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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC participate in the development of International Standards through technical committees established by the respective organization to deal with particular fields of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft International Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as an International Standard requires approval by at least 75 % of the national bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 23008‑11 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.
ISO/IEC 23008 consists of the following parts, under the general title Information technology — High efficiency coding and media delivery in heterogeneous environments:

· Part 1: MPEG media transport (MMT)

· Part 2: High efficiency video coding (HEVC)
· Part 3: 3D Audio
· Part 5: Reference Software for High Efficiency Video Coding
· Part 8: HEVC Conformance Testing
· Part 10: MMT FEC Codes
· Part 11: MPEG Composition Information
· Part 12: Image File Format
Note: Other parts may be added in the future.

Introduction

The HEVC Still Image File Format is designed to enable the interchange of single images, image collections, and image sequences, coded using High Efficiency Video Coding, and their associated metadata.
It forms part of a family of specifications that are box-structured, and is built using tools in from the ISO Base Media File Format.
High efficiency coding and media delivery in heterogeneous environments — Part 12: Image File Format
1 Scope

The formats defined in this standard enable the interchange, editing, and display of images coded using High Efficiency Video Coding (HEVC), and the carriage of metadata associated with those images.

The HEVC Still Image file format builds on tools defined in the ISO Base Media File Format to define an interoperable storage format for single images, collections of images, and sequences of images.
Note – the storage of HEVC video sequences – that is, images with timing – is out of scope and is handled by ISO/IEC 14496-15 Carriage of NAL unit structured video in the ISO Base Media File Format.

This format defines normative structures used to contain metadata, and to link that metadata to the images, and defines how metadata of certain forms is carried.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 14496-12, Information technology – Coding of moving pictures and audio: ISO base media File format (technically identical to ISO/IEC 15444-12)

ISO/IEC 14496-15, Information technology – Coding of moving pictures and audio: Carriage of NAL unit structured video in the ISO Base Media File Format
ISO/IEC 23008-2, Information technology — High efficiency coding and media delivery in heterogeneous environments — Part 2: High efficiency video coding
JEITA CP-3451B, Japan Electronics and Information Technology Industries Association, Exchangeable image file format for digital still cameras, Version 2.3, April 2010

JEITA CP-3461B, Japan Electronics and Information Technology Industries Association, Design Rule for Camera File System, version 2.0, April 2010

3 Introduction

The use of the HEVC video coder to encode still images is supported by this file format to cover two forms of storage:

a) the storage of single images, and collections of independently coded images

b) the storage of image sequences, with timing that is optionally used at the decoder, and in which the images may be dependent on other images.

A file may use both structures, and may also use the structures of the ISO Base Media File Format, enabling a single file to be constructed to meet a variety of needs (e.g. a single image for printing, and a record of the image burst that was used to synthesize that image).

In general, the single image support is used for simpler cases, particularly when neither timing nor coding dependency are required. If optional timing or other tools from the ISO Base Media File Format available for tracks are needed (e.g. a simple animated image), or pictures have been coded with inter-picture coding dependency, then the second approach is needed.

Brands are defined in order to specify what is required to be present in the file, and what reader support is required to decode under that brand (including support for features that are optional for writers). External specifications may also define brands, which may impose additional constraints on the files, or the readers. The brands with which a file is compatible are recorded in the file in the usual way using the file-type (‘ftyp’) box.
4 General requirements

4.1 General Requirements on files

All files must conform to the definitions for an object-structured file as defined in the ISO Base Media File Format, sub-clause 4.  The file-type (‘ftyp’) box specified there is mandatory.
4.2 General Requirements on readers
All readers conformant to this specification 

1) Must be able to parse object-structured files formatted according to the definitions for an object-structured file as defined in clause 4 of the ISO Base Media File Format.

2) Must parse the file-type box and confirm that one or more brands that they support are included in the list of compatible brands; if there are no such brands, the reader should terminate parsing of the file.
3) Must be able to recognize and discard boxes that are not required to be supported under the specification identified by the brand(s) under which they are operating.

