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This document, which supersedes the previous QuickTime File Format Specification, June, 2000, describes
the format and content of QuickTime files. It is current as of March, 2001, and is intended primarily
for developers who need to work with QuickTime files outside the context of the QuickTime
environment. For example, if you are developing a non-QuickTime application that imports QuickTime
files or works with QuickTime VR, you need to understand the material in this book.

QuickTime itself provides a number of high-level functions that you can use to create and manipulate
QuickTime files, without requiring you to understand the actual file format. These functions serve
to insulate developers from the low-level details of operation. But not all kinds of QuickTime files
can be created without the information presented here.

This document assumes that the reader is familiar with the basic concepts of digital video and digital
audio, as well as with QuickTime.

Organization of This Document

This document begins with an introduction to QuickTime atoms, then presents the structure of the
QuickTime file format in detail. This is followed by a series of code examples for manipulating a
QuickTime file using the QuickTime API. A series of appendixes describes some common file formats
that can be contained within a QuickTime file as data.

This book describes QuickTime files in general, rather than how they are supported on a specific
computing platform or in a specific programming language. As a result, the file format information
is presented in a tabular manner, rather than in coded data structures. Similarly, field names are
presented in English rather than as programming language tags. Furthermore, to the extent possible,
data types are described generically. For example, this book uses “32-bit signed integer” rather than
“long” to define a 32-bit integer value. Based on the information provided here, you should be able
to create appropriate data structure specifications for your environment.

QuickTime files are used to store QuickTime movies, as well as other time-based data. If you are
writing an application that parses QuickTime files, you should recognize that there may be non-movie
data in the files.

Organization of This Document 13
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Important: The QuickTime file format has been used as the basis of the MPEG-4 standard, developed
by the International Organization for Standardization (ISO). s

Conventions Used in This Document

This document uses special conventions to present certain types of information.

Special Fonts

All code listings, reserved words, and the names of actual data structures, constants, fields, parameters,
and routines are shown in Letter Gothic (this is Letter Gothic).

Words that appear in boldface are key terms or concepts and are defined in the glossary.

Types of Notes

There are three types of notes used in this book.

Note: A note like this contains information that is interesting but possibly not essential to an
understanding of the main text.

Important: A note like this contains information that is essential for an understanding of the main
text.

Warning: A warning like this indicates potential problems that you should be aware of as you
design your application. Failure to heed these warnings could result in system crashes or loss
of data.

Updates to This Book

For any online updates to this book, check the QuickTime developers’ page on the World Wide Web
at

http://developer.apple.com/quicktime/

or you can go directly to the QuickTime New Documentation page at:

http://developer.apple.com/documentation/Quicktime/index-date.html

14 Conventions Used in This Document
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See Also

For information about membership in Apple’s developer program, you should go to this URL:

http://developer.apple.com/membership/

For technical support, go to this URL:

http://developer.apple.com/technicalsupport/index.html

For information on registering signatures, file types, and other technical information, contact

Macintosh Developer Technical Support Apple Computer, Inc. 1 Infinite Loop, M/S 303-2T Cupertino,
CA 95014

See Also 15
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This chapter describes how QuickTime movies are stored on disk. The QuickTime file format is
designed to accommodate the various kinds of data that need to be stored in order to work with
digital media. Because the file format can be used to describe almost any media structure, it is an
ideal format for the exchange of digital media between applications, regardless of the platform on
which the application may be running.

A QuickTime file stores the description of the media separately from the media data. The description,
or meta-data, is called the movie and contains information such as the number of tracks, the video
compression format, and timing information. The movie also contains an index of where all the media
data is stored. The media data is all of the actual sample data, such as video frames and audio samples.
The media data may be stored in the same file as the QuickTime movie, in a separate file, or in several
files.

Before explaining the specifics of how a QuickTime movie is stored, it is important to first understand
the basic units that are used to construct QuickTime files. QuickTime uses two basic structures for
storing information: classic atoms and QT atoms. Both classic atoms, which are simple atoms, and
QT atoms, which are atom container atoms, allow you to construct arbitrarily complex hierarchical
data structures. Both also allow applications to ignore data they don’t understand.

QuickTime atom containers provide a basic structure for storing information in QuickTime. An atom
container is a tree-structured hierarchy of QT atoms.

Atoms

The basic data unit in a QuickTime file is the atom. Each atom contains size and type information
along with its data. The size field indicates the number of bytes in the atom, including the size and
type fields. The type field specifies the type of data stored in the atom and, by implication, the format
of that data.

Atom types are specified by a 32-bit integer, typically a four-character code. Apple Computer reserves
all four-character codes consisting entirely of lowercase letters. Unless otherwise stated, all data in a
QuickTime movie is stored in big-endian (network) byte ordering. All version fields must be set to
0, unless this document states otherwise.

Atoms 17
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Atoms are hierarchical in nature. That is, one atom can contain one or more other atoms of varying
types. For example, a movie atom contains one track atom for each track in the movie. The track
atoms, in turn, contain one or more media atoms each, along with other atoms that define other track
and movie characteristics. This hierarchical structure of atoms is referred to as a containment hierarchy.

Classic atoms and QT atoms coexist within a single tree. Apple provides APIs that allow you to move
within a tree of QT atoms. With classic atoms, you read their size bytes and access their contents by
calculating offsets.

The format of the data stored within a given atom cannot be determined based only on the type field
of that atom. That is, an atom’s use is determined by its context. A given atom type can have different
usages when stored within atoms of different types. This means that all QuickTime file readers must
take into consideration not only the atom type, but also the atom’s containment hierarchy.

Atom Layout

Figure 1-1 (page 18) shows the layout of a sample QuickTime atom. Each atom carries its own size
and type information as well as its data. Throughout this document, the name of a container atom
(an atom that contains other atoms, including other container atoms) is printed in a gray box, and the
name of a leaf atom (an atom that contains no other atoms) is printed in a white box. Leaf atoms
contain data, usually in the form of tables.

Figure 1-1 A sample QuickTime atom

Container atom

Atom size
Atom type

Container atom

Leaf atom

Atom size
Atom type

Atom data

Atom size
Atom type

.

.

.

A leaf atom, as shown in Figure 1-1 (page 18), simply contains a series of data fields accessible by
offsets. You can use QuickTime’s atom tools to search through QT atom hierarchies until you get to
leaf atoms, then read the leaf atom’s data from its various fields.

Atoms within container atoms do not have to be in any particular order, with the exception of handler
description atoms. Handler description atoms must come before their data. For example, the media
handler description must come before a media information atom. A data handler description atom
must come before a data information atom.

18 Atoms
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Atom Structure

Atoms consist of a header, followed by atom data. The header contains the atom’s size and type fields,
giving the size of the atom in bytes and its type. It may also contain an extended size field, giving the
size of a large atom as a 64-bit integer.

An atom header consists of the following fields.

Atom size
A 32-bit integer that indicates the size of the atom, including both the atom header and the
atom’s contents, including any contained atoms. Normally, the size field contains the actual
size of the atom, in bytes, expressed as a 32-bit unsigned integer. However, the size field can
contain special values that indicate an alternate method of determining the atom size. (These
special values are normally used only for media data ('mdat') atoms.) If the size field is set
to 0, which is allowed only for a top-level atom, this is the last atom in the file and it extends
to the end of the file. If the size field is set to 1, then the actual size is given in the extended
size field, an optional 64-bit field that follows the type field. This accomodates media data
atoms that contain more than 2^32 bytes. Figure 1-2 (page 20) shows how to calculate the size
of an atom.

Type
A 32-bit integer that contains the type of the atom. This can often be usefully treated as a
four-character field with a mnemonic value, such as 'moov' (0x6D6F6F76) for a movie atom,
or 'trak' (0x7472616B) for a track atom, but non-ASCII values (such as 0x00000001) are
also used. Knowing an atom's type allows you to interpret its data. An atom's data can be
arranged as any arbitrary collection of fields, tables, or other atoms. The data structure is
specific to the atom type. An atom of a given type has a defined data structure. If your
application encounters an atom of an unknown type, it should not attempt to interpret the
atom's data. Use the atom's size field to skip this atom and all of its contents. This allows a
degree of forward compatability with extensions to the QuickTime file format.

Extended Size
If the size field of an atom is set to 1, the type field is followed by a 64-bit extended size
field, which contains the actual size of the atom as a 64-bit unsigned integer. This is used when
the size of a media data atom exceeds 2^32 bytes.

When the size field contains the actual size of the atom, the extended size field is not present. This
means that when a QuickTime atom is modified by adding data, and its size crosses the 2^32 byte
limit, there is no extended size field in which to record the new atom size. Consequently, it is not
always possible to enlarge an atom beyond 2^32 bytes without copying its contents to a new atom.

To prevent this inconvenience, media data atoms are typically created with a 64-bit placeholder atom
immediately preceding them in the movie file. The placeholder atom has a type of
kWideAtomPlaceholderType ('wide'). Much like a 'free' or 'skip' atom, the 'wide' atom is
reserved space, but in this case the space is reserved for a specific purpose. If a 'wide' atom
immediately precedes a second atom, the second atom can be extended from a 32-bit size to a 64-bit
size simply by starting the atom header 8 bytes earlier (overwriting the 'wide' atom), setting the
size field to 1, and adding an extended size field. This way the offsets for sample data do not need
to be recalculated.

The 'wide' atom is exactly 8 bytes in size, and consists solely of its size and type fields. It contains
no other data.

Atoms 19
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Note: A common error is thinking that the 'wide' atom contains the extended size. The 'wide' atom
is merely a placeholder that can be overwritten if necessary, by an atom header containing an extended
size field.

Figure 1-2 Calculating atom sizes

Size = 1

Size

Type

Extended size
( if size = 1)

Size

Size = 0

Type

Size 

Size

Type

End 
of file

Implied

QT Atoms

Because of the limitations of the classic atom structure––that is, you need to know the offsets in order
to move through the atom tree––Apple created QT atoms. QT atoms are an enhanced data structure
that provide a more general-purpose storage format and remove some of the ambiguities that arise
when using simple atoms.

In particular, with classic atoms there is no way to know if an atom contains data or whether it contains
other atoms, or both, without specific knowledge about the atom. Using QT atoms, a given atom is
either a leaf atom or a container atom. There is no ambiguity. Furthermore, QT atoms allow for
multiple atoms of a given type to be specified through identification numbers. While QT atoms are
a more powerful data structure, they require more overhead in the file.

There are some advantages to using QT atoms for holding and passing information:

 ■ QT atoms can nest indefinitely, forming hierarchies that are easy to pass from one process to
another.

 ■ QuickTime provides a single set of tools by which you can search and manipulate QT atoms of
all types.

The QuickTime file format uses both classic atoms and QT atoms. In general, newer parts of the
QuickTime file format use QT atoms, while older parts use classic atoms. When defining new
QuickTime structures, you should use QT atoms whenever practical.

Figure 1-3 (page 21) depicts the layout of a QT atom. Each QT atom starts with a QT atom container
header, followed by the root atom. The root atom’s type is determined by the QT atom’s type. The
root atom contains any other atoms that are part of the structure.

Each container atom starts with a QT atom header followed by the atom’s contents. The contents are
either child atoms or data, but never both. If an atom contains children, it also contains all of its
children’s data and descendents. The root atom is always present and never has any siblings.
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Figure 1-3 QT atom layout
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A QT atom container header contains the following data.

Reserved
A 10-byte element that must be set to 0.

Lock count
A 16-bit integer that must be set to 0.

Each QT atom header contains the following data.

Size
A 32-bit integer that indicates the size of the atom in bytes, including both the QT atom header
and the atom’s contents. If the atom is a leaf atom, then this field contains the size of the single
atom. The size of container atoms includes all of the contained atoms. You can walk the atom
tree using the size and child count fields.

Type
A 32-bit integer that contains the type of the atom. If this is the root atom, the type value is set
to 'sean'.
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Atom ID
A 32-bit integer that contains the atom’s ID value. This value must be unique among its siblings.
The root atom always has an atom ID value of 1.

Reserved
A 16-bit integer that must be set to 0.

Child count
A 16-bit integer that specifies the number of child atoms that an atom contains. This count only
includes immediate children. If this field is set to 0, the atom is a leaf atom and only contains
data.

Reserved
A 32-bit integer that must be set to 0.

QT Atom Containers

A QuickTime atom container is a basic structure for storing information in QuickTime. An atom
container is a tree-structured hierarchy of QT atoms. You can think of a newly created QT atom
container as the root of a tree structure that contains no children.

A QT atom container contains QT atoms, as shown in Figure 1-4 (page 22). Each QT atom contains
either data or other atoms. If a QT atom contains other atoms, it is a parent atom and the atoms it
contains are its child atoms. Each parent’s child atom is uniquely identified by its atom type and atom
ID. A QT atom that contains data is called a leaf atom.

Figure 1-4 QT atom container with parent and child atoms
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Each QT atom has an offset that describes the atom’s position within the QT atom container. In
addition, each QT atom has a type and an ID. The atom type describes the kind of information the
atom represents. The atom ID is used to differentiate child atoms of the same type with the same
parent; an atom’s ID must be unique for a given parent and type. In addition to the atom ID, each
atom has a 1-based index that describes its order relative to other child atoms of the same parent with
the same atom type. You can uniquely identify a QT atom in one of three ways:
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 ■ by its offset within its QT atom container

 ■ by its parent atom, type, and index

 ■ by its parent atom, type, and ID

You can store and retrieve atoms in a QT atom container by index, ID, or both. For example, to use a
QT atom container as a dynamic array or tree structure, you can store and retrieve atoms by index.
To use a QT atom container as a database, you can store and retrieve atoms by ID. You can also create,
store, and retrieve atoms using both ID and index to create an arbitrarily complex, extensible data
structure.

Warning: Since QT atoms are offsets into a data structure, they can be changed during editing
operations on QT atom containers, such as inserting or deleting atoms. For a given atom, editing
child atoms is safe, but editing sibling or parent atoms invalidates that atom’s offset. s

Note: For cross-platform purposes, all data in a QT atom is expected to be in big-endian format.
However, leaf data can be little-endian if it is custom to an application. u

Figure 1-5 (page 23) shows a QT atom container that has two child atoms. The first child atom (offset
= 10) is a leaf atom that has an atom type of 'abcd', an ID of 1000, and an index of 1. The second child
atom (offset = 20) has an atom type of 'abcd', an ID of 900, and an index of 2. Because the two child
atoms have the same type, they must have different IDs. The second child atom is also a parent atom
of three atoms.

Figure 1-5 A QT atom container with two child atoms
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The first child atom (offset = 30) has an atom type of 'abcd', an ID of 100, and an index of 1. It does
not have any children, nor does it have data. The second child atom (offset = 40) has an atom type of
'word', an ID of 100, and an index of 1. The atom has data, so it is a leaf atom. The second atom (offset
= 40) has the same ID as the first atom (offset = 30), but a different atom type. The third child atom
(offset = 50) has an atom type of 'abcd', an ID of 1000, and an index of 2. Its atom type and ID are
the same as that of another atom (offset = 10) with a different parent.
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Note: If you are working with the QuickTime API, you do not need to parse QT atoms. Instead, the
QT atom functions can be used to create atom containers, add atoms to and remove atoms from atom
containers, search for atoms in atom containers, and retrieve data from atoms in atom containers.

Most QT atom functions take two parameters to specify a particular atom: the atom container that
contains the atom, and the offset of the atom in the atom container data structure. You obtain an
atom’s offset by calling either QTFindChildByID or QTFindChildByIndex. An atom’s offset may be
invalidated if the QT atom container that contains it is modified.

When calling any QT atom function for which you specify a parent atom as a parameter, you can
pass the constant kParentAtomIsContainer as an atom offset to indicate that the specified parent
atom is the atom container itself. For example, you would call the QTFindChildByIndex function and
pass kParentAtomIsContainer constant for the parent atom parameter to indicate that the requested
child atom is a child of the atom container itself.

Overview of the File Format

A QuickTime file is simply a collection of atoms. QuickTime does not impose any rules about the
order of these atoms.

Figure 1-6 (page 24) depicts a typical QuickTime file.

Figure 1-6 The structure of a QuickTime file
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In file systems that support filename extensions, QuickTime filenames typically have an extension of
.mov. On the Macintosh platform, QuickTime files have a file type of 'MooV'. On the Macintosh, the
movie atom may be stored as a Macintosh resource using the Resource Manager. The resource has a
type of 'moov'. All media data is stored in the data fork. On the Internet, QuickTime files are served
under the mime type "video/quicktime".

As previously discussed, QuickTime files consist of atoms, each with an appropriate atom type. A
few of these types are considered basic atom types and form the structure within which the other
atoms are stored. Table 1-1 (page 25) lists the currently supported basic atom types.

Table 1-1 Basic atom types of a QuickTime file

UseAtom type

Unused space available in file.'free'

Unused space available in file.'skip'

Reserved space—can be overwritten by an extended size field.'wide'

Reference to movie preview data.'pnot'

Movie resource—meta-data about the movie (number and type of tracks, location of
sample data, and so on).

