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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 partinthe-work:

The procedures used to develop this document and those intended for its further maintenance, arg
describped in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof
the different types of document should be noted. This document was drafted in accordanee’with thg
editorigl rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attentipn is drawn to the possibility that some of the elements of this document may*be the subjecf
of pateht rights. ISO and IEC shall not be held responsible for identifying any or all such patenf
rights. Petails of any patent rights identified during the development of the dociiment will be in thg
Introdyction and/or on the ISO list of patent declarations received (see www.iseierg/patents) or the IE(
list of pptent declarations received (see http://patents.iec.ch).

Any trade name used in this document is information given for the convenience of users and does nof
constitfite an endorsement.

For an|explanation of the voluntary nature of standards, the’ meaning of ISO specific terms and
expresdions related to conformity assessment, as well as information about ISO's adherence to the
World Trade Organization (WTO) principles in the Techniedl Barriers to Trade (TBT) see www.isq
.org/isa/foreword.html.

This dqcument was prepared by Joint Technical Cemmittee ISO/IEC JTC 1, Information technology
Subconfmittee SC 29, Coding of audio, picture, multimiedia and hypermedia information.

This fifth edition cancels and replaces the fourth edition (ISO/IEC 14496-15:2017), which has beer
technicplly revised. It also incorporates;"Amendments ISO/IEC 14496-15:2017/Amd.1:2018 and
ISO/IE(Q 14496-15:2017/Amd.2:2019.

The majin changes compared to thesprevious edition are as follows:

— additional content incorporated as subclauses 4.11, 4.12, 9.6.4, D.4.3, D.4.4 and D.4.5 and Annex F;

— corfrections in Tables.2;3 and 6 and subclause A.1;

— delption of subclause 5.4.10;

— minor editorial changes to align the document with the drafting rules in ISO/IEC Directives Part 2

vi © ISO/IEC 2019 - All rights reserved
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Introduction

This document defines a storage format based on, and compatible with, the ISO base media file format
(ISO/IEC 14496-12), which is used by the MP4 file format (ISO/IEC 14496-14) and the motion JPEG 2000
file format (ISO/IEC 15444-3) among others. This document enables video streams formatted as
network adaptation layer units (NAL units) to

a) beused in conjunction with other media streams, such as audio,

b) be used in an MPEG-4 systems environment, if desired,
£) be formatted for delivery by a streaming server, using hint tracks, and

1) inherit all the use cases and features of the ISO base media file format on which MP4 gnd M]2
are based.

[his document can be used as a standalone specification; it specifies how NAL unit structure{d video
content is stored in an ISO base media file format compliant format. Howewver, it is normally used in the
Context of a specification, such as the MP4 file format, derived from the ISO-base media file format, that
permits the use of NAL unit structured video such as AVC (ISO/IEC 14496-10) video and high efficiency
yideo coding (HEVC, ISO/IEC 23008-2) video.

['he ISO base media file format is becoming increasingly commeon'as a general-purpose media cqntainer
format for the exchange of digital media, and its use in this context should accelerate both adoption and
nteroperability.

[he International Organization for Standardizatien (ISO) and International Electrotgchnical
Commission (IEC) draw attention to the fact that itis‘claimed that compliance with this document may
nvolve the use of patents.

SO and IEC take no position concerning the,evidence, validity and scope of these patent rights. The
holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences
inder reasonable and non-discriminatexry terms and conditions with applicants throughout th¢ world.
n this respect, the statements of the-holders of these patent rights are registered with ISO gnd IEC.
nformstion may be obtained fromi;

Fraunhofer-Gesellschaft Qualcomm Incorporated

Hansastr. 27¢ 5775 Morehouse Drive,

B0686 Miinchen San Diego, CA 92121

fermany USA

Nokia Corporation Huawei Technologies Co., Ltd.

PO Box 86 Bantian Longgang District,

FIN-24101 Salo Shenzhen 518129

Finland China

[DVision Systems, Inc. Telefonaktiebolaget LM Ericsson (publ)
001 Irvine Center Drive, Suite 400 Ericsson AB

Irvine, CA 92618 SE-164 80 Stockholm

USA Sweden

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. ISO and IEC shall not be held responsible for identifying
any or all such patent rights.
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Information technology — Coding of audio-visual
objects —

Part 15:

tructred video in the ISO base media file format

Scope

['his document specifies the storage format for streams of video that is structubed as NAL units,|such as
AVC (ISO/IEC 14496-10) and HEVC (ISO/IEC 23008-2) video streams.

2 Normative references

[he following documents are referred to in the text in such aiway that some or all of their content
constitutes requirements of this document. For dated refefences, only the edition cited applies. For
indated references, the latest edition of the referenced dogument (including any amendments) applies.

SO/IEC 14496-10:2014, Information technology — Coding of audio-visual objects — Part 10: A¢glvanced
Video Coding

SO/IEC 14496-12:2015, Information technology*~— Coding of audio-visual objects — Part 12: ISO base
media file format

SO/IEC 23008-2:2017, Information technology — High efficiency coding and media delivery in
heterogeneous environments — Part 23 High efficiency video coding

B Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes oftthis document, the terms and definitions given in ISO/IEC 14496-10, ISO/IEC 23008-2
hind the following-apply.

8.1.1

BD-AVC NAL unit

BD-AVE-VCL NAL unit

NAJ; unit with type 21 with avc_3d_extension_flag equal to 1

Jo¥a 1 +o antry. Ao o ceifind i ICA/IRC 14406 10.92014 Annac ]
N T TTT =3 A /T =AvEr s ey e A~ e avay A e o X X7~

a S cna
ot O ¥ 1o opCetICOTIT T 7T T, TXIttt

3.1.2

aggregator

in-stream structure (3.1.11) using a NAL unit header for grouping of NAL units belonging to the
same sample

3.1.3
AVC base layer
maximum subset of a bitstream that is AVC compatible

Note 1 to entry: This can also be expressed as a bitstream not using any of the functionality of
ISO/IEC 14496-10:2014 Annex G, Annex H, Annex I, or Annex J.

© ISO/IEC 2019 - All rights reserved 1
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Note 2 to entry: The AVC base layer is represented by AVC VCL NAL units and associated non-VCL NAL units.
Note 3 to entry: The AVC base layer itself can be a temporal scalable bitstream.