4.3 Multi-Purpose Files

Files may be identified as compatible with other standards (using brands) than those defined here, and shall contain such top-level boxes and other structures as required by those standards.
4.4 Other Boxes

In addition to the required boxes (and their required content) other boxes from the ISO Base Media File Format, or other box-structured specifications, may be included as needed.
5 Single Images and Image Collections

5.1 Introduction

Single still images, and image collections, are stored using the support for untimed data storage, called the ‘metadata box’ for historical reasons, in the ISO Base Media File Format.
A media-data box (‘mdat’) may be used as a general container for the items referenced from the Item Location Box.

Note particularly that this format does not mandate a Movie Box (‘moov’).
5.2 Requirements on Files

Files must contain the brand ‘hevc’ in the compatible brands array of the file-type box. 
When the 'hevc' brand is present among the compatible brands array of the file-type box, the file may be identified by MIME type defined in Annex B.  When this brand is the major brand, the defined file extension and MIME type should be used.

A meta-box (‘meta’), as defined in subclause 8.44.1 of the ISO BMFF, is required at file level, with the contents required by that specification. That meta-box must identify as its primary item an item with the type defined here for an HEVC still image.  The required handler box must use the handler type ‘hevc’.

The following boxes are required in a file under this brand. [[ed: we may need to identify versions??]]
	ftyp
	
	
	
	
	
	4.3
	file type and compatibility

	meta
	
	
	
	
	
	8.11.1
	metadata

	
	hdlr
	
	
	
	
	8.4.3
	handler, declares the metadata (handler) type

	
	dinf
	
	
	
	
	8.7.1
	data information box, container

	
	
	dref
	
	
	
	8.7.2
	data reference box, declares source(s) of metadata items

	
	iloc
	
	
	
	
	8.11.3
	item location

	
	iinf
	
	
	
	
	8.11.6
	item information

	
	pitm
	
	
	
	
	8.11.4
	primary item reference


5.3 Requirements on Readers

Support for the following boxes is required under the ‘hevc’ brand.

	ftyp
	
	
	
	
	
	4.3
	file type and compatibility

	mdat
	
	
	
	
	
	8.1.1.
	media data container

	free
	
	
	
	
	
	8.1.2
	free space

	skip
	
	
	
	
	
	8.1.2
	free space

	meta
	
	
	
	
	
	8.11.1
	metadata

	
	hdlr
	
	
	
	
	8.4.3
	handler, declares the metadata (handler) type

	
	dinf
	
	
	
	
	8.7.1
	data information box, container

	
	
	dref
	
	
	
	8.7.2
	data reference box, declares source(s) of metadata items

	
	iloc
	
	
	
	
	8.11.3
	item location

	
	iinf
	
	
	
	
	8.11.6
	item information

	
	iref
	
	
	
	
	8.11.12
	item reference box

	
	pitm
	
	
	
	
	8.11.4
	primary item reference

	
	idat
	
	
	
	
	8.11.11
	item data


The boxes that declare item protection must be recognized, and processed to the extent that readers must determine when an item is protected. No support for any specific protection scheme is required; readers should fail to decode items that are protected by an unrecognized scheme.

	
	ipro
	
	
	
	
	8.11.5
	item protection

	
	
	sinf
	
	
	
	8.12.1
	protection scheme information box

	
	
	
	frma
	
	
	8.12.2
	original format box

	
	
	
	schm
	
	
	8.12.5
	scheme type box

	
	
	
	schi
	
	
	8.12.6
	scheme information box


Readers must support all the construction methods of the item location box, and the construction of the data of items from multiple extents.
5.4 Image data

5.4.1 Introduction

HEVC still images are stored as meta-data items of type ‘hvc1’. They are formatted as a series of NAL units preceded by length fields.
5.4.1.1 Syntax

aligned(8) class HEVCItemData
{

unsigned int PictureLength = sample_size; //Size of Item

for (i=0; i<PictureLength; )

// to end of the picture

{


unsigned int((DecoderConfigurationRecord.LengthSizeMinusOne+1)*8)



NALUnitLength;


bit(NALUnitLength * 8) NALUnit;


i += (DecoderConfigurationRecord.LengthSizeMinusOne+1) + NALUnitLength;

}
}
5.4.1.2 Semantics

DecoderConfigurationRecord indicates the record in the matching initialization item
NALUnitLength indicates the size of a NAL unit measured in bytes. The length field includes the size of both the one byte NAL header and the RBSP payload but does not include the length field itself.