'moov'

Movie sample data—usually this data can be interpreted only by using the movie
resource.

'mdat'

Although it is true that QuickTime imposes no strict order on a movie’s atoms, it is often convenient
if the movie atom appears near the front of the file. For example, an application that plays a movie
over a network would not necessarily have access to the entire movie at all times. If the movie atom
is stored at the beginning of the file, the application can use the meta-data to understand the movie’s
content as it is acquired over the network. This can allow an application to play a movie as it
downloads.

The following sections, as well as Chapter 3, “Movie Atoms,” (page 29) describe each of these basic
atom types in more detail, including descriptions of the atoms that each basic atom may contain.

Free Space Atoms

Both free and skip atoms designate unused space in the movie data file. These atoms consist only of
an atom header (atom size and type fields), followed by the appropriate number of bytes of free space.
When reading a QuickTime movie, your application may safely skip these atoms. When writing or
updating a movie, you may reuse the space associated with these atom types. The wide atom consists
only of a type and size field. This occupies 8 bytes—enough space to add an extended size field to
the header of the atom that follows. If an atom grows to exceed 2^32 bytes in size, and it is preceded
by a wide atom, you may create a new atom header, containing an extended size field, by overwriting
the wide atom.
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Movie Data Atoms

As with the free and skip atoms, the movie data atom is structured quite simply. It consists of an atom
header (atom size and type fields), followed by the movie’s media data. Your application can
understand the data in this atom only by using the meta-data stored in the movie atom. This atom
can be quite large, and may exceed 2^32 bytes, in which case the size field will be set to 1, and the
header will contain a 64-bit extended size field.

Preview Atoms

The preview atom contains information that allows you to find the preview image associated with a
QuickTime movie. The preview image, or poster, is a representative image suitable for display to the
user in, for example, Open dialog boxes. Figure 1-7 (page 26) depicts the layout of the preview atom.

Figure 1-7 The layout of a preview atom
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The preview atom has an atom type value of 'pnot' and, following its atom header, contains the
following fields.

Size
A 32-bit integer that specifies the number of bytes in this preview atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'pnot'.

Modification date
A 32-bit unsigned integer containing a date that indicates when the preview was last updated.
The data is in standard Macintosh format.

Version number
A 16-bit integer that must be set to 0.

Atom type
A 32-bit integer that indicates the type of atom that contains the preview data. Typically, this
is set to 'PICT' to indicate a QuickDraw picture.
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Atom index
A 16-bit integer that identifies which atom of the specified type is to be used as the preview.
Typically, this field is set to 1 to indicate that you should use the first atom of the type specified
in the atom type field.
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This chapter provides a general introduction to QuickTime movie atoms, as well as specific details
on the layout and usage of these atoms.

If you are a QuickTime application or tool developer, you’ll want to read this chapter in order to
understand the characteristics and usage of QuickTime movie atoms. Each atom type discussed in
this chapter is shown with an accompanying illustration that contains offset information, followed
by field descriptions.

This chapter is divided into the following major sections:

 ■ “Overview of Movie Atoms” (page 29) discusses QuickTime movie atoms, which act as containers
for information that describes a movie’s data. A conceptual illustration is provided that shows
the organization of a simple, one-track QuickTime movie. Color table atoms and user data atoms
are also discussed.

 ■ “Track Atoms” (page 39) describes track atoms, which define a single track of a movie.

 ■ “Media Atoms” (page 54) discusses media atoms, which define a track’s movie data.

 ■ “Sample Atoms” (page 67) discusses how QuickTime stores media data in samples. The section
also includes examples of how you use these sample atoms.

 ■ “Compressed Movie Resources” (page 80) discusses compressed movie resources, in which a
lossless compression algorithm is used to compress the contents of the movie atom, including
any track, media, or sample atoms. the contents must be decompressed before the movie atom
can be parsed.

 ■ “Reference Movies” (page 81) discusses movies that contain a list of references to alternate movies,
as well as the criteria for selecting the correct movie from a list of alternates.

Overview of Movie Atoms

QuickTime movie atoms have an atom type of 'moov'. These atoms act as a container for the
information that describes a movie’s data. This information, or meta-data, is stored in a number of
different types of atoms. Generally speaking, only meta-data is stored in a movie atom. Sample data
for the movie, such as audio or video samples, are referenced in the movie atom, but are not contained
in it.
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The movie atom is essentially a container of other atoms. These atoms, taken together, describe the
contents of a movie. At the highest level, movie atoms typically contain track atoms, which in turn
contain media atoms. At the lowest level you find the leaf atoms, which contain non-atom data,
usually in the form of a table or a set of data elements. For example, the track atom contains the edit
atom, which contains a leaf atom called the edit list atom. The edit list atom contains an edit list table.
Both of these atoms are discussed later in this book.

Figure 2-1 (page 31) provides a conceptual view of the organization of a simple, one-track QuickTime
movie. Each nested box in the illustration represents an atom that belongs to its parent atom. The
figure does not show the data regions of any of the atoms. These areas are described in the sections
that follow.

Note that this figure shows the organization of a standard movie atom. It is possible to compress the
movie meta-data using a lossless compression algorithm. In such cases, the movie atom contains only
a single child atom—the compressed movie atom ('cmov'). When this child atom is uncompressed,
its contents conform to the structure shown in the following illustration. For details, see “Compressed
Movie Resources”.

It is also possible to create a reference movie, a movie that refers to other movies; in this case the
movie atom may contain only a reference movie atom ('rmra'). For details, see “Reference Movies”.

It is even possible to construct a chain of reference movies, in which one reference movie points to
another, but ultimately the chain must end in either a standard movie atom, such as the one illustrated
below, or a compressed movie atom, which can be uncompressed to obtain the same structure.
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Figure 2-1 Sample organization of a one-track video movie
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The Movie Atom

You use movie atoms to specify the information that defines a movie—that is, the information that
allows your application to understand the data that is stored in the movie data atom. The movie atom
normally contains a movie header atom, which defines the time scale and duration information for
the entire movie, as well as its display characteristics. In addition, the movie atom contains a track
atom for each track in the movie.

The movie atom has an atom type of 'moov'. It contains other types of atoms, including at least one
of three possible parent atoms—the movie header atom ('mvhd'), the compressed movie atom ('cmov'),
or a reference movie atom ('rmra'). An uncompressed movie atom can contain both a movie header
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atom and a reference movie atom, but it must contain at least one of the two. It can also contain several
other atoms, such as a clipping atom ('clip'), one or more track atoms ('trak'), a color table atom
('ctab'), and a user data atom 'udta').

Compressed movie atoms and reference movie atoms are discussed separately. This section describes
normal uncompressed movie atoms.

Figure 2-2 (page 32) shows the layout of a typical movie atom.

Figure 2-2 The layout of a movie atom
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A movie atom may contain the following information.

Size
The number of bytes in this movie atom.

Type
The type of this movie atom; this field must be set to 'moov'.

Movie header atom
See “Movie Header Atoms” (page 33) for more information.

Movie clipping atom
See “Clipping Atoms” (page 43) for more information.

Track list atoms
See “Track Atoms” (page 39) for details on track atoms and their associated atoms.

User data atom
See “User Data Atoms” (page 36) for more infomation about user data atoms.

Color table atom
See“Color Table Atoms” (page 35) for a discussion of the color table atom.

Compressed movie atom
See “Compressed Movie Resources” for a discussion of compressed movie atoms.
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Reference movie atom
See “Reference Movies” (page 81) for a discussion of reference movie atoms.

Movie Header Atoms

You use the movie header atom to specify the characteristics of an entire QuickTime movie. The data
contained in this atom defines characteristics of the entire QuickTime movie, such as time scale and
duration. It has an atom type value of 'mvhd'.

Figure 2-3 (page 33) shows the layout of the movie header atom. The movie header atom is a leaf
atom.

Figure 2-3 The layout of a movie header atom
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You define a movie header atom by specifying the following data elements.
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Size
A 32-bit integer that specifies the number of bytes in this movie header atom.

Type
A 32-bit integer that identifies the atom type; must be set to 'mvhd'.

Version
A 1-byte specification of the version of this movie header atom.

Flags
Three bytes of space for future movie header flags.

Creation time
A 32-bit integer that specifies (in seconds since midnight, January 1, 1904) when the movie
atom was created.

Modification time
A 32-bit integer that specifies (in seconds since midnight, January 1, 1904) when the movie
atom was changed.

Time scale
A time value that indicates the time scale for this movie—that is, the number of time units that
pass per second in its time coordinate system. A time coordinate system that measures time
in sixtieths of a second, for example, has a time scale of 60.

Duration
A time value that indicates the duration of the movie in time scale units. Note that this property
is derived from the movie’s tracks. The value of this field corresponds to the duration of the
longest track in the movie.

Preferred rate
A 32-bit fixed-point number that specifies the rate at which to play this movie. A value of 1.0
indicates normal rate.

Preferred volume
A 16-bit fixed-point number that specifies how loud to play this movie’s sound. A value of 1.0
indicates full volume.

Reserved
Ten bytes reserved for use by Apple. Set to 0.

Matrix structure
The matrix structure associated with this movie. A matrix shows how to map points from one
coordinate space into another. See “Matrices” (page 199) for a discussion of how display matrices
are used in QuickTime.

Preview time
The time value in the movie at which the preview begins.

Preview duration
The duration of the movie preview in movie time scale units.

Poster time
The time value of the time of the movie poster.

Selection time
The time value for the start time of the current selection.
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Selection duration
The duration of the current selection in movie time scale units.

Current time
The time value for current time position within the movie.

Next track ID
A 32-bit integer that indicates a value to use for the track ID number of the next track added
to this movie. Note that 0 is not a valid track ID value.

Color Table Atoms

Color table atoms define a list of preferred colors for displaying the movie on devices that support
only 256 colors. The list may contain up to 256 colors. These optional atoms have a type value of
'ctab'. The color table atom contains a Macintosh color table data structure.

Figure 2-4 (page 35) shows the layout of the color table atom.

Figure 2-4 The layout of a color table atom

Atom size

Type = 'ctab'

Color table atom

Color table seed

Color table flags

Color table size

Color array

Bytes

4

4

4

2

2

n

The color table atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this color table atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'ctab'.

Color table seed
A 32-bit integer that must be set to 0.

Color table flags
A 16-bit integer that must be set to 0x8000.

Color table size
A 16-bit integer that indicates the number of colors in the following color array. This is a
zero-relative value; setting this field to 0 means that there is one color in the array.
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Color array
An array of colors. Each color is made of four unsigned 16-bit integers. The first integer must
be set to 0, the second is the red value, the third is the green value, and the fourth is the blue
value.

User Data Atoms

User data atoms allow you to define and store data associated with a QuickTime object, such as a
movie, track, or media. This includes both information that QuickTime looks for, such as copyright
information or whether a movie should loop, and arbitrary information—provided by and for your
application—that QuickTime simply ignores.

A user data atom whose immediate parent is a movie atom contains data relevant to the movie as a
whole. A user data atom whose parent is a track atom contains information relevant to that specific
track. A QuickTime movie file may contain many user data atoms, but only one user data atom is
allowed as the immediate child of any given movie atom or track atom.

The user data atom has an atom type of 'udta'. Inside the user data atom is a list of atoms describing
each piece of user data. User data provides a simple way to extend what is stored in a QuickTime
movie. For example, you can use data atoms to store a movie’s window position, playback
characteristics, or creation information.

This section describes the data atoms that QuickTime recognizes. You may create new data atom
types that your own application recognizes. Applications should ignore any data atom types they do
not recognize.

Figure 2-5 (page 36) shows the layout of a user data atom.

Figure 2-5 The layout of a user data atom

User data atom

Bytes

4

4

4

4

Atom size

Type = 'udta'

Atom size

Type = user data types

User data list 

User data list

‡ Required atom

‡ 

The user data atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this user data atom.
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Type
A 32-bit integer that identifies the atom type; this field must be set to 'udta'.

User data list
A user data list that is formatted as a series of atoms. Each data element in the user data list
contains size and type information along with its data. For historical reasons, the data list is
optionally terminated by a 32-bit integer set to 0. If you are writing a program to read user
data atoms, you should allow for the terminating 0. However, if you are writing a program to
create user data atoms, you can safely leave out the trailing 0.

Table 2-1 (page 37) lists the currently defined list entry types.

Table 2-1 User data list entry types

DescriptionList entry type

Copyright statement.'© cpy'

Date the movie content was created.'© day'

Name of movie’s director.'© dir'

Edit dates and descriptions.'© ed1' to '© ed9'

Indication of movie format (computer-generated, digitized, and so on).'© fmt'

Information about the movie.'© inf'

Name of movie’s producer.'© prd'

Names of performers.'© prf'

Special hardware and software requirements.'© req'

Credits for those who provided movie source content.'© src'

Name of movie’s writer.'© wrt'

Name of object.'name'

Default window location for movie. Two 16-bit values, {x,y}.'WLOC'

Long integer indicating looping style. This atom is not present unless the
movie is set to loop. Values are 0 for normal looping, 1 for palindromic
looping.

'LOOP'

Play selection only. Byte indicating that only the selected area of the movie
should be played.

'SelO'

Play all frames. Byte indicating that all frames of video should be played,
regardless of timing.

'AllF'

Print to video. Display movie in full screen mode. This atom contains a 16-byte
structure, described in “Print to Video (Full Screen Mode)” (page 38).

'ptv '
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DescriptionList entry type

Hint info atom. Data used for real-time streaming of a movie or a track. For
more information, see “Movie Hint Info Atom” (page 147) and “Hint Track
User Data Atom” (page 147).

'hnti'

Hint track information. Statistical data for real-time streaming of a particular
track. For more information, see “Hint Track User Data Atom” (page 147).

'hinf'

All user data list entries whose type begins with the © character (ASCII 169) are defined to be
international text. These list entries must contain a list of text strings with associated language codes.
By storing multiple versions of the same text, a single user data text item can contain translations for
different languages.

The list of text strings uses a small integer atom format, which is identical to the QuickTime atom
format, except that it uses 16-bit values for size and type instead of 32-bit values. The first value is
the size of the string, including the size and type, and the second value is the language code for the
string.

The window location, looping, play selection only, play all frames, and print to video atoms control
the way QuickTime displays a movie. These atoms are interpreted only if the user data atom’s
immediate parent is a movie atom ('moov'). If they are included as part of a track atom’s user data,
they are ignored.

Print to Video (Full Screen Mode)

A movie atom’s user data atom may contain a print to video atom ('ptv ') . If a print to video atom
is present, QuickTime plays the movie in full-screen mode, with no window and no visible controller.
Any portion of the screen not occupied by the movie is cleared to black. The user must press the esc
key to exit full-screen mode.

This atom is often added and removed transiently to control the display mode of a movie for a single
presentation, but it can also be stored as part of the permanent movie file.

The print to video atom consists of the following data.

Size
A 32-bit integer that specifies the number of bytes in this user data item.

Type
A 32-bit integer that identifies the item type; this field must be set to 'ptv '. Note that the
fourth character is an ASCII blank.

Display size
A 16-bit little-endian integer indicating the display size for the movie: 0 indicates that the movie
should be played at its normal size; 1 indicates that the movie should be played at double size;
2 indicates that the movie should be played at half size; 3 indicates that the movie should be
scaled to fill the screen; 4 indicates that the movie should be played at its current size (this last
value is normally used when the print to video atom is inserted transiently and the movie has
been temporarily resized).

Reserved1
A 16-bit integer whose value should be 0.
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Reserved2
A 16-bit integer whose value should be 0.

Slide show
An 8-bit boolean whose value is 1 for a slide show. In slide show mode, the movie advances
one frame each time the right-arrow key is pressed. Audio is muted.

Play on open
An 8-bit boolean whose value is normally 1, indicating that the movie should play when
opened. Since there is no visible controller in full-screen mode, applications should always set
this field to 1 to prevent user confusion.

Track Atoms

Track atoms define a single track of a movie. A movie may consist of one or more tracks. Each track
is independent of the other tracks in the movie and carries its own temporal and spatial information.
Each track atom contains its associated media atom.

Tracks are used specifically for the following purposes:

 ■ To contain media data references and descriptions (media tracks).

 ■ To contain modifier tracks (tweens, and so forth).

 ■ To contain packetization information for streaming protocols (hint tracks). Hint tracks may contain
references to media sample data or copies of media sample data. For more information about
hint tracks, refer to “Hint Media” (page 145).

Note that a QuickTime movie cannot consist solely of hint tracks or modifier tracks; there must be at
least one media track. Furthermore, media tracks cannot be deleted from a hinted movie, even if the
hint tracks contain copies of the media sample data—in addition to the hint tracks, the entire unhinted
movie must remain.

Figure 2-6 (page 40) shows the layout of a track atom. Track atoms have an atom type value of 'trak'.
The track atom requires the track header atom ('tkhd') and the media atom ('mdia'). Other child
atoms are optional, and may include a track clipping atom ('clip'), a track matte atom ('matt'), an
edit atom ('edts'), a track reference atom ('tref'), a track load settings atom ('load'), a track input
map atom ('imap'), and a user data atom ('udta').
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Figure 2-6 The layout of a track atom
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Track atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'trak'.