3.14
AVC NAL unit
AVC VCL NAL unit (3.1.5) and its associated non-VCL NAL units in a bitstream

3.1.5
AVC VCL NAL unit
NAL unft with type 1 to 5 (inclusive) Note 1 to entry: As specified in ISO/IEC 14496-10.

3.1.6
compldte subset
minimdl set of tracks that contain all the information in the original bitstream

3.1.7
cropped frame dimensions
width and height of the decoded frame after applying the output cropping parameters specified by the
active §PS

3.1.8
extraction path
set of dperations on the original bitstream, each yielding a subset bitstream, ordered such that the
complete bitstream is first in the set, and the base layer is last, and:all the bitstreams are in decreasing
complekity (along one of the scalability axes, such as resolution)y and where every bitstream is a valig
operatiphg point

Note 1 fo entry: An extraction path can be represented by the values of priority_id in the NAL unit headers
Alternatfively, an extraction path can be represented by the run'oftiers or by a set of hierarchically dependent tracks|

3.1.9
extractor
in-streajm structure (3.1.11) using a NAL unit header for extraction of data from other tracks

Note 1 tp entry: Extractors contain instructiofs’on how to extract data from other tracks. Logically an Extractoi
can be deen as a pointer to data. While reading a track containing Extractors, the Extractor is replaced by th4
data it i§ pointing to.

3.1.10
implicift reconstruction
reconsffruction of a streanref-access units from two or more tracks not using extractors

3.1.11
in-strepm structure
structufre residing' within sample data

3.1.12
layer set
set of 1 yers rpprpcpnhnd within a bitstream created from another bitstream hy operation of the sub

bitstream extraction process

Note 1 to entry: As specified in ISO/IEC 23008-2.

3.1.13

MVC NAL unit

MVC VCL NAL unit (3.1.14) and its associated non-VCL NAL units in an MVC streamNote 1 to entry: As
specified in ISO/IEC 14496-10:2014, Annex H.

2 © ISO/IEC 2019 - All rights reserved
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3.1.14
MVC VCL NAL unit

NAL unit with type 20, and NAL units with type 14 when the immediately following NAL units are AVC

VCL NAL units

Note 1 to entry: As specified in ISO/IEC 14496-10.

Note 2 to entry: MVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.
3.1.15

MVC+D depth NAL unit

MVC+D depth VCL NAL unit

NAL unit with type 21 containing a coded slice extension for a depth view component Note'1 t
As specified in ISO/IEC 14496-10:2014 Annex .

8.1.16

MVD NAL unit

MVD VCL NAL unit

NAL unit with type 21, containing a coded slice extension for a depth ¥iew component cod
MVC+D or 3D-AVC, or a 3D-AVC texture view component

Note 1 to entry: As specified in ISO/IEC 14496-10:2014, Annex I or J.

8.1.17

NAL-unit-like structure

ata structure that is similar to NAL units in the sense thatit also has a NAL unit header and a
vith a difference that the payload might not follow the start code emulation prevention med
required for the NAL unit syntax

Note 1 to entry: As specified in ISO/IEC 14496-10 oriSO/IEC 23008-2.

3.1.18
hatively present
not included in an aggregator (3.1.2) or‘an extractor (3.1.9)

Note 1 to entry: Data referred to by therice not included in) an aggregator is considered as natively prese
ncluded in an aggregator is not considered as natively present.

8.1.19
pperating point
<AVC and SVC elementary stream> independently decodable subset of a layered bitstream

Note 1 to entry: Eachoperating point consists of all the data needed to decode this particular bitstream

Note 2 to enfry:"In an SVC stream an operating point represents a particular spatial resolution, t
Fesolution,-and quality, and can be represented either by (i) specific values of DTQ (dependency_id, tem
ind quality/id) or (ii) specific values of P (priority_id) or (iii) combinations of them (e.g. PDTQ). Note
sagewofpriority_id is defined by the application. In an SVC file a track represents one or more operatin
WVithin'a track tiers can be used to define multiple operating points.

b entry:

bd with

ayload,
hanism

nt. Data

subset.

emporal
poral_id
that the
b points.

Note 3 to entry: The bitstream subset of an MVC or MVD operating point represents a particular set of target

output views at a particular temporal resolution and consists of all the data needed to decode this particular
bitstream subset. In MVD each target output view in the bitstream subset of an MVD operating point can contain

a texture view, a depth view or both.

Note 4 to entry: An operating point is referred to as an operation point in ISO/IEC 14496-10:2014, Annex H or an

output operation point in ISO/IEC 23008-2.
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3.1.20

operating point

<HEVC, layered HEVC and tiled HEVC elementary stream> independently decodable subset of a layered
bitstream, where one or more layers in the set of layers are indicated to be output layers

Note 1 to entry: Each operating point consists of all the data needed to decode this particular bitstream subset.

Note 2 to entry: In an SVC stream an operating point represents a particular spatial resolution, temporal
resolution, and quality, and can be represented either by (i) specific values of DTQ (dependency_id, temporal_id
and quality_id) or (ii) specific values of P (priority_id) or (iii) combinations of them (e.g. PDTQ). Note that the
usage of priority_id is defined by the application. In an SVC file a track represents one or more operating points
Within 4 track tiers can be used to define multiple operating points.

Note 3 to entry: The bitstream subset of an MVC or MVD operating point represents a particular set.oftarge
output yiews at a particular temporal resolution and consists of all the data needed to decode this\particular
bitstrean subset. In MVD each target output view in the bitstream subset of an MVD operating point can contaiy
a texturp view, a depth view or both.

Note 4 tp entry: An operating point is referred to as an operation point in ISO/IEC 14496-10:2014, Annex H or ar
output dperation point in ISO/IEC 23008-2.

3.1.21
output(layer set
set of Idyers consisting of the layers of one of the specified layer sets (3.1.12), where one or more layers
in the spt of layers are indicated to be output layers

Note 1 tp entry: As specified in ISO/IEC 23008-2.

3.1.22
parameter set
video pprameter set, sequence parameter set or picture'parameter set

Note 1 tp entry: As defined in the applicable video standard (e.g. ISO/IEC 14496-10 or ISO/IEC 23008-2).
Note 2 tp entry: This term is used to refer to all types of parameter sets.

3.1.23
parameter set elementary stream
elementary stream containing samples made up of only sequence and picture parameter set NAL units
synchro¢nized with the video elententary stream (3.1.40)

3.1.24
picture unit
set of VCL NAL units andtheir associated non-VCL NAL units

Note 1 tp entry: As spécified in ISO/IEC 23008-2.

3.1.25
prefix NAL unit
NAL un|its with type 14

Note 1 to entry: As specified in ISO/IEC 14496-10.

Note 2 to entry: Prefix NAL units provide scalability information about AVC VCL NAL units and filler data NAL
units. Prefix NAL units do not affect the decoding process of a legacy AVC decoder. The behaviour of a legacy AVC
file reader as a response to prefix NAL units is undefined.

