onfainer that it indexes. An
edit unit is usually a field for video, but could equally well be a frame (comprising 2 interleaved fields, or
perhaps a single progressive frame). An edit unit for an audio-only applicatiof'Gould be an AES3 audio fre;me
comprising 192 audio samples (having a duration of 4 msec when using’a 48%Hz sampling rate).

The index tables are created in such a way that they can providé indexing support for picture, sound, field
coded, frame coded, interleaved and variable bit rate essence.dn thessection below, the word “picture” v,viII be
used to refer to an essence image which has been field 6r frame®coded and may be interleaved. This
interleave period could be a field or a frame depending ‘op the application. A frame is composed of two
interlaced fields.

The index tables are also able to cope with tempokally re“ordered content such as Long GOP MPEG. Each of
the essence container documents contains the implémentation details of index tables for a particular essence
container. The examples below are provided to aid the designer build a generic index table handler for
applications ranging from non-interleaved simplg‘e§sence to Interleaved and temporally reordered essence.

NOTE — Application writers should be awarsythat absence of index tables may lead to performance degradation
especially when MXF files are transferred,tovand from certain classes of machine. Application performance may also be;
degraded by the requirements of index table implementation. Their use is therefore optional.

10.1.1 Interleaved streams

Interleaved streams comsistyof a regular sequence of several essence elements as a group, usually
interleaved every picture frame. Examples of essence elements are video, audio, system and auxili,ary data.
For convenience, in this,section we refer to any streams of element groupings as interleaved streams in an
essence container.

10.1.2_Constant bytes per element (CBE) and variable bytes per element (VBE)

Within amiinterleaved essence container, each element may be either a constant bytes per element (CBE) or
a variable bytes per element (VBE). Whenever there is at least one VBE in an element grouping, a separate
index table value is required to locate each element grouping in the interleaved stream. The purpose of an
index is to locate an element grouping based on a temporal reference, such as a timeline position value,

Note that for most purposes, an uncompressed audio element has the constant bytes per element property

even though some video field rates lead to a small variations (e.g., at a 59.94-Hz field or frame rate, the
number of audio samples varies between 800 and 801 in a regular sequence). ’
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Figure 20 shows the first three edit units in an interleaved essence container (which was KLV coded in figure 19). In
this example, each interleaved essence container consists of a system, data, picture and sound element. The system,
data and sound elements are CBE, while the picture element is VBE. The figure shows the concept of an index table
slice. This is zero or more CBE elements followed by a VBE element or the end of the edit unit.

NOTE — The term “slice” as used above should not be confused with the same term as used by ISO/IEC 13818-2
(MPEG2).

Index Enlry n Index Entry n+1 Index Entry n+2
¢ start ¢ start ¢ start
Edit Unit 'n’ Edit Unit ‘n+1" Edit Unit 2’
System Eata Picture Sound — | System Data Picture Sound o System Data Ricture Sound
element | slement element element [= | element | elément | element | element = element | element elament element
CBE CBE VBE b CBE CB CBE VBE ‘kD CBE CBE CBE VBE CBE

Delta Entry 1 Delta Entry 2 Delta Entry 3 Delta Entry 1 Delta Entry 2 elta Entry 3 Delta Entry 1 Delta Entry 2 Delta Entry 3
Slica1 start point Slics 1 start point Slice 1 start paint
in index Entry '’ In Index Entry 'n+1" In Index Entry ‘n+2'

Figure 20 - Index table relationships for interleaved CBE/VBE stream

10.1.3 Complex interleaves of compressed audio

There are certain conditions in which the distribution of sound and data elements can be uneven. This can
occur, for example, when compressed sound with large, indivisible/frames is interleaved with picture having a
different frame duration. In order to correctly index the symnchronization points of the picture and sound, it is
helpful to know the temporal offset of the first sound.er 8ata élement in the indexed edit unit.

Index Entry n

start Synchranised Sound sample Position=P¢p
within the Sound Frame
A 4
Edit Unit ‘n° . Duration= 1 edit unit
7 P
System Data Picture Sound Sound | ._ :
element | elemant element _ ‘) Element1 | Element2 |€ Picture Element ]
CBE CBE VBE 4 VBE A vBe [ Sounti Etement 1 | Sound Element 2 ]
Delta Entry 1 Delta Entry 2 Deita Entry. 3 Della Entry 4 Delta Entry 5§ s
Slicai start point Slice2 start point Data
in Index Entry 'n" in Index Entry ‘0’ Start Data Clernert 1
Position
oftset
Physical layout of bytes Temporal positioning of Elements

Figure 21 - Content package with interleaved large sound frames

Figure 21 shiows a content package containing five elements and some fill. The interleaving of the data,
picture andwsound leads to different numbers of sound elements in the content package and therefore turns it
into,& VBE Element. The dark arrow at the top of the picture indicates the sound sample within the indivisible
soundframe which is synchronized with the picture element. A temporal offset is recorded in the index table
as a\measure of the displacement from the start of the content package to the first sound sample in the
element. When the content is KLV wrapped every edit unit (the most common wrapping format), this will result
in a fractional position offset. This fractional measure allows precise synchronization of audio and data
elements.

In figure 21, the sound offset is a negative fractional value and the data offset is a positive fractional value.

Note that this mechanism is optional and quantizing the synchronized components to a single frame may be
sufficient in many applications.
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10.1.4 Description of operation

An index table provides byte offset information within an essence container for a given time offset from the
start of that essence container. If the essence container has interleaved data within in it, then extra
mechanisms are provided for finding the offsets to the individual essence elements once the correct time
offset is located. Each index entry provides the byte offset within the file for a given time offset measured in
edit units. To locate the individual elements within the index entry, the delta entries and possible slice offsets
are required. The extent to which the essence is indexed depends on an application. For many applications,
simple indexing of the start of each edit unit will suffice. It is then up to the decoder within the application to
find the start of each element by parsing.

Index entries —

An index entry provides the byte offset to the start of each edit unit within the essence £ontainetr Each index
entry value marks the start of the key for the KLV packet of the first element in each edit unit. The temporal
distance between index entries within an index table segment set is one edit unit. An index entry does not
provide information about any interleave within the essence container. The essen€é type of the index entry
shall be determined by inspection of the key of the essence (e.g., picture, sound, fill: ete.).

Slice offsets —

Each index entry value may have zero or more slice offset values that'provide the byte offset within the edit
unit to the end of any elements which are VBE. As can be seen in figures20, each slice starts with a number of
CBE elements and ends with a single VBE element. If the arrangement of elements in an essence container
is such that the only VBE is the last element, then no slice offset valdes are needed. The start of slice zero
corresponds to the start of the index entry.

Delta entries —

A single delta entry array provides information to¥find the’ elements within an interleaved essence container.
There shall be one delta entry for each and every.indexed element within the essence container. Any fill item
may be indexed if desired. For example, a multiplex with three elements in the order CBE, VBE, CBE must
have three delta entries:

1. CBE element: Delta entry (slice number=0, delta from start of slice= 0);
2. VBE element: Delta entry (slice AiUmber =0, delta from start of slice= sizeof(first_CBE_element))
3. CBE element: Delta entry (slieelnumber =1, delta from start of slice= 0).

Any element that has minor sample variations (e.g., the 800/801 525-line audio sequence) must be padded to
a constant size if it is'to be vegarded as a CBE, otherwise it is a VBE element and must use the slice
mechanism. The essencgetype of the delta entry shall be determined by inspection of the key of the essence
(e.g., picture, sound, fill, etc.).

10.1.5 Generalization using element delta

For each element within the interleaved essence container, the element delta defines whether the element is
reordered temporally, which slice contains the element, and the (fixed) offset from the start of the slice to the
start of the element. In addition, the delta entry allows the synchronization of an element relative to other
elements to be calculated.

There is only one delta entry array per essence container stream, but may be different for each essence
container stream. For reliability, the element delta is repeated in every segment of an index table stream.
Elements which only appear occasionally in a stream (e.g., a DVB subtitle PES stream) shall be indexed as
though they were a VBE element which is always present, but whose length is zero when no data exists in
given edit unit.
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10.1.6 Temporal reordering

In the particular case of MPEG long-GOP video, the compressed video pictures may be reordered from their
display order according to the MPEG specification. This reordering is applied only to the video elements. An
example is shown in figure 22.

Display
(Presentation Order) | b Bi || B Ps B, Bs Py B, By B,
Body
(Bit-stream Iy Pq | B, ’Bs ' Pg 1 By ’Ba I

&7

Figure 22 — Temporal reordering of MPEG-2 frame code vidéo

MXF index tables provide a rapid conversion from the edit unit value into=byte offsets within the essence
container including display order offsets (“temporal offsets”) for long GOP MPEG elements. For long GOP
MPEG elements, the edit unit should be the video field, even when framé coding is used. This allows accurate
and consistent indexing, even in the presence of irregular field sequefices which can be created when film
material has been edited in the video domain.

As an example, consider the sequence in figure 22 and figure, 23 This is a typical frame coded Long GOP
MPEG sequence with two B frames. As a result of the frame\codifg, each field within the frame has the same
start position. The following example will access field 3,.the'second field of the first B frame.

The first step of the process is to look up thé‘field number (in display order). From this, the reordering
temporal offset of this field is found. This value ishadded to the original field number and then used as a
second lookup in the same table to find the picture type and offset to the element within the stream. Note that
the offset to element is calculated from thedelta entry and index entry information as shown below.

This is represented schematically as follows;

Field Index Temporal Field Picture Offset to

Number o Entry Offset Number Type Element
O (I 0 0 0 I 00000100h
N0 1 0 1 1 00000100h
2 (B). 2 +2 2 P 0000¢350h
3@ 3 > 42 3 P 0000c350h
4 (B) 4 +2 1 4 B 0011b340h
5(B) 5 +2 —p 5 B 0011b340h
6 (P) 6 -4 6 B 0014¢c080h
7P 7 4 7 B 0014c080h
8 () 8 +2 8 P 0017ff40h

Figure 23 — Conversion from field number to offset with temporal offset

In the case of non-reordered elements such as sound, the temporal offset in the index entry for that edit unit is
simply ignored when calculating the offset to element from the delta entry and index entry information. This is
illustrated in figure 24,
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Field Temporal Offset to

Number Offset Element
0 : 00000000h
10 00000000h
2(B) ; 0000c250h
3 (B) 2 »0000c250h
4 (B) i 0011b240h
5(B) +2 0011b240h
6 (P) -4 0014df80h
7 (P) -4 0014df80h
8 (B) 0017fed0h

Figure 24 — Conversion from field number to offset ignoring temporal offset

10.1.7 Indexing KLYV fill packets

KLV fill packets may be used to pad the essence elements to a given grid size. Where present, the KLV fill
packets should have their own entry in the appropriate part of the index table (either as’a delta entry or a slice
offset). This will allow bit rates within the essence container to be (roughly) caletlated when index tables do
not index every single element in the stream. When index tables are fully populated, it will allow recalculation
of the index table without parsing the stream when the KLV fill items are.removed or changed to support a
different grid size.

10.1.8 Constant edit unit size

In some simpler essence containers, the size of the edit units is'constant. In this case, one of the properties in
the index table segment allows a constant size value t¢'be entered. This then requires no index entry array as
the index entry for a given essence container is a simplesmultiplication of the edit unit size value multiplied by
the edit unit count value.

The delta entry array may be equally simplifi€d in Such cases where the elements in the edit unit are of
constant size.

The individual essence container specifications shall identify if the edit unit and its elements are of constant
size and define appropriate values. [hdex table segments with these values may appear in any relevant
partition, but each appearance of the index table segment shall have identical values.

A value of zero in the edit unitbytéweffset item shall identify that the size of the essence elements in each edit
unit is not constant andthat the indexing of edit units is to be found in the index entry array.

10.2 Index table specification

Index tables are«pecified as index table segments. A complete index table shall comprise one or more index
table segmenis:

10.2.1¢Indéx table segments

The size of index table segments is specific to the application. Typically, the size of index table segments
including optional fill items is chosen to be a multiple of the KAG size.

Every index table segment shall specify the identifier of the index table (IndexSID) of which it is part, and the
identifier of the essence container (BodySID) that it indexes.

An index table is intended to provide a conversion between edit units and byte offsets within an essence
container in the MXF file. In an interleaved essence container, there may be several different components
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such as picture, sound and data. Each of these components will have an associated track in the package
which describes it. In order to construct a valid index table, the edit rate item in each indexed track in the
package shall have the same value.

Zero or more index table segments may be inserted into any partition according to the rules in section 5.2,
One or more index table segments may be included in each partition. An entire index table that comprises
multiple index table segments may be put in a single partition by placing all the segments one after the other,
in order in the partition.

Index tables may be repeated in the file. The manner in which this is done is application specific, but the
following guidelines may be helpful:

* A repeated index table segment may accumulate prior index table segments irrthe file.

When complete index tables are used, they should be placed in the header partition and/or the footer
partition.

e A complete index table may be divided in order to provide distributed index table segments
throughout the partitions in the file.

e MXF encoders shall ensure that for each repeated edit unit offset within the file, the byte offset values
for each repeated indexed element shall be identical.

10.2.2 Index table segment key

A 16-byte SMPTE Universal label shall be used to identify<an index table segment and act as a key for KLV
coding of the index table segment. The index table segment key shall have the following value:

Table 18 — Specification of the index table segment key

Byte No. Description N | value(hex) Meaning
1 Object Identifier 06h
2 Label size OEh
3 Designator 2Bh ISO
4 Designator 34h SMPTE
5 Registry Category Designator 02h Sets & Packs
6 Registiy Designator 53h Local Sets (2 byte tags, 2 byte lengths)
7 Structufe Designator 0th Set/Pack registry
8 Version Number 0th Registry Version 1
9 ltem Designator 0Dh Organizationally registered
10 Organization 01h AAF Association
1 Application 02h MXF File Structure
12 Structure Version 01h Version 1
13 Structure Kind 0th File Structure sets & packs
14 Set/Pack Kind 10h Index Table Segment
15 Version 01h Index Table Specification version
16 reserved 0ch
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10.2.3 Index table segment

Table 19 — Index table segment set

ltem Name

Type

Local
Tag

UL Designator

Req ?

Meaning

Index Table Segment

Set Key

Table 18

Reg

Default

An Index Table Segment set

Length

BER Length

var

Req

Set Length(see 8.3)

Instance ID

uuiD

16

3C.0A

01.01.15.02

Req

Unique ID of this instance
[RP210 The ISO/IEC 11578 (Anhex A), 16 byte
Globally Unigue identifier]

Index Edit Rate

Rational

3F.0B

05.30.04.06

Req

Edit Rate copied from the traeks f the Essence
Centainer
[RP 210 Specifiesdfie indexing rate in hertz]

Index Start Position

Position

3F.0C

07.02.01.03.01.0A

Reg

The first editablestnit indexed by this Index Table
segmenbmeasured in File Package Edit Units
[RP 210,Spedifies the position relative to start of
essenceyin edit units, where indexing starts]

Index Duration

Length

3F.0D

07.02.02.01.01.02

Req

Time,duration of this table segment measured in Edit
Units of the referenced Package
[RP 210 Specifies the duration of an Index table in
content units]

Edit Unit Byte Count

Ulnt32

3F.05

04.08.02.01

D/Req

Defines the byte count of each and every Edit Unitin
the Essence Container. A value of 0 defines the byte
count of Edit Units is only given in the Index Entry
Array
[RP 210 The length of an edit unit (in Bytes) in the

container]

IndexSID

Ulnt32

3F.06

01.03.0405

D/Req

Stream Identifier (SID) of Index Table
[RP 210 Index table stream D]

BodySID

Uint32

8E.07

01.03.04.04

Req

Stream Identifier (SID) of the indexed Essence
Container
[RP 210 Essence (orits container) stream (D]

Slice Count

Ulnt8

3F.08

04.04.04.01.01

D/Req

Number of slices minus 1 (NSL)
[RP 210 Number of sections indexed, per edit unit,
minus one]

PosTableCount

Uin8

3F.0E

04.04.04.01.07

Opt

Number of PosTable Entries minus 1 (NPE)
[RP 210 Number of position offsets indexed, per edit
unit, minus one]

Delta Entry Asray

Array of
DeltaEntry

var

3F.00

04.04.04.01.06

Opt

Map Elements onto Slices (see Table 20)
[RP 210 Array of values used to identify elements of
Essence within an edit unit]

Index Entry Array

Array of
IndexEntry

var

3F.0A

04.04.04.02.05

D/Req

{0.6)

Index from Edit Unit number to stream offset (see
Table 21)
[RP 210 Array of values used to index elements from
edit unit to edit unit]

NOTES

1. Where the edit unit byte count value is non-zero, the duration value may be set to zero to indicate that this index table
segment applies to the entire essence container identified by this BodySID. In this case, identical index table segments
may be repeated in partitions where required by the application.
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2. Allindex table segments in each partition shall have the same index SID value

3. All index table segments in one index stream (i.e., with the same index SID) shall have the same values of body SID,

slice count and delta entry array.