Track header atom
See “Track Header Atoms” (page 41) for details.

Clipping atom
See “Clipping Atoms” (page 43) for more information.

Track matte atom
See “Track Matte Atoms” (page 44) for more information.

Edit atom
See “Edit Atoms” (page 46) for details.

Track reference atom
See “Track Reference Atoms” (page 49)” for details.

Track load settings atom
See “Track Load Settings Atoms” (page 48) for details.

Track input map atom
See “Track Input Map Atoms” (page 51)” for details.

Media atom
See “Media Atoms” (page 54) for details.
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User-defined data atom
See “User Data Atoms” (page 36) for more information.

Track Header Atoms

The track header atom specifies the characteristics of a single track within a movie. A track header
atom contains a size field that specifies the number of bytes and a type field that indicates the format
of the data (defined by the atom type 'tkhd').

Figure 2-7 (page 41) shows the structure of the track header atom.

Figure 2-7 The layout of a track header atom
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The track header atom contains the track characteristics for the track, including temporal, spatial, and
volume information.

Track header atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track header atom.
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Type
A 32-bit integer that identifies the atom type; this field must be set to 'tkhd'.

Version
A 1-byte specification of the version of this track header.

Flags
Three bytes that are reserved for the track header flags. These flags indicate how the track is
used in the movie. The following flags are valid (all flags are enabled when set to 1).

Track enabled

Indicates that the track is enabled. Flag value is 0x0001.

Track in movie

Indicates that the track is used in the movie. Flag value is 0x0002.

Track in preview

Indicates that the track is used in the movie’s preview. Flag value is 0x0004.

Track in poster

Indicates that the track is used in the movie’s poster. Flag value is 0x0008.

Creation time
A 32-bit integer that indicates (in seconds since midnight, January 1, 1904) when the track
header was created.

Modification time
A 32-bit integer that indicates (in seconds since midnight, January 1, 1904) when the track
header was changed.

Track ID
A 32-bit integer that uniquely identifies the track. The value 0 cannot be used.

Reserved
A 32-bit integer that is reserved for use by Apple. Set this field to 0.

Duration
A time value that indicates the duration of this track (in the movie’s time coordinate system).
Note that this property is derived from the track’s edits. The value of this field is equal to the
sum of the durations of all of the track’s edits. If there is no edit list, then the duration is the
sum of the sample durations, converted into the movie timescale.

Reserved
An 8-byte value that is reserved for use by Apple. Set this field to 0.

Layer
A 16-bit integer that indicates this track’s spatial priority in its movie. The QuickTime Movie
Toolbox uses this value to determine how tracks overlay one another. Tracks with lower layer
values are displayed in front of tracks with higher layer values.

Alternate group
A 16-bit integer that specifies a collection of movie tracks that contain alternate data for one
another. QuickTime chooses one track from the group to be used when the movie is played.
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The choice may be based on such considerations as playback quality, language, or the
capabilities of the computer.

Volume
A 16-bit fixed-point value that indicates how loudly this track’s sound is to be played. A value
of 1.0 indicates normal volume.

Reserved
A 16-bit integer that is reserved for use by Apple. Set this field to 0.

Matrix structure
The matrix structure associated with this track. See Figure 4-1 (page 200) for an illustration of
a matrix structure.

Track width
A 32-bit fixed-point number that specifies the width of this track in pixels.

Track height
A 32-bit fixed-point number that indicates the height of this track in pixels.

Clipping Atoms

Clipping atoms specify the clipping regions for movies and for tracks. The clipping atom has an atom
type value of 'clip'.

Figure 2-8 (page 43) shows the layout of a clipping atom.

Figure 2-8 The layout of a clipping atom
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Clipping atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this clipping atom.
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Type
A 32-bit integer that identifies the atom type; this field must be set to 'clip'.

Clipping region atom
See “Clipping Region Atoms” (page 44).

Clipping Region Atoms

The clipping region atom contains the data that specifies the clipping region, including its size,
bounding box, and region. Clipping region atoms have an atom type value of 'crgn'.

The layout of the clipping region atom is shown in Figure 2-8 (page 43).

Clipping region atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this clipping region atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'crgn'.

Region size
The region size, region boundary box, and clipping region data fields constitute a QuickDraw
region.

Region boundary box
The region size, region boundary box, and clipping region data fields constitute a QuickDraw
region.

Clipping region data
The region size, region boundary box, and clipping region data fields constitute a QuickDraw
region.

Track Matte Atoms

Track matte atoms are used to visually blend the track’s image when it is displayed.

Track matte atoms have an atom type value of 'matt'.

Figure 2-9 (page 45) shows the layout of track matte atoms.

44 Track Atoms
2001-03-01 | © 2002, 2001 Apple Computer, Inc. All Rights Reserved.

C H A P T E R 2

Movie Atoms



Figure 2-9 The layout of a track matte atom

Bytes

4

4

4

4

3

Variable

Atom size

Type = 'matt'

Track matte atom

Atom size

Type = 'kmat'

Matte image 
description structure

Matte data

1

Variable

Compressed matte atom

Version

Flags

Track matte atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track matte atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'matt'.

Compressed matte atom
The actual matte data

See “Compressed Matte Atoms” (page 45) for details.

Compressed Matte Atoms

The compressed matte atom specifies the image description structure and the matte data associated
with a particular matte atom. Compressed matte atoms have an atom type value of 'kmat'.

The layout of the compressed matte atom is shown in Figure 2-9 (page 45).

Compressed matte atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this compressed matte atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'kmat'.

Version
A 1-byte specification of the version of this compressed matte atom.
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Flags
Three bytes of space for flags. Set this field to 0.

Matte image description structure
An image description structure associated with this matte data. The image description contains
detailed information that governs how the matte data is used. See “Video Sample
Description” (page 92) for more information about image descriptions.

Matte data
The compressed matte data, which is of variable length.

Edit Atoms

You use edit atoms to define the portions of the media that are to be used to build up a track for a
movie. The edits themselves are contained in an edit list table, which consists of time offset and
duration values for each segment. Edit atoms have an atom type value of 'edts'.

Figure 2-10 (page 46) shows the layout of an edit atom.

In the absence of an edit list, the presentation of a track starts immediately. An empty edit is used to
offset the start time of a track.

Note: If the edit atom or the edit list atom is missing, you can assume that the entire media is used
by the track. <8bat>u

Figure 2-10 The layout of an edit atom
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Edit atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this edit atom.
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Type
A 32-bit integer that identifies the atom type; this field must be set to 'edts'.

Edit list atom
See “Edit List Atoms” (page 47).

Edit List Atoms

You use the edit list atom, also shown in Figure 2-10 (page 46), to map from a time in a movie to a
time in a media, and ultimately to media data. This information is in the form of entries in an edit list
table, shown in Figure 2-11 (page 47). Edit list atoms have an atom type value of 'elst'.

Edit list atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this edit list atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'elst'.

Version
A 1-byte specification of the version of this edit list atom.

Flags
Three bytes of space for flags. Set this field to 0.

Number of entries
A 32-bit integer that specifies the number of entries in the edit list atom that follows.

Edit list table
An array of 32-bit values, grouped into entries containing 3 values each. Figure 2-11 (page 47)
shows the layout of the entries in this table.

Figure 2-11 The layout of an edit list table entry
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An edit list table entry contains the following elements.

Track duration
A 32-bit integer that specifies the duration of this edit segment in units of the movie’s time
scale.

Media time
A 32-bit integer containing the starting time within the media of this edit segment (in media
timescale units). If this field is set to –1, it is an empty edit. The last edit in a track should never
be an empty edit. Any difference between the movie’s duration and the track’s duration is
expressed as an implicit empty edit.
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Media rate
A 32-bit fixed-point number that specifies the relative rate at which to play the media
corresponding to this edit segment. This rate value cannot be 0 or negative.

Track Load Settings Atoms

Track load settings atoms contain information that indicates how the track is to be used in its movie.
Applications that read QuickTime files can use this information to process the movie data more
efficiently. Track load settings atoms have an atom type value of 'load'.

Figure 2-12 The layout of a track load settings atom
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Track load settings atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track load settings atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'load'.

Preload start time
A 32-bit integer specifying the starting time, in the movie’s time coordinate system, of a segment
of the track that is to be preloaded. Used in conjunction with the preload duration.

Preload duration
A 32-bit integer specifying the duration, in the movie’s time coordinate system, of a segment
of the track that is to be preloaded. If the duration is set to –1, it means that the preload segment
extends from the preload start time to the end of the track. All media data in the segment of
the track defined by the preload start time and preload duration values should be loaded into
memory when the movie is to be played.

Preload flags
A 32-bit integer containing flags governing the preload operation. Only two flags are defined,
and they are mutually exclusive. If preload flags is set to 1, the track is to be preloaded regardless
of whether it is enabled. If preload flags is set to 2, the track is to be preloaded only if it is
enabled.
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Default hints
A 32-bit integer containing playback hints. More than one flag may be enabled. Flags are
enabled by setting them to 1. The following flags are defined.

Double buffer

This flag indicates that the track should be played using double-buffered I/O. This flag’s value
is 0x0020.

High quality

This flag indicates that the track should be displayed at highest possible quality, without regard
to real-time performance considerations. This flag’s value is 0x0100.

Track Reference Atoms

Track reference atoms define relationships between tracks. Track reference atoms allow one track to
specify how it is related to other tracks. For example, if a movie has three video tracks and three sound
tracks, track references allow you to identify the related sound and video tracks. Track reference
atoms have an atom type value of 'tref'.

Track references are uni-directional and point from the recipient track to the source track. For example,
a video track may reference a time code track to indicate where its time code is stored, but the time
code track would not reference the video track. The time code track is the source of time information
for the video track.

A single track may reference multiple tracks. For example, a video track could reference a sound track
to indicate that the two are synchronized and a time code track to indicate where its time code is
stored.

A single track may also be referenced by multiple tracks. For example, both a sound and video track
could reference the same time code track if they share the same timing information.

If this atom is not present, the track is not referencing any other track in any way. Note that the array
of track reference type atoms is sized to fill the track reference atom. Track references with a reference
index of 0 are permitted. This indicates no reference.

Figure 2-13 (page 50) shows the layout of a track reference atom.
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Figure 2-13 The layout of a track reference atom
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A track reference atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track reference atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'tref'.

Track reference type atoms
A list of track reference type atoms containing the track reference information. These atoms
are described next.

Each track reference atom defines relationships with tracks of a specific type. The reference type
implies a track type. Table 2-2 (page 50) shows the track reference types and their descriptions.

Table 2-2 Track reference types

DescriptionReference type

Time code. Usually references a time code track.'tmcd'

Chapter or scene list. Usually references a text track.'chap'

Synchronization. Usually between a video and sound track. Indicates that the two
tracks are synchronized. The reference can be from either track to the other, or there
may be two references.

'sync'

Transcript. Usually references a text track.'scpt'

Nonprimary source. Indicates that the referenced track should send its data to this
track, rather than presenting it. The referencing track will use the data to modify
how it presents its data. See “Track Input Map Atoms” (page 51) for more
information.

'ssrc'

The referenced tracks contain the original media for this hint track.'hint'
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Each track reference type atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track reference type atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to one of the values shown
in Table 2-2 (page 50).

Track IDs
A list of track ID values (32-bit integers) specifying the related tracks. Note that this is one case
where track ID values can be set to 0. Unused entries in the atom may have a track ID value
of 0. Setting the track ID to 0 may be more convenient than deleting the reference.

You can determine the number of track references stored in a track reference type atom by subtracting
its header size from its overall size and then dividing by the size, in bytes, of a track ID.

Track Input Map Atoms

Track input map atoms define how data being sent to this track from its nonprimary sources is to be
interpreted. Track references of type 'ssrc' define a track’s secondary data sources. These sources
provide additional data that is to be used when processing the track. Track input map atoms have
an atom type value of 'imap'.

Figure 2-14 (page 52) shows the layout of a track input atom. This atom contains one or more track
input atoms. Note that the track input map atom is a QT atom structure.
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Figure 2-14 The layout of a track input map atom
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Each track input map atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this track input map atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'imap'.

Track input atoms
A list of track input atoms specifying how to use the input data.

The input map defines all of the track’s secondary inputs. Each secondary input is defined using a
separate track input atom.

Each track input atom contains the following data elements.
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Size
A 32-bit integer that specifies the number of bytes in this track input atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to ' in' (note that the two
leading bytes must be set to 0x00).

Atom ID
A 32-bit integer relating this track input atom to its secondary input. The value of this field
corresponds to the index of the secondary input in the track reference atom. That is, the first
secondary input corresponds to the track input atom with an atom ID value of 1; the second
to the track input atom with an atom ID of 2, and so on.

Reserved
A 16-bit integer that must be set to 0.

Child count
A 16-bit integer specifying the number of child atoms in this atom.

Reserved
A 32-bit integer that must be set to 0.

The track input atom, in turn, may contain two other types of atoms: input type atoms and object ID
atoms. The input type atom is required; it specifies how the data is to be interpreted.

The input type atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this input type atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to ' ty' (note that the two
leading bytes must be set to 0x00).

Input type
A 32-bit integer that specifies the type of data that is to be received from the secondary data
source. Table 2-3 (page 53) lists valid values for this field.

Table 2-3 Input types

DescriptionValueInput identifier

A 3x3 transformation matrix to transform the track’s
location, scaling, and so on.

1kTrackModifierTypeMatrix

A QuickDraw clipping region to change the track’s
shape.

2kTrackModifierTypeClip

An 8.8 fixed-point value indicating the relative sound
volume. This is used for fading the volume.

3kTrackModifierTypeVolume

A 16-bit integer indicating the sound balance level. This
is used for panning the sound location.

4kTrackModifierTypeBalance
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DescriptionValueInput identifier

A graphics mode record (32-bit integer indicating
graphics mode, followed by an RGB color) to modify
the track’s graphics mode for visual fades.

5kTrackModifierType-
GraphicsMode

A 3x3 transformation matrix to transform an object
within the track’s location, scaling, and so on.

6kTrackModifierObjectMatrix

A graphics mode record (32-bit integer indicating
graphics mode, followed by an RGB color) to modify an
object within the track’s graphics mode for visual fades.

7kTrackModifierObject-
GraphicsMode

Compressed image data for an object within the track.
Note that this was kTrackModifierTypeSpriteImage.

'vide’kTrackModifierTypeImage

If the input is operating on an object within the track (for example, a sprite within a sprite track), an
object ID atom must be included in the track input atom to identify the object.

The object ID atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this object ID atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'obid'.

Object ID
A 32-bit integer identifying the object.

Media Atoms

Media atoms describe and define a track’s media type and sample data. The media atom contains
information that specifies the media type, such as sound or video, the media handler component used
to interpret the sample data, the media timescale and track duration, and media-and-track-specific
information such as sound volume or graphics mode. It also contains the media data references, which
typically specify the file where the sample data is stored, and the sample table atoms, which specify
the sample description, duration, and byte offset from the data reference for each media sample.

The media atom has an atom type of 'mdia'. It must contain a media header atom ('mdhd'), and it
can contain a handler reference ('hdlr'), media information ('minf'), and user data ('udta').

Figure 2-15 (page 55) shows the layout of a media atom.
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Figure 2-15 The layout of a media atom
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Media atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this media atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'mdia'.

Media header atom
This atom contains the standard media information. See “Media Header Atoms” (page 55).

Handler reference atom
This atom identifies the media handler component that is to be used to interpret the media
data. See “Handler Reference Atoms” (page 57) for more information.

Note that the handler reference atom tells you the kind of media this media atom contains—for
example, video or sound. The layout of the media information atom is specific to the media
handler that is to interpret the media. “Media Information Atoms” (page 58) discusses how
data may be stored in a media, using the video media format defined by Apple as an example.

Media information atom
This atom contains data specific to the media type for use by the media handler component.
See “Media Information Atoms” (page 58).

User data atom
See “User Data Atoms” (page 36).

Media Header Atoms

The media header atom specifies the characteristics of a media, including time scale and duration.
The media header atom has an atom type of 'mdhd'.

Figure 2-16 (page 56) shows the layout of the media header atom.
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Figure 2-16 The layout of a media header atom
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Media header atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this media header atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'mdhd'.

Version
One byte that specifies the version of this header atom.

Flags
Three bytes of space for media header flags. Set this field to 0.

Creation time
A 32-bit integer that specifies (in seconds since midnight, January 1, 1904) when the media
atom was created.

Modification time
A 32-bit integer that specifies (in seconds since midnight, January 1, 1904) when the media
atom was changed.

Time scale
A time value that indicates the time scale for this media—that is, the number of time units that
pass per second in its time coordinate system.

Duration
The duration of this media in units of its time scale.

Language
A 16-bit integer that specifies the language code for this media. See “Language Code
Values” (page 197) for valid language codes.
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Quality
A 16-bit integer that specifies the media’s playback quality—that is, its suitability for playback
in a given environment.