NALUnit contains a single NAL unit. The syntax of a NAL unit is defined in the appropriate specification (e.g. ISO/IEC 14496-10) and includes both the one byte NAL header and the variable length encapsulated byte stream payload.
5.4.2 Data sources, extents and construction methods

All three construction methods (by file offset, by offset into the local item data box, and by offset into the data of another item) are permitted by this specification, but derived specifications may restrict this.
Similarly, the data reference box may indicate the same file, or another file, but derived specifications may restrict this also.
5.5 Initialization data

5.5.1 Introduction

Images must be linked to an item of type ‘hvcC’ by an item reference of type ‘init’. Items of type ‘hvcC’ must contain the HEVC configuration record defined in the following sections. It is structurally identical to the HEVC Configuration Record defined in ISO/IEC 14496-15.
In this way, multiple images may be present in the file, sharing initialization data.

[[ed: do we need to allow the other boxes that we permit in the HEVC sample entry??]]
5.5.2 Syntax
aligned(8) class HEVCDecoderConfigurationRecord {

unsigned int(8) configurationVersion = 1;

unsigned int(2) general_profile_space;

unsigned int(1) general_tier_flag;

unsigned int(5) general_profile_idc;

unsigned int(32) general_profile_compatibility_flags;

unsigned int(48) general_constraint_indicator_flags;

unsigned int(8) general_level_idc;

bit(4) reserved = ‘1111’b;

unsigned int(12) min_spatial_segmentation_idc;

bit(6) reserved = ‘111111’b;

unsigned int(2) parallelismType;

bit(6) reserved = ‘111111’b;

unsigned int(2) chromaFormat;

bit(5) reserved = ‘11111’b;

unsigned int(3) bitDepthLumaMinus8;

bit(5) reserved = ‘11111’b;

unsigned int(3) bitDepthChromaMinus8;

bit(16) avgFrameRate;

bit(2) constantFrameRate;

bit(3) numTemporalLayers;

bit(1) temporalIdNested;

unsigned int(2) lengthSizeMinusOne; 

unsigned int(8) numOfArrays;

for (j=0; j < numOfArrays; j++) {


bit(1) array_completeness;


unsigned int(1) reserved = 0;


unsigned int(6) NAL_unit_type;


unsigned int(16) numNalus;


for (i=0; i< numNalus; i++) {



unsigned int(16) nalUnitLength;



bit(8*nalUnitLength) nalUnit;


}

}
}

5.5.3 Semantics
general_profile_space, general_tier_flag, general_profile_idc, general_profile_compatibility_flags, general_constraint_indicator_flags, general_level_idc, and min_spatial_segmentation_idc contain the matching values for the fields general_profile_space, general_tier_flag, general_profile_idc, general_profile_compatibility_flag[ i ] for i from 0 to 31, inclusive, the 6 bytes starting with the byte containing the general_progressive_source_flag, general_level_idc, and min_spatial_segmentation_idc as defined in ISO/IEC 23008-2, for the images to which this configuration record applies.
parallelismType indicates the type of parallelism that is used to meet the restrictions imposed by min_spatial_segmentation_idc when the value of min_spatial_segmentation_idc is greater than 0. Value 1 indicates that the images to which this configuration record applies support slice based parallel decoding. Value 2 indicates that the images to which this configuration record applies support tile based parallel decoding. Value 3 indicates that the images to which this configuration record applies support entropy coding synchronization based parallel decoding. Value 0 indicates that the images supports mixed types of parallel decoding or that the parallelism type is unknown.

chromaFormat contains the chroma_format indicator as defined by the chroma_format_idc parameter in ISO/IEC 23008-2, for the images to which this configuration record applies.

bitDepthLumaMinus8 contains the luma bit depth indicator as defined by the bit_depth_luma_minus8 parameter in ISO/IEC 23008-2, for the images to which this configuration record applies.