3.1.26
reference layer
layer that is indicated as possibly needed for decoding of another layer

Note 1 to entry: As specified in ISO/IEC 23008-2 and as specified by the 'oinf' sample group defined in
subclause 9.6.2.

4 © ISO/IEC 2019 - All rights reserved
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3.1.27

scalable layer

layer

<AVC and SVC elementary stream> set of VCL NAL units with the same values of dependency_id, quality_
id, and temporal_id, and the associated non-VCL NAL units

Note 1 to entry: As specified in ISO/IEC 14496-10.

Note 2 to entry: A scalable layer with any of dependency_id, quality_id, and temporal_id not equal to 0 enhances
the video by one or more scalability levels in at least one direction (temporal. quality or spatial resolution).

Note 3 to entry: SVC uses a “layered” encoder design that results in a bitstream representing “coding layers”. In
tome publications the ‘base layer’ is the first quality layer of a specific coding layer. In some publications fhe base
ayer is the scalable layer with the lowest priority. The SVC file format uses “scalable layer” or ‘}dayer” in 4 general
vay for describing nested bitstreams (using terms like AVC base layer or SVC enhancement layer).

8.1.28
scalable layer
ayer

<HEVC, layered HEVC and tiled HEVC elementary stream> set of VCL NAL units with the same yalue of
huh_layer_id and the associated non-VCL NAL units

Note 1 to entry: As specified in ISO/IEC 23008-2.

8.1.29

scalable layer representation
pitstream subset that is required for decoding the scalable layer (3.1.27/3.1.28), consisting of the
bcalable layer itself and all the scalable layers on whichythe scalable layer depends

Note 1 to entry: A scalable layer representation is alsereferred to as the representation of the scalable 1gyer.

8.1.30
sub-picture
broper subset of coded slices of a layer.representation

8.1.31
sub-picture tier
fier that consists of sub-pictures<(3.1.30)

Note 1 to entry: Any coded slice that is not included in the tier representation of a sub-picture tier is 1ot to be
referred to in inter prediction or inter-layer prediction for decoding of the sub-picture tier.

8.1.32
sub-layer
set of VCL NAL-rnits with a particular value of Temporalld and the associated non-VCL NAL unit

wn

Note 1 toentry: As specified in ISO/IEC 23008-2.

8.1.33
bVCO enhancement layer
ayer that specifies a part of a scalable bitstream that enhances the video

Note 1 to entry: An SVC enhancement layer is represented by SVC VCL NAL units and the associated non-VCL NAL
units and SEI messages.

Note 2 to entry: Usually an SVC enhancement layer represents a spatial or coarse-grain scalability (CGS) coding
layer (identified by a specific value of dependency_id).

3.1.34
SVC NAL unit
SVC VCL NAL unit (3.1.36) and its associated non-VCL NAL units in an SVC stream (3.1.35)

Note 1 to entry: As specified in ISO/IEC 14496-10:2014, Annex G.
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3.1.35

SVC stream

bitstream represented by the operating point for which dependency_id is equal to mDid, temporal_id
is the greatest temporal_id value among mOpSet, and quality_id is the greatest quality_id value among
mOpSet, where the greatest value of dependency_id of all the operating points represented by DTQ
(dependency_id, temporal_id and quality_id) combinations is equal to mDid, and the set of all the
operating points with dependency_id equal to mDid is mOpSet

Note 1 to entry: The term “SVC stream” is referenced by ‘decoding/accessing the entire stream’ in this document.
There cgap-be NALunitsthatarenetrequiredfor-decodingthiseperatingpoint

ToTTrequIr et =) PeT TS poTe

3.1.36
SVC VCL NAL unit
NAL unjit with type 20, and NAL units with type 14 when the immediately following NAL unit§are AV(
VCL NAL units

Note 1 tp entry: As specified in ISO/IEC 14496-10:2014, Annex G.
Note 2 tp entry: SVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.

3.1.37
temporal layer representation
representation of a temporal layer
temporpl layer and all lower temporal layers

3.1.38
tier

set of operating points within a track, providing informationtabout the operating points and instructions
on how(to access the corresponding bitstream portions (uSing maps and groups)

Note 1 tp entry: In SVC file format a tier represents one or.more scalable layers of an SVC bitstream. In the contex
of ISO/IEC 23008-2 video, the term tier is used to représSent a part of the interoperability point representatioi
consistihg of profile, tier, and level. Readers should not be confused about these two different meanings of thg
word "tier".

Note 2 tp entry: The term “tier” is used in SVEfile format to avoid confusion with the frequently used term layer
A tier represents a subset of a track and represents an operating point of an SVC bitstream. Tiers in a track subse
the entife track, no matter whether thettrack references another track by extractors.

Note 3 tp entry: An MVC or MVD tierrepresents a particular set of temporal subsets of a particular set of views.

3.1.39
tier representation

representation of thetier
bitstregm subset that-s required for decoding the tier, consisting of the tier itself and all the tiers or
which the tier depgnds

3.1.40
video dlementary stream
elementary stream containing access units made up of NAI units for coded picture data

3.141
video stream
self-contained independently decodable video bitstream

3.1.42
virtual base view
AVC compatible representation of an independently coded non-base view

Note 1 to entry: As specified in ISO/IEC 14496-10:2014, Annex H.
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Note 2 to entry: The virtual base view of an independently coded non-base view is created according to the
process specified in ISO/IEC 14496-10:2014, H.8.5.5. Samples containing data units of an independently coded
non-base view and samples of the virtual base view are aligned by decoding times.

3.2 Abbreviated terms

5 and

SO/
y Video

3D-AVC three-dimensional advanced video coding
(refers to ISO/IEC 14496-10:2014, Annex ])
D-HEVC three-dimensional high efficiency video coding
(refers to ISO/IEC 23008-2:2017, Annex I)
A3D three-dimensional advanced video coding
(refers to ISO/IEC 14496-10:2014, Annex G)
NOTE 1 The abbreviation A3D is used in terminology related to syntax element
structures, whereas the abbreviation 3D-AVC is used otherwise:
AVC advanced video coding
[where contrasted with SVC, MVC, or MVD in this documnent, this term refers to I
[EC 14496-10, excluding its Annex G (Scalable Video€Coding), Annex H (Multiviey
Coding), Annex [ (Multiview and Depth Video Coding), and Annex ] (Multiview and
Depth Video with Enhanced Non-Base View Coding)]
BLA broken link access
CRA clean random access
CTU coding tree unit
HEVC high efficiency video coding
FF file format
HRD hypothetical reference decoder
DR instantaneousidecoding refresh
RAP intra random access point
,-HEVC layeredrhigh efficiency video coding
MVC multiview video coding
(refers to ISO/IEC 14496-10:2014, Annex H)
MVCD multiview video coding plus depth
(refers to ISO/IEC 14496-10:2014, Annex I)
MVC+D multiview videg r‘nding plnc dppfh
(refers to ISO/IEC 14496-10:2014, Annex I)
NOTE 2 The abbreviation MVCD is used in terminology related to syntax elements and
structures, whereas the abbreviation MVC+D is used otherwise.
MV-HEVC multiview high efficiency video coding
(refers to ISO/IEC 23008-2:2017, Annex G)
MVD multiview video coding plus depth