Handler Reference Atoms

The handler reference atom specifies the media handler component that is to be used to interpret the
media’s data. The handler reference atom has an atom type value of 'hdlr'.

Historically, the handler reference atom was also used for data references. However, this use may
now be ignored.

The handler atom within a media atom declares the process by which the media data in the stream
may be presented, and thus, the nature of the media in a stream. For example, a video handler would
handle a video track.

Figure 2-17 (page 57) shows the layout of a handler reference atom.

Figure 2-17 The layout of a handler reference atom
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Handler reference atoms contain the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this handler reference atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'hdlr'.

Version
A 1-byte specification of the version of this handler information.
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Flags
A 3-byte space for handler information flags. Set this field to 0.

Component type
A four-character code that identifies the type of the handler. Only two values are valid for this
field: 'mhlr' for media handlers and 'dhlr' for data handlers.

Component subtype
A four-character code that identifies the type of the media handler or data handler. For media
handlers, this field defines the type of data—for example, 'vide' for video data or 'soun' for
sound data.

For data handlers, this field defines the data reference type—for example, a component subtype
value of 'alis' identifies a file alias.

Component manufacturer
Reserved. Set to 0.

Component flags
Reserved. Set to 0.

Component flags mask
Reserved. Set to 0.

Component name
A (counted) string that specifies the name of the component—that is, the media handler used
when this media was created. This field may contain a zero-length (empty) string.

Media Information Atoms

Media information atoms (defined by the 'minf' atom type) store handler-specific information for
a track’s media data. The media handler uses this information to map from media time to media data
and to process the media data.

These atoms contain information that is specific to the type of data defined by the media. Further,
the format and content of media information atoms are dictated by the media handler that is responsible
for interpreting the media data stream. Another media handler would not know how to interpret this
information.

This section describes the atoms that store media information for the video ('vmhd'), sound ('smhd'),
and base ('gmhd') portions of QuickTime movies.

Note: “Using Sample Atoms” (page 79) discusses how the video media handler locates samples in a
video media. <8bat>u

Video Media Information Atoms

Video media information atoms are the highest-level atoms in video media. These atoms contain a
number of other atoms that define specific characteristics of the video media data. Figure 2-18 (page
59) shows the layout of a video media information atom.
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Figure 2-18 The layout of a media information atom for video
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The video media information atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this video media information atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'minf'.

Video media information atom
See “Video Media Information Header Atoms” (page 59).

Handler reference atom
See “Handler Reference Atoms” (page 57).

Data information atom
See “Data Information Atoms” (page 65).

Sample table atom
See “Sample Table Atoms” (page 68).

Video Media Information Header Atoms

Video media information header atoms define specific color and graphics mode information.

Figure 2-19 (page 60) shows the structure of a video media information header atom.
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Figure 2-19 The layout of a media information header atom for video
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The video media information header atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this video media information header
atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'vmhd'.

Version
A 1-byte specification of the version of this video media information header atom.

Flags
A 3-byte space for video media information flags. There is one defined flag.

No lean ahead

This is a compatibility flag that allows QuickTime to distinguish between movies created with
QuickTime 1.0 and newer movies. You should always set this flag to 1, unless you are creating
a movie intended for playback using version 1.0 of QuickTime. This flag’s value is 0x0001.

Graphics mode
A 16-bit integer that specifies the transfer mode. The transfer mode specifies which Boolean
operation QuickDraw should perform when drawing or transferring an image from one location
to another. See “Graphics Modes” (page 200) for a list of graphics modes supported by
QuickTime.

Opcolor
Three 16-bit values that specify the red, green, and blue colors for the transfer mode operation
indicated in the graphics mode field.

Sound Media Information Atoms

Sound media information atoms are the highest-level atoms in sound media. These atoms contain a
number of other atoms that define specific characteristics of the sound media data. Figure 2-20 (page
61) shows the layout of a sound media information atom.
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Figure 2-20 The layout of a media information atom for sound

'dinf'Data information atom

Sample table atom

Atom size
Type = 'minf'

'stbl'

Sound media information atom

'smhd'Sound media information header atom

‡ Required atom

‡

'hdlr'Handler reference atom ‡

The sound media information atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sound media information atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'minf'.

Sound media information header atom
See “Sound Media Information Header Atoms” (page 61).

Handler reference atom
See “Handler Reference Atoms” (page 57).

Data information atom
See “Data Information Atoms” (page 65).

Sample table atom
See “Sample Table Atoms” (page 68).

Sound Media Information Header Atoms

The sound media information header atom (shown in Figure 2-21 (page 62)) stores the sound media’s
control information, such as balance.
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Figure 2-21 The layout of a sound media information header atom
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The sound media information header atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sound media information header
atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'smhd'.

Version
A 1-byte specification of the version of this sound media information header atom.

Flags
A 3-byte space for sound media information flags. Set this field to 0.

Balance
A 16-bit integer that specifies the sound balance of this sound media. Sound balance is the
setting that controls the mix of sound between the two speakers of a computer. This field is
normally set to 0. See “Balance” (page 201) for more information about balance values.

Reserved
Reserved for use by Apple. Set this field to 0.

Base Media Information Atoms

The base media information atom (shown in Figure 2-22 (page 63)) stores the media information for
media types such as text, MPEG, time code, and music.

Media types that are derived from the base media handler may add other atoms within the base
media information atom, as appropriate. At present, the only media type that defines any additional
atoms is the timecode media. See “Timecode Media Information Atom” (page 107) for more information
about timecode media.
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Figure 2-22 The layout of a base media information atom
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The base media information atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this base media information atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'minf'.

Base media information header atom
See “Base Media Information Header Atoms” (page 63).

Base media info atom
See “Base Media Info Atoms” (page 63).

Base Media Information Header Atoms

The base media information header atom indicates that this media information atom pertains to a
base media.

The base media information header atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this base media information header atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'gmhd'.

Base Media Info Atoms

The base media info atom, contained in the base media information atom, defines the media’s control
information, including graphics mode and balance information.

Figure 2-23 (page 64) shows the layout of the base media info atom.

Media Atoms 63
2001-03-01 | © 2002, 2001 Apple Computer, Inc. All Rights Reserved.

C H A P T E R 2

Movie Atoms



Figure 2-23 The layout of a base media info atom
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The base media info atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this base media info atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'gmin'.

Version
A 1-byte specification of the version of this base media information header atom.

Flags
A 3-byte space for base media information flags. Set this field to 0.

Graphics mode
A 16-bit integer that specifies the transfer mode. The transfer mode specifies which Boolean
operation QuickDraw should perform when drawing or transferring an image from one location
to another. See “Graphics Modes” (page 200) for more information about graphics modes
supported by QuickTime.

Opcolor
Three 16-bit values that specify the red, green, and blue colors for the transfer mode operation
indicated in the graphics mode field.

Balance
A 16-bit integer that specifies the sound balance of this media. Sound balance is the setting
that controls the mix of sound between the two speakers of a computer. This field is normally
set to 0. See “Balance” (page 201) for more information about balance values.

Reserved
Reserved for use by Apple. Set this field to 0.
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Data Information Atoms

The handler reference atom (described in “Handler Reference Atoms” (page 57)) contains information
specifying the data handler component that provides access to the media data. The data handler
component uses the data information atom to interpret the media’s data. Data information atoms
have an atom type value of 'dinf'.

Figure 2-24 (page 65) shows the layout of the data information atom.

Figure 2-24 The layout of a data information atom

Data information atom

4

4

4

4

3

1

Bytes

Atom size

Type = 'dref'

Number of entries

Version

Flags 

Atom size

Type = 'dinf'

Data references 

Size

 Type

 Version

Flags

Data

4

4

4

3

1

Variable

4

4

3

1

Variable

Size

 Type

 Version

Flags

Data

.

.

.

Data reference atom 

The data information atom contains the following data elements.
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Size
A 32-bit integer that specifies the number of bytes in this data information atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'dinf'.

Data reference atom
See “Data Reference Atoms” (page 66).

Data Reference Atoms

Data reference atoms contain tabular data that instructs the data handler component how to access
the media’s data. Figure 2-24 (page 65) shows the data reference atom.

The data reference atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this data reference atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'dref'.

Version
A 1-byte specification of the version of this data reference atom.

Flags
A 3-byte space for data reference flags. Set this field to 0.

Number of entries
A 32-bit integer containing the count of data references that follow.

Data references
An array of data references.

Each data reference is formatted like an atom and contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in the data reference.

Type
A 32-bit integer that specifies the type of the data in the data reference. Table 2-4 (page 67)
lists valid type values.

Version
A 1-byte specification of the version of the data reference.

Flags
A 3-byte space for data reference flags. There is one defined flag.

Self reference

This flag indicates that the media’s data is in the same file as the movie atom. On the Macintosh,
and other file systems with multifork files, set this flag to 1 even if the data resides in a different
fork from the movie atom. This flag’s value is 0x0001.
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Data
The data reference information.

Table 2-4 (page 67) shows the currently defined data reference types that may be stored in a header
atom.

Table 2-4 Data reference types

DescriptionData reference type

Data reference is a Macintosh alias. An alias contains information about the
file, including its full path name.

'alis'

Data reference is a Macintosh alias. Appended to the end of the alias is the
resource type (stored as a 32-bit integer) and ID (stored as a 16-bit signed
integer) to use within the specified file.

'rsrc'

A C string that specifies a URL. There may be additional data after the C string.'url '

Sample Atoms

QuickTime stores media data in samples. A sample is a single element in a sequence of time-ordered
data. Samples are stored in the media, and they may have varying durations.

Samples are stored in a series of chunks in a media. Chunks are a collection of data samples in a media
that allow optimized data access. A chunk may contain one or more samples. Chunks in a media may
have different sizes, and the individual samples within a chunk may have different sizes from one
another, as shown in Figure 2-25 (page 68).
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Figure 2-25 Samples in a media
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One way to describe a sample is to use a sample table atom. The sample table atom acts as a storehouse
of information about the samples and contains a number of different types of atoms. The various
atoms contain information that allows the media handler to parse the samples in the proper order.
This approach enforces an ordering of the samples without requiring that the sample data be stored
sequentially with respect to movie time in the actual data stream.

The next section discusses the sample table atom. Subsequent sections discuss each of the atoms that
may reside in a sample table atom.

Sample Table Atoms

The sample table atom contains information for converting from media time to sample number to
sample location. This atom also indicates how to interpret the sample (for example, whether to
decompress the video data and, if so, how). This section describes the format and content of the sample
table atom.

The sample table atom has an atom type of 'stbl'. It can contain the sample description atom, the
time-to-sample atom, the sync sample atom, the sample-to-chunk atom, the sample size atom, the
chunk offset atom, and the shadow sync atom.

The sample table atom contains all the time and data indexing of the media samples in a track. Using
tables, it is possible to locate samples in time, determine their type, and determine their size, container,
and offset into that container.

If the track that contains the sample table atom references no data, then the sample table atom does
not need to contain any child atoms (not a very useful media track).
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If the track that the sample table atom is contained in does reference data, then the following child
atoms are required: sample description, sample size, sample to chunk, and chunk offset. All of the
subtables of the sample table use the same total sample count.

The sample description atom must contain at least one entry. A sample description atom is required
because it contains the data reference index field that indicates which data reference atom to use to
retrieve the media samples. Without the sample description, it is not possible to determine where the
media samples are stored. The sync sample atom is optional. If the sync sample atom is not present,
all samples are implicitly sync samples.

Figure 2-26 (page 69) shows the layout of the sample table atom.

Figure 2-26 The layout of a sample table atom
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The sample table atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sample table atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stbl'.

Sample description atom
See “Sample Description Atoms” (page 70).

Time-to-sample atom
See “Time-to-Sample Atoms” (page 71).

Sync sample atom
See “Sync Sample Atoms” (page 73).

Sample-to-chunk atom
See “Sample-to-Chunk Atoms” (page 75).

Sample size atom
See “Sample Size Atoms” (page 76).

Chunk offset atom
See “Chunk Offset Atoms” (page 78).
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Shadow sync atom
Reserved for future use.

Sample Description Atoms

The sample description atom stores information that allows you to decode samples in the media. The
data stored in the sample description varies, depending on the media type. For example, in the case
of video media, the sample descriptions are image description structures. The sample description
information for each media type is explained in Chapter 4, “Media Data Atom Types.” (page 91)

Figure 2-27 (page 70) shows the layout of the sample description atom.

Figure 2-27 The layout of a sample description atom
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The sample description atom has an atom type of 'stsd'. The sample description atom contains a
table of sample descriptions. A media may have one or more sample descriptions, depending upon
the number of different encoding schemes used in the media and on the number of files used to store
the data. The sample-to-chunk atom identifies the sample description for each sample in the media
by specifying the index into this table for the appropriate description (see “Sample-to-Chunk
Atoms” (page 75)).

The sample description atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sample description atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stsd'.

Version
A 1-byte specification of the version of this sample description atom.

Flags
A 3-byte space for sample description flags. Set this field to 0.

Number of entries
A 32-bit integer containing the number of sample descriptions that follow.
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Sample description table
An array of sample descriptions.

Sample description table

While the exact format of the sample description varies by media type, the first four fields of every
sample description are the same. See Chapter 4, “Media Data Atom Types,” (page 91) for details on
various media.

Sample description size
A 32-bit integer indicating the number of bytes in the sample description.

Data format
A 32-bit integer indicating the format of the stored data. This depends on the media type, but
is usually either the compression format or the media type.

Reserved
Six bytes that must be set to 0.

Data reference index
A 16-bit integer that contains the index of the data reference to use to retrieve data associated
with samples that use this sample description. Data references are stored in data reference
atoms.

Time-to-Sample Atoms

Time-to-sample atoms store duration information for a media’s samples, providing a mapping from
a time in a media to the corresponding data sample. The time-to-sample atom has an atom type of
'stts'.

You can determine the appropriate sample for any time in a media by examining the time-to-sample
atom table, which is contained in the time-to-sample atom.

The atom contains a compact version of a table that allows indexing from time to sample number.
Other tables provide sample sizes and pointers from the sample number. Each entry in the table gives
the number of consecutive samples with the same time delta, and the delta of those samples. By
adding the deltas, a complete time-to-sample map can be built.

The atom contains time deltas: DT(n+1) = DT(n) + STTS(n) where STTS(n) is the (uncompressed)
table entry for sample n and DT is the display time for sample (n). The sample entries are ordered by
time stamps; therefore, the deltas are all nonnegative. The DT axis has a zero origin; DT(i) = SUM
(for j=0 to i-1 of delta(j)), and the sum of all deltas gives the length of the media in the track
(not mapped to the overall time scale, and not considering any edit list). The edit list atom provides
the initial DT value if it is nonempty (nonzero).

Figure 2-28 (page 72) shows the layout of the time-to-sample atom.
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Figure 2-28 The layout of a time-to-sample atom
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The time-to-sample atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this time-to-sample atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stts'.

Version
A 1-byte specification of the version of this time-to-sample atom.

Flags
A 3-byte space for time-to-sample flags. Set this field to 0.

Number of entries
A 32-bit integer containing the count of entries in the time-to-sample table.

Time-to-sample table
A table that defines the duration of each sample in the media. Each table entry contains a count
field and a duration field. The structure of the time-to-sample table is shown in Figure 2-29 (page
72).

Figure 2-29 The layout of a time-to-sample table entry
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You define a time-to-sample table entry by specifying these fields:

Sample count
A 32-bit integer that specifies the number of consecutive samples that have the same duration.

Sample duration
A 32-bit integer that specifies the duration of each sample.
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Sample duration

Entries in the table describe samples according to their order in the media and their duration. If
consecutive samples have the same duration, a single table entry can be used to define more than one
sample. In these cases, the count field indicates the number of consecutive samples that have the same
duration. For example, if a video media has a constant frame rate, this table would have one entry
and the count would be equal to the number of samples.

Figure 2-30 (page 73) presents an example of a time-to-sample table that is based on the chunked
media data shown in Figure 2-25 (page 68). That data stream contains a total of nine samples that
correspond in count and duration to the entries of the table shown here. Even though samples 4, 5,
and 6 are in the same chunk, sample 4 has a duration of 3, and samples 5 and 6 have a duration of 2.

Figure 2-30 An example of a time-to-sample table
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Sync Sample Atoms

The sync sample atom identifies the key frames in the media. In a media that contains compressed
data, key frames define starting points for portions of a temporally compressed sequence. The key
frame is self-contained—that is, it is independent of preceding frames. Subsequent frames may depend
on the key frame.

The sync sample atom provides a compact marking of the random access points within a stream. The
table is arranged in strictly increasing order of sample number. If this table is not present, every
sample is implicitly a random access point.

Sync sample atoms have an atom type of 'stss'. The sync sample atom contains a table of sample
numbers. Each entry in the table identifies a sample that is a key frame for the media. If no sync
sample atom exists, then all the samples are key frames.