4. For clarification from table above, the size of the DeltaEntry Arrayis 8 + (NDE*Sizeof(DeltaEntry)).

5. For clarification from table above, the size of the IndexEntry Array is 8 + (NIE*Sizeof(IndexEntry)).

6. The edit rate value in an index table segment shall be the same as the edit rate value in all the tracks that are indexed
by that index table segment. All index table segments with the same index SID value shall have the same edit rate
value,

7. The first index entry in the index entry array within an index table segment, shall give information about the byte offsets

for the temporal location given by the start position item within that segment.

8. The PosTableCount gives the total number of elements which have fractional positions recorded according'to section
10.1.3.

Delta entry array is a value where the order of the entries is significant and defines byte\offset valles along
an incrementing timeline. The first 4 bytes shall be the number of deltas entries (NDE)hthe, second 4 bytes
shall be the length of each entry. The structure of each delta entry is defined in table 20.

Table 20 - Structure of delta entry array

N | tem Name Type |Len | UL Designator Req? | Meaning ‘ ? % Default
1 | NDE Unt32 |4 N/A Req Number of delta entries
1| Length Unts2 (4 N/A Req Length.ofeach delta entry
N | PosTableindex Int8 1 04.04.04.01.04 | Req -1=Apply.Jemporal Reordering 0
D 0= Notemporal Reordering
E N=lndex into PosTable
[RP 210value identifying that the element indexed is subject
L%' to temporal reordering or ofsetting of edit units]
= Slice Uintg |1 04.04.040102 | Reg Slice number in IndexEntry 0
o [RP 210 The number of the indsxed section in the edit unit]
Element Delta uint32 |4 04.04.0401.03 Req Detta from start of slice to this Element
[RP 210 The number of bytes from the start of the section to
this element.]

PosTablelndex is used to discover if this element has been temporally reordered or not. If the value is
negative then the temporal offsétpreperty of the IndexEntryArray shall be used to determine the difference
between presentation ordérsand storage order of the indexed element. If the value is positive then this
indexed element has a fractignal temporal offset stored in the PosTable within the IndexEntry array. The
value of PosTablelndex lis e index into this table (1 is the first entry, 2 is the second, etc.). If the value is
zero, there is no redrdetingsahd no temporal offsetting for this element.

Index entry array is a value where the order of the entries is significant and defines values along an
incrementing timeline. The first 4 bytes shall be the number of index entries (NIE), the second 4 bytes shall be
the length_of‘each entry, which in turn shall depend on the number of slices (NSL) in this index table. Note
that the numberof slices shall be fixed. The structure of each index entry is defined in table 21.
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Table 21 — Structure of index entry array

| tem Name Type  |Len  |ULDesignator  [Req? |Meaning Default
NIE Unt32 |4 NA Req Number of index entries
Length Unts2 |4 NA Req Length of each index array entry
Temporal Offset Int8 1 04.04.04.0203 | Reg Offset in edft units from Display Orderto Coded Order | 0

[RP 210 The number of ediit units by which this edit unit
has been moved in the bitstream for the purpose.of
temporal reordering (e.9. MPEG)]

Key-Frame Offset | Int8 1 04.04.04.02.04 |Reg Offsetin edit units to previous Key-Frame. Thevalliejs ® | 0
zeroif this is a Key-Frame.

[RP 210 The offset in edit units from#his edit unit ta'the
previous Key-Frame ediit unit (e.g. previous IHrame in

N MPEG-2)]
' I Flags EditUnitF] | 1 04.04.040202 | Req Flags for this Edit Unit 8oh
E ag Bit 7: Random Access

Bit 6: Sequence Header

Bit &: forward prediciion flag

Bit 4: backward prediction flag

9. 00= lframe{no prediction)
10=Prarme(forvard prediction from previous frame)
01=B frame (backward prediction from future frame)
11=Biframe (forward & backward prediction)

Bits 0-3: reserved

[RP 210 Flags to indicate coding of elements in this edit
unit]

Stream Offset Untg4 |8 04.04.04.0201 | Reg Offset in bytes from the first KLV element in this Edit Unit
within the Essence Container Stream

[RP 210 The offset of the edit unit within the container
stream relative to the start of that container stream]

= SliceOffset NSL x 4 04.04.0401:05 | Opt The offset in bytes from the Stream Offset to the start of
5 Uint32 | NSL this slice.
% [RP 210 List of the offsets within the edit unit of each
2 indexed section (except the first)]
PosTable NPE & 04.04.04.01.08 | Opt The fractional position offset from the start of the content
*Rational |, NPE package to the synchronized sample in the Content
' Package (Figure 21) [RP 210 List of the fractional
temporal offsets of indexed elements relative to the
indexed position]
NOTES
1. Temporal offset Shall be only applied for elements whose PosTablelndex value in the element deltais -1.

2
3.

Temporal offset shall be zero (0) if the elements are not reordered.

Keysframe offset shall be only applied for predictive coding schemes where a key-frame must be decoded in order to
decode the indexed frame. It is the offset index to find the key-frame required to decode the indexed frame.

The random access flag bit shall be 1 if this edit unit is a bona fide random access point in the stream.

The sequence header flag bit shall be 1 if this edit unit includes an MPEG sequence header. It shall be FALSE if the
edit unit does not include a sequence header or if the compression scheme does not make use of such a construct.
The forward and backwards prediction flags shall be set to zero if the flags are not appropriate for the compression
scheme in the indexed essence.

. The PosTable is an ordered list of signed fractional position offsets for Indexed Elements. If an Element has an entry in

this array then the PosTableIndex property in its DeltaEntry will be a positive Integer. Figure 21 and its associated text
shows the meaning of the sign of this property.
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10.3 Partial / sparse index tables

The most densely populated index table will have an index entry for every edit unit. This specification allows
an MXF encoder to create several IndexTable segments, each containing a single IndexEntry where the
temporal distance between the start positions of the segments is greater than one edit unit. This creates
sparse index tables and MXF decoders must cope with this eventuality.

The temporal location of each sparse entry is given by the start position property of the index table segment.
The byte offset to the data is calculated the same way that the first entry of any index table segment would be
calculated. Applications control whether these sparse index table entries should be regularly spaced along the
time axis or whether they have no fixed pattern.

10.4 To find the byte offset for an element

To find a particular element within a given edit unit, first locate the index table segment which contains the
desired edit unit. Apply the temporal offset to the edit unit number if appropfiate, which will give you the
required index entry for this edit unit. Inspecting the DeltaEntry Array for the déSsired element will provide the
slice number and element delta (i.e., offset from the start of the slice for the/element). The byte offset of the
element is given by adding:

Element Delta from DeltaEntry array
+ Slice Offset from Index Entry array of Slice\Offsets. Slice Number in the DeltaEntry
array
+ Stream Offset from Index Entry array for the'Edit Unit

10.5 Look-up algorithm (informative)

10.5.1 Conversion from presentation time\to stream offset

The pseudo-code presented here is an informative aid to understand the algorithm which returns the stream
offset of the T'th edit unit of a given sub®stream K. Variable names are the same as used in the text above.
The example assumes that the index table is fully populated.

The code first locates the corregtindex table segment by checking to see if the desired edit unit T is within the
scope of the current index,table segment. Once that has been found, the conversion (if any) between coded
order and display order is performed according to the example in section 10.1.6. The stream offset for this
temporal location cap thegn_ be found. The substream (e.g., CBE sound) slice is located in the element delta. If
it is not the first slige then, the offset to that element’s slice is added, and finally the element delta is added
onto the previously calculated stream location to locate the start of this substream. Note that the offsets refer
to the byte address within a stream, including all the Ks, Ls and Vs of each KLV item.
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typedef struct {
int8 PosTableIndex; /* <0 when this sub-stream is temporally reordered */
/* >0 to indicate that start positions of this substream
are recorded in PosTable */
uint8 Slice;
uint32 ElementDelta;
} DeltaEntry;

typedef struct {
int8 TemporalOffset;
int8 KeyFrameOffset;
uint8 EditUnitFlags;
uint64 StreamOffset;
uint32 SliceOffset[SliceCount];
Rational PosTable[PosTableCount];
} IndexEntry;

typedef struct {
UUID InstancelID;
Rational IndexEditRate;
Position StartPosition;
UInt64 Duration;
UInt32 CBESize;
UInt32 IndexSID;
UInt32 BodySID;
UInt8 SliceCount;
UInt8 PosTableCount;
DeltaEntry ElementDelta[NEL];
IndexEntry EditUnitIndex[Duration];

} IndexTableSegment;

/* external function to skip to previous table segment */
extern IndexTableSegment* Previous( IndexTableSegment *I);

/* external function to skip to next table segment, */
extern IndexTableSegment* Next( IndexTableSegment *I);

IndexTableSegment* I; /* Current Index Table Segment */
Position T; /* T is edit unit number cGounted from start of body */
Substream X; /* K ls substream number, e.g. Sys==0,V==0,A==1,Dat==2 %/

UInt64 StreamOffset( Position T, Substream K, IndexTableSegment *I) {
/* T is edit unit number count@d from start of Essence Container */
/* K is substream number, for ‘example Sys==0, V==0, A==1, Dat==2 */

while ( T < I->StartPos&itien )] I = Previous(I);
while ( T»= I->StartPositionms# I->Duration) I = Next(I);

T -= I->StartPositions

#DEFINE REORDER ‘&1

if (I->ElementDelta[K].PosIndex <= REORDER)

T += TI-> EditUmitIndex[T].TemporalOffset;

UInt64 Result =\I-> EditUnitIndex [T].StreamOffset;

uint8 Slice, = I->ElementDeltalK].Slice;
if (SMice®0)}»Result += I->EditUnitIndex [T].SliceOffset[Slice-1];

Result += I->ElementDeltal[K].ElementDelta:

/* Now retrieve the offset to the start position - if any */

unit8 PosTableIndex = I->ElementDelta([K].PosIndex;

Rational pos = 0;

if (PosTableIndex>0) pos= I->EditUnitIndex [T].PosTable[PosTablelIndex-1];
/* pos now contains fractional component of the Subframe for synchronisation */
Result= process_fractional Index(T, K, I, Result, pos)

Return Result;
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11 Random index pack

The random index pack is a device to help find partitions scattered throughout an MXF file. It is a fixed length
pack which defines the BodySID and byte offset to the start of each partition (i.e., the first byte of the partition
pack key). This pack can be used by decoders to rapidly access index tables and to find the partitions to
which an index table points. The random index pack is optional and if it exists it shall follow the footer partition
and shall be the last KLV item in a file.

11.1 Random index pack key

The 16-byte SMPTE Universal label of the random index pack is defined below.

Table 22 - Random index pack key value

Byte No. Description Value (hex) o~  Meaning
1 Object Identifier 06h
2 Label size QEh
3 Designator 2Bh ISO, ORG
4 Designator 34h SMPTE
5 Registry Category Designator 02h Sets & Packs
6 Registry Designator 05h Fixed length pack (nolength fields)
7 Structure Designator 0ih Set/Pack Registry
8 Version Number 0th Registry Version 1
9 ltem Designator 0Dh Organizationally registered
10 Organization 01h AAF
1 Application 0zh MXF File Structure
12 Structure Version 01h Version 1
13 Structure Kind 01h File Structure sets & packs
14 Set/Pack kind 11h Random Index Pack
15 Version 0th Random Index Pack Version
16 Reserved 00h

11.2 Random index pack value

The structure of the'random index pack value is given below.
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Table 23 — Data structure of the random index pack value

N ltem Name Type Len UL Designator Meaning Default
= Random Index Set Key 16 See Table 22
Metadata
o Length BER n Overall Length of Pack
Length
BodySID Ulnt32 4 101.03.04.04 Stream ID of the Bedy in this partition
3 [RP 210 Essence (orits container) stream ID)]
pair Byte Offset Uinte4 8 06.00.02.01.01 Byte offset from file start {15! byte of the file which is
. numbered 0) to the 1% byte of the Partition Pack Ke¥f
[RP 210 Byte offset from start of file (byte 0) todst byte of
partition pack key]
Length Ulnt32 4 |04.086.10.01 Overall Length of this Pack including the SetKey and BER
Length fields
[RP 210 Big-endian overall length of set or pack]

If an MXF file contains ‘N’ partitions (including header partition and footer patdition) then the table will contain
‘N’ pairs of values. Each pair of values relates the byte offset of the first byte ofthe key of the partition pack of

a partition to the BodySID in that partition. The pairs shall be stored inlascendin
partition shall be indexed if the random index pack exists.

g byte offset order and every

Note that when partitions are relocated within a file (e.g., whemymoving index table segments) the random
index pack must be recomputed or deleted.

11.3 Algorithm for using the random index pack (infofmative)

The following algorithm in pseudo-code allows_the random index pack to be found and read. Its use is
application specific and dependent on the use of index tables.

Seek_to_(MXF_FILE, END OF_FILE-4);

L= read_UInt32 (MXF_FILE) ;

If (L < UPPER_LIMIT)
{

Seek_to_(MXF_FILE, END_OF_FILE-L);
RIP= Read_RIP(MXF_FILE);

RIP_EXISTS= Check Key(RIP);

}
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Last Modified Date

Version

Object Model Version

Primary Package

Generation UID

Instance UID

Annex A (normative)

A.1 Preface
ltem Name
Preface
Length

uuIb

uuID

Set Key
BER Length

Type

Tag
16

var

16 | 3C0A

16 01.02

Specifications for root metadata sets

UL Designator

see Table 13

01.01.15.02

Req

Req?