(refers to ISO/IEC 14496-10:2014, Annexes [ and ])
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NAL network abstraction layer
PPS picture parameter set
RBSP raw byte sequence payload
ROI region-of-interest
SAP stream access point
SEI supplementary enhancement information
SHVC scalable high efficiency video coding
(refers to ISO/IEC 23008-2:2017, Annex H)
SPS sequence parameter set
STSA step-wise temporal sub-layer access
SVC scalable video coding
(refers to ISO/IEC 14496-10:2014, Annex G)
TSA temporal sub-layer access
VCL video coding layer
VPS video parameter set

4 Gepneral definitions

4.1 OQverview

The spegcifications in this clause apply to.@ll’ coding systems identified by this document, unless
specifidally over-ridden by definitions in the’clause for a specific coding system.

Table 1|summarizes the corresponderices between the sets of terminology used in video specifications
and the[ISO base media file formatfer the AVC file format specified in subclause 4.11 and the HEVC filg
format ppecified in Clause 8 (it does not appy for all cases for Clauses 6, 7 and 9).

Table 1 — Cortrespondence of terms in video and ISO base media file format

Video ISO base media file format
— movie
bitstream track
access unit sample

4.2 Elementary stream structure

This document concerns video coding systems that specify a set of network abstraction layer (NAL)
units, which contain different types of data. This subclause specifies the format of the elementary
streams for storing such content.
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4.3 Sample and configuration definition

4.3.1 General

Sample: A sample is an access unit or a part of an access unit (e.g., in a track containing a part of
layer video bitstream), where an access unit is as defined in the appropriate specification.

019(E)

a multi-

Parameter set sample: A parameter set sample is a sample in a parameter set stream that shall consist
of those parameter set NAL units that are to be considered as if present in the video elementary stream

Tthe same instantin tme.

4.3.2 Canonical order and restrictions

lifferent transport protocols — MPEG-2 Systems, RTP, and so on — should not have to

hllows such operations to be performed against a known initial state.

When multiple tracks are used to store an elementary stream, as may-be'the case for Clauses 6,

hre used or when an implicit reconstruction of access units is neéded) to produce a canonical str

[he canonical stream format is an elementary stream that satisfies the following conditions:

[he elementary stream is stored in the ISO base media file format in a canonical format. The cgnonical
format is as neutral as possible so that systems that need to customize the stryedm for delivery over

remove

nformation from the stream while being free to add to the stream. Furthermore, a canonical format

7 and 9,

some tracks may contain canonical streams while others may need to-be processed (e.g., when ex{ractors

Pam.

Video data NAL units: In the context of subclause 411 or Clause 8, all video data NAL unjts for a
single picture shall be contained within the samplé- whose decoding time and composition time are
those of the picture.

SEI NAL units: All SEI NAL units shall be contained in the parameter set arrays, or in the[sample
whose decoding time is at the time, or imithediately precedes the time (with no intervening sgmples),
when the SEI messages come into effectinstantaneously. In general, SEI messages for a picture shall
be included in the sample containjrig-that picture and that SEI messages pertaining to a sequience of
pictures shall be included in thecsample containing the first picture of the sequence to whicH the SEI
message pertains. The order-of SEI messages within a sample is as defined in the applicable video
coding standard.

NAL unit order: The(sequence of NAL units in an elementary stream and within a single[sample
must be in a valid detoding order for those NAL units as specified in the applicable vided coding
standard.

Alltiminginformationisexternaltostream:Picture Timing SEImessagesthatdefine presgntation
or composition timestamps may be included in the video elementary stream, as these messages
contaifzether information than timing, and may be required for conformance checking. However,
all timing information is provided by the information stored in the various sample metadatq tables,
and-this information overrides any timing provided in the video layer. Timing provided within the
video stream in this file format should be ignored as it may contradict the timing provided by the
file format and may not be correct or consistent within itself.

NOTE This constraint is imposed due to the fact that post-compression editing, combination, or
re-timing of a stream at the file format level can invalidate or make inconsistent any embedded timing
information present within the video stream.

No start codes: The elementary streams shall not include start codes. As stored, each NAL unit is
preceded by a length field as specified in subclause 4.3.3; this enables easy scanning of the sample’s
NAL units. Systems that wish to deliver, from this file format, a stream using start codes will need
to reformat the stream to insert those start codes.
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4.3.3 Sample format

4.3.3.1 Definition

This subclause defines the structure of the samples. Samples are externally framed and have a size
supplied by that external framing. The syntax of a sample is configured via the decoder specific
configuration for the elementary stream. An example of the structure of a video sample is depicted in
the following figure.

AcCcCess Slice
o= Unit = SEI ‘ < = NAL Unit
20 Delimiter 20 NAL Unit 20 20 (Redundant (f
v NAL Unit 2 (if present) @ ] Coded Picture). .
] N ] ] ] 2
(if present) (if presen,f)\

Figure 1 — Example structure of a sample

An accgss unit is made up of a set of NAL units. Each NAL unit is represented-with a:

— Lerlgth: Indicates the length in bytes of the following NAL unit. The length field may be configured
to he of 1, 2, or 4 bytes.

— NAL Unit: Contains the NAL unit data as specified in the applicable video coding standard.

4.3.3.2| Syntax

alignefd (8) class NALUSample
{
unsfigned int PicturelLength = sample sizéy //Size of Sample from SampleSizeBox

for| (i=0; i<PicturelLength; ) // tdend of the picture

insigned int ( (DecoderConfigurdtionRecord.LengthSizeMinusOne+1) *8)
NALUnitLength;
pbit (NALUnitLength * &) ,NALUnit;

i += (DecoderConfiQurationRecord.LengthSizeMinusOne+l) + NALUnitLength;

4.3.3.3| Semantics

DecodefCorf¥gurationRecord indicates the record in the matching sample entry (e.g
AVCpecpéercConfigurationRecord in the case of AVC).

NALUnitLength indicates the size of a NAL unit measured in bytes. The length field includes the size of
both the NAL header and the NAL unit 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.
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4.3.4 Optional boxes in the sample entry

Unless otherwise explicitly specified, the optional boxes, including the BitRrateBox, in the sample entry
document the information for the output bitstream by the file parser reconstructed from this track and
all the tracks this track depends on for decoding.