Figure 2-31 (page 74) shows the layout of a sync sample atom.
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Figure 2-31 The layout of a sync sample atom
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The sync sample atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sync sample atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stss'.

Version
A 1-byte specification of the version of this sync sample atom.

Flags
A 3-byte space for sync sample flags. Set this field to 0.

Number of entries
A 32-bit integer containing the count of entries in the sync sample table.

Sync sample table
A table of sample numbers; each sample number corresponds to a key frame. Figure 2-32 (page
74) shows the layout of the sync sample table.

Figure 2-32 The layout of a sync sample table
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Sample-to-Chunk Atoms

As samples are added to a media, they are collected into chunks that allow optimized data access. A
chunk contains one or more samples. Chunks in a media may have different sizes, and the samples
within a chunk may have different sizes. The sample-to-chunk atom stores chunk information for the
samples in a media.

Sample-to-chunk atoms have an atom type of 'stsc'. The sample-to-chunk atom contains a table
that maps samples to chunks in the media data stream. By examining the sample-to-chunk atom, you
can determine the chunk that contains a specific sample.

Figure 2-33 (page 75) shows the layout of the sample-to-chunk atom.

Figure 2-33 The layout of a sample-to-chunk atom
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The sample-to-chunk atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sample-to-chunk atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stsc'.

Version
A 1-byte specification of the version of this sample-to-chunk atom.

Flags
A 3-byte space for sample-to-chunk flags. Set this field to 0.

Number of entries
A 32-bit integer containing the count of entries in the sample-to-chunk table.

Sample-to-chunk table
A table that maps samples to chunks. Figure 2-34 (page 76) shows the structure of an entry in
a sample-to-chunk table. Each sample-to-chunk atom contains such a table, which identifies
the chunk for each sample in a media. Each entry in the table contains a first chunk field, a
samples per chunk field, and a sample description ID field. From this information, you can
ascertain where samples reside in the media data.
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Figure 2-34 The layout of a sample-to-chunk table entry
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You define a sample-to-chunk table entry by specifying the following data elements.

First chunk
The first chunk number using this table entry.

Samples per chunk
The number of samples in each chunk.

Sample description ID
The identification number associated with the sample description for the sample. For details
on sample description atoms, see “Sample Description Atoms” (page 70).

Figure 2-35 (page 76) shows an example of a sample-to-chunk table that is based on the data stream
shown in Figure 2-25 (page 68).

Figure 2-35 An example of a sample-to-chunk table

First
chunk

Samples
per chunk

Sample
description ID

1 3 23

3 1 23

5 1 24

Each table entry corresponds to a set of consecutive chunks, each of which contains the same number
of samples. Furthermore, each of the samples in these chunks must use the same sample description.
Whenever the number of samples per chunk or the sample description changes, you must create a
new table entry. If all the chunks have the same number of samples per chunk and use the same
sample description, this table has one entry.

Sample Size Atoms

You use sample size atoms to specify the size of each sample in the media. Sample size atoms have
an atom type of 'stsz'.

The sample size atom contains the sample count and a table giving the size of each sample. This allows
the media data itself to be unframed. The total number of samples in the media is always indicated
in the sample count. If the default size is indicated, then no table follows.

Figure 2-36 (page 77) shows the layout of the sample size atom.
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Figure 2-36 The layout of a sample size atom
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The sample size atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this sample size atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stsz'.

Version
A 1-byte specification of the version of this sample size atom.

Flags
A 3-byte space for sample size flags. Set this field to 0.

Sample size
A 32-bit integer specifying the sample size. If all the samples are the same size, this field contains
that size value. If this field is set to 0, then the samples have different sizes, and those sizes are
stored in the sample size table.

Number of entries
A 32-bit integer containing the count of entries in the sample size table.

Sample size table
A table containing the sample size information. The sample size table contains an entry for
every sample in the media’s data stream. Each table entry contains a size field. The size field
contains the size, in bytes, of the sample in question. The table is indexed by sample
number—the first entry corresponds to the first sample, the second entry is for the second
sample, and so on.

Figure 2-37 (page 78) shows a sample size table.

Sample Atoms 77
2001-03-01 | © 2002, 2001 Apple Computer, Inc. All Rights Reserved.

C H A P T E R 2

Movie Atoms



Figure 2-37 An example of a sample size table
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Chunk Offset Atoms

Chunk offset atoms identify the location of each chunk of data in the media’s data stream. Chunk
offset atoms have an atom type of 'stco'.

The chunk-offset table gives the index of each chunk into the containing file. There are two variants,
permitting the use of 32-bit or 64-bit offsets. The latter is useful when managing very large movies.
Only one of these variants occurs in any single instance of a sample table atom.

Note that offsets are file offsets, not the offset into any atom within the file (for example, a 'mdat'
atom). This permits referring to media data in files without any atom structure. However, be careful
when constructing a self-contained QuickTime file with its meta-data (movie atom) at the front because
the size of the movie atom affects the chunk offsets to the media data.

Note: The sample table atom can contain a 64-bit chunk offset atom (STChunkOffset64AID = 'co64').
When this atom appears, it is used in place of the original chunk offset atom, which can contain only
32-bit offsets. When QuickTime writes movie files, it uses the 64-bit chunk offset atom only if there
are chunks that use the high 32-bits of the chunk offset. Otherwise, the original 32-bit chunk offset
atom is used to ensure compatibility with previous versions of QuickTime. u

Figure 2-38 (page 78) shows the layout of a chunk offset atom.

Figure 2-38 The layout of a chunk offset atom
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The chunk offset atom contains the following data elements.
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Size
A 32-bit integer that specifies the number of bytes in this chunk offset atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'stco'.

Version
A 1-byte specification of the version of this chunk offset atom.

Flags
A 3-byte space for chunk offset flags. Set this field to 0.

Number of entries
A 32-bit integer containing the count of entries in the chunk offset table.

Chunk offset table
A chunk offset table consisting of an array of offset values. There is one table entry for each
chunk in the media. The offset contains the byte offset from the beginning of the data stream
to the chunk. The table is indexed by chunk number—the first table entry corresponds to the
first chunk, the second table entry is for the second chunk, and so on.

Figure 2-39 (page 79) shows an example of a chunk offset table.

Figure 2-39 An example of a chunk offset table
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Using Sample Atoms

This section presents examples using the atoms just described. These examples are intended to help
you understand the relationships between these atoms.

The first section, “Finding a Sample” (page 79), describes the steps that the video media handler uses
to find the sample that contains the media data for a particular time in a media. The second section,
“Finding a Key Frame” (page 80), describes the steps that the video media handler uses to find an
appropriate key frame for a specific time in a movie.

Finding a Sample

When QuickTime displays a movie or track, it “tells” the appropriate media handler to access the
media data for a particular time. The media handler must correctly interpret the data stream to retrieve
the requested data. In the case of video media, the media handler traverses several atoms to find the
location and size of a sample for a given media time.

The media handler performs the following steps:
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1. Determines the time in the media time coordinate system.

2. Examines the time-to-sample atom to determine the sample number that contains the data for
the specified time.

3. Scans the sample-to-chunk atom to discover which chunk contains the sample in question.

4. Extracts the offset to the chunk from the chunk offset atom.

5. Finds the offset within the chunk and the sample’s size by using the sample size atom.

Finding a Key Frame

Finding a key frame for a specified time in a movie is slightly more complicated than finding a sample
for a specified time. The media handler must use the sync sample atom and the time-to-sample atom
together in order to find a key frame.

The media handler performs the following steps:

1. Examines the time-to-sample atom to determine the sample number that contains the data for
the specified time.

2. Scans the sync sample atom to find the key frame that precedes the sample number chosen in
step 1.

3. Scans the sample-to-chunk atom to discover which chunk contains the key frame.

4. Extracts the offset to the chunk from the chunk offset atom.

5. Finds the offset within the chunk and the sample’s size by using the sample size atom.

Compressed Movie Resources

Most QuickTime movies have meta-data in addition to their media data. Media data can be compressed
using a variety of video and sound compression algorithms. Beginning with QuickTime 3, it also
became possible to compress the meta-data––more commonly known as the movie resource. However,
the movie resource cannot be compressed by means of a lossy compression algorithm because it
contains critical information, such as the video and audio compression types used, individual frame
offsets, and timing information. To compress the movie resource, therefore, lossless data compression
algorthms must be used.

Compressing movie resources using data compression typically reduces the size of the movie resource
by 50% or more. For QuickTime movies that are streamed over the Internet, this can substantially
reduce the startup latency of the movie, and therefore has a number of distinct advantages.
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Allowing QuickTime to Compress the Movie Resource

Most application developers won’t need to know the details of how movie resources are compressed.
The Movie Toolbox FlattenMovie and FlattenMovieData functions compress the movie resource
if so requested by the application. To accomplish this, applications only need to set the
flattenCompressMovieResource flag when calling either function. The QuickTime movie export
component also provides users with the option of compressing the movie resource when exporting
or creating a new movie through export.

Structure of a Compressed Movie Resource

A compressed movie resource, similar to an uncompressed movie resource, is made up of a group
of QuickTime atoms arranged in a hierarchy.

Like an uncompressed movie resource, the outermost atom is a movie atom. Within the movie atom,
there is a single compressed movie atom, which contains all other required atoms. The compressed
movie atom has two subatoms. The first is a data compression atom, which contains a single 32-bit
integer that identifies what lossless data compression algorithm was used to compress the movie
resource. The second child atom is the compressed movie data, which contains the compressed movie
resource itself. The first 32-bit integer in the compressed movie data atom indicates the uncompressed
size of the movie resource, and then the compressed movie resource data follows.

The contents of a complete compressed movie are shown in Table 2-5 (page 81). The constants that
define the atom types are defined in MoviesFormat.h. The four-character codes for each atom type
are also shown.

Table 2-5 Contents of complete compressed movie

Four-character codeAtom type

'moov'Movie

'cmov'Compressed movie

'dcom'Data compression atom

'cmvd'Compressed movie data

Uncompressed size32-bit integer

Reference Movies

A QuickTime movie can act as a container for a set of alternate movies that should be displayed under
specified conditions. One of these movies may be contained within the same file; any others are
included by reference.

For example, a QuickTime movie can contain a list of references to movies having different data rates,
allowing an application to choose the best-looking movie that can play smoothly as it downloads
over the Internet, based on the user’s connection speed.
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A movie that contains references to alternate movies is called a reference movie.

A reference movie contains a reference movie atom ('rmra') at the top level of the movie atom. The
movie atom may also contain a movie header atom, or it may contain the reference movie atom alone.

Figure 2-40 A movie atom containing a 'rmra' atom instead of a 'mvhd' atom

Atom size
Type = 'moov'

'rmra'Reference movie atom

Movie atom

The reference movie atom contains one or more reference movie descriptor atoms, each of which
describes an alternate movie.

Each reference movie descriptor atom contains a data reference atom, which specifies the location of
a movie.

Note: Movie locations are specified using QuickTime data references. QuickTime supports multiple
types of data reference, but alternate movies are generally specified using data reference types of
either url ('url ') or file alias ('alis').

A reference movie descriptor atom may contain other atoms that specify the movie’s system
requirements and the movie quality. If so, there will be an atom of an appropriate type for each
requirement that must be met for the movie to play, and there may be a quality atom as well.

Applications should play the highest-quality movie whose requirements are met by the user’s system.
If the data reference to the selected movie cannot be resolved—because the file cannot be found, for
example—the application should recursively attempt to play the next-highest-quality movie until it
succeeds or has exhausted the list of movies whose requirements are met.

If a movie contains both a reference movie atom and a movie header atom, applications should play
the appropriate movie indicated by the reference movie atom.

If the user’s system does not meet any of the alternate movies’ criteria, or none of the qualifying data
references can be resolved, applications should play the movie defined in the movie header atom.
(The movie defined in the movie header atom can also be indicated by one of the alternate movie
references.)

The movie header atom is sometimes used to provide a fallback movie for applications that can play
older QuickTime movies but do not understand reference movies.
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Reference Movie Atom

A reference movie atom contains references to one or more movies. It can optionally contain a list of
system requirements in order for each movie to play, and a quality rating for each movie. It is typically
used to specify a list of alternate movies to be played under different conditions.

A reference movie atom’s parent is always a movie atom ('moov'). Only one reference movie atom
is allowed in a given movie atom.

A reference movie atom may contain the following information.

Size
The number of bytes in this reference movie atom.

Type
The type of this atom; this field must be set to 'rmra'.

Reference movie descriptor atom
A reference movie atom must contain at least one reference movie descriptor atom, and typically
contains more than one. See “Reference Movie Descriptor Atom” (page 83) for more
information.

Figure 2-41 A ‘rmra’ atom with multiple ‘rmda’ atoms
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'rmda'Reference Movie Descriptor atom

Reference Movie atom

'rmda'Reference Movie Descriptor atom

'rmda'Reference Movie Descriptor atom

Reference Movie Descriptor Atom

Each reference movie descriptor atom contains other atoms that describe where a particular movie
can be found, and optionally what the system requirements are to play that movie, as well as an
optional quality rating for that movie.

A reference movie descriptor atom’s parent is always a movie reference atom ('rmra'). Multiple
reference movie descriptor atoms are allowed in a given movie reference atom, and more than one
is usually present.

A reference movie descriptor atom may contain the following information.

Size
The number of bytes in this reference movie descriptor atom.

Type
The type of this atom; this field must be set to 'rmda'.
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Data reference atom
Each reference movie atom must contain exactly one data reference atom. See “Data Reference
Atoms” (page 66) for more information.

Data rate atom
A reference movie atom may contain an optional data rate atom. Only one data rate atom can
be present. See “Data Rate Atom” (page 85) for more information.

CPU speed atom
A reference movie atom may contain an optional CPU speed atom. Only one CPU speed atom
can be present. See “CPU Speed Atom” (page 86) for more information.

Version check atom
A reference movie atom may contain an optional version check atom. Multiple version check
atoms can be present. See “Version Check Atom” (page 86) for more information.

Component detect atom
A reference movie atom may contain an optional component detect atom. Multiple component
detect atoms can be present. See “Component Detect Atom” (page 87) for more information.

Quality atom
A reference movie atom may contain an optional quality atom. Only one quality atom can be
present. See “Quality Atom” (page 88) for more information.

Figure 2-42 Reference movie descriptor atom
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Data Reference Atom

A data reference atom contains the information necessary to locate a movie, or a stream or file that
QuickTime can play, typically in the form of a URL or a file alias.

Only one data reference atom is allowed in a given movie reference descriptor atom.

A data reference atom may contain the following information.

Size
The number of bytes in this data reference atom.
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Type
The type of this atom; this field must be set to 'rdrf'.

Flags
A 32-bit integer containing flags. One flag is currently defined: movie is self-contained. If the
least-significant bit is set to 1, the movie is self-contained. This requires that the parent movie
contain a movie header atom as well as a reference movie atom. In other words, the current
'moov' atom must contain both a 'rmra' atom and a 'mvhd' atom. To resolve this data
reference, an application uses the movie defined in the movie header atom, ignoring the
remainder of the fields in this data reference atom, which are used only to specify external
movies.

Data reference type
The data reference type. A value of 'alis' indicates a file system alias record. A value of 'url
' indicates a string containing a uniform resource locator. Note that the fourth character in
'url ' is an ASCII blank (hex 20).

Data reference size
The size of the data reference in bytes, expressed as a 32-bit integer.

Data reference
A data reference to a QuickTime movie, or to a stream or file that QuickTime can play. If the
reference type is 'alis' this field contains the contents of an AliasHandle. If the reference
type is 'url ' this field contains a null-terminated string that can be interpreted as a URL.
The URL can be absolute or relative, and can specify any protocol that QuickTime supports,
including http://, ftp://, rtsp://, file:///, and data:.

Data Rate Atom

A data rate atom specifies the minimum data rate required to play a movie. This is normally compared
to the connection speed setting in the user’s QuickTime Settings control panel. Applications should
play the movie with the highest data rate less than or equal to the user’s connection speed. If the
connection speed is slower than any movie’s data rate, applications should play the movie with the
lowest data rate. The movie with the highest data rate is assumed to have the highest quality.

Only one data rate atom is allowed in a given reference movie descriptor atom.

A data rate atom may contain the following information.

Size
The number of bytes in this data rate atom.

Type
The type of this atom; this field must be set to 'rmdr'.

Flags
A 32-bit integer that is currently always 0.

Data rate
The required data rate in bits per second, expressed as a 32-bit integer.
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CPU Speed Atom

A CPU speed atom specifies the minimum computing power needed to display a movie. QuickTime
performs an internal test to determine the speed of the user’s computer.

This is not a simple measurement of clock speed—it is a measurement of performance for
QuickTime-related operations. Speed is expressed as a relative value between 100 and 2^31, in
multiples of 100.

Note: Typical scores might range from a minimum score of 100, which would describe a computer
as slow as, or slower than, a 166 MHz Pentium or 120 MHz PowerPC, to a maximum score of 600 for
a 500 MHz Pentium III or 400 MHz G4 PowerPC. A computer with a graphics accelerator and a
Gigahertz clock speed might score as high as 1000. Future computers will score higher.