Reg

Meaning
Req

SMPTE 377M-2004

Timestamp

05.20.07.01.08

Defines the Preface set

Default

3B.02

Opt

Setlength (see 8.3)

Unique ID of this instance

Version Type

07.02.01.10.02.04

2
Ulnt32

3B.05
3B.07

Req

[RP 210 The ISO/IEC 11578 (Afinex4) 16 byte
Globally Uniquerldentifier]

Generation Identifier

WeakRef

03.01.02.01.04

03.01.02.01.05

Reg

[RP 210 Specifies thewreference to an overal
modification]

Date & time'efthe last modification of the file

[dentifications

StrongRefArr

16
(Package)

3B.08

06.01.01.040108

Opt

[RP 21071dentifiés Gate and time at the point of
most tecent modification of any item in the
container]

E

8+16n

Opt

Content Storage

Operational Pattemn

y
(Identification)

StrongRef
(ContentStor

age)
uL

3B.06

16 3B.03

16 3B.09

06.01.01.04.02.01

0601.01,04.06.04

Req

Ereq

The primary Package in this file see 7.5

Seg seefion 3.2. The value shall be 258 (ie. v1.2)
Simple integer version number of Object Model

The value, if present, shall be 1

[RP 210 Specifies the Intemal Object Storage

Mechanism Version Number]

[RP 210 Specifies a reference to the primary

Ordered array of strong references to

UID of the
primary
package in this file] Material

Package
file

EssenceContainers

ULBatch

(Essence
g

8+ 16n

3B.0A

01.02.02.03

Req

Identification sets recording all modifications to the
[RP 210 Specifies a vector of references to
modification identifiers]

Strong reference to Content Storage object

Containers)
DMSchemes

ULBatch

01.02.02.10.02.01

[RP 210 Specifies a reference to the packages and
essence in a filg)

(OMSchemes

8+16n

)

3B.0B

Req

Universal Label of the Operational Pattem which
this file complies to (Pariition Pack copies this

value)

01.02.02.10.02.02

Req

[RP 210 Specifies the SMPTE Universal Label that

an unordered Batch of ULs of Essence

locates an Operational Pattem]

Containers used in or referenced by this file
[RP 210 Batch of universal labels of all essence

containers in the file]

An unordered Batch of Universal Labels of all the
Descriptive Metadata schemes used in this fle
[RP 210 An unordered Batch of Universal Labels
of all the Descriptive Metadata schemes used in

this fil]

This should be complete where possible. If the partition in which this set is located is closed, the valu

NOTE ~ EssenceContainers is a batch of ULs that identifies the different essence container types used in this MXF file
and correct. There shall be no duplicate UL values in the batch of ULs. The essence container ULs

es shall be complete
placed in this batch
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should be for those essence containers which appear internally in the file. These essence container ULs shall have the
same value as those found in the essence descriptors for the file package(s) directly referenced by the material

package(s) in the file.

A.2 ldentification

NOTE - The first Identification set is generated when the file is created and a new set is generated and added whenever
the file is modified. Each Identification set has a “This Generation UID” property value to which any other set may refer via
its own “generation UID” property. This is used to indicate at what stage the set and its associated sets were created or
modified. The identification set with the matching generation UID shall contain the details corresponding to the moment

when those sets were created or modified.

Item Name

Type

Local
Tag

UL Designator

e 5 O

=] Identification

[}

Set Key

16

see Table 13

Req

Defines the Identification set

PN Length

BER Length

var

Req

Set lengthy(see 8.3)

Instance UID

uuD

16

3C.0A

01.01.15.02

Req

Unigue ID'¢f thig instance
[RP 210 The ISONEC 41578 (Annex A) 16 byte
Globally Unique Identifier]

This Generation UID

uuiD

16

3C.09

05.20.07.01.01

Reg

Generation identifier to be referenced by other sets
(see seclion 6.6.2 for use of Generation IDs)
[RP210 Specifies the reference to a particular

modification.]

Company Name

UTF-16 string

var

3C0o1

05.20.07.01.02.01

Req

Manufacturer of the equipment or application that
created or modified the file
[RP 210 Specifies the name of the application
provider]

Product Name

UTF-16 string

var

3C.02

05.20.07.01.03.01

Req

Name of the application which created or modified
this file
[RP 210 Specifies the name of the application
produc]

Product Version

Product
Version

10

3C.03

05.20.87.01.04

Opt

Maj min.tweak build.rel version number of this
application (see 3.3)
[RP 210 Specifies version information for the
application]

Version String

UTF-18 string

var

3C.04

05.20.07.01.05.01

Req

Human readable name of the application version
[RP 210 Specifies version information for the
application in textual form]

Product UID

uuID

16

3C.05

05.20.07.01.07

Req

A unique identification for the product which created
this file (defined by the manufacturer)
[RP 210 Specifies a reference to the application
product definition]

Modification Date

Timestamp

3C.06

07.02.01.10.02.03

Req

Time & date an application created or modified this
file and created this Identification set {see 3.3
[RP 210 Identifies date and time at the pint of

modification]

ToolkitVersion

Product
Version

10

3c.o7

05.20.07.01.0A

Opt

Maj.min.tweak build.rel version of software or
hardware codec used (see 3.3)
[RP 210 Specifies the SDK version number for a
medification]

Platform

UTF-16 string

var

3C.08

05.20.07.01.06.01

Opt

Human readable name of the operating system
used
[RP 210 Specifies the platform on which the
application was run]
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[tem Name Type Len i:roa? UL Designator Req? Meaning Defauit
[=]| Content Storage Set Key 16 see Table 13 Reg Defines the Content Storage set
“ Length BER Length | var Reg Set length (see 8.3)
Instance UID uliD 16 3C.0A |01.01.15.02 Req Unique ID of this instance
[RP210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uuib 16 01.02 |05.20.07.01.08 Opt Generation ldentifier
[RP210 Specifies the reference t6an overall
modification]
g Packages StrongRef 8+ 19.01 | 06.01.01.04.05.01 Req Unordered Batch of strong references to all
Batch 16n packages Used in this file
(Packages) [RP210 Specifies a unordered'set of references to
Packages]
EssenceContainer StrongRet 8+ 19.02 | 06.01.01.04.05.02 Opt Unordered Batch of strong references to Essence
Data Batch 16n Containef| Data sets used in this file
(Container [RP210'Specifies a unordered set of references to
Data) Essence Data]
A.4 Essence container data
Local : - %
ltern Name Type Len UL Designator %&2 Meaning Default
Tog PR \"2
=] Essence Container Set Key 16 seedable 13 Req Defines the Essence Container Data set
Data
“ Length BER Length | var Req Set length (see 8.3)
Instance UID uuib 16 3C0A |01.01.1502 Req Unique ID of this instance
[RP 210 The ISO/IEG 11578 (Annex A) 16 byte
Gilobally Unique Identifier]
Linked Package UID UMID 32 27011 06.01.01.06.01 Req | Identifier of the Package to which this set is finked as
aUMID
[RP 210 Specifies a reference to a package
associated with Essence Datg]
Generation UID uuiD 16 01.02 |[05.2007.01.08 Opt Generation identifier
[RP 210 Specifies the reference 1o an overall
modification]
IndexSID Ulnt32 4 3F.06 |01.03.04.05 Opt ID of the Index Table for the Essence Container to
which this set is linked
[RP 210 Index table stream ID]
BodySID Ulnta2 4 3F.07 | 01.03.04.04 Req ID of the Essence Container to which this set is

linked
The value Oindicates there is no Essence Container
datain this parition.

[RP 210 Essence (or its container) stream D]
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Annex B (normative)
Specifications for the generic package

B.1 Generic package

Hem Name Type | Len "{’:;' UL Designator | Req? Meaning Default
[5] Generic Package Set Key 16 Defined by Package | Req Defines a Generic Package set
type
o Length BERLength | var Reg Setlength (see 8.3)
Instance UID uuiD 16 3C0A |01.01.15,02 Reg Unique ID of this instance
[RP210 The ISO/IEC 11578 (Anmex.A) 16 byte
Globally Unique Identifier]
Package UID UMID 32 4401 101.01.15.10 Req Unique Package Identifishas a UMID
[RP 210 Identies the Metadata Object with a unique
identifier]
Generation UID uuiD 16 01.02 | 05.20.07.01.08 Opt Generatiorvidentifier
[RP 210 Specifies the reference to an overall
modification]
Name UTF-16sting | wvar | 4402 |01.03.03.02.01 Opt Humanteadable package name
[RP 210 denlifies the AAF metadata object by name]
Package Creation | Timestamp 8 4405 107.02.01.10.01.03 Reg The date & time of creation of this package
Date (see section 3.3)
[RP 210 Identifies date and time at the point of
creation.]
Package Modified | Timestamp 8 44.04 107.02.01.10.02005 Req | The date & time of last modification of this package
Date (see section 3.3)
[RP 210 Ideniifies date and time at the point of most
recent modification of the package]
Tracks StrongRefArr | 8+ 4403 | 06.01:04:04.06.05 Req Ordered Array of Strong References to Tracks
ay (Tracks) | 16n [RP 210 Specifies a vector of references to tracks]

B.2 Generic descriptor
The properties of the generic descriptor are/given in table 17.

B.3 Network locator

N N e | Lo UL Designator | Req? Meani Default
ltem Name W Tag gna ? ng
(=] Network Locator Set Key 16 see table 13 Req Defines the Network Locator set for location with a
URL
VN Length BER Length | var Req Setlength (see 8.3)
instanee UID uuID 16 3C.0A |01.01.15.02 Req Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uJiD 16 01.02 |05.20.07.01.08 Opt Generation Identifier
[RP 210 Specifies the reference to an overall
modification)
URL Stiing UTF-16sting | var | 4001 |01.02.01.01.01 Req | AURLindicating where the essence may be found.
[RP210 Unique Resource Locator String]
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ltem Name Type Len LTnacga! UL Designator Req ? Meaning Default
=] Text Locator Set Key 16 see Table 13 Req Defines the Text Locator set for location with a
human-readable text string
VN Length BER Length | var Req Setlength (see 8.3)
Instance UID uuID 16 3CO0A [01.01.1502 Req Unigue ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identiier]
Generation UID uuiD 16 01.02 |05.20.07.01.08 Opt Generation Identifief
[RP 210 Specifies the reference o an overall
madification]
Locator Name UTF-16sting | var | 41.01 |[01.04.01.02.01 Req Value of a human-readable locator text string for
manual location of essence
[RP 210 A descfiption,of the physical location of
media - .. which archive, place, rack, shelf,
position on shelf]
B.5 Track (time code)
Local ; Y
ltem Name Type Len Tag UL Designator ,3 Meaning Default
= Track Set Key 16 see Table 13 Reg Defines the Track set
o Length BER Length | var Req Set length (see 8.3)
Instance UID uuD 16 3C.0A |01,01.15.02 Req Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uuiD 16 01.02 |052007.01.08 Opt Generation Identifier
[RP 210 Specifies the reference to an overal
modification]
Track ID Ulnt32 4 4804, 1 01.07.01.01 D/Req | ID of the trackin this package (for linking to a
SourceTrackID in a SourceClip)
[RP 210 Specifies the parficular track within a
package]
Track uint32 4 4804 |01.04.01.03 Reg Number used to link to the Timecode track 0
Number within the Essence Container if it exists
[RP 210 Specifies a reference to the codec used
to create Essence Data]
Track Name UTR-16string [ var | 4802 |01.07.01.0201 Opt Human readable name of the track type ‘Master
[RP 210 Specifies the particular track within a Timecode”
package by a name]
Edit Rate Rational 8 4B.01 | 05.30.04.05 Req Edit Rate of Track
[RP 210 Specifies the timeline rate in hertz]
Origin Position 8 4B.02 |07.02.01.03.01.03 Req | AnOffset used to resolve timeline references to
this track. The start of the track has this timeline
value measured in Edit Units.
[RP 210 Specifies the poirt, in edit unts, in a
track from which relative times are measured ]
£ Sequence StrongRef 16 4803 | 06.01.01.04.02.04 Req | Strong reference to the Time Code Sequence
(Sequence) . sef
[RP 210 Specilies a reference to a segment of a
track]
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B.6 Sequence (time code)

Local

ltem Name Type Len Tag UL Designator Req? Meaning Default
= Sequence Set Key 16 see Table 13 Req Defines the Sequencs set
PN Length BER Length | var Req Set length (see 8.3)
Instance UID uuID 16 3C0A |01.01.15.02 Req Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A} 16 byte
Globally Unique Identifier]
Generation UID uuiD 16 01.02 [05.20.07.01.08 Opt Generation Identifier
[RP 210 Specifies the referencerto.an overall
modification]
Data Definition uL 16 0201 {04.07.01 Reg Specifies the data type'ef this set.
(value= SMPTE Time Code — see SMPTE RP 224)
[RP 210 Specifies thie basie.essence type of a
companent]
Duration Length 8 02.02 |07.02.02.01.01.03 B Effort Duration,of Sequence (in units of edit rate)
Distinguished Value = -1
[RP 210The abselute duration of a compositional
compenent 1e.g. clip, effect, sequence etc in units of
edit rate]
gl Structural StrongRefAr | 8+ 10.01 | 06.01.01.04.06.09 Reg Qrdered array of strong references to Time Code
Components ay(Structural | 16n ‘Structural Components
Component) [RP 210 Specifies a vector of references to the clips

and transitions in the sequence]

B.7 Time code component

NOTE - This set is used to define continuous time code aver the duration of this com

ponent. This set may be used in any

package.
ftem Name Type Len %%L Designator Req ? Meaning Default
Time Code Set Key 16 see Table 13 Req Defines the Time Code Component set
Component
“ Length BER Lengthy, [ “Var Req Setlength (see 8.3)
Instance UID uuin 16 3C0A |01.01.1502 Req Unique ID of this instance
[RP 210 The ISO/EC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uuD 16 01.02 |05.20.07.01.08 Opt Generation Identifier
[RP 210 Specifies the reference to an overall
modification]
Data Definition uL 16 02.01 | 04.07.01 Reg Specifies the data type of this set.
{value= SMPTE Time code - see SMPTE
RP224)
[RP 210 Specifies the basic essence type of a
component]
Duration Length 8 02.02 (07.02.02.01.01.03 B Effort Duration of SourceClip {in units of edit rate)
Distinguished Value = -1
[RP 210 The absolute duration of a compositional
component - .. clip, effect, sequence etcin units
of edit rate]
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ltem Name Type Len L.?::* UL Designator Req? Meaning Defauit
Rounded Time Code Uint16 2 15.02 | 04.04.01.01.02.06 Req Nearest Integer frames per second
Béise [RP 210 6.9, 24, 25, 30, 48, 60]
Start Time Code Position 8 1501 | 07.02.01.03.01.06 Req Starting imecode
(converted to integer frame count from
00:00:00.00)
[RP 210 The time code within a frack at the starting
point of the essence]
Drop Frame Boolean 1 1503 | 04.04.01.01.05 Req True = Drop Frame Time Codejinlise
[RP 210 Specifies whether time code.is dep frame
{Non-drop Frame =0)]
NOTES

1. An algerithm for determining the rounded time code base = integer_part_of( frame rate + 0.5 )

2. This set is a structural component.

B.8 Track (picture)

NOTE — The number of picture track sets is determined by the number of editablé*picturé tracks in the essence container.

ltem Name Type Len

Local
Tag

UL Designator

Meaning

Default

Set Key 16

see Table 13

Defines the Track set

Length BER Length | var

Set length (see 8.3)

Instance UID uuiD 16

3C.0A

01.01.15.02

Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]

Generation UID uuip 16

01.02

05.20.07.01.08

Opt

Generation identifier
[R 210 Specifies the reference to an overall
modification)

Track ID Ulnt32 4

48.01

01.07.01.01

D/Req

ID of the picture track in this package (for linking
to a SourceTrackID in a SourceClip)
[RP 210 Specifies the particular track within a
package]

Track Number Ulnt32 4

48.04

01.04.01.03

Req

Number used to link to the Picture track in the
Essence Container. Its use is specified in the
appropriate Essence Container document
[RP 210 Specifies a reference to the codec used
to create Essence Data]

Track Name UIF-16sting | var

48.02

01.07.01.02.01

Opt

Human readable name of the track type
[RP 210 Specifies the particular track within a
package by a name]

“Picture”

Edit Rate Rational 8

4B.01

05.30.04.05

Req

Edit Rate of Track
[RP 210 Specifies the timeline rate in hertz)

QOrigin Position 8

4B.02

07.02.01.03.01.03

Req

An Offset used to resclve timeline refarences to
this track. The start of the track has this timeline
value measured in Edit Units,

[RP 210 Specifies the point, in edit units, ina
track from which relative times are measured.]

Sequence StrongRef 16

(Sequence)

48.03

06.01.01.04.02.04

Req

Strong reference to the Sequence set
[RP 210 Specifies a reference to a segment of a
track]
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B.9 Sequence (picture)

ftem Name Type Len Local

Tag UL Designator
Sequence Set Key
Length BER Length

Instance UID uuD

Req?