4.4 Video track structure

In the terminology of ISO/IEC 14496-12, both video and parameter set tracks are video or visual tracks.
[hey therefore use:

h) a handler_type of 'vide' in the HandlerBox;

b) avideo media header 'vmhd';

[) and, as defined below, a derivative of the visualSampleEntry.
A video stream is represented by one or more video tracks in a file.

f there is more than one track representing scalable aspects of a.Single stream, then they form
hlternatives to each other, and the field ‘a1ternate group’ should bg~used, or the composition|system
1sed should select one of them, as appropriate. See ISO/IEC 14496-12:2015, 8.10.3 for infofmative
abelling of why tracks are members of alternate groups.

1.5 Template fields used

[he ISO base media file format defines a number of fields:that have default values but that may be defined
for use by specific sub-systems. Tracks containing video data may use the following template fields:

h) alternate group in the TrackHeaderBox (see'subclause 5.4.8 on stream switching).
b) template field ‘depth’ in the VisualSampleEntry to document the presence of alpha.
depth takes one of the following values:

— o0x18 - the video sequence;is in colour with no alpha;

— o0x28 - the video sequence is in grayscale with no alpha;

— 0x20 - the vide@ sequence has alpha (gray or colour).

4.6 Visual width-and height

[he width amd™eight fields in a visualsampleEntry shall correctly document the maximum dropped
‘rame diménsions in any sample of the video stream that is described by that entry.

['he width and height fields do not reflect any changes in size caused by SEI messages such as pgn-scan.
[he‘visual handling of SEI messages such as pan-scan is both optional and terminal-dependent.

Ote that the visual size in the SPSmay be either frame or fietd size; in the sampte entry, itisalways the
frame size.

The width and height fields in the track header may not be the same as the width and height fields in
the one or more visualSampleEntry in the video track. As specified in the ISO base media file format,
if normalized visual presentation is needed, all the sequences are normalized to the track width and
height for presentation.
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4.7 Decoding time (DTS) and composition time (CTS)

Samples are stored in the file format in decoding order. If picture reordering is not used and decoding
and composition times are the same, then presentation is the same as decoding order and only the time-
to-sample 'stts' table is used. Note that any kind of picture may be reordered, not only B-pictures.

If decoding time and composition time differ, the composition time-to-sample 'ctts' table is also used
in conjunction with the 'stts" table.

4.8 Spmple groups on randont access Iecovery points "tol1' and randon access
points| 'rap

This ddcument disallows the presence of sampleToGroupBox with grouping type equal to ¢xo¥1' of
'rap ' fpnd with version greater than 0 in tracks with sample entries specified in this documeént othet
than Clhuse 7. Parsers according to this document shall ignore sampleToGroupBox with g¥ouping typd
equal tp 'roll' or 'rap ' and with version greater than 0 in tracks with sample entties specified iy
this do¢gument other than Clause 7.

The video coding system can include the concept of a ‘gradual decoding reffesh’ or random accesg
recoveily point. This may be signalled in the bitstream using a mechanism such as the recovery poin
SEI meqsage. This message is found at the beginning of the random access@nd indicates how much dat3
must b¢ decoded subsequent to the access unit at the position of the SELmeéssage before the recovery is
complete.

When 3l access units in output order starting from the accessahit at the position of the SEI messagsg
can be puccessfully decoded after random access, i.e. when the recovery_frame_cnt syntax element of
the recivery point SEI message is 0, the random access poirit\(’rap ) sample grouping should be used.

This cdncept of gradual recovery is supported in thefile format also by using Rol1RecoveryEntry
groups]In order that the group membership marks the sample containing the SEI message the 'ro11-
distange' is constrained to being only positive (ii€. a post-roll). In other words, Rol11RecoveryEntry
groups [can be used when the value of the recovery_frame_cnt syntax element of the recovery point SE
messagg is greater than 0.

NOTE The roll-group counts samples jinthe file format; this does not necessarily match the way that thg
distancgs are represented in the SEI message.

Within |a stream, it is necessaryto 'mark the beginning of the pre-roll, so that a stream decoder may
start decoding there. Howevef, in a file, when performing random access, a deterministic search is
desired| for the closest preceding frame that can be decoded perfectly (either a sync sample, or the eng
of a pretroll).

4.9 Hinting

Note that what the hint tracks call “B frames” are actually ‘disposable’ pictures or non-reference
pictureg, forexample as defined in ISO/IEC 14496-10.

Care shpuld be taken when the structures in Annex A (aggregators or extractors) are in use and the tracK
is hinted. These structures are defined only for use in the file format and should not be transmitted. In
particular, a hint track that points at an extractor in a video track would cause the extractor itself to be
transmitted (which is probably both incorrect and not the desired behaviour), not the data the extractor
references. Hint tracks should normally directly reference NAL units specified in the applicable video
coding standard.

4.10 On change of sample entry

In this clause, resetting decoding can be regarded as a similar process as starting the decoding from
the beginning of a video stream.
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A change in the sample entry is caused, for example, by a change of parameter set(s) reusing the same

parameter set ID(s) in a visualSampleEntry.

For the single-layer video file formats specified in subclause 4.11 and Clause 8, the video decoder for
decoding of the bitstream output from the file parser is expected to be reset at the first sample at which
the sample entry changes. When more than one sample entry is used in a track, random accessing is

enabled if a video stream is encoded and encapsulated in the track as follows:

— The first sample that a sample entry is associated with (i.e., applies to) is a sync sample.

— Decoding of samples that a sample entry is associated with does not rely on data from any
not associated with the sample entry or data from any other sample entry.

'he bitstream output from the file parser is expected to be reset at the first sample in‘the base

stream is encoded and encapsulated in the track as follows:

sync sample.

track associated with a sample entry to the last access ynit)containing the last sample in t
track associated with the sample entry, inclusive, doesngt rely on data from any access uni
than the first access unit in decoding order or data fronvany sample entry associated with a
contained in an access unit ealier than the first access unit in decoding order.

with the semantics (defined in the applicable video coding standard) that the second occurrence repl
irst from that time onwards in the stream. Converting such a stream to a form in which all parameter s¢
h single sample entry involves more than moving the applicable NAL units into the sample entry; one of
hccurrences will need a new identifier value/and the video NAL units that refer to it by identifier will a
ipdating. Alternatively, multiple samplelentries can be used for the storage of parameter sets with say
Which case sample to sample entry asseciation needs rewriting.