Applications should play the movie with the highest specified CPU speed that is less than or equal
to the user’s speed. If the user’s speed is lower than any movie’s CPU speed, applications should play
the movie with the lowest CPU speed requirement. The movie with the highest CPU speed is assumed
to be the highest quality.

Only one CPU speed atom is allowed in a given reference movie descriptor atom.

A CPU speed atom may contain the following information.

Size
The number of bytes in this CPU speed atom.

Type
The type of this atom; this field must be set to 'rmcs'.

Flags
A 32-bit integer that is currently always 0.

CPU speed
A relative ranking of required computer speed, expressed as a 32-bit integer divisible by 100,
with larger numbers indicating higher speed.

Version Check Atom

A version check atom specifies a software package, such as QuickTime or QuickTime VR, and the
version of that package needed to display a movie. The package is specified using a Macintosh Gestalt
type, such a 'qtim' for QuickTime (QuickTime provides support for these Gestalt tests in the Windows
computing environment).

You can specify a minimum required version to be returned by the Gestalt check, or you can require
that a specific value be returned after performing a binary AND operation on the Gestalt bitfield and
a mask.

Multiple version check atoms are allowed within a given reference movie descriptor atom. Applications
should not attempt to play a movie unless all version checks are successful.

A version check atom may contain the following information.
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Size
The number of bytes in this version check atom.

Type
The type of this atom; this field must be set to 'rmvc'.

Flags
A 32-bit integer that is currently always 0.

Software package
A 32-bit Gestalt type, such as 'qtim', specifying the software package to check for.

Version
An unsigned 32-bit integer containing either the minimum required version or the required
value after a binary AND operation.

Mask
The mask for a binary AND operation on the Gestalt bitfield.

Check type
The type of check to perform, expressed as 16-bit integer. Set to 0 for a minimum version check,
set to 1 for a required value after a binary AND of the Gestalt bitfield and the mask.

Component Detect Atom

A component detect atom specifies a QuickTime component, such as a particular video decompressor,
required to play the movie. The component type, subtype, and other required attributes can be
specified, as well as a minimum version.

Multiple component detect atoms are allowed within a given reference movie descriptor atom.
Applications should not attempt to play a movie unless at least the minimum versions of all required
components are present.

A component detect atom may contain the following information.

Size
The number of bytes in this component detect atom.

Type
The type of this atom; this field must be set to 'rmcd'.

Flags
A 32-bit integer that is currently always 0.

Component description
A component description record. For details, see “Component Description Record” (page 87).

Minimum version
An unsigned 32-bit integer containing the minimum required version of the specified
component.

Component Description Record

Describes a class of components by their attributes. Fields that are set to 0 are treated as “don’t care.”
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struct ComponentDescription {
OSType componentType;
OSType componentSubType;
OSType componentManufacturer;
unsigned long componentFlags;
unsigned long componentFlagsMask;
};

componentType
A four-character code that identifies the type of component.

componentSubType
A four-character code that identifies the subtype of the component. For example, the subtype
of an image compressor component indicates the compression algorithm employed by the
compressor. A value of 0 matches any subtype.

componentManufacturer
A four-character code that identifies the manufacturer of the component. Components provided
by Apple have a manufacturer value of 'appl'. A value of 0 matches any manufacturer.

componentFlags
A 32-bit field that contains flags describing required component capabilities. The high-order
8 bits should be set to 0. The low-order 24 bits are specific to each component type. These flags
can be used to indicate the presence of features or capabilities in a given component.

componentFlagsMask
A 32-bit field that indicates which flags in the componentFlags field are relevant to this
operation. For each flag in the componentFlags field that is to be considered as a search criterion,
set the corresponding bit in this field to 1. To ignore a flag, set the bit to 0.

Constants

canMovieImportInPlace
Set this bit if a movie import component must be able to create a movie from a file without
having to write to a separate disk file. Examples include MPEG and AIFF import components.

movieImportSubTypeIsFileExtension
Set this bit if the component's subtype is a file extension instead of a Macintosh file type. For
example, if you require an import component that opens files with an extension of .doc, set
this flag and set your component subtype to 'DOC '.

canMovieImportFiles
Set this bit if a movie import component must import files.

Quality Atom

A quality atom describes the relative quality of a movie. This acts as a tie-breaker if more than one
movie meets the specified requirements, and it is not otherwise obvious which movie should be
played.
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This would be the case if two qualified movies have the same data rate and CPU speed requirements,
for example, or if one movie requires a higher data rate and another requires a higher CPU speed,
but both can be played on the current system. In these cases, applications should play the movie with
the highest quality, as specified in the quality atom.

Only one quality atom is allowed in a given reference movie descriptor atom.

A quality atom may contain the following information.

Size
The number of bytes in this quality atom.

Type
The type of this atom; this field must be set to 'rmqu'.

Quality
The relative quality of the movie, expressed as a 32-bit integer. A larger number indicates
higher quality. A unique value should be given to each movie.
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QuickTime uses atoms of different types to store different types of media data—video media atoms
for video data, sound media atoms for audio data, and so on. This chapter discusses in detail each of
these different media data atom types.

If you are a QuickTime application or tool developer, you’ll want to read this chapter in order to
understand the fundamentals of how QuickTime uses atoms for storage of different media data. The
information in this chapter is current as of QuickTime 4.1. For the latest updates and postings on
Apple’s QuickTime developer website, be sure to see
http://developer.apple.com/documentation/Quicktime/Quicktime.html.

This chapter is divided into the following major sections:

 ■ “Video Media” (page 92) describes video media, which is used to store compressed and
uncompressed image data in QuickTime movies.

 ■ “Sound Media” (page 99) discusses sound media used to store compressed and uncompressed
audio data in QuickTime movies.

 ■ “Timecode Media” (page 106) describes time code media used to store time code data in QuickTime
movies.

 ■ “Text Media” (page 108) discusses text media used to store text data in QuickTime movies.

 ■ “Music Media” (page 112) discusses music media used to store note-based audio data, such as
MIDI data, in QuickTime movies.

 ■ “MPEG Media” (page 112) discusses MPEG media used to store MPEG streams in QuickTime
movies.

 ■ “Sprite Media” (page 113) discusses sprite media used to store character-based animation data in
QuickTime movies.

 ■ “Tween Media” (page 133) discusses tween media used to store pairs of values to be interpolated
between in QuickTime movies.

 ■ “Modifier Tracks” (page 142) discusses the capabilities of modifier tracks.

 ■ “Track References” (page 143) describes a feature of QuickTime that allows you to relate a movie’s
tracks to one another.

 ■ “3D Media” (page 144) discusses briefly how QuickTime movies store 3D image data in a base
media.

 ■ “Hint Media” (page 145) describes the additions to the QuickTime file format for streaming
QuickTime movies over the Internet.
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 ■ “VR Media” (page 159) describes the QuickTime VR world and node information atom containers,
as well as cubic panoramas, which are new to QuickTime VR 3.0.

 ■ “Movie Media” (page 192) discusses movie media which is used to encapsulate embedded movies
within QuickTime movies.

Video Media

Video media is used to store compressed and uncompressed image data in QuickTime movies. It has
a media type of 'vide'.

Video Sample Description

The video sample description contains information that defines how to interpret video media data.
This sample description is based on the standard sample description, as described in “Sample
Description Atoms” (page 70).

The data format field of a video sample description indicates the type of compression that was used
to compress the image data. Table 3-1 (page 92) shows some of the formats supported.

Table 3-1 Some image compression formats

DescriptionCompression type

Cinepak'cvid'

JPEG'jpeg'

Uncompressed RGB'raw '

Uncompressed YUV422'Yuv2'

Graphics'smc '

Animation'rle '

Apple video'rpza'

Kodak Photo CD'kpcd'

MPEG'mpeg'

Motion-JPEG (format A)'mjpa'

Motion-JPEG (format B)'mjpb'

Sorenson video'svqi'

The video media handler also adds some of its own fields to the sample description.
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Version
A 16-bit integer indicating the version number of the compressed data. This is set to 0, unless
a compressor has changed its data format.

Revision level
A 16-bit integer that must be set to 0.

Vendor
A 32-bit integer that specifies the developer of the compressor that generated the compressed
data. Often this field contains 'appl' to indicate Apple Computer, Inc.

Temporal quality
A 32-bit integer containing a value from 0 to 1023 indicating the degree of temporal compression.

Spatial quality
A 32-bit integer containing a value from 0 to 1024 indicating the degree of spatial compression.

Width
A 16-bit integer that specifies the width of the source image in pixels.

Height
A 16-bit integer that specifies the height of the source image in pixels.

Horizontal resolution
A 32-bit fixed-point number containing the horizontal resolution of the image in pixels per
inch.

Vertical resolution
A 32-bit fixed-point number containing the vertical resolution of the image in pixels per inch.

Data size
A 32-bit integer that must be set to 0.

Frame count
A 16-bit integer that indicates how many frames of compressed data are stored in each sample.
Usually set to 1.

Compressor name
A 32-byte Pascal string containing the name of the compressor that created the image, such as
”jpeg”.

Depth
A 16-bit integer that indicates the pixel depth of the compressed image. Values of 1, 2, 4, 8 ,16,
24, and 32 indicate the depth of color images. The value 32 should be used only if the image
contains an alpha channel. Values of 34, 36, and 40 indicate 2-, 4-, and 8-bit grayscale,
respectively, for grayscale images.

Color table ID
A 16-bit integer that identifies which color table to use. If this field is set to –1, the default color
table should be used for the specified depth. For all depths below 16 bits per pixel, this indicates
a standard Macintosh color table for the specified depth. Depths of 16, 24, and 32 have no color
table.

If the color table ID is set to 0, a color table is contained within the sample description itself.
The color table immediately follows the color table ID field in the sample description. See
“Color Table Atoms” (page 35) for a complete description of a color table.
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Video sample descriptions can be extended by appending other atoms. These atoms are placed after
the color table, if one is present. These extensions to the sample description may contain display hints
for the decompressor or may simply carry additional information associated with the images. Table
3-2 (page 94) lists the currently defined extensions to video sample descriptions.

Table 3-2 Video sample description extensions

DescriptionExtension
type

A 32-bit fixed-point number indicating the gamma level at which the image was
captured. The decompressor can use this value to gamma-correct at display time.

'gama'

Two 8-bit integers that define field handling. This information is used by applications
to modify decompressed image data or by decompressor components to determine
field display order.The first byte specifies the field count, and may be set to 1 or 2.
When the field count is 2, the second byte specifies the field ordering: which contains
the topmost scan-line, which field should be displayed earliest, and which is stored
first in each sample. Each QuickTime sample consists of two distinct compressed
images, each coding one field: the field with the topmost scan-line, T, and the other
field, B. Each field is half the height of the overall image, as declared in the height
field of the sample description. To be precise, if the height field contains the value
H, then the field T has ((H+1) div 2) lines, and field B has (H div 2) lines. The following
defines the permitted variants:0 – field ordering is unknown. 1 – T is displayed
earliest, T is stored first in the file. 6 – B is displayed earliest, B is stored first in the
file.

'fiel'

The default quantization table for a Motion-JPEG data stream.'mjqt'

The default Huffman table for a Motion-JPEG data stream.'mjht'

Video Sample Data

The format of the data stored in video samples is completely dependent on the type of the compressed
data stored in the video sample description. The following sections discuss each of the video encoding
schemes supported by QuickTime.

Uncompressed RGB

Uncompressed RGB data is stored in a variety of different formats. The format used depends on the
depth field of the video sample description. For all depths, the image data is padded on each scan
line to ensure that each scan line begins on an even byte boundary.

 ■ For depths of 1, 2, 4, and 8, the values stored are indexes into the color table specified in the color
table ID field.

 ■ For a depth of 16, the pixels are stored as 5-5-5 RGB values with the high bit of each 16-bit integer
set to 0.

 ■ For a depth of 24, the pixels are stored packed together in RGB order.

 ■ For a depth of 32, the pixels are stored with an 8-bit alpha channel, followed by 8-bit RGB
components.
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Uncompressed yuv2

The yuv2 stream is encoded in a series of 4-byte packets. Each packet represents two adjacent pixels
on the same scan line. The bytes within each packet are ordered as follows:

y0 u y1 v

y0 is the luminance value for the left pixel; y1 the luminance for the right pixel. u and v are chromatic
values that are shared by both pixels. The conversion into RGB space is represented by the following
equations:

r = 1.402 * v + y + .5

g = y - .7143 * v - .3437 * u + .5

b = 1.77 * u + y + .5

The r, g, and b values range from 0 to 255.

JPEG

QuickTime stores JPEG images according to the rules described in the ISO JPEG specification, document
number DIS 10918-1.

Motion-JPEG

Motion-JPEG (M-JPEG) is a variant of the ISO JPEG specification for use with digital video streams.
Instead of compressing an entire image into a single bitstream, Motion-JPEG compresses each video
field separately, returning the resulting JPEG bitstreams consecutively in a single frame.

There are two flavors of Motion-JPEG currently in use. These two formats differ based on their use
of markers. Motion-JPEG format A supports markers; Motion-JPEG format B does not. The following
paragraphs describe how QuickTime stores Motion-JPEG sample data. Figure 3-1 (page 98) shows
an example of Motion-JPEG A dual-field sample data. Figure 3-2 (page 99) shows an example of
Motion- JPEG B dual-field sample data.

Each field of Motion-JPEG format A fully complies with the ISO JPEG specification, and therefore
supports application markers. QuickTime uses the APP1 marker to store control information, as
follows (all of the fields are 32-bit integers):

Reserved
Unpredictable; should be set to 0.

Tag
Identifies the data type; this field must be set to 'mjpg'.

Field size
The actual size of the image data for this field, in bytes.

Padded field size
Contains the size of the image data, including pad bytes. Some video hardware may append
pad bytes to the image data; this field, along with the field size field, allows you to compute
how many pad bytes were added.
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Offset to next field
The offset, in bytes, from the start of the field data to the start of the next field in the bitstream.
This field should be set to 0 in the last field’s marker data.

Quantization table offset
The offset, in bytes, from the start of the field data to the quantization table marker. If this field
is set to 0, check the image description for a default quantization table.

Huffman table offset
The offset, in bytes, from the start of the field data to the Huffman table marker. If this field is
set to 0, check the image description for a default Huffman table.

Start Of Frame offset
The offset from the start of the field data to the start of image marker. This field should never
be set to 0.

Start Of Scan offset
The offset, in bytes, from the start of the field data to the start of the scan marker. This field
should never be set to 0.

Start of data offset
The offset, in bytes, from the start of the field data to the start of the data stream. Typically,
this immediately follows the start of scan data.

Note: The last two fields have been added since the original Motion-JPEG specification, and so they
may be missing from some Motion-JPEG A files. You should check the length of the APP1 marker
before using the Start Of Scan offset and Start of data offset fields. u

Motion-JPEG format B does not support markers. In place of the marker, therefore, QuickTime inserts
a header at the beginning of the bitstream. Again, all of the fields are 32-bit integers.

Reserved
Unpredictable; should be set to 0.

Tag
The data type; this field must be set to 'mjpg'.

Field size
The actual size of the image data for this field, in bytes.

Padded field size
The size of the image data, including pad bytes. Some video hardware may append pad bytes
to the image data; this field, along with the field size field, allows you to compute how many
pad bytes were added.

Offset to next field
The offset, in bytes, from the start of the field data to the start of the next field in the bitstream.
This field should be set to 0 in the second field’s header data.

Quantization Table offset
The offset, in bytes, from the start of the field data to the quantization table. If this field is set
to 0, check the image description for a default quantization table.
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Huffman Table offset
The offset, in bytes, from the start of the field data to the Huffman table. If this field is set to
0, check the image description for a default Huffman table.

Start Of Frame offset
The offset from the start of the field data to the field’s image data. This field should never be
set to 0.

Start Of Scan offset
The offset, in bytes, from the start of the field data to the start of scan data.

Start of data offset
The offset, in bytes, from the start of the field data to the start of the data stream. Typically,
this immediately follows the start of scan data.

Note: The last two fields were “reserved, must be set to zero” in the original Motion-JPEG specification.
u

The Motion-JPEG format B header must be a multiple of 16 in size. When you add pad bytes to the
header, set them to 0.

Because Motion-JPEG format B does not support markers, the JPEG bitstream does not have null
bytes (0x00) inserted after data bytes that are set to 0xFF.
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Figure 3-1 Motion-JPEG A dual-field sample data

First field
in sample

Second field 
in sample

JPEG Start Of Image marker

(Other markers, for example JFIF )

Motion-JPEG APP1  marker

FF D8

FF E1

00 2A

00 00 00 00

6D 6A 70 67

Marker content length

Reserved, set to zero

Motion-JPEG tag 'mjpg'

Field size

Padded field size

Offset to next field

Quantization table offset

Huffman table offset

Start Of Frame offset

Start Of Scan offset (or zero)

Start of data offset (or zero)

Other markers

JPEG DQT marker

JPEG DHT marker

JPEG SOF marker

JPEG SOS marker

JPEG entropy-coded data

JPEG EOI marker

Optional padding with FFs

FF DB 00 84 .. ..