Meaning
see Table 13

[

Req
var

Req

Default

Defines the Sequence set
Set length (see 8.3)
Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Opt Generation Identifier

[RP 210 Specifies the reference to an overall
modification]

16 3C0A [01.01.15.02

Req
Generation UID

uuD 16 01.02 | 05.20.07.01.08

Data Definition UL

16 0201 [04.07.01

Req

Specifies the data typé of this sat,

(value= Picture Essence - see SMPTE RP224)
Duration

[RP 210 Specifies the basic essence type of a
component]
B.Effort Duration of SeqUénced(in'Units of edit rate)
Distingdished Valug = -1
[RP 210 The absolutéduration of a compositional
component - €,9. elip, effect, sequence etc in units
of edit rate]

Array ofstrong references to Picture Structural

Components
[RP 210 Specifies a vector of references to the
B.10 SourceClip (picture)

clips and transitions in the sequence]

Length 8 02.02 |07.02.02.01.01.03

Structural StrongRefArr | 8+ 10.01 | 06.01.01.04.06.09
Components ay (Structural | 16n
Component)

Req

ftem Name Type Len o

oo U%r Req?
SourceCiip Set Key

Length

Instance UID

o

Meaning Default
see Tabtle 13 Req Defines the SourceClip set
Req Setlength (see 8.3)
Req Unique ID of this instance
[RP210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unicue Identifier]
Opt Generation Identifier
[RP210 Specifies the reference to an overall
modification]

BER Length
uuiD

var

16 3C.0A

01.01.15.02

Generation UID uuiD

(16 01.02 [05.2007.01.08

Data Definition

uL

16 0201 |04.07.01

Req

Specifies the data type of this set.

(value= Picture Essence - see SMPTE RP224)
StartPosttion

[RP210 Specifies the basic essence type of a
component]

Position 8 1201 | 07.02.01.03.01.04 Req
Duration Length 8

02.02

Offset into Essence measured in edit units of the
track containing this SourceClip
B.Effort Duration of SourceClip (in units of edit rate)
Distinguished Value = -1
[RP 210 The absolute duration of a compositional
component - e.g. clip, effect, sequence etc in units
of edit rate]

ID of referenced Package as a UMID

The value shall be 32 zerc valued bytes to
terminate the source reference chain

[RP 210 Specifies the reference to a precursor]

07.02.02.01.01.03

SourcePackagelD PackageID | 32 11.01 | 06.01.01.03.01

Req
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Local

ltem Name Type Len Tag UL Designator Req ? Meaning Default
SourceTracklD Track ID 4 11,02 |06.01.01.03.02 Req Track ID of the referenced Track within the
(Unt32) referenced Package. Zero indicates end of
reference chain.
[RP 210 Specifies the track within the referenced
precursor]

w 3

NOTE — This set is a structural component.

B.11 Track (sound)

NOTE — The number of sound track sets is determined by the number of editable sound tracks.indhe essefice container.

Local

ltemn Name Tag

Type

UL Designator

Req?

D~

(i

Track Set Key 16

see Table 13

Req

Definesithe Track set

Length BER Length | var

Req

Setlength (see 8.3)

Instance UID uuiD 16 3C.0A

01.01.15.02

Req

Unique ID of this instance
[RR210 The ISO/EC 11578 (Arnex A) 16 byte Globally
Unique Identifier]

Generation UID UuiD 16 01.02

05.20.07.01.08

Opt

Generation identifier
[RP210 Specifies the reference to an overall modification]

Track D Ulnt32 4 48.01

01.07.01.01

D/Reg

ID of the sound track in this package (for linking to a
ScurceTrackID in a SourceClip)
[RP 210 Specifies the particular track within a package]

Track Number Ulnt32 4 48,04

01404.01.03

Req

Number used to link to the sound track in the Essence
Container. Its use is specified in the appropriate Essence
Container document
[RP 210 Specifies a reference to the codec used to create
Essence Data]

Track Name UTF-16sting | var 4802

01.07.01.02.01

Opt

Human readable name of the track type
[RP 210 Specifies the particular track within a package by
aname]

“Sound”

Edit Rate Rational 8 4B.01

05.30.04.05

Req

Edit Rate of Track
[RP 210 Specifies the timeline rate in hertz]

Origin Position 8 4B.02

07.02.01.03.01.
03

Req

An Offset used 1o resolved timeline references to this
track. The start of the track has this timeline value
measured in Edit Units.

[RP 210 Specifies the point, in edit units, in a track from
which relative times are measured))

StrongRef 16 4803

{Sequence)

Sequence

06.01.01.04.02.
04

Req

Strong reference to Sequence set
[RP 210 Specifies a reference to a segment of a track]

Page 71 of 101 pages




SMPTE 377M-2004

B.12 Sequence (sound)

Local

ltem Name Type Len Tag UL Designator | Req? Meaning Default
=] Sequence Set Key 16 see Table 13 Req Defines the Sequence set
PN Length BERLength | var Req Set length (ses 8.3)
Instance UID uuiD 16 3C0A |01.01.15.02 Reg Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte Globally
Unique Identifier]
Generation UID uJID 16 01.02 |[05.20.07.01.08 Opt Generation Identifier
[RP210 Specifies the reference to an overall mogification]
Data Definition uL 16 02.01 | 04.07.01 Req Specifies the data type of this s&.
(value= Sound Essence - seg SMPTERP224)
[RP210 Specifies the basic essencetype of acomponent]
Duration Length 8 02.02 |07.0202.01.01. | BEffort Duration of Sequence (in units of edit rate)
03 Distinguishied Value = -1
[RP210 The absolute,duration of a compositional
component - e.9. clip, effegt, sequence etc in units of edit rate]
gl Structural StrongRefArr | 8+ 10.01 | 06.01.01.04.06. Req Ordered array/f strangTeferences to Sound Structural
Components ay 16n 09 Components
(Structural [RP210 Specifies a vector of references to the dlips and
Components) transitions in the sequence]
B.13 SourceClip (sound)
Local } b :
? Mean It
ftem Name Type | Len | T | W Desa% Re? ing Defau
=] SourceClip Set Key 16 see Table 13 Req Defines the SourceClip set
Py Length BER Length | var Req Set length (see 8.3)
Instance UID uuID 16 3C0A |0101.15.02 Req Unique ID of this instance
[RP 210 The [SO/EC 11578 (Annex A) 16 byte
Globally Unigue Identifier]
Generation UID uuiD 16 01.02y, | 05.20.07.01.08 Opt Generation Identifier
[RP 210 Specifies the reference to an overall modfication]
Data Definifion uL 16 0201 | 04.07.01 Reg Specifies the data type of this set.
(value= Sound Essence - see SMPTE RP224)
[RP 210 Specifies the basic essence type of a
component]
Start Position Position 8 12.01 |07.02.01.03.01.04 Req | Offsetinto Essence measured in edit units of the track
containing this SourceClip
Duration Length 8 02.02 07.02.02.01.01.03 | B.Effort Duration of SourceClip (in units of edit rate)
Distinguished Value = -1
[RP 210 The absolute duration of a compositional
component - €.9. clip, effect, sequence etcin units of
edit rate]
SourcePackagelD | PackagelD | 32 11.01 | 06.01.01.03.01 Req ID of referenced Package as a UMID
The value shall be 32 zero valued bytes to teminate
the source reference chain
[RP 210 Specifies the reference to a precursor]
SourceTracklD Track ID 4 11.02 | 06.01.01.03.02 Req | Track ID of the referenced Track within the referenced
(Ulnt32) Package . Zero indicates end of reference chain.
[RP210 Specifies the track within the referenced
precursor]
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NOTE - This set is a structural component.
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NOTE - The number of data track sets is determined by the number of editable data tracks in the essence container.

5 g

Item Name

Type

Len

Local
Teg

UL Designator

Req ?

Meaning

Default

Track

Set Key

16

see Table 13

Req

Defines the Track set

Length

BER Length

var

Req

Set length (see 8.3)

Instance UID

uuD

16

3C.0A

01.01.15.02

Req

Unique ID of this instafice
[RP 210 The ISO/IEC 11578'{Annex A) 16 byte
Globally Unigue Identifier]

Generation UID

uuiD

01.02

05.20.07.01.08

Opt

Generationidentifier
[RP 210 Specifigs the reference to an overall
modiification)

Track ID

Ulnt32

48.01

01.07.01.01

D/Req

ID of the Data tracK i this package (for linking to a
SadrceTrackiDin a SourceClip)
[RP 210°Specifies the particular track within a
package]

Track Number

Ulnt32

48.04

01.04.01.03

Req

Number used to link to the Data track in the
Essence Container, Its use is specified in the
appropriate Essence Container document
[RP 210 Specifies a reference to the codec used to
create Essence Data]

Track Name

UTF-16 string

var

48.02

01.07.0102.01

Opt

Human readable name of the track type
[RP 210 Specifies the particular track within a
package by a name]

“Auxiliary
Data”

Edit Rate

Rational

4B.01

05:30.04,05

Req

Edit Rate of Track
[RP 210 Specifies the timeline rate in hertz]

Origin

Position

4B.02

07.02.01.03.01.03

Req

An Offset used to resolved timeline references to
this track. The start of the track has this timeline
value measured in Edit Units.

[RP 210 Specifies the point, in edit units, in a track
from which relative times are measured.]

Sequence

StrongRef
(Seguente)

16

48.03

06.01.01.04.02.04

Reg

Strong reference to Sequence set
[RP 210 Specifies a reference to a segment of a
track]
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B.15 Sequence (data)

The value shall be 32 zero valued bytes to terminate
the source reference chain
[RP 210 Specifies the reference to a precursor]

lem Name Type | Len ";’a‘?;‘ UL Designator | Req? Meaning Default
Sequence Set Key 18 see Table 13 Req Defines the Sequence set
Length BER Length | var Reg Setlength (see 8.3)
Instance UID uuID 16 | 3CO0A |01.01.15.02 Req Unigue ID of this instance
[RP 210 The ISOAEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uuIbD 16 | 01.02 |05.20.07.01.08 Opt Generation |dentifier
[RP 210 Specifies the reference to an overall
modification]
Data Definition uL 16 | 0201 |04.07.01 Req Specifies the data type of this st
{value= Data Essence - see SMPTE RP224)
[RP 210 Specifies the basic essence type of a
componen]
Duration Length 8 | 0202 [07.02.02.01.01.03 B.Effort Duration of Seguence ininits of edit rate)
Distinguishéd Value = -1
[RP 210 Therabscluterduration of a compositional
component -€.g. dip, effect, sequence etc in units
of edit rate]
Structural StrongRefArr | 8+1 [ 10.01 |06.01.01.04.06.09 Regq Ordered array of strong references to Data
Components (Structural 6n Structural Components
Components} [RP 210 Specifies a vector of references to the
clips and transitions in the sequence]
B.16 SourceClip (data)
Local B
item Name Type Len Tag U% tor Req? Meaning Default
=] SourceClip Set Key 16 seeTable 13 Req Defines the SourceClip set
o Length BER Length | var Reg Setlength (see 8.3)
Instance UID uuID 16 3C0A |[0%.01.15.02 Req Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID ulID 16 01,02 |05.20.07.01.08 Opt Generation |dentifier
[RP 210 Specifies the reference to an overall
modification]
Data Definition Ul¢ 16 02.01 | 04.07.01 Req Specifies the data type of this set.
(value= Data Essence - see SMPTE RP224)
[RP 210 Specifies the basic essencs type of a
component]
Start Position Position 8 1201 |07.02.01.03.01.04 Req Offset into Essence measured in edit units of the
track containing this SourceClip
Duratien Length 8 02,02 |07.02.02.01.01.03 B.Effort Duration of SourceClip (in units of edit rate)
Distinguished Value = -1
[RP 210 The absolute duration of a compositional
component - e.g. clip, effect, sequence etcin units of
edit rate]
SourcePackagelD | Package ID R 11.01 | 06.01.01.03.01 Opt ID of the linked Package as a UMID
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ltem Name Type Len L.?:;I UL Designator Req? Meaning Default
SourceTrackiD Track ID 4 11.02 | 06.01.01.03.02 Reg Track ID of the Track within the lirked Package.
(UInt32) Zeroindicates end of reference chain.

[RP 210 Specifies the track within the referenced
precursor]

NOTE - This set is a structural component.
B.17 DM tracks

Descriptive metadata tracks may be one of three types; a standard (timeline) track, an event track or ‘& static track. A
timeline DM track represents a contiguous sequence of SourceClips or segments. A timeline DMftrack shall not have
overlapping DM SourceClips or DM segments. An event DM track represents a number of, pesSibly ind\_c,\pendent, events
occurring in time. The events may occur simultaneously have may be instantaneous or may have a duration. An event DM
track may have overlapping DM SourceClips or DM segments and the DM SourceClips or DM segments may be zero
duration. A static DM track holds unchanging metadata. A static DM track shall represent a static event and DM
SourceClips and DM segments in a static track shall not have a duration property.

NOTE — DM tracks are only present when there is descriptive metadata in the file.

B.17.1 Track (DM)

ltem Name

Type

Local
Tag

UL Designator

Req?L wi% Meaning
A, Nyl

Default

Track

Set Key

16

see Table 13

Req

Defines the Track set

Length

BER Length

var

Reg

Set length (see 8.3)

5 g

Instance UID

uuiD

16

3C.0A

01.01.15.02

Reg

Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]

Generation UID

uuiD

01.02

05.20,07.01.08

Opt

Generation identifier
[RP 210 Specifies the reference to an overall
modification]

Track ID

Ulnt32

48.01

01:07.01.01

D/Req

D of the descriptive metadata track in this package
(for finking to a SourceTrackiD in a SourceClip)
[RP 210 Specifies the particular track within a
package]

Track Number

UInt32

48.04

01.04.01.03

Reg

Number used to link to the descriptive metadata
track in the Essence Container if it exists. Its use is
specified in the appropriate Essence Container
document
[RP 210 Specifies a reference to the codec used to
create Essence Data]

Track Name

UTR+16 string

var

48.02

01.07.01.02.01

Opt

Human readable name of the track type
[RP 210 Specifies the particular track within a
package by a name]

Edit Rate

Rational

4B.01

05.30.04.05

Req

“Descriptive
Metadata”

Edit Rate of Track
[RP 210 Speciiies the timeline rate in hertz]

Origin

Position

4B.02

07.02.01.03.01.03

Reg

An Offset used to resolved timeline references to this
track. The start of the track has this timeline value
measured in Edit Units,

[RP 210 Specifies the point, in edit urits, in a track
from which relative times are measured ]

Sequence

StrongRef
(Sequence)

16

48.03

06.01.01.04.02.04

Req

Strong reference to Sequence set
[RP 210 Specifies a reference to a segment of a
track]

Page 75 of 101 pages




SMPTE 377M-2004

B.17.2 Event track (DM)

item Name Type Len L]?:: UL Designator | Req? Meaning Default
= Event Track Set Key 16 Req Defines the Track set
o Length BERLength | var Req Set length (see 8.3)
Instance UID uuID 16 3C.0A |01.01.15.02 Req Unigue ID of this instance
[RP 210 The ISONEC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uuiD 16 01.02 | 05.20.07.01.08 Opt Generation identifier
[RP 210 Specifies the reference to an éverall
modification]
Track ID Uint32 4 4801 |01.07.01.01 D/Req ID of the descriptive metadata track in this package
(for linking to a SourceTrackID in @8elrceClip)
[RP 210 Specifies the patticular track within a
package]
Track Number Ulnt32 4 48.04 101.04.01.03 Req | Number used to linto the descriptive metadata track 0
inthe Essence Gontainer.ifit exists. Its use is specified
in the appropriate Essence Container document
[RP 210Specifiesa reference to the codec used to
create Essence Data]
Track Name UTF-16sting |  var 4802 |01.07.01.02.01 Opt Human readable name of the track type “Descriptive
[RP 210 Specifies the particular track within a package | Metadata”
by a name]
Event Edit Rate Rational 8 49.01 |05.30.04.02 Reg Edit Rate of Track
[RP 210 Specifies the timeling rate in hertz]
Position 8 4302 |[07.02.01.03.01.08%, Opt | AnOffsetused to resolved timeline references to this 0
track. The start of the track has this fimeline value
measured in Edit Units.
[RP 210 Specifies the point, in ediit units, in an event
track from which relative imes are measured ]
Sequence StrongRef 16 48.03 " 06:01¢01.04.02.04 Strong reference to Sequence set
(Sequence) [RP 210 Specifies a reference to a segment of a
track]
B.17.3 Static track (DM)
N N Local -
ftem Name Len Tag UL Designator Req? Meaning Default
= Static Track T Set Key 16 see Table 13 Req Defines the Track set
5 Length BER Length | var Req Set length (see 8.3)
Instance’UID uuID 16 3C0A |01.01.15.02 Req Unique ID of this instance
[RP 210 The ISO/EC 11578 (Annex A) 16 byte
Globally Unique Identifier]
Generation UID uuID 16 0102 |05.20.07.01.08 Opt Generation identifier
[RP 210 Specifies the reference to an overall
modification]
Track ID Ulnta2 4 4801 [01.07.01.01 D/Req | ID of the descriptive metadata track in this package 0
(for linking to a Source TrackiD in a SourceClip)
[RP210 Specifies the particular track within a
package]
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ltem Name

Type

Local
Tag

UL Designator

Req ?