n the following, let the L-HEVC-base track be the track referred to by a track reference of type
[when present) or the preserit track (when it contains an 'oinf' sample group). For the mu
ideo file formats specifiedin Clause 9, the video decoder for decoding of the bitstream output f
file parser is expectedto be reset at the first sample in the L-HEVC base track at which the samp
br the 'oinf' sample group description entry changes. When more than one sample entry on
sample group description entry is used in the L-HEVC base track, random accessing is enabled if]
stream is enceded and encapsulated in the track as follows:

— The £first sample that a sample entry or an 'oinf' sample group description entry in the
basetrack is associated with has an IRAP picture (as specified in ISO/IEC 23008-2) at the
layer carried in the track.

sample

For the multi-layer video file formats specified in Clauses 6 and 7, the video decodetfor decqding of

rack or

bcalable base track (as defined in Clauses 6 and 7) at which the sample entry changes. When mqre than
bne sample entry is used in the base track or scalable base track, random accessing is enabled if|la video

— The first sample that a sample entry in the base track or scalable base track is associated With is a

— Decoding of the set of access units from the first access unit,conttaining the first sample in the base

he base
earlier
sample

NOTE When parameter sets are stored other than in the sample entry, i.e. either in a separate paraneter set
rack, or in the samples in the video track, it is possiblé.that there are two parameter sets with the same identifier,

aces the
ts are in
the two
so need
he ID, in

'oref'
ti-layer
rom the
e entry

'oinf'
avideo

L.-HEVC
lowest

N nH £ 4] 4 £ o £ £ £3 4 14 i £l £3 r's 1
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in the

L-HEVC base track associated with a sample entry or an 'oinf' sample group description entry to

the last access unit containing the last sample in the L-HEVC base track associated with the
entryor 'oinf' sample group description entry, inclusive, does not rely on data from any acc
earlier than the first access unit in decoding order or data from any sample entry or 'oinf"'

sample
ess unit
sample

group description entry associated with a sample contained in an access unit ealier than the first

access unit in decoding order.
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4.11 SEI information box
4.11.1 Definition

Box Type:  'seii'
Container:  Scheme Information box (*schi') or VisualSampleEntry

Mandatory: Yes (in the SchemelnformationBox), No (in a VisualSampleEntry)

Quantitly: ~ One (in the SchemelnformationBox), Zero or one (in a VisualSampleEntry)

The SE| Information box documents the SEIs in a stream. When contained in a VisualSampleEntry
numRequiredSEls shall be 0. By inspecting the SEI Information box a player will know"which SE
messagps it can assume to be present, and which are deemed necessary by the file authen for correct
playbadk. There might be other SEIs present in the bitstream that are not documented by-this box.

4.11.2 |Syntax

aligned (8) class SeilInformationBox extends Box ('seii') {
unsigned int (16) numRequiredSEIs;
for|(i = 0; 1 < numRequiredSEIs; i++) {
unsigned int(16) requiredSEI ID;
}
unsigned int (16) numNotRequiredSEIs;
for|(i = 0; i1 < numNotRequiredSEIs; i++)_\{

unsigned int (16) notrequiredSEI ID;

4.11.3 |Semantics

requiredseI_1D takes omnthe value “payloadType” of an SEI message present in the bitstream that i
deemed necessary by thefile author for correct playback.

notreqyiredsET _IDtakes on the value “payloadType” of an SEI message present in the bitstream that is
not deemed necessary by the file author for correct playback.

4.12 Ppst-decoder requirements scheme for signalling of SEI

4.12.1 General

In order to handle situations where the file author requires certain actions on the player or renderer,
the ISO base media file format specifies the restricted-video mechanism where sample entries are
hidden behind the generic sample entry 'resv'. The mechanism applies to all coding systems identified
by chapters in this document. For the case of signalling of SEI, a file author can list occurring SEI
message [Ds (ISO/IEC 14496-10, ISO/IEC 23008-2) and classify them into two categories: those that are
deemed required by the file author for correct playback, and others. The occurrence of either type of
SEI messages can be signalled in the SEI Information box.
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4.12.2 Definition
The scheme for signalling of SEI is defined here.
The SchemeType 'ase1' is used.

The SEI information box is mandatory in the SchemelnformationBox under the ‘ase1’ scheme. In
this case, it contains information about the SEI messages present in the bitstream. Although the SEI
messages are not required for decoding, the file author may require certain actions for rendering or
other purposes. The box distinguishes between an SEI that is required to be understood for correct
blayback and an SEI that is not required for correct playback (but may enhance playback).

['he SEI messages listed here should be stored either in the bitstream or in the Configuration Record.
[he SEI Information box does not contain the actual SEI messages, it only lists those ¢hat occufr in the
pitstream.

b AVC elementary streams and sample definitions

5.1 Overview

SO/IEC 14496-10 offers not only increased coding efficiency and.ephanced robustness, but al§o many
features for the systems that use it. To enable the best visibility-6f, and access to, those featured, and to
enhance the opportunities for the interchange and interopefability of media, subclause 4.11 dgfines a
storage format for video streams compressed using AVC.

['his clause defines the storage for plain AVC streams;where ‘plain AVC’ refers to ISO/IEC 14{496-10,
excluding any multi-layer extension of ISO/IEC 14496-10 such as ISO/IEC 14496-10:2014, Anneyes G, H,
and J.

['his clause specifies the elementary streamand sample structure used to store AVC visual content.

[he storage of AVC content uses the existing capabilities of the ISO base media file format But also
Hefines extensions to support the following features of the AVC codec.

1) Switching pictures:

to enable switching between different coded streams and substitution of pictures within the
same stream.

%
L

Sub-sequences afid layers:

provides a stricturing of the dependencies of a group of pictures to provide for a flexible[stream
structure,(e/g. in terms of temporal scalability and layering).

) Parameter sets:

the-sequence and picture parameter set mechanism decouples the transmission of infre[quently
changing information from the transmission of coded macroblock data. Each slice containing the

dad o s ] e Aot o wafarnmonc £l i obiien oo b ot nEginine o Ao Aing naong t
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In turn, the picture parameter set references a sequence parameter set that contains sequence level
decoding parameter information.

5.2 Elementary stream structure
Two types of elementary streams are defined for storing AVC content (see also Figure 2):

— A video elementary stream contains all video coding related NAL units (i.e. those NAL units
containing video data or signalling video structure) and may contain non-video coding related NAL
units such as SEI messages and access unit delimiter NAL units. Aggregators and Extractors, when
present, shall not be directly output by file parsers.

© ISO/IEC 2019 - All rights reserved 15


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

— Parameter set elementary streams shall not contain video coding related NAL units (i.e. those
NAL units containing video data or signalling video structure), and would normally contain only
sequence parameter sets, picture parameter sets and sequence parameter set extension NAL units.