FF C4 01 A2 .. ..

FF C0 00 11 .. ..

FF DA 00 0C 

.. .. .. ..

FF FF FF

FF D8

00 00 00 00

FF D9

JPEG Start Of Image marker

Motion-JPEG APP1 marker

Offset to next field, zero

Not in original 
Motion-JPEG 
A specification

Byte 
offsets 
from 
start 
of 
field
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Figure 3-2 Motion-JPEG B dual-field sample data

First field in sample

Second field in sample

Motion-JPEG marker (no header)

Reserved, set to zero

Motion-JPEG  tag 'mjpg'

00 00 00 00

6D 6A 70 67

Field size

Padded field size

Offset to next field

Quantization table offset

Huffman table offset

Start Of Frame offset

Start Of Scan offset (or zero)

Start of data offset (or zero)

Padding with zeros to 16-byte boundary 00 00

Quantization table data 00 84

Optional padding with zeros 00 00 .. ..

Huffman table data

Start Of Frame data

Start Of Scan data

JPEG entropy-coded data a (not byte-stuffed)

Padding with zeros to 16-byte boundary

01 A2 .. ..

00 11 .. ..

00 0C .. ..

.. .. .. ..

00 00 00

Motion JPEG marker

Offset to next field, zero 00 00 00 00

Byte 
offsets 
from 
start 
of 
field

Sound Media

Sound media is used to store compressed and uncompressed audio data in QuickTime movies. It has
a media type of 'soun'.
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Sound Sample Description

The sound sample description contains information that defines how to interpret sound media data.
This sample description is based on the standard sample description, as described in “Sample
Description Atoms” (page 70).

The data format field contains the format of the audio data. Table 3-3 (page 102) shows a list of
supported sound codec formats.

The sound media handler also adds some of its own fields to the sample description.

Version
A 16-bit integer that must be set to 0 or 1 (see below).

Revision level
A 16-bit integer that must be set to 0.

Vendor
A 32-bit integer that must be set to 0.

Number of channels
A 16-bit integer that indicates the number of sound channels used by the sound sample. Set
this field to 1 for monaural sounds; set it to 2 for stereo sounds.

Sample size
A 16-bit integer that specifies the number of bits in each uncompressed sound sample. Set this
field to 8 for 8-bit sound, and to 16 for 16-bit sound.

Compression ID
A 16-bit integer that must be set to 0 (or, for version 1, may be -2. See below).

Packet size
A 16-bit integer that must be set to 0.

Sample rate
A 32-bit unsigned fixed-point number that indicates the rate at which the sound samples were
obtained. This number should match the media’s time scale, that is, the integer portion should
match.

Variants of the Sample Description

A QuickTime sound sample description describes the format of a collection of audio samples. There
are, however, three variants of the sound sample description.

Initially, QuickTime defined a sample of sound as an uncompressed sample, not, as in other tracks,
a compressed sample. In any codec that operated on frames of audio (for example, the 20 millisecond
frame common in telephony), it was necessary to determine how many uncompressed samples were
in a frame, how many bytes that compressed to, and the size of the resulting uncompressed samples.
This information was classically retrieved from the sound decompressor component. The sample
tables (sample to time, sample size) were very compact, as they documented uncompressed samples.

Version 0 of the sound description format assumes that this is the case.

100 Sound Media
2001-03-01 | © 2002, 2001 Apple Computer, Inc. All Rights Reserved.

C H A P T E R 3

Media Data Atom Types



In version 1 of the sound description, introduced in QuickTime 3, the record is extended by 4 fields,
each 4 bytes long, storing data that could otherwise have only been retrieved from the decompressor.
This enables operating on the file in the absence of the decompressor component.

These added fields are used to support compression algorithms that can be run at different compression
ratios, and to support more generic parsing of QuickTime sound tracks, that is, it allows the parsing
without requiring the particular to be available.

The version field is set to 1 to indicate this new format. The four fields are:

 ■ samples per packet––the number of uncompressed samples in a packet

 ■ bytes per packet––the resulting compressed number of bytes for one channel

 ■ bytes per frame––the resulting compressed number of bytes for all channels (channels * bytes per
packet)

 ■ bytes per sample––the size of an uncompressed sample

In both formats, version 0 and version 1, the timescale of the track is set to the sampling rate.

In many respects, version 1 of the SoundDescription record is a superset of the version 0 sound
description. The new fields are taken directly from the CompressionInfo structure used by the Sound
Manager (which uses 16-bit values) to describe the compression ratio of fixed ratio audio compression
algorithms. If these fields are not used, they are set to 0. File readers only need to check to see if
samplesPerPacket is 0.

Version 1 also defines how extensions are added to the SoundDescription record.

struct SoundDescriptionV1 {
// original fields
SoundDescription desc;
// fixed compression ratio information
unsigned long samplesPerPacket;
unsigned long bytesPerPacket;
unsigned long bytesPerFrame;
unsigned long bytesPerSample;
// optional, additional atom-based fields --
// ([long size, long type, some data], repeat)

};

All other additions to the SoundDescription record are made using QT atoms. That means one or
more atoms can be appended to the end of the SoundDescription record using the standard [size,
type] mechanism used throughout the QuickTime movie resource architecture.

Two extensions are defined to the SoundDescription record. The second extension provides the
ability to store data specific to a given audio decompressor in the SoundDescription record. Some
audio decompression algorithms, such as Microsoft’s ADPCM, require a set of out-of-band values to
configure the decompressor. These are stored in an atom of type siDecompressorSettings. The
contents of the siDecompressorSettings atom are dependent on the audio decompressor. If the
QuickTime movie is created from a WAVE (.WAV) or AVI (.avi) file, the siDecompressorSettings
atom is automatically created and set to the contents of the WAVEFORMATEX structure from that file. In
this case, the siDecompressorSettings atom contains little-endian data.

At runtime, the contents of the type siSlopeAndIntercept and siDecompressorSettings atoms
are provided to the decompressor component through the standard SetInfomechanism of the Sound
Manager.
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The first extension to the SoundDescription record is the slope, intercept, minClip, and maxClip
parameters for audio. This is represented as an atom of type siSlopeAndIntercept. The contents
of the atom are

struct SoundSlopeAndInterceptRecord {
Float64 slope;
Float64 intercept;
Float64 minClip;
Float64 maxClip;

};
typedef struct SoundSlopeAndInterceptRecord SoundSlopeAndInterceptRecord;

VBR Audio (the Third Variant)

With the introduction of support for the playback of variable bit-rate (VBR) audio in QuickTime 4.1,
the meaning of a number of fields has changed. (Previous versions of QuickTime supported only
constant bit-rate (CBR) audio, while a number of modern audio compression formats––such as
MP3––either support or require VBR encoding.)

In particular, a sample in a VBR audio track is, in QuickTime 4.1, a compressed frame of audio. The
sample table documents these frames; specifically, the sample size table documents the size of the
frames. This is constant for CBR audio, but varies for VBR.

The time to sample table documents the duration of the frames. Since the timescale is set to the
sampling rate, this indicates the number of uncompressed samples in each packet, which is usually
constant, even for VBR (it is common to use a fixed frame duration), though not required.

To indicate that this new meaning is used, a version 1 sound description is used and the compression
ID field is set to -2. The samples per packet should be set correctly, if it is constant, as should the bytes
per sample; the other two new fields are reserved and should be set to 0.

Sound Sample Data

The format of data stored in sound samples is completely dependent on the type of the compressed
data stored in the sound sample description. The following sections discuss each of the formats
supported by QuickTime.

Sound Codec Formats Supported

The sound codec formats shown in Table 3-3 (page 102) are typical of the different forms of
uncompressed audio supported in QuickTime. Note that the 16-bit forms come in both big- and
little-endian forms.

Table 3-3 Supported QuickTime audio formats. Note that not all of these are uncompressed.

Description4-Character codeFormat

Sound is not compressed'NONE'kSoundNotCompressed
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Description4-Character codeFormat

Samples are stored uncompressed, in
offset-binary format (values range from 0 to 255;
128 is silence). These are stored as 8-bit offset
binaries.

'raw 'k8BitOffsetBinaryFormat

Samples are stored uncompressed, in
two’s-complement format (sample values range
from -128 to 127 for 8-bit audio, and -32768 to
32767 for 1- bit audio; 0 is always silence). These
samples are stored in 16-bit big-endian format.

'twos'k16BitBigEndianFormat

16-bit little-endian, twos-complement'sowt'k16BitLittleEndianFormat

Samples have been compressed using MACE 3:1.
(Obsolete.)

'MAC3 'kMACE3Compression

Samples have been compressed using MACE 6:1.
(Obsolete.)

'MAC6 'kMACE6Compression

Samples have been compressed using IMA 4:1.'ima4 'kIMACompression

32-bit floating point'fl32'kFloat32Format

64-bit floating point'fl64'kFloat64Format

24-bit integer'in24'k24BitFormat

32-bit integer'in32'k32BitFormat

uLaw 2:1'ulaw'kULawCompression

uLaw 2:1'alaw'kALawCompression

Microsoft ADPCM-ACM code 20x6D730002kMicrosoftADPCMFormat

DVI/Intel IMAADPCM-ACM code 170x6D730011kDVIIntelIMAFormat

DV Audio'dvca'kDVAudioFormat

QDesign music'QDMC'kQDesignCompression

QDesign music version 2 (no constant).'QDM2'unnamed

QUALCOMM PureVoice'Qclp'kQUALCOMMCompression

MPEG layer 3, CBR only (pre- QT4.1)0x6D730055kMPEGLayer3Format

MPEG layer 3, CBR & VBR (QT4.1 and later)'.mp3'kFullMPEGLay3Format
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Uncompressed 8-Bit Sound

Eight-bit audio is stored in offset-binary encodings. If the data is in stereo, the left and right channels
are interleaved.

Uncompressed 16-Bit Sound

Sixteen-bit audio may be stored in two’s-complement encodings. If the data is in stereo, the left and
right channels are interleaved.

IMA, uLaw, and aLaw

The following are formats currently not in use:

 ■ IMA 4:1

The IMA encoding scheme is based on a standard developed by the International Multimedia
Assocation for pulse code modulation (PCM) audio compression. QuickTime uses a slight variation
of the format to allow for random access. IMA is a 16-bit audio format which supports 4:1
compression. It is defined as follows:

kIMACompression = FOUR_CHAR_CODE('ima4'), /*IMA 4:1*/

 ■ uLaw 2:1 and aLaw 2:1

The uLaw (mu-law) encoding scheme is used on North American and Japanese phone systems,
and is coming into use for voice data interchange, and in PBXs, voice-mail systems, and Internet
talk radio (via MIME). In uLaw encoding, 14 bits of linear sample data are reduced to 8 bits of
logarithmic data.

The aLaw encoding scheme is used in Europe and the rest of the world.

The kULawCompression and the kALawCompression formats are typically found in .au formats.

Floating-Point Formats

Both kFloat32Format and kFloat64Format are floating-point uncompressed formats. Depending upon
codec-specific data associated with the sample description, the floating-point values may be in
big-endian (network) or little-endian (Intel) byte order. This differs from the 16-bit formats, where
there is a single format for each endia layout.
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24- and 32-Bit Integer Formats

Both k24BitFormat and k32BitFormat are integer uncompressed formats. Depending upon
codec-specific data associated with the sample description, the floating-point values may be in
big-endian (network) or little-endian (Intel) byte order.

kMicrosoftADPCMFormat and kDVIIntelIMAFormat Sound
Codecs

The kMicrosoftADPCMFormat and the kDVIIntelIMAFormat codec provide QuickTime interoperability
with AVI and WAV files. The four-character codes used by Microsoft for their formats are numeric.
To construct a QuickTime-supported codec format of this type, the Microsoft numeric ID is taken to
generate a four-character code of the form 'msxx' where xx takes on the numeric ID.

kDVAudioFormat Sound Codec

The DV audio sound codec, kDVAudioFormat, decodes audio found in a DV stream. Since a DV
frame contains both video and audio, this codec knows how to skip video portions of the frame and
only retrieve the audio portions. Likewise, the video codec skips the audio portions and renders only
the image.

kQDesignCompression Sound Codec

The kQDesignCompression sound codec is the QDesign 1 (pre-QuickTime 4) format. Note that there
is also a QDesign 2 format whose four-character code is 'QDM2'.

MPEG Layer 3 (MP3) Codecs

The QuickTime MPEG layer 3 (MP3) codecs come in two particular flavors, as shown in Table 3-3 (page
102). The first (kMPEGLayer3Format) is used exclusively in the constant bitrate (CBR) case
(pre-QuickTime 4). The other (kFullMPEGLay3Format) is used in both the CBR and variable bitrate
(VBR) cases. Note that they are the same codec underneath.

Formats Not Currently in Use:MACE 3:1 and 6:1

These compression formats are obsolete: MACE 3:1 and 6:1.
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These are 8-bit sound codec formats, defined as follows:

kMACE3Compression = FOUR_CHAR_CODE('MAC3'), /*MACE 3:1*/
kMACE6Compression = FOUR_CHAR_CODE('MAC6'), /*MACE 6:1*/

Timecode Media

Timecode media is used to store time code data in QuickTime movies. It has a media type of 'tmcd'.

Timecode Sample Description

The timecode sample description contains information that defines how to interpret time code media
data. This sample description is based on the standard sample description header, as described in
“Sample Description Atoms” (page 70).

The data format field in the sample description is always set to 'tmcd'.

The timecode media handler also adds some of its own fields to the sample description.

Reserved
A 32-bit integer that is reserved for future use. Set this field to 0.

Flags
A 32-bit integer containing flags that identify some timecode characteristics. The following
flags are defined.

Drop frame

Indicates whether the timecode is drop frame. Set it to 1 if the timecode is drop frame. This
flag’s value is 0x0001.

24 hour max

Indicates whether the timecode wraps after 24 hours. Set it to 1 if the timecode wraps. This
flag’s value is 0x0002.

Negative times OK

Indicates whether negative time values are allowed. Set it to 1 if the timecode supports negative
values. This flag’s value is 0x0004.

Counter

Indicates whether the time value corresponds to a tape counter value. Set it to 1 if the timecode
values are tape counter values. This flag’s value is 0x0008.

Time scale
A 32-bit integer that specifies the time scale for interpreting the frame duration field.

Frame duration
A 32-bit integer that indicates how long each frame lasts in real time.
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Number of frames
An 8-bit integer that contains the number of frames per second for the timecode format. If the
time is a counter, this is the number of frames for each counter tick.

Reserved
A 24-bit quantity that must be set to 0.

Source reference
A user data atom containing information about the source tape. The only currently used user
data list entry is the 'name' type. This entry contains a text item specifying the name of the
source tape.

Timecode Media Information Atom

The timecode media also requires a media information atom. This atom contains information governing
how the timecode text is displayed. This media information atom is stored in a base media information
atom (see “Base Media Information Atoms” (page 62) for more information). The type of the timecode
media information atom is 'tcmi'.

The timecode media information atom contains the following data elements.

Size
A 32-bit integer that specifies the number of bytes in this time code media information atom.

Type
A 32-bit integer that identifies the atom type; this field must be set to 'tcmi'.

Version
A 1-byte specification of the version of this timecode media information atom.

Flags
A 3-byte space for timecode media information flags. Set this field to 0.

Text font
A 16-bit integer that indicates the font to use. Set this field to 0 to use the system font. If the
font name field contains a valid name, ignore this field.

Text face
A 16-bit integer that indicates the font’s style. Set this field to 0 for normal text. You can enable
other style options by using one or more of the following bit masks:

0x0001 Bold

0x0002 Italic

0x0004 Underline

0x0008 Outline

0x0010 Shadow

0x0020 Condense

0x0040 Extend
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Text size
A 16-bit integer that specifies the point size of the time code text.

Text color
A 48-bit RGB color value for the timecode text.

Background color
A 48-bit RGB background color for the timecode text.

Font name
A Pascal string specifying the name of the timecode text’s font.

Timecode Sample Data

There are two different sample data formats used by timecode media.

If the Counter flag is set to 1 in the timecode sample description, the sample data is a counter value.
Each sample contains a 32-bit integer counter value.

If the Counter flag is set to 0 in the timecode sample description, the sample data format is a timecode
record, as follows.

Hours
An 8-bit unsigned integer that indicates the starting number of hours.

Negative
A 1-bit value indicating the time’s sign. If bit is set to 1, the timecode record value is negative.

Minutes
A 7-bit integer that contains the starting number of minutes.

Seconds
An 8-bit unsigned integer indicating the starting number of seconds.

Frames
An 8-bit unsigned integer that specifies the starting number of frames. This field’s value cannot
exceed the value of the number of frames field in the timecode sample description.

Text Media

Text media is used to store text data in QuickTime movies. It has a media type of 'text'.