Meaning

Default

Track Number

Uint32

48.04

01.04.01.03

Req

Number used to link to the descriptive metadata
track in the Essence Containerif it exists. Its use is
specified in the: appropriate Essence Container
document
[RP210 Specifies a reference to the codec used to
create Essence Data]

Track Name

UTF-16 string

var

48.02

01.07.01.02.01

Opt

Human readable name of the track type
[RP210 Specifies the particular track within a
package by a nameg]

‘Descriptive
Metadata”

Sequence

StrongRef
{Sequence)

16

48.03

06.01.01.04.02.04

Req

Strong reference to Sequénce set
[RP210 Specifies a referericeto a segment of a
track]

B.18 Sequence (DM)

Item Name

Type

Local
Tag

UL Designator

Req?

e

Default

Sequence

Set Key

16

see Table 13

Req

Defines the Sequence set

Length

BER Length

var

Req

Set length (see 8.3)

Instance UID

uuID

16

3C.0A

01.01.15.02

Reg

Unique ID of this instance
[RP 210 The ISOAEC 11578 (Annex A) 16 byte
Globally Unique Identitier]

Generation UID

uuID

16

01.02

05.20.07.01°08

Opt

Generation Identifier
[RP 210 Specifies the reference to an overall
medification]

Data Definition

uL

16

02.01

04.07.01

Req

Specifies the data type of this set,

(value= Descriptive Metadata - see SMPTE RP 224)
[RP 210 Specifies the basic essence type of a
component]

Duration

Length

02,02

07.02.02.01.01.03

B.Effort

Duration of Sequencs (in units of et rate)
Distinguished Value = -1
[RP 210 The absolute duration of a compositional
component - e.g. clip, effect, sequence etcin units of
edit rate]

** Note: Duration is Best Effort if the Sequence is in

astandard (imeline) Track, is optional in an Event
Track and shall be omitted in a Static Track.

Structural
Components:

StrengRefArra

y
(Structural
Components)

8+16n

10.01

06.01.01.04.06.09

Req

Ordered anay of strong references to Descriptive
Metadata Structural Components
[RP 210 Specifies a vector of references to the clips
and transitions in the sequence]
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B.19 DM segment

Local

Item Name Type Len Tag

UL Designator

Req?

Meaning

Default

= DM Segment Set Key 16 see Table 13

Req

Defines the Descriptive Metadata Segment set

o Length BER Length | var

Req

Set length (see 8.3)

[

Instance UID uuiD 16 3C.0A |01.01.1502

Req

Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Ideniifier]

Generation UID uuID 16 01.02 |05.20.07.01.08

Opt

Generation Identifier
[RP 210 Speciiies the reference to an Gverall
modification]

Data Definition uL 16 02.01 |04.07.01

Req

Specifies the data type of this sgt.
{value= Descriptive Metadata - see.SMPTE RP224)
[RP 210 Specifies the besic essence type of a
componeni]

Event Start Position Position 8 06.01 |07.02.01.03.03.03

*x

Req

Offset into the descriptivemetadata track in edit
Linits
™ Note: Event'Start Position is Required if the DM
Segmentis,onan Event Track, but shall be omitted
if the DM Segment is on a standard (timeline) Track
or a Static Track.

Duration Length 8 02,02 |07.02.02.01.01.03

B.Effoit

Duration of segment (in units of edit rate). At least as
longias the totel timespan of this DM Framework, if
applicable.

Distinguished Valug = -1
[RP 210 The absolute duration of a compositional
component - €.9. clip, effect, sequence etcin units of
edit rate]

™ Note: Duration is Best Effort if the DM Segment is
in a standard (timeline) Track, is optional in an Event
Track and shall be omitied in a Static Track.

Event Comment UTF-18 Var | 0602 |,05:30:04.04.01
String

Opt

Description of the Descriptive Metadata Framework
[RP 210 User-provided Comment Text for an event]

Track IDs (DM TrackiD 8+ 61.02 |01.07.01.05
Segment) Batch 4*n

Direq

Specifies an unordered list of track ID values that
identify ihe tracks in this Package to which this DM
Framework refers (if omitted, refers fo all essence
tracks)
[RP 210 Specifies an unordered list of frack ID values
that identify descriptive metadata tracks by
containment]

DM Framework StrongRef 16 61.01 |06.01.01.04.02.0C

(DMFramewo
tk)

Direq

Strong Reference to the Descriptive Metadata
Framework
[RP 210 Strong Reference to the Descriptive
Metadata Framework]

NOTE - This set is a structural component.

NOTE - The descriptive metadata segment is also a subclass of the AAF comment marker class. It has incorporated

within it a DM track IDs item which specifies the target tracks of the descriptive metadata. It includes a strong reference to

a DM framework item to contain the descriptive metadata for this segment.
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ltem Name

Type

Local
Tag

UL Designator

Req?

Meaning

Default

DM SourceClip

Set Key

16

see Table 13

Req

Defines the Descriptive Metadata SourceClip set

Length

BER Length

var

Req

Setlength (see 8.3)

9 3

Instance UID

uuiD

16

3C.0A

01.01.15.02

Req

Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]

Generation UID

uuID

16

01.02

05.20.07.01.08

Opt

Generation Identifier
[RP 210 Specifies the reference to.an overall
modification)

Data Definition

uL

16

02.01

04.07.01

Req

Specifies the data type ofthis set.
(value= Descriptive Metadata - see SMPTE RP224)
[RP 210 Specifies the basicessence type of a
€omponent]

Start Position

Position

1201

07.02.01.03.01.04

*h

Req

Offset into the.descriptive metadata track in edit
units
[RP 210°The relative start time from an origin within
thetrack of a clip, expressed in edit units]

*Note: Start Position is Required if the DM
SourcaClip references a standard (timeling) Track or
an Event Track, but shall be omitted if it references a

Static Track.

Duration

Length

02.02

07.02.02.01.01.03

B.Effert

Duration of SourceClip (in units of edit rate)
Distinguished Value = -1
[RP 210 The absolute duration of a compositional
component - e.g. clip, effect, sequence etc in units of
edit rate]

** Note: Duration is Best Effort if the DM SourceClip
isin a standard (timeline) Track, is optional in an
Event Track and shall be omitted in a Static Track.

SourcePackagelD

Package ID

32

11.01

06.01.01.03.01

Req

ID of the linked Package as a UMID
The velue shall be 32 zero valued bytes to terminate
the source reference chain
[RP 210 Specifies the reference to a precursor]

SourceTrackiD

Track ID
(Uint32)

11.02

06.01.01.03.02

Direq

Track ID of the Track within the linked Package from
which the Descriptive Metadata is obtained. Zero
indicates end of reference chain,

[RP 210 Specifies the track within the referenced
precursor]

Track IDs (DM
SourceClip)

TrackiD
Batch

4'n

61.03

01.07.01.06

Direq

Specifies an unordered list of frack ID values that
identify the target tracks in this Package to which the
referenced Descriptive Metadata refers (if omitted,
refers to all essence tracks)

[RP 210 Specifies an unordered list of track ID values
that identify metadata source tracks by reference]

NOTE - This set is a structural component.
This is a SourceClip which can be strong referenced by sequence (descriptive metadata) in order to provide a
linking/derivation mechanism between descriptive metadata in material package, file package and source packages. A

NOTE — The DM SourceClip is used in the same way as a SourceClip (see figure 11). The start position and duration
specify the portion of the source metadata which is relevant for this SourceClip. The source metadata may be a DM

segment in any of the tracks listed in B.17

DM SourceClip shall only be referenced by a sequence in a (timeline) track.
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Annex C (normative)
Specifications for the package used in MXF

There are certain restrictions placed on the different MXF packages which are given below.
C.1 Material package

The material package has the structure detailed in section 8.5.3. The following extra data values are defined:

: Local : D N \
ltem Name Type Len UL Designator { Req? Meaning N | “Default
Tag 5 N\ )

In the time code track within this package, there may be no time code sequence set. In this case, the sequence property
of the track (time code} shall directly reference the appropriate time code structural comgonent. The time code of the
material package is by definition continuous (un-segmented). This is unlike the other.tracks, all of which may be
segmented.

Because a material package describes the output timeline and not stored essence,uiie track number(s) within a material
package cannot be used to link to essence. This is outlined in sections 8.4 and 8.58AMXF encoder generating a new file
should set the track number(s) to 0.

C.2 Source package

The source package has the structure detailed in section 8.5.6., The term "source package" is used in this specification to
mean "file package or physical package". The following extra’data values are defined:

Local o)
ltem Name Type Len UL ? Meani

Tag Qefyaaiﬁr Req ing Default
=) Source Package Set Key 16 seeTable 13 Req Defines the Source Package set
gl Descripter StrongRef 16 | 47.01 U501.01.040208 | seeC3 | Astrong reference to the Generic Descriptor (May

(EssenceDes and C4 be a Multiple Descriptor)
criptor) [RP 210 Specifies a reference to a format descriptor
for the essence]

C.3 File package
The file package has the(structure detailed in annex C.2. A file package shall only contain essence if it is referenced by a
material package; ie., a top-level file package. All other file packages (lower-level file packages) contain historical

annotation metadata only. A file package shall be identified by having zero or one file descriptors and zero physical
descriptors.

NOTE =indAAF, this package is referred to as a file source package.

C.4 Physical package

The physical package has the structure detailed in annex C.2. A physical package shall not contain essence. A physical
package shall be identified by having zero file descriptors and one or more physical descriptors.

NOTE - In AAF, this package is referred to as a physical source package.
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C.5 Package hierarchy in MXF

Figure C.1 shows the naming conventions used in MXF. Note that for the generalized operational patterns a material
package always references a top-level file package (specialized operational patterns may permit a material package to
reference a physical package). A file package references a lower-level source package. This may be a file package or a
physical package. In MXF only a top-level file package may contain essence data. All lower-level file packages shall be
used for the carriage of historical (derivation) metadata.

MXF I;iat;xial
ol ackage
Packags : Reférences between
f 7\ ! packages
]
Material Source S
Package Package o €——= _In generalized OPs, this shall be
kage a top-level File Package
i
I\ v T
| - Source QLU\:‘: Source Source
. fﬁe i]::zsw&l Package c ) kage Package Package
Package e . = :
Class \ \ pommemme- rommmmm—eee- :
Source Source Source
Bunch of bits ' x‘ Package Package Package
(a file)
inheritance %, O emmmmee reference

Figure C.1 - Package class model and how packages reference each other

Page 81 of 101 pages



SMPTE 377M-2004

Annex D (normative) _
Specifications for file-based descriptors used in MXF

NOTE — All file-based descriptor sets are a subclass of file descriptor and inherit the properties defined in that abstract
set.

D.1 File descriptor

NOTE — This descriptor is the set from which many descriptor sets are derived. It in turn is derived from the generic
descriptor in section 9.5. Other descriptors are defined in the individual essence container documents where those in this
annex do not suffice. The properties below shall be common to all Descriptor sets derived from file descriptar.

It is highly desirable to include a file descriptor for each essence track in the file package. Thereforeg/MXFyencoders
should encode a file descriptor for each track in the file package. It is recognized that some MXF_cre@tion applications
may be unable to fully populate the file descriptors (or their subclasses).

IMPORTANT NOTE — The required column in the tables below indicates the status of descriptoriterfis. Some devices
implementing certain container types may be unable to fill in the best effort items in the essence,descriptor at the point of file
creation. For this reason the "incomplete” partition status exists (section 5.2.3). This mechanism $hail only be used for best effort
metadata items. If the value of a best effort metadata item is not known by the MXF encoder then the distinguished value shall be
used.

The file descriptor contains a TrackID, but no PackagelD. To be consistent with\.th€ AAF source reference rules, this
means that the TracklID always refers to the current package. In MXF, a file des€fiptor(ér one of its subclasses) inside the
top-level file package describes how the EssenceContainer data is coded. A filel descriptor (or one of its subclasses)
within a lower-level source package describes how a previous version of the essérice was coded.

The normative definition of item ULs is given by SMPTE RP 210. The data type of certain item ULs is itself a UL which is
an enumeration of known values for the Item. The SMPTE registry isthe'normative reference for these values which are
listed in SMPTE RP 224.

Loca \ :
Htem Name Tpe |ten| T ulBeligndor | Req? Meaning Defauit

[=]|  File Descriptor Set Key 16 see Table 13 Req Defines the File Descriptor set

Length BER Length var Req Setlength (see 8.3)

3

Instance UID uuiD 164("3€.0A,| 01.01.15.02 Reg Unique ID of this instance
[RP 210 The ISO/IEC 11578 (Annex A) 16 byte
Globally Unique Identifier]

Generaticn UID uuiD 16 | 01.02 | 05.20.07.01.08 Opt Generation Identifier
[RP 210 Specifies the reference to an overall
modification]

Linked Track ID Ulnt32 4 | 3006 |06.01.01.03.05 Opt Link to (i.e. value of) the Track ID of the Track in this
Package to which the Descriptor applies.
[RP 210 Link to (i.e. value of) the Track ID of the
Track in this Package to which the Essence
Descriptor applies ]

SampleRate Rational 8 | 30.01 |04.06.01.01 Req | The field or frame rate of Essence Container (not the
essence (pixel) sampling clock rate)
[RP 210 Specifies the number of addressable
elements of essence data per second]

Container Duration Length 8 | 30.02 |04.06.01.02 Opt Duration of Essence Container (measured in Edit
Units)

A file writer should write the best value it can write, If
it cannot be completed, the ltem should be omitted.
[RP 210 Specifies the number of addressable
elements of essence data]
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ltem Name Type

Local
Tag

UL Designator

Req?

Meaning

Default

Essence Container uL 16

30.04

06.01.01.04.01.02

Req

The UL identifying the Essence Container described
by this descriptor, Listed in SMPTE RP 224
[RP 210 Specifies a reference to the format of
Container of Essence Data

Codec uL 16

30.05

06.01.01.04.01.03

Opt

UL toidentify a codec compatible with this Essence
Container. Listed in SMPTE RP 224
[RP 210 Specifies a reference to the codec used to
create Essence Data]

Locators StrongRefArray

(Locators) 16n

2F.01

06.01.01.04.06.03

Opt

Ordered array of strang references to Loeator sets

If present, essence may be located extemal to the
file. If there is more than.ofelegatonset an MXF
Decoder shall use them in the order specified.
[RP 210 Specifies a vectorof references to essence
locators]

NOTE — Codec UL is intended to identify the codec tool (as hardware/software) whereas thesessence container identifies
the essence container itself. Note that the codec tool might be multiformat (e.g., MPEG/JPEG/DV). The
EssenceContainers in the partition pack is a list of all the essence container as définedsin section 6.1.