Using these stream types, AVC content shall be stored in one of these configurations:

— Video elementary stream with no parameter sets: In this case, sequence and picture parameter
set NAL units shall be stored in the sample entries of this track. Sequence and picture parameter set
NAL units shall not be part of AVC samples within the stream itself.

Video elementary stream possibly including parameter sets: In this case, the sample entry

g

indicates whether the stream may contain parameter sets of given types, in addition to othel

parfameters provided in the sample entry. Sequence and picture parameter set NAL unitis-may
thejrefore be part of AVC samples within the stream itself.

— Video elementary stream and parameter set elementary stream: In this caseysequence and
picfure parameter set NAL units shall be transmitted only in the parameter set eleméntary strean
and shall neither be present in the sample entries nor the AVC samples of the videoelémentary stream

The tyges of NAL units that are allowed in each of the video and parameter setelementary streams arg

specifidqd in Table 2.

Table 2 — NAL unit types in elementary streams
Vilue of Description Video elementary |/Video elementary | Parameter set
nal ynit type stream (sample stream (sample elementary
entry 'avcl' or entry 'avc3' or stream
rave2') 'avcd')
0 Unspecified See Annex‘F See Annex F See Annex F
1 Coded slice of a non-IDR Yes Yes No
picture
slice_layer_without_parti-
tioning_rbsp()
2 Coded slice data partition Yes Yes No
A slice_data_partition.a).
layer_rbsp()
3 Coded slice datapartition Yes Yes No
B slice_data (partition_b_
layer_rbsp(y)
4 Codedslice data partition Yes Yes No
C slice)data_partition_c_
layer rbsp()
5 €oded slice of an IDR Yes Yes No
picture
slice_layer_without_parti-
tioning_rbsp()
6 SUppiemental ennance- Yes Yes Only dectarative
ment information(SEI) Except for the Except for the SEIs should be
. present
sei_rbsp() sub-sequence, sub-sequence, or lay-
layering or filler SEI | ering SEI messages
messages
7 Sequence parameter set No Yes Yes
(SPS) If parameter set Parameter set
seq_parameter_set_rbsp( | elementary stream is| elementary stream
) not used, SPS shall be| shall not be used
stored in the decoder
specific information
16 © ISO/IEC 2019 - All rights reserved
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Value of Description Video elementary | Video elementary | Parameter set
nal unit type stream (sample stream (sample elementary
entry 'avcl' or entry 'avc3' or stream
'ave2') 'avcd')

8 Picture parameter set No Yes Yes
(PPS) If parameter set Parameter set
pic_parameter_set_rbsp( ) |elementary stream is| elementary stream

not used, PPSshattbe——hattmotbeused
stored in the decoder
specific information

9 Access unit delimiter (AU Yes Yes No
Delimiter)
access_unit_delimit-
er_rbsp()

10 End of sequence Yes Yes No
end_of_seq_rbsp()

11 End of stream Yes Yes No
end_of_stream_rbsp()

12 Filler data (FD) No Yes No
filler_data_rbsp()

13 Sequence parameter set No Yes Yes
extension If parameter set Parameter set
seq_parameter_set_ex-
tension_rbsp() _ eleméntary stream | elementary stream

- is n6trused, sequence shall not be used
parameter set exten-
sion shall be stored
in the decoder specif-
ic information
14...18 Reserved Not specified by this | Not specified by this | Not specified by
document document this document

19 Coded slice.of an auxilia- Yes Yes No
ry coded\picture without
partitioning
sliee_layer_without_parti-
tioning_rbsp()

20...23 Reserved Not specified by this | Not specified by this | Not specified by
document document this docyment
24 - 31 Unspecified See Annex F See Annex F See Anr_lex F

© ISO/IEC 2019 - All rights reserved
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(b) Yynchronized video and parameter sets with arrows denoting synchironization between

5.3

5.3.1 |Overview
AVC sample: An AVC sample is an access unit as defined in ISO/IEC 14496-10:2014, 7.4.1.2.

AVC parameter set sample: An AVC parameter set sample is a sample in a parameter set strean
that shall consist of those parameter set NAL units that are to be considered as if present in the vided
elementary stream at the same instant in:time.

5.3.2 |Canonical order and restrictions

The cafonical stream format is an AVC elementary stream that satisfies the following conditions if
addition to the general conditions in 4.3.2:

18

AU Delimiter SEI Messages VCL
NAL unit NAL units NAL units.
(if present) (if present) e.g. Slice

Access Unit
Y

(a)_Single video elementary stream containing NAL units

Video Slice Slice
ES NALU | NALU
Parameter Param
Set ES NALU

streams

Figure 2 — AVC elementary stream structure

Sample and configuration definition

Video data NAL units(Coded Slice, Coded Slice Data Partition A, Coded Slice Data Partition B, Coded
Slide Data Partitién)C, Coded Slice IDR Pictures): All slice and data partition NAL units for a single
picture shall be'¢ontained within the sample whose decoding time and composition time are those

the sample containing that picture or in the sample for that picture.

NOTE1 When the sample entry name is 'avcl' or 'avc2', parameter sets are stored either in the sample
entries of the video stream or in the parameter set stream, but never in both. This ensures that it is not
necessary to examine every part of the video elementary stream to find relevant parameter sets. It also
avoids dependencies of indefinite duration between the sample that contains the parameter set definition
and the samples that use it. Storing parameter sets in the sample entries of a video stream provides a simple
and static way to supply parameter sets. Parameter set elementary streams on the other hand are more
complex but allow for more dynamism in the case of updates. Parameter sets can be inserted into the video
elementary stream when the file is streamed over a transport that permits such parameter set updates.
When the sample entry name is 'avc3' or 'avc4', then parameter sets can be present both the sample
entries and as part of the samples.
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— Parameter set track: A sync sample in a parameter set track indicates that all parameter sets
needed from that (decoding) time forward in the video elementary stream are in that or succeeding
parameter stream samples. Also, there shall be a parameter set sample at each point a parameter
setis updated. Each parameter set sample shall contain exactly the sequence and picture parameter
sets needed to decode the relevant section of the video elementary stream.

NOTE 2  The use of a parameter set track in the file format does not require that a system delivering video
content use a separate elementary stream for parameter sets. Instead, implementations can choose to map
parameter sets to in-band parameter set NAL units in the video elementary stream or use some out-of-band
delivery mechanism defined hy the transport layer

— SEI message NAL units: The order of SEI messages within a sample is as.'defined in
ISO/IEC 14496-10:2014, 7.4.1.2.

— Access unit delimiter NAL units: The constraints obeyed by access unit delimiter NAL upits are
defined in ISO/IEC 14496-10:2014, 7.4.1.2.3.