bitDepthChromaMinus8 contains the chroma bit depth indicator as defined by the bit_depth_chroma_minus8 in ISO/IEC 23008-2, for the images to which this configuration record applies.

avgFrameRate takes the value 0

constantFrameRate takes the value 0

numTemporalLayers takes the value 0

temporalIdNested takes the value 0.
lengthSizeMinusOne plus 1 indicates the length in bytes of the NALUnitLength field in an HEVC video in the images to which this configuration record applies. For example, a size of one byte is indicated with a value of 0. The value of this field shall be one of 0, 1, or 3 corresponding to a length encoded with 1, 2, or 4 bytes, respectively.

numArrays indicates the number of arrays of NAL units of the indicated type(s)

array_completeness when equal to 1 indicates that all NAL units of the given type are in the following array and none are in the images; when equal to 0 indicates that additional NAL units of the indicated type may be in the images

NAL_unit_type indicates the type of the NAL units in the following array (which must be all of that type); it takes a value as defined in ISO/IEC 23008-2; it is restricted to take one of the values indicating a VPS, SPS, PPS, or SEI NAL unit;
numNalus indicates the number of NAL units of the indicated type included in the configuration record for the images to which this configuration record applies. The SEI array must only contain SEI messages of a ‘declarative’ nature, that is, those that provide information about the images as a whole. An example of such an SEI could be a user-data SEI. 

nalUnitLength indicates the length in bytes of the NAL unit.

nalUnit contains an SPS, PPS, VPS or declarative SEI NAL unit, as specified in ISO/IEC 23008-2.
5.6 Derived Images

If an image is derived from others – e.g. a composite HDR image derived from exposure-bracketed individual images – then it is linked to those images by item references of type ‘base’.
5.7 Image Metadata

The metadata that describes an image is formed as the union of the items that refer to the image item using the ‘cdsc’ (content describes) item reference. A union is used so that common metadata (e.g. camera owner, model, and so on) may be stored once, and then each image may also have image-specific metadata.
6 Image sequences

6.1 Introduction

Image sequences are stored in the ISO Base Media File format in tracks. In order to distinguish image sequences from video, the handler type in the handler box is changed to indicate a Picture Track. In particular, in a picture track, the timing is advisory: it may be the timing at collection (e.g. of an image burst), or suggested display timing (e.g. for a slide show). In all other respects, the definitions and requirements for a video track apply.

6.2 Derivation from the ISO Base Media File format
6.2.1 Handler Type

The HEVC visual sample entry for an image sequence shall use the handler type of ‘pict’. This enables a reader to discriminate between a HEVC coded video sequence and an HEVC coded image sequence.
6.2.2 Sample entry name and format

6.2.2.1 Introduction

The HEVCSampleEntry shall be used as specified in 14496-15. The coding constraints box shall be present in the HEVCSampleEntry.
6.2.2.2 Definition:

Box Types:
‘ccst’ 
Container:
HEVCSampleEntry
Mandatory:
Yes
Quantity:
One
6.2.2.3 Syntax:

class CodingConstraintsBox extends FullBox(‘ccst’, version = 0, 0){
unsigned int (1) AllReferencePicturesIntra;
unsigned int (1) IntraPredUsed;
unsigned int (4) MaxRefPerPic;
unsigned int(26) ReservedFlags; 
}
6.2.2.4 Semantics:
AllReferencePicturesIntra: This flag when set to one indicates the restriction that samples that are not sync samples, if any, are predicted only from sync samples. In other words, if there are inter predicted pictures in the track, then these pictures are all predicted from intra coded pictures. For a track containing an HEVC image sequence, either all samples shall be sync samples or the AllReferencePictureIntra shall be set to one.
IntraPredUsed is used to signal if in any of the inter coded pictures of the image sequence, intra prediction is used. A decoder which is interested only is some specific region of a picture can choose not to decode any of the coding units outside the boundary of its region of interest if no intra prediction is used.