D.2 Picture essence descriptors

D.2.1 Generic picture essence descriptor

The generic picture essence descriptor is designed to provide generic parametric information which describes the picture.

Item Name Len

Type

Local
Tag

uL Dé:jgn}t%r

':‘:u"hg
Req?

Meaning

Default

Picture Essence Set Key 16

Descriptor

see Table 13

Req

Defines the Picture Essence Descriptor set

Length BER Length | var

Req

Set length (see 8.3)

Alliterns in D.1 see D1

D

see DA

D1

Allitems from D.1 (excluding the Set Key and
Length)

Signal Standard Enum i

32.15

04.05.01.13

Opt

Undertying Signal Standard (see E.2.3)
[RP 210 Underlying Signal Standard]

Frame Layout Uint8 1

32.0C

04.01.03.01.04

B.Effort

Interace or progressive layout (see E.2.2)
Distinguished Value = 255
(0= FULL_FRAME, 1= SEPARATE_FIELDS, 2=
SINGLE_FIELD, 3= MIXED_FELDS,
4=SEGMENTED_FRAME)
[RP 210 Specifies frame layout (interlaced, single
frame, full frame, etc.)]

StoredWidth Uint32 4

32.03

04.01.05.02.02

B.Effort

Horizontal Size of stored picture (see E.2.9)
Distinguished Valug = 0
[RP210 Specifies the integer width of the stored
image in pixels]

Stored Height Uint32 4

32.02

04.01.05.02.01

B.Effort

Vertical Field Size of stored piciure (see E.2.10)
Distinguished Value =0
[RP210 Specifies the integer height of the stored
image in pixels]

StoredF20ffset Int32 4

32.16

04.01.03.02.08

Opt

Topness Adjustment for stored picture (see E.2.22)
[RP210 Topness Adjustment for stored picture]

SampledWidth Uint32 4

32.05

04.01.05.01.08

Opt

Sampled width supplied to codec (see E.2.11)

[RP210 Specifies the integer width of the sampled
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ltem Name

Type

Tag

UL Designator

Req?

Meaning

Default

image in pixels)

Sampled Height

Uint32

32.04

04.01.05.01.07

Opt

Sampled height supplied to codec (see E.2.12)
[RP210 Specifies the integer height of the sampled
image in pixels]

SampledXOffset

Int32

32.06

04.01.05.01.09

Opt

Offset from stored to sampled width (see E.2.13)
(posttive means additional stored pixels)
[RP 210 Specifies the X offset of the sampled imagé
relative to the stored image in pixels]

SampledYOffset

Int32

32.07

04.01.05.01.0A

Opt

Cffset from stored to sampled height (sge:E.2.14)
(positive means addiional stored lines)
[RP 210 Specifies the Y offset ofthe Sampled image
relative to the stored image in pixels]

DisplayHeight

Uint32

3208

04.01.05.01.08

Opt

Displayed Height placed in Produetion Aperture
(se€'E.2.18)
[RP 210 Specifies the height of the presented
image relative totheisampled image in pixels]

DisplayWidth

Uint32

32.09

04.01.05.01.0C

Opt

Displayed Wigth placed in Production Aperture
(see E2.17)
[RP 210 Specifies the width of the presented
image in pixels]

DisplayXOffset

Int32

32.0A

04.01.05.01.0D

Opt

Qffset from Sampled to Display Width (see E.2.19)
[RP 210 Specifies the X offset of the presented
image relative to the sampled image in pixels]

DisplayYOifset

In32

32.08

04.01.05.01.0E

Opt

Offset from Sampled to Display Height (see E.2.20)
[RP 210 Specifies the Y offset of the presented

image relative to the sampled image in pixels]

DisplayF20ffset

Int32

3217

04.01.03.02.07

Opt

Topness Adjustment for displayed picture
(see E2.21)
[RP210 Topness Adjustment for displayed piciure]

Aspect Ratio

Rational

32.0E

04.01.01.01.01

B.Effort

Specifies the horizontal to vertical aspect ratio of the
whole image as it is to be presented to avoid
geometric distortion (and hence includes any black
edges) e.g. {43} or{16,9) (see E2.7)
Distinguished Value = {0,0}

[RP 210 Specifies the horizontal to vertical aspect
rafio of the whole image as it is to be presented to
avoid geometric distortion and hence including any
black edges)

Active Format
Descriptor

Uint8

32.18

04.01.03.02.09

Opt

Speciies the intended framing of the content
within the displayed image (4:3in 16:9 etc.)
{secE28)

[RP 210 Specifies the intended framing of the content
within the displayed image (4:3in 16:9 etc.)]

Video Line Map

Array of Int32

8+8

32.0D0

04.01.03.02.05

B.Effort

First active line in each field e.g. {16,278}
(see E.2.15)
Distinguished Value = {0,0}
[RP 210 Specifies the line numbers of the two top
lines of the active picture]

Alpha Transparency

Ulnt8

32.0F

05.20.01.02

Opt

Is Alpha Inverted ? (see E.2.26)
[RP 210 Zero if the minimurn value of an alpha
sample specifies full transparency and the maximum
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[tem Name

Type

Local
Tag

UL Designator

Req?

Meaning

Default

value specifies full opacity, one if vice versa,]

Capture Gamma

uL

16

3210

04.01.02.01.01.01.
02

Opt

Registered UL of known Gamma (see E.2.27)
[RP 210 Specifies the non-linear relationship betwesn
linear scene light levels and amplitude-compressed
video signal levels at signal origination.]

Image Alignment
Offset

Uint32

2N

04.18.01.01

Opt

Byte Boundary alignment required for Low Level
Essence Storage (see E.2.28)
[RP 210 Specifies number of bytes to4lignithe start of
animage with a defined memory boundary]

Image Start Offset

Uint32

3213

04.18.01.02

Opt

Unused bytes before start of stored.data

(seeE2.29)
[RP 210 Specifies bytes of fill before start of field)]

Image End Offset

Uint32

3214

04.18.01.03

Opt

Unused bytes after end'of stored data

(see E.2.30)
[RP210 Specifies bytes of fil after end of field]

FieldDominance

Uint8

3212

04.01.03.01.08

Opt

The numberief the field which is considered
temparally to come first. (see E.2.25)
[RP210 Specifies whether the first frame of picture is
field 1 or field 2]

Picture Essence
Coding

uL

16

32.01

04.01.06.01

D/Req

UL identifying the Picture Compression Scheme
(see E2.31)
[RP210 Specifies the Compression scheme usex]

D.2.2 CDCI (Color-difference component image) pi¢ture essence descriptor

NOTE — This is a subclass of the generic picture,essence descriptor above. It has all the above items with the same
required / optional status with the addition of theWpew items below. It is intended to describe imagery comprising
interleaved luminance and chrominance samples.

ftem Name Type | Len \:ﬁ% /UL Designator | Req? Meaning Default
X
(=]} CDClEssence Set Key 16 See Table 13 Req Defines the CDCI Picture Essence Descriptor set
Descriptor
“ Length BER Length, | “war Req Setlength (see 8.3)
Allitems in D.2.1 see .21 D21 [seeD21 D21 Allitems from D.2.1 (excluding the Set Key and
Length)
Component Depth Ulnt32 4 3301 |04.01.05.03.0A BEffort | Number of active bits per sample e.g. 8, 10, 16 (see
E2.32)
Distinguished Valug =0
[RP 210 Specifies the component width before
subsampling is applied]
Herizontal Ulnt32 4 3302 |04.01.05.01.05 B.Effort Specifies the H color subsampling (see E.2.33)
Subsampling Distinguished Value = 0
[RP 210 Specifies ratio of luminance subsampling to
chrominance subsampling in horizental direction]
Vertical Subsampling Ulnt32 4 33.08 [04.01.0501.10 Opt Specifies the V color subsampling (see E.2.34)
[RP 210 Specifies ratio of luminance subsampling to
chrominance subsampling in vertical direction]
Color Siting Uint8 1 3303 |04.01.05.01.06 Opt Enumerated value describing color siting (see .2.35

[RP 210 Specifies how to compuite subsampled
chrominancs values]
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ftem Name

Type

Local
Tag

UL Designator

Req?

Meaning

Default

ReversedByteOrder

Boolean

33.0B

03.01.02.01.0A

Opt

aFALSE value denotes Chroma followed by Luma
pixels according to ITU Rec.601 (see E.2.41)
[RP 210 Specifies whether the luma and chroma
sampling order conforms to ITU-R BT.601. Value
will be zero if the byte order conforms, non-zero it
the luminance sample precedes the chroma]

PaddingBits

Int16

33.07

04.18.01.04

Opt

Bits to round up each pixel to stored size
{see E.2.36)
[RP 210 Specifies the number of bits to pad each
pixel so that the next pixel starts on a defined
boundary]

Alpha Sample Depth

Ulnt32

33.09

04.01.05.03.07

Opt

Number of bits per alpha samiple (se&E.2:37)
[RP 210 Specifies the number of bits in the alpha
signal}

Black Ref Level

Uint32

33.04

04.01.05.03.03

Opt

e.g. 16 or 64 (8 or10:bits) (see E.2.38)
[RP 210 Specifies digitaliminance associated with
black]

White Ref level

Uinta2

33.05

04.01.06.03.04

Opt

e.9. 2350 94048'0r 10 bits) (see E.2.39)
[RP 210 Specifies digital luminance associated with
white]

Color Range

Uint32

33.06

04.01.05.03.05

Opt

€.9:225 or 897 (8 or 10 bits) (see E.2.40)
[RP.210 Specifies the range of the color levels ]

D.2.3 RGBA (Red Green Blue Alpha) picture essence descriptor

NOTE — This is a subclass of the generic picture essence descriptor above. It has all the above items with the same
required/optional status with the addition of the new items below. It is intended to describe color component imagery with

transparency.
G : .
ltem Name Type Len Tag 4 .Q'UL, ?esrgnator Req ? Meaning Defauit
[=]] RGBAEssence Set Key 16 See Table 13 Req Defines the RGBA Essence Descriptor set
Descriptor
“ Length BERLength | vaf Req Set length (see 8.3)
Allitemsin D.2.1 see D21 D21 [seeD21 D21 All tems from D.2.1 (excluding the Set Key and
Length)
Component Max Ref Uinta2 4 | 3406 |04.01.05.03.08 Opt Maximum value for RGB components 255
e.g. 235 0r 940 (8 or 10 bits)
[RP 210 Maximum value for RGB components e.g. 235
or 940 (8 or 10 bits)]
Component Mir(Ref Uint32 4 | 3407 |04.01.05.03.0C Opt Minimum value for RGB components 0
e.g. 16 or 64 (8 or 10-bits)
[RP 210 Minimum value for RGB components e.g. 16
or 64 (8 or 10-bits)]
Alpha Max Ref Uint32 4 34.08 | 04.01.05.03.0D Opt Meximum value for alpha component 255
€.9. 235 0r 940 (8 or 10 bits)
[RP 210 Maximum value for alpha component e.g. 235
or 940 (8 or 10 bits)]
Alpha Min Ref Uint32 4 | 3409 |04.01.05.03.0E Opt Minimum value for aipha components 0
&.g. 16.0r64 (8 or 10-bits)
[RP 210 Minimum value for alpha components e.g. 16
or 64 (8 or 10-bits)]
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ftem Name

Type

Local
Tag

UL Designator

Req?

Meaning

Default

ScanningDirection

Qrientation

34,05

04.01.04.04.01

Opt

Enumerated Scanning Direction (see E.2.45)
[RP 210 Enumerated Scanning Direction]

PixelLayout

RGBALayout

var

340

04.01.05.03.06

B.Effort

(see E.2.42)
Distinguished Value = 0in each byte of the
RGBLayoLt array
[RP210 Specifies pixel quantization and order as a data
structure ]

Palette

DataValue

var

34.03

04.01.05.03.08

Opt

(see E243)
[RP210 Specifies, as a single string, the fixed length
values of each color in the paletté Used. )

Palettelayout

RGBALayout

var

34.04

04.01.05.03.09

Opt

(see E244)
[RP210 Specifies pixel quantization and order in the
palette as a data structure.]

D.3 Generic sound essence descriptor

ltem Name

Type

Len

Local
Tag

UL Designator

Req?

T o

Sound Essence
Descriptor

Set Key

16

See Table 13

Reg

Defines the Sound Essence Descriptor set

Length

BER Length

var

Req

Set length (see 8.3)

Allitems in D.1

see D1

D1

see D.1

B.1

Alliterns from D.1 (excluding the Set Key and
Length)

Audio sampling rate

Rational

3D.03

04.02.03.01.01,01

B.Effort

Sampling rate of the audio essence
Distinguished Valug = 0
[RP 210 The reference sampling clock frequency as
a rational number]

{48000,1}

Locked/Unlocked

Boolean

3D.02

[04,02.03.01.04

Direq

Boolean indicating that the number of samples per
frame is locked or unlocked.
[RP 210 TRUE if number of samples per frame is
locked to video]

Audio Ref Level

Int8

30.04

04.02.01.01.03

Opt

Audio reference level which gives the number of
dBm for OVU.
[RP 210 Number of Dbm for OVU]

Electro-Spatial
Formulation

Uint8 (Erium)

3D.05

04.02.01.01.01

Opt

E.g. mono, dual mono, stereo, A B etc
[RP 210 Mono, Dual mono, Stereo A+B, Stereo
M&S, Dolby surround, MPEG BC/NBC etc]

0 =two-channel mode default
1 =two-channel mode
2=single channel mode
3 = primary/secondary mode
4 = stereophonic mode
7 =single channel, double frequency mode carried
on 2 sub-frames
8= stereo left channel, double frequency mode
carried on 2 sub-frames
9= stereo right channel, double frequency mode
carried on 2 sub-frames
15 = mul-channel mode default (>2 channels)

(informative note: these values are identical to
values defined in AES-3 (R1997)

ChannelCount

Uint32

3D.07

04.02.01.01.04

B.Effort

Number of Sound Channels

Distinguished Value =0
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ltem Name Type Len L.?:: UL Designator Req ? Meaning Default
[RP 210 The number of channsls represented in the
waveform data ]
Quantization bits Uint32 4 3001 | 04.02.03.03.04 B.Effort Number of quantization bits
Distinguished Value = 0
[RP 210 The maximum number of significant bits for
the value without compression ]
Dial Norm Int8 q 3D.0C | 04.02.07.01 Opt | Gainto be applied to normalize perceived loudness
of the clip, defined by ITU-R BS.1196 (1995)
(1dB per step)
[RP 210 Gain to be applied to nomalize pefeeived
loudness of the clip]

(Defined by ITU-R BS.1196 (1995) (1dB perstep)

Sound Essence UL 16 3D.06 |04.02.04.02 Direq UL identifying the Sound Compression Scheme
Compression [RP 210 Specifies the Compressienseheme used]

D.4 Generic data essence descriptor
: Local ;
ftem Name Type Len Tag UL Designator | Req? ) Default
=] Data Essence Set Key 16 See Table 13 Req Defines the Data Essence Descriptor set
Descriptor
PN Length BERLength | Var Req Setlength (see 8.3)
Allitems in D.1 see D1 D.1  [seeDi1 D1 Albitems from D.1 (excluding the Set Key and Length)
Data Essence Coding uL 16 | 3E01 |04.03.03.02 Dfreg Specifies the data essence coding type
Values are listed in SMPTE RP 224
[RP 210 Specifies the Coding scheme used]

NOTE — It is anticipated that many data descriptors will Reed to be created for MXF. These are likely to be used to
describe data buried within other essence types (e:g. time code, teletext, subtitles, captioning) as well as new data types
that MXF will carry in the future. A document which defines the container specification for the data essence will define or
reference data descriptors and the appropriateidata-definition term to be used in the sequence and segment.