Text Sample Description

The text sample description contains information that defines how to interpret text media data. This
sample description is based on the standard sample description header, as described in “Sample
Description Atoms” (page 70).

The data format field in the sample description is always set to 'text'.
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The text media handler also adds some of its own fields to the sample description.

Display flags
A 32-bit integer containing flags that describe how the text should be drawn. The following
flags are defined.

Don’t auto scale

Controls text scaling. If this flag is set to 1, the text media handler reflows the text instead of
scaling when the track is scaled. This flag’s value is 0x0002.

Use movie background color

Controls background color. If this flag is set to 1, the text media handler ignores the background
color field in the text sample description and uses the movie’s background color instead. This
flag’s value is 0x0008.

Scroll in

Controls text scrolling. If this flag is set to 1, the text media handler scrolls the text until the
last of the text is in view. This flag’s value is 0x0020.

Scroll out

Controls text scrolling. If this flag is set to 1, the text media handler scrolls the text until the
last of the text is gone. This flag’s value is 0x0040.

Horizontal scroll

Controls text scrolling. If this flag is set to 1, the text media handler scrolls the text horizontally;
otherwise, it scrolls the text vertically. This flag’s value is 0x0080.

Reverse scroll

Controls text scrolling. If this flag is set to 1, the text media handler scrolls down (if scrolling
vertically) or backward (if scrolling horizontally; note that horizontal scrolling also depends
upon text justification). This flag’s value is 0x0100.

Continuous scroll

Controls text scrolling. If this flag is set to 1, the text media handler displays new samples by
scrolling out the old ones. This flag’s value is 0x0200.

Drop shadow

Controls drop shadow. If this flag is set to1, the text media handler displays the text with a
drop shadow. This flag’s value is 0x1000.

Anti-alias

Controls anti-aliasing. If this flag is set to 1, the text media handler uses anti-aliasing when
drawing text. This flag’s value is 0x2000.

Key text

Controls background color. If this flag is set to 1, the text media handler does not display the
background color, so that the text overlay background tracks. This flag’s value is 0x4000.
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Text justification
A 32-bit integer that indicates how the text should be aligned. Set this field to 0 for left-justified
text, to 1 for centered text, and to –1 for right-justified text.

Background color
A 48-bit RGB color that specifies the text’s background color.

Default text box
A 64-bit rectangle that specifies an area to receive text (top, left, bottom, right). Typically this
field is set to all zeros.

Reserved
A 64-bit value that must be set to 0.

Font number
A 16-bit value that must be set to 0.

Font face
A 16-bit integer that indicates the font’s style. Set this field to 0 for normal text. You can enable
other style options by using one or more of the following bit masks:

0x0001 Bold

0x0002 Italic

0x0004 Underline

0x0008 Outline

0x0010 Shadow

0x0020 Condense

0x0040 Extend

Reserved
An 8-bit value that must be set to 0.

Reserved
A 16-bit value that must be set to 0.

Foreground color
A 48-bit RGB color that specifies the text’s foreground color.

Text name
A Pascal string specifying the name of the font to use to display the text.

Text Sample Data

The format of the text data is a 16-bit length word followed by the actual text. The length word specifies
the number of bytes of text, not including the length word itself. Following the text, there may be one
or more atoms containing additional information for drawing and searching the text.

Table 3-4 (page 111) lists the currently defined text sample extensions.
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Table 3-4 Text sample extensions

DescriptionText sample
extension

Style information for the text. Allows you to override the default style in the sample
description or to define more than one style for a sample. The data is a TextEdit
style scrap.

'styl'

Table of font names. Each table entry contains a font number (stored in a 16-bit
integer) and a font name (stored in a Pascal string).This atom is required if the
'styl' atom is present.

'ftab'

Highlight information. The atom data consists of two 32-bit integers. The first
contains the starting offset for the highlighted text, and the second has the ending
offset. A highlight sample can be in a key frame or in a differenced frame. When
it’s used in a differenced frame, the sample should contain a zero-length piece of
text.

'hlit'

Highlight color. This atom specifies the 48-bit RGB color to use for highlighting.'hclr'

Drop shadow offset. When the display flags indicate drop shadow style, this atom
can be used to override the default drop shadow placement. The data consists of
two 16-bit integers. The first indicates the horizontal displacement of the drop
shadow, in pixels; the second, the vertical displacement.

'drpo'

Drop shadow transparency. The data is a 16-bit integer between 0 and 256 indicating
the degree of transparency of the drop shadow. A value of 256 makes the drop
shadow completely opaque.

'drpt'

Image font data. This atom contains two more atoms. An 'idat' atom contains
compressed image data to be used to draw the text when the required fonts are
not available. An 'idsc' atom contains a video sample description describing the
format of the compressed image data.

'imag'

Image font highlighting. This atom contains metric information that governs
highlighting when an'imag' atom is used for drawing.

'metr'

Hypertext

Hypertext is used as an action that takes you to a Web URL; like a Web URL, it appears blue and
underlined. Hypertext is stored in a text track sample atom stream as type 'htxt'.

The data stored is a QTAtomContainer. The root atom of hypertext in this container is of type 'wtxt'.
This is the parent for all individual hypertext objects.

For each hypertext item, the parent atom is of type 'htxt'. This is the atom container atom type. Two
children of this atom that define the offset of the hypertext in the text stream are

kRangeStart strt // unsigned long
kRangeEnd end // unsigned long
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Child atoms of the parent atom are the events of type kQTEventType and the ID of the event type.
The children of these event atoms follow the same format as other wired events.

kQTEventType, (kQTEventMouseClick, kQTEventMouseClickEnd,
kQTEventMouseClickEndTriggerButton,
kQTEventMouseEnter, kQTEventMouseExit)

...
kTextWiredObjectsAtomType, 1

kHyperTextItemAtomType, 1..n
kRangeStart, 1

long
kRangeEnd, 1

long

kAction // The known range of track movie sprite actions

Music Media

Music media is used to store note-based audio data, such as MIDI data, in QuickTime movies. It has
a media type of 'musi'.

Music Sample Description

The music sample description uses the standard sample description header, as described in the section
“Sample Description Atoms” (page 70).

The data format field in the sample description is always set to 'musi'. The music media handler
adds an additional 32-bit integer field to the sample description containing flags. Currently no flags
are defined, and this field should be set to 0.

Following the flags field, there may be appended data in the QuickTime music format. This data
consists of part-to-instrument mappings in the form of General events containing note requests. One
note request event should be present for each part that will be used in the sample data.

Music Sample Data

The sample data for music samples consists entirely of data in the QuickTime music format. Typically,
up to 30 seconds of notes are grouped into a single sample. For a complete description of the QuickTime
music format, see your most recent QuickTime developer documentation.

MPEG Media

MPEG media is used to store MPEG streams in QuickTime movies. It has a media type of 'MPEG'.
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MPEG Sample Description

The MPEG sample description uses the standard sample description header, as described in “Sample
Description Atoms” (page 70).

The data format field in the sample description is always set to 'MPEG'. The MPEG media handler
adds no additional fields to the sample description.

MPEG Sample Data

Each sample in an MPEG media is an entire MPEG stream. This means that a single MPEG sample
may be several hundred megabytes in size. The MPEG encoding used by QuickTime corresponds to
the ISO standard, as described in ISO document CD 11172.

Sprite Media

Sprite media is used to store character-based animation data in QuickTime movies. It has a media
type of 'sprt'.

Sprite Sample Description

The sprite sample description uses the standard sample description header, as described in “Sample
Description Atoms” (page 70).

The data format field in the sample description is always set to 'sprt'. The sprite media handler
adds no additional fields to the sample description.

Sprite Sample Data

All sprite samples are stored in QT atom structures. The sprite media uses both key frames and
differenced frames. The key frames contain all of the sprite’s image data, and the initial settings for
each of the sprite’s properties.

A key frame always contains a shared data atom of type 'dflt'. This atom contains data to be shared
between the sprites, consisting mainly of image data and sample descriptions. The shared data atom
contains a single sprite image container atom, with an atom type value of 'imct' and an ID value of
1.

The sprite image container atom stores one or more sprite image atoms of type 'imag'. Each sprite
image atom contains an image sample description immediately followed by the sprite’s compressed
image data. The sprite image atoms should have ID numbers starting at 1 and counting consecutively
upward.

The key frame also must contain definitions for each sprite in atoms of type 'sprt'. Sprite atoms
should have ID numbers start at 1 and count consecutively upward. Each sprite atom contains a list
of properties. Table 3-5 (page 114) shows all currently defined sprite properties.
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Table 3-5 Sprite properties

DescriptionValueProperty name

Describes the sprite’s location and scaling within its sprite world
or sprite track. By modifying a sprite’s matrix, you can modify
the sprite’s location so that it appears to move in a smooth path
on the screen or so that it jumps from one place to another. You
can modify a sprite’s size, so that it shrinks, grows, or stretches.
Depending on which image compressor is used to create the sprite
images, other transformations, such as rotation, may be supported
as well. Translation-only matrices provide the best performance.

1kSpriteProperty-
Matrix

Specifies whether or not the sprite is visible. To make a sprite
visible, you set the sprite’s visible property to true.

4kSpriteProperty-
Visible

Contains a 16-bit integer value specifying the layer into which
the sprite is to be drawn. Sprites with lower layer numbers appear
in front of sprites with higher layer numbers. To designate a sprite
as a background sprite, you should assign it the special layer
number kBackgroundSpriteLayerNum.

5kSpritePropertyLayer

Specifies a graphics mode and blend color that indicates how to
blend a sprite with any sprites behind it and with the background.
To set a sprite’s graphics mode, you call SetSpriteProperty,
passing a pointer to a ModifierTrackGraphicsModeRecord
structure.

6kSpriteProperty-
GraphicsMode

Specifies another sprite by ID that delegates QT events.8kSpriteProperty-
ActionHandlingSprite-
ID

Contains the atom ID of the sprite’s image atom.100kSpriteProperty-
ImageIndex

The override sample differs from the key frame sample in two ways. First, the override sample does
not contain a shared data atom. All shared data must appear in the key frame. Second, only those
sprite properties that change need to be specified. If none of a sprite’s properties change in a given
frame, then the sprite does not need an atom in the differenced frame.

The override sample can be used in one of two ways: combined, as with video key frames, to construct
the current frame; or the current frame can be derived by combining only the key frame and the
current override sample.

Refer to the section “Sprite Track Media Format” (page 116) for information on how override samples
are indicated in the file, using kSpriteTrackPropertySampleFormat and the default behavior of the
kKeyFrameAndSingleOverride format.
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Sprite Track Properties

In addition to defining properties for individual sprites, you can also define properties that apply to
an entire sprite track. These properties may override default behavior or provide hints to the sprite
media handler. The following sprite track properties are supported:

 ■ The kSpriteTrackPropertyBackgroundColor property specifies a background color for the
sprite track. The background color is used for any area that is not covered by regular sprites or
background sprites. If you do not specify a background color, the sprite track uses black as the
default background color.

 ■ The kSpriteTrackPropertyOffscreenBitDepth property specifies a preferred bit depth for the
sprite track’s offscreen buffer. The allowable values are 8 and 16. To save memory, you should
set the value of this property to the minimum depth needed. If you do not specify a bit depth,
the sprite track allocates an offscreen buffer with the depth of the deepest intersecting monitor.

 ■ The kSpriteTrackPropertySampleFormat property specifies the sample format for the sprite
track. If you do not specify a sample format, the sprite track uses the default format,
kKeyFrameAndSingleOverride.

To specify sprite track properties, you create a single QT atom container and add a leaf atom for each
property you want to specify. To add the properties to a sprite track, you call the media handler
function SetMediaPropertyAtom. To retrieve a sprite track’s properties, you call the media handler
function GetMediaPropertyAtom.

The sprite track properties and their corresponding data types are listed in Table 3-6 (page 115).

Table 3-6 Sprite track properties

Leaf data typeAtom IDAtom type

RGBColor1kSpriteTrackPropertyBackgroundColor

unsigned short1kSpriteTrackPropertyOffscreenBitDepth

long1kSpriteTrackPropertySampleFormat

Boolean1kSpriteTrackPropertyHasActions

UInt321kSpriteTrackPropertyQTIdleEventsFrequency

Boolean1kSpriteTrackPropertyVisible

Boolean1kSpriteTrackPropertyScaleSpritesToScaleWorld
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Note: When pasting portions of two different tracks together, the Movie Toolbox checks to see that
all sprite track properties match. If, in fact, they do match, the paste results in a single sprite track
instead of two. u

Sprite Track Media Format

The sprite track media format is hierarchical and based on QT atoms and atom containers. A sprite
track is defined by one or more key frame samples, each followed by any number of override samples.
A key frame sample and its subsequent override samples define a scene in the sprite track. A key
frame sample is a QT atom container that contains atoms defining the sprites in the scene and their
initial properties. The override samples are other QT atom containers that contain atoms that modify
sprite properties, thereby animating the sprites in the scene. In addition to defining properties for
individual sprites, you can also define properties that apply to an entire sprite track.

Figure 3-3 (page 116) shows the high-level structure of a sprite track key frame sample. Each atom in
the atom container is represented by its atom type, atom ID, and, if it is a leaf atom, the type of its
data.

Figure 3-3 A key frame sample atom container

QT atom
container

kSpriteAtomType

ID:numSprites

kSpriteSharedDataAtomType

ID:1

kSpriteAtomType

ID:1

Sprite property atoms Shared data atoms

The QT atom container contains one child atom for each sprite in the key frame sample. Each sprite
atom has a type of kSpriteAtomType. The sprite IDs are numbered from 1 to the number of sprites
defined by the key frame sample (numSprites).

Each sprite atom contains leaf atoms that define the properties of the sprite, as shown in Figure
3-4 (page 117). For example, the kSpritePropertyLayer property defines a sprite’s layer. Each sprite
property atom has an atom type that corresponds to the property and an ID of 1.
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Figure 3-4 Atoms that describe a sprite and its properties

kSpriteAtomType

ID:1

kSpritePropertyImageIndex

ID:1

short

kSpritePropertyLayer

ID:1

short

kSpritePropertyGraphicsMode

ID:1

ModifierTrackGraphicsModeRecord

kSpritePropertyMatrix

ID:1

MatrixRecord

kSpritePropertyVisible

ID:1

short

kSpriteNameAtomType

ID:1

“The sprite name”

kSpriteURLLinkAtomType

ID:1

“The URL”

In addition to the sprite atoms, the QT atom container contains one atom of type
kSpriteSharedDataAtomTypewith an ID of 1. The atoms contained by the shared data atom describe
data that is shared by all sprites. The shared data atom contains one atom of type
kSpriteImagesContainerAtomType with an ID of 1 (Figure 3-5 (page 117)).

The image container atom contains one atom of type kImageAtomType for each image in the key frame
sample. The image atom IDs are numbered from 1 to the number of images (numImages). Each image
atom contains a leaf atom that holds the image data (type kSpriteImageDataAtomType) and an
optional leaf atom (type kSpriteNameAtomType) that holds the name of the image.

Figure 3-5 Atoms that describe sprite images
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Sprite Track Media Format 117
2001-03-01 | © 2002, 2001 Apple Computer, Inc. All Rights Reserved.

C H A P T E R 3

Media Data Atom Types



Sprite Media Format Atoms

The sprite track’s sample format enables you to store the atoms necessary to describe action lists that
are executed in response to QuickTime events. “QT Atom Container Description Key” (page 124)
defines a grammar for constructing valid action sprite samples, which may include complex
expressions.

Both key frame samples and override samples support the sprite action atoms. Override samples
override actions at the QuickTime event level. In effect, what you do by overriding is to completely
replace one event handler and all its actions with another. The sprite track’s
kSpriteTrackPropertySampleFormat property has no effect on how actions are performed. The
behavior is similar to the default kKeyFrameAndSingleOverride format where, if in a given override
sample there is no handler for the event, the key frame’s handler is used, if there is one.

Sprite Media Format Extensions

This section describes some of the atom types and IDs used to extend the sprite track’s media format,
thus enabling action sprite capabilities.

A complete description of the grammar for sprite media handler samples, including action sprite
extensions, is included in the section “Sprite Media Handler Track Properties QT Atom Container
Format” (page 125).

Important: Some sprite track property atoms were added in QuickTime 4. In particular, you must
set the kSpriteTrackPropertyHasActions track property in order for your sprite actions to be
executed. s

Sprite Track Property Atoms

Sprite track property atoms are applied to the whole track, not just to a single sample.

Constant descriptions

kSpriteTrackPropertyHasActions
You must add an atom of this type with its leaf data set to true if you want the movie controller
to execute the actions in your sprite track’s media. The atom’s leaf data is of type Boolean. The
default value is false, so it is very important to add an atom of this type if you want
interactivity to take place.

kSpriteTrackPropertyQTIdleEventsFrequency
You must add an atom of this type if you want the sprites in your sprite track to receive
kQTEventIdle QuickTime events. The atom’s leaf data is of type UInt32. The value is the
mimimum number of ticks that must pass before the next QTIdle event is sent. Each tick is
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