MaxRefPerPic signals to a decoder the maximum number of reference pictures that are used for decoding any single output picture within an image sequence. This is useful to a decoder because with this knowledge as well as the profile-level-tier flags signalled in the sample entry, it can assign the appropriate amount of buffer space to store the reference pictures. The value 15 is reserved to indicate that any number of reference pictures permitted by the indicated level and by the applied parameter sets may be used.

6.3 Timing

The timing information provided by the time to sample boxes (and their matching structures in movie fragments) need not provide timing that conforms to the Hypothetical Reference Decoder of HEVC. A still image/image sequence file reader, upon encountering a track using a handler of type ‘pict’, coded with a constant value delta time in its TimeToSampleBox, may either choose to ignore the timings, or use the timings to present the still images/image sequence as a slide show (depending on the use case). 

6.4 Looping
6.4.1 Introduction

To indicate that the images in the track are intended to be looped, the EditListBox is used. The edit list maps the media timeline to the presentation timeline. The flags field of the EditListBox as defined in 14496-12 is extended using the flags input. When the flags field is set to zero, the images in the track are not intended to be looped. When the flags parameter is set to one, the images in the image sequence track is intended to be looped.  
The looping is performed a sufficient number of times to fill the movie duration. If the movie duration is unknown/indefinite, the track is looped indefinitely. 

6.4.2 Syntax

aligned(8) class EditListBox extends FullBox(‘elst’, version, flags) {

unsigned int(32) entry_count;

for (i=1; i <= entry_count; i++) {


if (version==1) {



unsigned int(64) segment_duration;



int(64) media_time;


} else { // version==0



unsigned int(32) segment_duration;



int(32) media_time;


}


int(16) media_rate_integer;


int(16) media_rate_fraction = 0;

}
}
6.4.3 Semantics

flags: the A value of zero indicates that looping is not enabled, while a value of one indicates that looping is enabled. Other values of flags are reserved.

version is an integer that specifies the version of this box (0 or 1)

entry_count is an integer that gives the number of entries in the following table

segment_duration is an integer that specifies the duration of this edit segment in units of the timescale in the Movie Header Box
media_time is an integer containing the starting time within the media of this edit segment (in media time scale units, in composition time). If this field is set to –1, it is an empty edit. The last edit in a track shall never be an empty edit. Any difference between the duration in the Movie Header Box, and the track’s duration is expressed as an implicit empty edit at the end. 

media_rate specifies the relative rate at which to play the media corresponding to this edit segment. If this value is 0, then the edit is specifying a ‘dwell’: the media at media-time is presented for the segment-duration. Otherwise this field shall contain the value 1.

6.5 Other Tracks

This specification does not preclude other tracks as defined by 14496-12 or 14496-15 to be present in the file. If other tracks are present in the file, the support for such track may be documented by using the file type box.
6.6 The ‘hevs’ still image sequence brand

6.6.1 Requirements on files
Files must contain the brand ‘hevs’ in the compatible brands array of the file-type box. 

When the 'hevs' brand is present among the compatible brands array of the file-type box, the file may be identified by MIME type defined in Annex C.  When this brand is the major brand, the defined MIME type and file name extension should be used.

The required boxes are expressed in the ISO Base Media File Format.

A picture track including at least one sample entry with type 'hev1' or 'hvc1' shall be present.

In the HEVCSampleEntry, apart from the boxes specified to be contained in it, a CodingConstraintsBox shall be present. 

6.6.2 Requirements on readers
Tracks with the handler type ‘pict’ shall be supported. Both ‘hvc1’ and ‘hev1’ sample entry names shall be supported.

The EditListBox specifying looping, as specified in 6.4, shall be supported.
7 Metadata support

This standard supports the carriage of still images and image sequences along with metadata written in various metadata schematic languages. Examples of such schematic languages include EXIF, and MPEG-7. However, it is not required for a reader conforming to this specification to understand the metadata related to the data carried in the track.
7.1 Untimed support

Metadata items are linked to the images they describe by item references of type ‘cdsc’. Metadata items take an appropriate type, and may use the tools for items, including content protection. The metadata applicable to an image is the union of the metadata thus linked, though it should be noted that the same information may be expressed in multiple ways.  [[ed: do we need to link alternative forms of a primary piece of metadata to the primary metadata by a suitable reference, rather than directly to the image?]]
7.2 Support in image sequences 

Parallel metadata tracks may be used to define metadata for image sequences. They are linked to the image sequence by a track reference of type ‘cdsc’. The applicable metadata for an image in the sequence is the union of the contents of the time-parallel samples in the metadata tracks to the sample in the image track containing the image in question.