D.5 Multiple descriptor

~ Wb
ttem Name Type rf;ﬁ ﬂlj;ﬁ@? ;T?Cd UL Designator | Reg? Meaning Default
N4 «
[=)] Multiple Descriptor Set Key 16 See Table 13 Reg Defines the Multiple Descriptor set
o Length BER Length var Req Setlength (see 8.3)
Allitems in D.1 see D.1 D1 [seeD.1 D1 | Alitems from D.1 (excluding the Set Key and Length)
E)| SubDescriptor UIDsY), “StrongRefArray | 8+ | 3F.01 | 06.01.01.04.06.0B Req | Ordered array of strong references o File Descriptor
(File Descriptors) | 16n sets (1 perinterleaved item within the Essence
Container The order of the descriptors should be the
same as the order of the tracks that they describe)
[RP 210 Specifies a vector of an ordered set of
references to File Descriptor sets]

NOTE — The multiple descriptor defines a list of descriptors which describe an Interleaved essence container. For
example, an essence container which has video data interleaved with teletext data may use a multiple descriptor to
describe each essence type and the linked track ID of the referenced file descriptor shall indicate the track to which each
file descriptor applies. The linked track ID property should not be present on a multiple descriptor because a multiple
descriptor describes multiple tracks. If the essence codec Item is present, then it shall be a codec appropriate for the
interleaved container.
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Annex E (normative)
Picture essence descriptor items

E.1 Stored data

The stored data consists of a number of start bytes, followed by a stored rectangle of image data, followed by end bytes.
The mapping between pixels stored in the stored rectangle and those present in the digital video signal is described in this
section. This is illustrated in figure E.1

Stored Data Sampled rectangle Displayed Rectangle Signal Raster

Stored Width Sampled Width Displayed Width

DX

A WM

..... 7

Displayed Height

__Sampled Height

Image End Offset
Image Start Offset

Total Height

<

StoredF20ffset

DisplayedF2Offset

| SX-'Sampled X Offset DX - Display X Offset PX - Production X Offset
7 SY - Sampled Y Offset DY - Display Y Offset PY - Production Y Offset

Figure E1 - Stored, sampled, displayed, rectangles and signal raster
E.1.1 Data storage, processing, display and signal raster model

This specification describes image geometries from three perspectives, the stored rectangle, the sampled rectangle and
the displayed rectangle. The specification defines the image properties, plus properties to describe the mapping of image
rectangles between each view and to the actual signal raster.

E.1:2 /Stored data and stored rectangle

The stored data comprises the entire data region corresponding to the stored rectangle for a single frame or field of the
image plus any start or end data bytes in the byte stream. The stored rectangle corresponds to a rectangle of stored
pixels described by the stored width and stored height properties. The stored rectangle byte count is defined by its width
and height dimension properties multiplied by the number of bytes per pixel.

The stored data may include bytes that are not derived from, and would not usually be translated back to, signal data.

This extra data is the start fill and end fill region. The sizes are defined by the image start offset and image end offset
propetties.
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The stored data may be aligned to a particular storage boundary, defined by the image alignment offset.

NOTE — In cases where compression systems are in use, the stored rectangle corresponds to the data which is passed to
the compressor and received from the decompressor. Since compression systems typically constrain the sizes of
macroblocks, the stored rectangle may be larger than the sampled rectangle and the display rectangle. Also, in these
cases, the definition of the macroblocks may dictate an offset from stored to sampled rectangle which is not equal in field
1 and field 2; this is described by the optional StoredF20ffset property below. In addition, when the stored rectangle
comprises merged fields, the sample rate property will be set to the frame rate according to E.2.1.

E.1.3 Sampled rectangle

The sampled rectangle is the rectangular region corresponding to the digital data pixels derived from an image“source.
This includes the image and any auxiliary information actually sampled from the analog or digital source.

Although typically the sampled rectangle data is a subset of the stored data, it is possible that the sampledyarea may not
be a subset of the stored data. The sampled rectangle may overlap or encapsulate the stored rectangle.

The sampled rectangle is defined by its width and height properties in pixels. These properties default to the same value
as the stored width and height.

The mapping from the stored rectangle to the sampled rectangle is defined by the sampled X offset (SX) and sampled Y
(SY) offset properties, which give the zero-based coordinates of the sampled rectapgle relative to the upper left corner of
the stored rectangle. These properties have a default value of 0. They may be positive’ofnegative.

NOTE — The example in figure E.1 shows positive values for the SX and SY offsets!
E.1.4 Display rectangle
The display rectangle is the rectangular region which is actually visible'in the signal raster.

The display rectangle directly maps to the SMPTE RP 18% production aperture. The display rectangle is defined by its
width and height properties in pixels. These properties default to the same value as the sampled width and sampled
height. Their values shall not be greater than the sampled width ‘and sampled height.

The mapping from the sampled rectangle to the di§playiectangle is defined by the display X offset {DX) and display Y
offset (DY) properties, which give the zero-based*codrdinates of the display rectangle relative to the upper left corner of
the sampled rectangle. These properties have adefault value of 0. Their values shall not be negative.

E.1.5 Signal raster

Signal raster is specified by raster’standards such as by ANSI/SMPTE 125M, SMPTE 274M, SMPTE 296M, ITU-R
BT470.4, and ITU-R BT601.5. .€ompanion standards such as SMPTE RP 187 and ITU-R BT656 give additional
description for some cases.

Images may be scanned in/pregressive or interlaced mode. This is specified by the frame layout property.
The dimensions of the raster itself are defined by the total width and total height properties.

Different standardsdefine different line numbering schemes. The cardinal line numbers were initially specified for
analoguesstandards, such as ITU-R BT470. The definitions of fields and line numbers in digital images are not identical to
the definttions foer‘analogue images. The actual numbers used by this specification are those defined for the digital
standards{(ITU-R BT.656, SMPTE 274M, SMPTE 296M, SMPTE 293M).

The raster provides the framework in which the display rectangle (production aperture) is positioned. The vertical mapping
of the display rectangle into the raster is defined in three stages:

e first, by the VideoLineMap property, which gives the cardinal line numbers of the first sampled line in each field;

e second, by the DisplayYOffset property, which gives the number of lines of sampled data which must be blanked
at the start of each field;

« third, by an optional DisplayF20ffset property, which adjusts the number of lines which are blanked in field 2
relative to the number blanked in field 1. .
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The horizontal mapping of the display rectangle into the raster is defined by blanking the pixels to the left of
DisplayXOffset and to the right of DisplayXOffset+DisplayWidth-1.

The net offset from the raster to the display rectangle (production aperture) is shown in figure E.1 as PX and PY. Note that
PY may have different values for fields 1 and 2 of an interlaced signal. PX is zero for all known digital rasters.

E.1.6 Sampling
This section describes the mapping of image samples onto pixels, and the derivation of the number of bytes per pixel.
E.1.6.1 Color-difference component sampling (CDCI sampling)

Color-difference component sampling is the method used by ITU-R BT601.5, ANSI/SMPTE 125M, SMRTE®274M, SMPTE
296M, and other standards.

In CDCI sampling, each pixel is composed of a sequence of chroma, luminance and, optionally alpha (transparency)
samples. The number of bits used for the samples may vary, but is typically 8 or 10. The order ofithe components is specified
by the pixel layout item. The optional property ReversedByteOrder may be used to specify images stored luminance first.

For example, the number of bytes per pixel in a 4:2:2 system may be derived from the following equation using the
properties in 0:

Bytes per pixel = (2*ComponentDepth+PaddingBits+AlphaSampleDepth)y7 8
Bytes per pixel shall be an integer (more complex packing schemes can defined using the RGBA descriptor).
Most commonly this value is 2.

The chroma sample is derived from color difference signals, subssampled by various factors horizontally and vertically,
and filtered. Several variants of the notional siting of the,€hfoma,samples relative to luminance are in use.

E.1.6.2 Red green blue alpha sampling

Red green blue alpha (RGBA) sampling is the methodyused in computer graphics and display.

In RGBA sampling, each pixel is composed oficotsited samples from red, green, blue and optionally alpha channels.
Various combinations of bits per samplg, rderifig of the components within the pixel, and padding are in use.

A variant of this sampling method(is e censtruct a palette of some number of distinct color values, and then to use the
index of the closest color withinthe,palette as the value of each pixel.

The number of bytes per pixelmust be derived by analysis of the Pixel Layout property on a case by case basis.

E.2 Property definitions

This section specifies the properties which characterize images. Some of these properties are classed as inferred or derived:

Inferred properties are those whose values may be easily inferred from the underlying standard (as given by the signal
stapdard property or by calculation from the values of other properties.

Derived properties are useful parameters which can be derived from other properties.

E.2.1 Sample rate and edit rate

Sample rate is used in descriptors and edit rate is used in tracks. Sample rate is the rate of stored rectangles expressed
as a rational number. This is typically either the rate of fields or frames in the image. A sample unit is used in the text
below to represent 1/sample rate; i.e., the time duration of the stored rectangle. In the descriptors defined in annex D, the
sample rate should be a frame.

Edit Rate is the desired editing rate of the of the image data. An edit unit (1/edit rate) is typically 1 image, but may be
larger in some applications
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NOTES

1. For example, the sampled image may be field based, but the editing may be frame based. In this case the edit rate will
be half the sample rate.

2. Together with the frame layout property, the sample rate property provides the information from which SMPTE 352M
byte 2 may be derived.

E.2.2 Frame layout
Images may be scanned progressively or in one of several interlaced methods. Frame layout property is as follows:

FULL_FRAME (0) — a progressive lattice from top to bottom, stored in progressive line order 1,2,3,4,5.6,. " Example:
“480P59.94". The duration of a sampled rectangle is a frame.

SEPARATE_FIELDS (1) — an interlaced lattice divided into two fields, stored as two fields 1,3,5¢". and 2,4,6... Field 1
scans alternate lines from top to bottom, field 2 scans the intervening lines. The second field is/scanned at a later time
than the first field (one field later). Note that different signal standards may be different tophess (see E.2.16) and
dominance (see E.2.25). Examples: NTSC, ANSI/SMPTE 125M. The duration of a sampled rectangle is a field.

SINGLE_FIELD (2) — an interlaced lattice as for SEPARATE_FIELDS above, except that,only one field is scanned and
retained in the stored data, as 1,3,5,... or 2,4,6,... or (1+2),(3+4),(5+6),... For display, the’second field is derived by line
replication or interpolation. There are no examples of SINGLE_FIELD in broadgast Use; however, this type of sub-
sampling is often used as a simple compression for index frames. The duration of a'saffipled rectangle is a frame.

MIXED_FIELDS (3) - an interlaced lattice as for SEPARATE_FIELDS above, stored as a single matrix of interleaved lines
1,2,3,4,5,6,... It is not common to use MIXED_FIELDS in broadcast; however, intermediate in-memory data structures
sometimes use this format. The duration of a sampled rectangle is a frame.

SEGMENTED_FRAME (4) - an interlaced lattice divided into two fields. Field 1 scans alternate lines from top to bottom,
field 2 scans the intervening lines. The lines are stored assfwo, fields/1,3,5,... 2,4,6,...The two fields are taken from a
single scan of the incoming image - i.e., they are coincident in time, except for the effects of shutter angle. Example:
“1080P24 SF”. The duration of a sampled rectangle is a field.

NOTES

1. Field by field compression of an interlaced signal results in a frame layout of SEPARATE_FIELDS. This includes DV
compression — even though the compressed data strgam may be grouped into whole frames or fields, and even though in
some cases DV uses adaptive field/frame comptession, and always requires both fields of compressed data in order to
successfully decompress. It also includes the adaptive field/frame compression mode of MPEG-2.

2. Together with the sample rate propertyithis,property provides the information from which SMPTE 352M byte 2 may be
derived.

E.2.3 Signal standard

The signal standard epumeratedvalue specifies the underlying signal standard used to define the raster. If the property is
not present, its default value shall be assumed to be 1 (ITU-R BT.601). Valid values are:

Value Meaning

00h No specific underlying standard

01h ITU-R BT.601 and BT.656, also SMPTE 125M
(525 and 625 line interlaced)

02h ITU-R BT.1358, also SMPTE 293M
{625 and 625 line progressive)

03h SMPTE 347M (540 Mbps mappings)

04h SMPTE 274M (1125 ling)

05h SMPTE 296M (750 line progressive)

06h SMPTE 349M (1485 Mbps mappings)
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NOTE — This property provides the information from which SMPTE 352M byte 1 may be derived.

E.2.4 Field start map

For interlaced frame layouts, raster standards define two fields. Raster standards define the line numbers of the raster (for
example 1-525), and define which is called field 1 and which is called field 2. These line numbers do not include zero: the
first line is line number 1. These cardinal line numbers were initially specified for analogue standards, such as ITU-R
BT470. The definitions of field start lines in digital images are not identical to the definitions for analogue images. The
actual numbers used in this specification are those defined by the digital standards (ITU-R BT.656, ANSI/SMPTE 125M,
SMPTE 274M, SMPTE 296M, SMPTE 293M).

The field start map specifies the line number of the first line in field 1 and field 2. This is inferred from the signal standard
property.
NOTE — Examples are: {4, 266} for 525 line 59.94 fields/s,

{1, 564} for 1080 line 59.94 fields/s,

{1, 313} for 625 line 50 field/s.

In the case of FULL_FRAME frame layout, only the start of frame is necessary, for éxafple {1, 0} for 1080P, {1,0} for
720P.

E.2.5 Total width

Raster formats specify the total number of pixels per line. This is inferred from the signal standard property.
Examples: 864, 2200

E.2.6 Total height

Raster formats specify the total height of the raster in Jines/perframe. This is inferred from the signal standard property
and the sample rate property.

Examples: 525, 625, 1125, 750
E.2.7 Aspect ratio

SMPTE RP 187 defines the aspect ratio«f the image in the production aperture, expressed by the ratio of width to height
as a rational:

For example, {4,3}, {16,9}
E.2.8 AFD active format déscriptor

ETSI ETR154 definesithey AFD which defines how 16:9 images are framed within a 4:3 display and vice versa. This
property can be set if the'desired framing is known.

E.2.9 Stored width
Stored width'is equal to the number of pixels across the Stored Rectangle, expressed as a 32-bit unsigned integer.
E.2.10/Stored height

Stored height is equal to the number of pixels from top to bottom of the stored rectangle, expressed as a 32-bit unsigned
integer.

E.2.11 Sampled width

Sampled width is equal to the number of pixels across the sampled rectangle, expressed as a 32-bit unsigned integer. If
the property is not present, its value shall be assumed to be the stored width.
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E.1.12 Sampled height

Sampled height is equal to the number of pixels from top to bottom of the sampled rectangle, expressed as a 32-bit
unsigned integer. If the property is not present, its value shall be assumed to be the stored height.

E.2.13 Sampled X offset

Sampled X offset is the horizontal offset in pixels of the left edge of the sampled rectangle relative to the left edge of the
stored rectangle, expressed as a 32-bit signed integer. The value may be positive or negative. If the property is not
present, its value shall be assumed to be 0.

E.2.14 Sampled Y offset

Sampled Y offset is the vertical offset in pixels of the upper edge of the sampled rectangle relative to thle upper edge of
the stored rectangle, expressed as a 32 bit signed integer. The value may be positive or negative If'the‘groperty is not
present, its value shall be assumed to be 0.

E.2.15 Video line map

Raster standards define the line numbers of the raster (for example 1-525). Only a partion of the raster is sampled
(processed).

Video line map specifies the line numbers of the topmost lines in the raster to which®the sampled rectangle is mapped.
These line numbers do not include zero: the first line is line 1.

The order of the two numbers does not denote topness or field dominances

For interlaced frame layouts, the first two line numbers are given, for example {16,278} or {15,328}. In the case of
FULL_FRAME frame layout, only the topmost line is given, for example, {45, 0}.

E.2.16 Sampled topness

Sampled topness specifies which field (1 or 2) of theproduction aperture contains the topmost line of the visible image.
Sampled topness is derived from the video line map as fallows:

Entries in ¥ideo'lsine Map Sampled

field 1 field 2 Topness
odd odd field 2 upper
odd even field 1 upper
even odd field 1 upper
even even field 2 upper

E.2.17 Display width

Display width is equal to the number of pixels across the display rectangle, expressed as a 32-bit unsigned integer.
If the property is not present, its value shall be assumed to be the sampled width.

E.2.18 Display height

Display height is equal to the number of pixels from top to bottom of the display rectangle, expressed as a 32-bit unsigned
integer. If the property is not present, its value shall be assumed to be the sampled height.

E.2.19 Display X offset

Display X offset the horizontal offset in pixels of the left edge of the display rectangle relative to the left edge of the
sampled rectangle, expressed as a 32-bit signed integer. If the property is not present, its value shall be assumed to be 0.
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E.2.20 Display Y offset

Display Y offset is the vertical offset of the upper edge of the Display Rectangle relative to the upper edge of the sampled
rectangle, expressed as a 32-bit signed integer. If the property is not present, its value shall be assumed to be 0.

E.2.21 DisplayF20ffset

SMPTE RP 187 defines the production aperture as the maximum possible image extent (in common usage, production
aperture refers to the image extent at each stage of the production and transmission process). The SMPTE BRP 187
production aperture is usually the same as the active image aperture defined by the raster standard, but in some cases it
may be smaller. In other cases, transmission systems impose additional blanking upon the display.

To accommodate these cases, the DisplayF20ffset adjusts the number of lines which are blanked in field 2wrelative to the
number blanked in field 1.

If the property is not present, its value shall be assumed to be 0. Valid values are zero or 1.
Non-zero values of DisplayF20ffset invert the display topness relative to the sampled topness.

NOTE — SMPTE RP 187 states that the 525 line Production Aperture begins at lines {21,283}, whereas SMPTE 125M
states that the Active Aperture starts at lines {20,283}.

SMPTE RP 187 blanking is typically recorded as follows:

Video Line Map = {16,278}, DisplayYOffset = 5, DisplayF20ffset = 0
The inferred Display Topness = Sampled Topness = field 2 upper!

ANSI/ SMPTE 125M blanking is typically recorded as follows:;

Video Line Map = {16,278}, DisplayYOffset =4, DisplayF20ffset = 1
This inferred Sampled Topness = field 2 upper, bdt Display Topness is inverted (field 1 upper).

E.2.22 StoredF20ffset

The normal relationship between stored and sampled rectangles is the same for both field 1 and field 2. In some cases,
the stored rectangle for field 1 starts with datarfrom.the interlaced line above the first line of field 2 (i.e., stored topness is
field 1 upper), even though the sampled re¢tangdle begins with a line from field 2 (i.e., sampled topness is field 2 upper).
Other combinations are also possible.

To accommodate these cases, theStoredF20ffset property adjusts the SampledYOffset for field 2 relative to that for field
1;

If the property is not present, itswvalue shall be assumed to be 0. Valid values are zero or minus 1.

Non-zero values of StoredF20ffset invert the stored topness relative to the sampled topness.

NOTE - StoredF20ffset is non-zero for MPEG-2 422P compression in 525 line systems.

E.2.23 SMPTE RP 187 clean aperture

SMPTE/RP™87 defines a clean aperture as an image area which is slightly smaller than the production aperture. This is
defined to remove edge effects which may be present in the production aperture. This specification does not record any
details of the clean aperture and must be inferred from the underlying signal standard.

E.2.24 Pixel aspect ratio

Pixel aspect ratio is not tabulated, but may be derived from the aspect ratio, and the display height and width.
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E.2.25 Field dominance

Field dominance is a property, whose unsigned 8 bit integer value specifies the field number (1 or 2) which is considered
to be temporally the first field of an interlaced frame. If the property is not present, its value shall be assumed to be 1
("field 1 first").

E.2.26 Alpha transparency

Alpha transparency is an unsigned 8 bit value which is zero (FALSE) if zero values of the Alpha channel represent a fully
transparent pixel. One (TRUE) indicate that zero values of the alpha channel represent a fully opague pixel. This flag is a
modifier to the alpha channel data which may be in the essence. Its purpose is to define which value of data corresponds
to transparent.

E.2.27 Gamma

Gamma is a property, whose value is a 16-byte Universal label of a registered set of color primaries, color matrix and
gamma equation.

If the property is not present, its value shall be assumed to be the Universal Label identifying ,SMPTE 170M colorimetry
and transfer.

NOTE — These values are expected to be registered in the SMPTE labels registry. lwillinelude all those enumerated by
SMPTE 268M, table 5.

E.2.28 Image alignment offset

Image alignment offset is a property, whose unsigned 32-bit integer valué specifies the required alignment of the edit units
in the address space of the file.

For example, 16 specifies that image data must be aligned on18:byte bolndaries.

If the property is not present, its value shall be assumed to be'f.

This property is provided for compatibility with some fermats which may be wrapped by MXF (for example some
uncompressed disk formats). New implementations ghould,use KAG rules and the image alignment offset should be set to
1 unless backwards compatibility with the existing"format'requires a value greater than 1. Note that image alignment data
will probably not be KLV wrapped, wherea$’ KAG filling is KLV wrapped. For this reason, both must exist for backwards
compatibility. The image alignment offset methed is"deprecated.

E.2.29 Image start offset

Image start offset is a property, whose,unsigned 32-bit integer value specifies the number of unused bytes from the start
of the stored data for a sample_unitito the start of the stored rectangle. If the property is not present, its value shall be
assumed to be 0.

E.2.30 Image end offset

Image end offset is'a property, whose unsigned 32-bit integer value specifies the number of unused bytes from the end of
the stored rectangleto the end of the stored data for a given sample unit. If the property is not present, its value shall be
assumed {0 be 0.

E.2.31 Picture essence coding

Picture essence coding is a 16-byte UL defining the essence coding / compression scheme in use.

E.2.32 Component depth

Component depth is a property, whose unsigned 32-bit integer value specifies the number of active bits per pixel. Typical
values are 8 or 10.
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E.2.33 Horizontal subsampling

Horizontal subsampling is a property, whose unsigned 32-bit integer value specifies the horizontal subsampling factor of
the chrominance samples relative to the luminance samples. Typical values are 2 or 4. Other values are permitted.

E.2.34 Vertical Subsampling

Vertical subsampling is a property, whose unsigned 32-bit integer value specifies the vertical subsampling factor of the
chrominance samples relative to the luminance samples. Typical values are 1, 2. Other values are permitted.

E.2.35 Color siting

Color siting is a property, whose enumerated unsigned 8 bit value specifies how to compute subsampled chrominance
component values. Values are:

0 coSiting The first luminance value of the image is co-sited with the first chrominance value.
1 mid-point The color pixel is sited at the paint horizontally midway between the lufiinafice pixels on each line.
2 threeTap reserved
3 Quincunx Color samples are sited at the point midway between two adjacent lumifiance pixels on two adjacent ines, as in
MPEG-14:2:0
4 Rec601 Color samples are known to bein.actdrdance with ITU-R Rec 601
FFh Unknown The siting of the color Samples is unknown

It the property is not present, its value shall be assumed to be zero {coSiting).
E.2.36 PaddingBits

PaddingBits is a property, whose 16-bit integer specifies the number of bits to round up each pixel to the stored size of
each pixel. If the property is not present, its value shall befassumed to be 0.

E.2.37 Alpha sample depth

Alpha sample depth is a property, whose unsignéd,82-bit integer value specifies the number of active bits per sample in
the alpha channel. Typical values are 8iwor 10. If the property is not present, its value shall be assumed to be 0.

E.2.38 Black ref level

Black ref level is a propertyj\whose unsigned 32-bit integer value specifies the pixel value for reference black level.
Typical values are 16 or 64 (for 8- or'10-bit samples, respectively).

For ITU-R BT.601, the value s _16; for full range 8-bit video, the value is 0. The same value is used in CDCI (and in RGBA
when the standard ITU-R BT,601 color space conversion is used). If omitted the value is 0.

E.2.39 White ref level

White ref Jevel\is a property, whose unsigned 32-bit integer value specifies the pixel value for reference white level.
Typical valuesiare 235 or 940 (for 8- or 10-bit samples, respectively).

FordlTU-R BT.601, 8-bit video, the value is 235; for full range 8-bit video, the value is 255 (1023). If omitted, the value is
maximum unsigned integer value for component size.

E.2.40 Color range

Color range is a property, whose unsigned 32-bit integer value specifies the number of distinct values allowed for chroma
samples. Typical values are 225 or 897 (for 8- or 10-bit samples, respectively).

The property specifies the nominal range of digital chrominance component values. Chroma values are signed and the
range specified is centered on 80h or 200h (not twos complement). For ITU-R BT.601, the value is 225 (or 897); for full
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range YUV the value is 255 (or 1023). This value is used for both chrominance components. If not present, the value is
the maximum unsigned integer value for the component size (256 or 1024).

E.2.41 Reversed byte order

Reversed byte order is a property, whose boolean value is one (TRUE) if the luminance sample precedes the chroma
sample in the stored data. It is zero (FALSE) if the sample order conforms to the ITU-R BT.801 standard (first chroma
sample precedes luminance sample).

If the property is not present, its value shall be assumed to be zero (FALSE) meaning ITU-R BT.601 sample order.

Other sample orderings are possible, but must be specified by the use of an RGBA descriptor. Note that altheughuthe title
of this property is “byte order”, it refers to the whole sample.

E.2.42 PixelLayout

PixelLayout is a property (for RGBA sampling only), whose vector value describes the format of eagh pixel. It is described
in detail in section E.2.46.

E.2.43 Palette

PaletteLayout is a property (for RGBA palletized sampling only), whose vector valuesdescribes the value of each palette
entry. It is described in detail in section E.2.46.

E.2.44 PaletteLayout

PaletteLayout is a property (for RGBA palletized sampling only), whosemesctor value describes the format of each sample.
It is described in detail in E.2.46.

E.2.45 Scanning direction item

Scanning direction is a property, whose 8 bit enumerated vallle describes the scanning direction of the image. It exactly
matches the equivalent property in SMPTE 268M. If notypresent)the value zero is assumed.

Property Name Type Explanation
ScanningDirection Orientation Specifies the'scanning direction of the image, according to the following enumerated values:
Code line direction (followed by) frame direction
0 leftto right top to bottom
1 right to left top to bottom
2 left to right  bottom to top
3 righttoleft bottom to top
4 top to bottom left to right
5 top to bottom right to left
6 bottorn to top left to right
7 botiom to top fight to left
8-254 reserved for future use

Page 98 of 101 pages



E.2.46 Pixel layout item

SMPTE 377M-2004

Property Name Type Explanation
PixelLayout RGBALayout Specifies the type, order and size of the components within the pixel. The RGBALayout type is a fixed-size 8
element array, where each element consists of the RGBAComponent type with the following fields:
Code  Uint8 Enumerated value specifying component
0->PixelLayout terminator
Depth  Ulnt8 Integer specifying the number of bits occupied
1->32 indicates integer depth
254> [EEE floating point 32 bit value
265> |EEE floating point 64 bit value
0->PixelLayout terminator
For each componentin the pixel, the following Codes should be specified {explained below):
Code  ASCll meaning
0x52 R Red component
0x47 ‘G Green component
Ox42 B Blue component
Ox41 ‘A Alpha component
Ox72 Y Red component (LSBs)
Ox67 ‘q Green component (LSBs).
0x62 i} Blue component {LSBs)
0x61 ‘a Alpha compenent (:SBs)
0x46 F Fill component
0x50 P Palette code
0x55 U Chroma Sarmple (e:g. U, Cb, | etc.)
0x56 Vv Chrema Sample (e.g. V, Cr, Qetc)
Ox57 W Composite Video
0x58 . Non co-sited luminance component
0x59 Y Luminance component
0x5A Z Depth component (SMPTE 268M compatible)
0x75 v Chroma Sample (e.g. U, Cb, | efc.) (LSBs)
Ox76 ) Chroma Sample (e.g. V, Cr, Qetc.) {LSBs)
x77 W Composite Video (LSBs)
0x78y, X Non co-sited luminance component (LSBs)
0x79 Y Luminance component (LSBs)
0x7K ra Depth compenent (LSBs) (SMPTE 268M compatible)
0x00 Terminates list of components
AFill component indicates unused bits. After the components have been specified, the remaining Code and
Size fields shall be setto 0.
Paletie DataValue An array of color values that are used to specify an image.
Size specified by parsing the PaletteLayot property.
PaletteLayout RGBALayout An aray of PixelLayout elements which specifies the order and size of the color components as they are

stored in the palette.

An(RGBA desCriptor set describes content data that contains component-based images where each pixel is made up of a
red, @green and a blue value code; other component types may also be specified.

Optionally, an alpha value can be included in each pixel. The alpha value determines the transparency of the color.

The PixelLayout property provides for specification of the order that the color components are stored in the image, the
number of bits needed to store a pixel, and the bits allocated to each component. This covers a wide variety of scanning
and packing formats, including all those of SMPTE 268M.

The 'R, 'G', 'B' and 'A’ or ‘M’ codes specify red, green, blue and alpha or mask components. The fill ('F') code allows for
insertion of extra bits to pack the components into convenient word sizes. If the PixelLayout property includes an 'R’ 'G’,

or ‘B’, then it shall not include a ‘P.
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The ', ‘g, *b” and ‘a’ or ‘m’ codes specify the lesser significant bits of components when the components are split into two
contiguous bit fields for efficient pixel packing. Such bit-packing schemes are used occasionally for special-purpose
imaging.

The palette ('P') code allows for specification of palletized color sampling, in which each pixel is described by an index into
a pixel palette. If the PixelLayout property includes a ‘P’, then it shall not include an ‘R’, ‘G’, or 'B’. If the PixelLayout
property includes a ‘P, then the RGBADescriptor object shall include the palette and PaletteLayout properties. The palette
and PaletteLayout properties specify the color palette itself and the structure used to store each color in the palette,

The 'U, V', W', X, 'Y" and 'Z' codes allow for specification of abnormal subsampled color and single component sampling
(all standardized methods use the CDCI descriptor). If the PixelLayout property includes any of these, then it shall not
include a 'P’.

The ‘v, v, ‘W', X, 'y’ and ‘2’ codes specify the lesser significant bits of components when the components are split into
two contiguous bit fields for efficient pixel packing. Such bit-packing schemes are used occasionally for special-purpose
imaging.

RGBA content data can be converted to CDCI and then compressed using a preferred compression scheme. Once the
data has been converted and compressed, it is described by a CDCIDescriptor essence deséripter.

The following examples show the values of PixelLayout corresponding to several standdrd sampling structures:
Example: Component 4:2:2:4
8-bit components packed into a 32-bit word, in 601 sequence: Cb Y Cr, with alpha in 4" byte of the stored pixel
PixelLayout= { ‘U’, 8, °Y’, 8, V', 8, ‘A’, 8,0, 0 }
Example: one of the formats supported by SMPTE 268M
10-bit components filled to 32-bit word boundaries, padded(in most significant bits
PixelLayout={ ‘'F’, 2, '‘B’, 10, ‘G’, 10, ‘R’, 10, 00 }

Note that the MXF descriptors provide a mechanjsm te support a similar range of image types to those covered by
SMPTE 268M.
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