Alternatively, a track level MetaBox can be used to describe contents that are specific to the image sequence as a whole.

7.3 Linking data with their metadata 

When metadata tracks are used to describe data, data and their associated metadata are linked by using the timings encoded in the sample timing box. When samples of an image sequence have to be linked to one more metadata items contained in a MetaBox in track. A sample grouping VisualSampleToMetadataItemEntry with fourCC ‘vsmi’ may be used. 

In the absence of this sample group, the entire meta box is applicable to every sample.

7.3.1 Definition:
Box Type:
VisualSampleToMetadataItemEntry
Container: 
SampleGroupDescriptionBox
Mandatory: 
No
Quantity:

One or many
7.3.2 Syntax:

class VisualSampleToMetadataItemEntry() 
extends VisualSampleGroupEntry (’vsmi’) {

unsigned int(32) meta_box_handler_type;

unsigned int(16) num_items;

for(i = 0; i < num_items; i++) {


unsigned int(16) item_id[i];

}
}
7.3.3 Semantics:
meta_box_handler_type: The handler type informs about the type of metadata schema used by the Metabox which is referenced by the items in this sample group.

num_items: The number of items reference by this sample group.

7.4 Sanity check of the metadata 

While this standard provides a way of describing metadata about some or all of a group of images in an image sequence, it is not required for an entity adhering to this standard to understand the metadata. When an entity does not understand the schematic language used for describing the metadata, it shall ignore the contents of the Metabox. 

Since the data can be modified by an entity that does not understand the metadata, a situation where the metadata no longer describes the actual image samples carried in the track can occur. 
In order to warn an entity conforming to this standard that the metadata might be out of sync with respect to the images in the image sequence, the MetadataIntegrityBox is defined.
7.4.1 Definition:

Box Type:
‘mint’
Container: 
MetaBox
Mandatory: 
No
Quantity:
One or Many
7.4.2 Syntax:

aligned(8) class MetadataIntegrityBox
extends FullBox(‘mint’, version = 0, 0) {

MD5IntegrityBox(); // one or more MD5IntegrityBox
}


aligned(8) class MD5IntegrityBox(){

string input_MD5; 

unsigned int(32) input_4cc; 

if (input_4cc == ‘sgpd’) {


unsigned int(32) grouping_type; 

}
}

7.4.3 Semantics:

input_MD5: a null-terminated string of UTF-8 characters containing a base64 encoded MD5 digest of the input data. The method of calculating the string is specified in RFC 1864.
input_4cc: The input data over which the MD5 string is computed. 
‘stsz’: The MD5 string is computed over the concatenated 32-bit sizes of the samples in the track
‘trak’: The MD5 string is computed over the concatenated bytes of samples that are in the track.
‘sgpd’: The MD5 string is computed over concatenated bytes of the samples that are mapped to any group of the indicated type
grouping_type: If sample groups are used for the md5 calculation, this field reflects the grouping_type of the sample groups considered for the MD5 string calculations.

7.5 Untimed Exif metadata support

Exif data is stored always as an ‘Exif block’, with the following structure:

aligned(8) class ExifDataBlock() {

unsigned int(32) exif_tiff_header_offset;

signed   int(32) exif_offset_correction;  // needed?

unsigned int(8)  exif_payload[];
}
exif_tiff_header_offset is an offset in bytes from the first byte of exif_payload to the first byte of the TIFF Header (see [1]) of the Exif metadata. If the TIFF Header is the first byte of the payload, the value is 0. Otherwise, it is a positive number skipping any other bytes before the TIFF Header (e.g., the exif_payload is THM file format formatted data as specified in DCF [2]).

exif_offset_correction is a value added to any offset values inside the exif_payload, so that the result correctly addresses the desired data in the exif_payload. 

exif_payload is a variable sized array of bytes holding the Exif compliant metadata to be parsed by the reader. This is compliant with [1] or [2] and shall have as part of it a TIFF Header with referenced IFDs. There may be additional bytes before or after this Exif data but the all data shall be contained in the size indicated by the item size.

When untimed Exif metadata is stored as an item in the meta-box, the item type must be ‘Exif’.

7.6 Exif Metadata support in tracks

When Exif metadata is stored in a metadata track, the handler type is ‘Exif’, linked via a ‘cdsc’ track reference to the video track it describes. 

Exif metadata that is true for the entire track may be stored in a meta-box in the track box, in one or more items of type ‘Exif’.

It is not required that every sample be a ‘sync sample’. The metadata that applies to the corresponding time interval of the linked video track is formed by the union of

a) for Sync samples, the metadata in the meta-box and the metadata that is the metadata sample data;

b) for non Sync samples, the metadata in the meta-box, the metadata that is the sample data of the preceding sync sample, and the metadata that is the sample data.

When such a union is formed, any duplicate metadata items are replaced, in the order given.

Each sample is precisely an ExifDataBlock.

7.7 MPEG-7 metadata support

MPEG-7 metadata is stored as an item of item type ‘mime’ and using the XML document MIME type.
The body of the item must be an MPEG-7 document, in XML form.

The storage of MPEG-7 in tracks is defined in ISO/IEC 14496-14.
7.8 Other metadata support

Other forms of metadata may be present, identified using suitable item type and MIME type values.
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Examples of Image Collections

A.1 Introduction

In this section some simple examples are presented. Indentation is used to show inclusion.

A.2 Simple single image

A file with a single still image and Exif metadata could be structured as follows (it could be simpler if we allow in-image parameter sets and no configuration record for this case):

ftyp box:
major-brand = ‘hevc’, compatible-brands = ‘hevc’
meta box:
(container)

handler box:
hdlr = ‘hvc1’

// really redundant with the item type

primary item: itemID = 1;

Item information:



1)
item_type = ‘hvc1’, itemID=1, item_protection_index = 0 (unused)


2)
item_type = ‘Exif’, itemID=2, item_protection_index = 0 (unused)


2)
item_type = ‘hvcC’, itemID=3, item_protection_index = 0 (unused)

Item Location:



itemID = 1, extent_count = 1, extent_offset = X, extent_length = Y;


itemID = 2, extent_count = 1, extent_offset = P, extent_length = Q;


itemID = 3, extent_count = 1, extent_offset = R, extent_length = S;

Item Reference:


type=’cdsc’, fromID=2, toID=1;


type=’init’, fromID=1, toID=3;
Media data box:

HEVC Image (at file offset X, with length Y)

Exif data block (at file offset X, with length Y)

HEVC Config Record (at file offset R, with length S)

A.3 An image derived from 3 others

In this example, the primary image has been derived from 3 others. They share a configuration record.
ftyp box:
major-brand = ‘hevc’, compatible-brands = ‘hevc’
meta box:
(container)

handler box:
hdlr = ‘hvc1’

// really redundant with the item type

primary item: itemID = 1;

Item information:



1)
item_type = ‘hvc1’, itemID=1, item_protection_index = 0 (unused)


2)
item_type = ‘hvcC’, itemID=2, item_protection_index = 0 (unused)


2)
item_type = ‘hvc1’, itemID=3, item_protection_index = 0 (unused)


3)
item_type = ‘hvc1’, itemID=4, item_protection_index = 0 (unused)


4)
item_type = ‘hvc1’, itemID=5, item_protection_index = 0 (unused)

Item Location:



itemID = 1, extent_count = 1, extent_offset = X, extent_length = Y;


itemID = 2, extent_count = 1, extent_offset = P0, extent_length = Q0;


itemID = 3, extent_count = 1, extent_offset = P1, extent_length = Q1;


itemID = 4, extent_count = 1, extent_offset = P2, extent_length = Q2;


itemID = 5, extent_count = 1, extent_offset = P3, extent_length = Q3;

Item Reference:


type=’init’, fromID=1, toID=2;


type=’init’, fromID=3, toID=2;


type=’init’, fromID=4, toID=2;


type=’init’, fromID=5, toID=2;


type=’base’, fromID=1, toID=3;


type=’base’, fromID=1, toID=4;


type=’base’, fromID=1, toID=5;
Media data box:

HEVC Image (at file offset X, with length Y)

HEVC Image (at file offset P1, with length Q1)

HEVC Image (at file offset P2, with length Q2)

HEVC Image (at file offset P3, with length Q3)

HEVC Config Record (at file offset P0, with length Q0)

A.4 Dual-Function File

This file is ‘dual-headed’ and contains both an MP4 presentation and a still image, and it is permitted to use either an image or MPEG-4 reader.

ftyp box:
major-brand = ‘hevc’, compatible-brands = ‘hevc, mp41’
meta box:
(container)

handler box:
hdlr = ‘hvc1’

// really redundant with the item type

primary item: itemID = 1;

Item information:



1)
item_type = ‘hvc1’, itemID=1, item_protection_index = 0 (unused)


2)
item_type = ‘Exif’, itemID=2, item_protection_index = 0 (unused)


2)
item_type = ‘hvcC’, itemID=3, item_protection_index = 0 (unused)

Item Location:



itemID = 1, extent_count = 1, extent_offset = X, extent_length = Y;


itemID = 2, extent_count = 1, extent_offset = P, extent_length = Q;


itemID = 3, extent_count = 1, extent_offset = R, extent_length = S;

Item Reference:


type=’cdsc’, fromID=2, toID=1;


type=’init’, fromID=1, toID=3;
Movie Box: (container)

Movie header, tracks, etc. as required by MP4
Media data box:

HEVC Image (at file offset X, with length Y)

Exif data block (at file offset X, with length Y)

HEVC Config Record (at file offset R, with length S)

Media data as needed by the movie (some may be shared with the image data)
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Single Image MIME Type Registration
B.1 Introduction

The file extension and MIME type of a file in this family usually reflect the major brand in the file-type box. When the major brand indicates a brand related to section 5 above (single images and image collections), the MIME type defined here should be used. When such a brand is a compatible brand, this MIME type may also be used.
B.2 Registration

MIME media type name: image
MIME subtype name: mpeg-h
Required parameters: none

Optional parameters: the profiles parameter as specified by RFC 6381 and its successors

Encoding considerations: as for video/mp4

Security considerations: See section 5 of RFC 4337.

Interoperability considerations: A number of interoperating implementations exist within the ISO/IEC 14496 community, and that community has reference software for reading and writing the file format.

Published specification: ISO/IEC 23008-12
Applications: Multimedia

Additional information:


Magic number(s): none


File extension(s): hevc

Macintosh File Type Code(s): None

Person to contact for info: David Singer, singer@apple.com

Intended usage: Common

Author/Change controller: David Singer, ISO/IEC 14496 file format chair
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Image Sequence MIME Type Registration

C.1 Introduction

The file extension and MIME type of a file in this family usually reflect the major brand in the file-type box. When the major brand indicates a brand related to section 6 above (image sequences), the MIME type defined here should be used. When such a brand is a compatible brand, this MIME type may also be used.

C.2 Registration

MIME media type name: image
MIME subtype name: mpeg-h-sequence 
Required parameters: none

Optional parameters: the codecs and profiles parameters as specified by RFC 6381 and its successors

Encoding considerations: as for video/mp4

Security considerations: See section 5 of RFC 4337.

Interoperability considerations: A number of interoperating implementations exist within the ISO/IEC 14496 community, and that community has reference software for reading and writing the file format.

Published specification: ISO/IEC 23008-12
Applications: Multimedia

Additional information:


Magic number(s): none


File extension(s): hevc

Macintosh File Type Code(s): None

Person to contact for info: David Singer, singer@apple.com

Intended usage: Common

Author/Change controller: David Singer, ISO/IEC 14496 file format chair
�Editorial comment: It could be better if we could all EXIF, XMP, MPEG-7 specific parts into an annex.
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