— Sub-sequence and layering SEI messages: Sub-sequence or layering. SEI messages shquld not
occur in the AVC elementary stream. Specifically, the sub-sequence information, sub-sequenfe layer
characteristics, and sub-sequence characteristics SEI messages shoidd not occur in the stofed AVC
video elementary stream. Instead, all such information is storedsas\eéxternal metadata as described
in subclause 5.4.7.

— Redundant picture: NAL units within a single access unit shall be ordered in non-decreasing order
of redundant picture count (redundant_pic_cnt).

— Slice groups: NAL units within a primary coded:picture or a redundant coded picture $hall be
ordered in non-decreasing order of slice group identifier. Within the same slice group, slices shall be
ordered by their first Macroblock location (first, mb_in_slice in the slice header).

NOTE 3  Slice groups are stored in a canonieal order to ease hinting, and to make it easier to find a primary
coded picture within a sample.

— Filler data: Video data is naturally.represented as variable bit rate in the file format and should
be filled for transmission if needéd. Filler Data NAL units and Filler Data SEI messages shalll not be
present in the file format storédstream when the sample entry does not also permit parameter sets.

NOTE 4  The removal orvaddition of Filler Data NAL units, start codes, SEI messages or Filler Pata SEI

messages can change therbitstream characteristics with respect to conformance with the HRID when
operating the HRD in®€BR mode as specified in ISO/IEC 14496-10:2014, Annex C.

b.3.3 Decoder configuration information
6.3.3.1 AVQCdéecoder configuration record

5.3.3.1:1." Definition

[his“record contains the size of the length field used in each sample to indicate the length of its

borbainad NAT pimite nc vanll e tho tnitial mavramantar cnte Thic yraeonrd 1c Avtarmnallyg franmand O+ Size iS
CotrtaH e e B ES S WerraS TRt Htar pafameter—Sets— S FeecoraISexterianyHamea s

supplied by the structure that contains it).

This record contains a version field. This document defines version 1 of this record. Incompatible
changes to the record will be indicated by a change of version number. Readers shall not attempt to
decode this record or the streams to which it applies if the version number is unrecognized.

Compatible extensions to this record will extend it and will not change the configuration version
code. Readers should be prepared to ignore unrecognized data beyond the definition of the data they
understand (e.g. after the parameter sets in this document).
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When used to provide the configuration of
— aparameter set elementary stream,
— avideo elementary stream used in conjunction with a parameter set elementary stream,

the configuration record shall contain no sequence or picture parameter sets
(numOfSequenceParameterSets and numOfPictureParameterSets shall both have the value 0).

When used to provide the configuration of a video elementary stream used without a parameter set
elemenfary stream, the configuration record may or may not contain sequUence or picture paramete]
sets (nymOfSequenceParameterSets OF numOfPictureParameterSets may or may not have the value 0).

The vdlues for AVCProfileIndication, AVCLevellndication, and the flags that indicate: ptofilg
compatjbility shall be valid for all parameter sets of the stream described by this record:\The leve
indicatjon shall indicate a level of capability equal to or greater than the highest level indicated in the
includefl parameter sets; each profile compatibility flag may only be set if all the included paramete;
sets sefl that flag. The profile indication shall indicate a profile to which the entire.stream associated
with thiis configuration record conforms. If the sequence parameter sets are ntarked with differenf
profileq, and the relevant profile compatibility flags are all zero, then the strearfvimay need examinatior
to detefmine which profile, if any, the entire stream conforms to. If the entire\stream is not examined
or the ekamination reveals that there is no profile to which the entire stream conforms, then the streamn
shall bg split into two or more sub-streams with separate configuratién records in which these rules
are mef.

Explicif indication can be provided in the AVC Decoder Configuration Record about the chroma formaf
and bit|depth used by the AVC video elementary stream. The)parameter ‘chroma format idc’ presen{
in the §equence parameter set in AVC specifies the chroma-Sampling relative to the luma sampling
Similarly, the parameters ‘bit depth luma minus8’ and“bit depth chroma minus8’ in the sequencs
paramster set specify the bit depth of the samples of the'luma and chroma arrays. The values of chroma |
format |idc, bit depth luma minus 8’ and 'bit_depth_chroma_minus 8’ shall be identical in all sequencg
paramgdter sets in a single AVC configuration recofd. If two sequences differ in any of these values, twd
different AVC configuration records will be needed. If the two sequences differ in color space indications
in their|VUI information, then two different\¢onfiguration records are also required.

The arfay of sequence parameter sets, Jdnd the array of picture parameter sets, may contain SE
messagps of a ‘declarative’ nature, that-is, those that provide information about the stream as a whole
An exarpple of such an SEl is a user-data SEI. Such SEIs may also be placed in a parameter set elementary
stream| NAL unit types that arereserved in ISO/IEC 14496-10 and in this document may acquire &
definitipn in future, and readers should ignore NAL units with reserved values of NAL unit type wher
they ar¢ present in these arrays.

NOTE This ‘tolerant’ybehaviour is designed so that errors are not raised, allowing the possibility of
backwards-compatible'extensions to these arrays in future specifications.

When Jequence’Parameter Set Extension NAL units occur in this record with avcprofileIndication
equal t¢ 66, 77 or 88, they should be placed in the Sequence Parameter Set Array.
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5.3.3.1.2 Syntax

aligned(8) class AVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
unsigned int (8) AVCProfilelIndication;
unsigned int(8) profile compatibility;
unsigned int (8) AVCLevellIndication;

bit(6) reserved = '111111'b;

unsigned int (2) lengthSizeMinusOne;
bit (3) reserved = '111'b;
unsigned int (5) numOfSequenceParameterSets;
for (i=0; i< numOfSequenceParameterSets; i++) {

unsigned int (16) sequenceParameterSetLength ;

bit (8*sequenceParameterSetlLength) sequenceParameterSetNALUnit}
}
unsigned int (8) numOfPictureParameterSets;
for (i=0; i< numOfPictureParameterSets; 1i++) {

unsigned int (16) pictureParameterSetLength;

bit (8*pictureParameterSetlLength) pictureParameterSetNALUnit;
}

if ( AVCProfileIndication != 66 && AVCProfilelndication != 77 &&
AVCProfileIndication != 88 )

{
bit (6) reserved = '111111'b;

unsigned int (2) chroma formats

bit (5) reserved = '11111'b}

unsigned int (3) bit depth luma minus8;

bit (5) reserved = '11111'b;

unsigned int (3) pik depth chroma minus8;

unsigned int (8\_humOfSequenceParameterSetExt;

for (i=0; i<\mumOfSequenceParameterSetExt; i++) {
unsighed int (16) sequenceParameterSetExtLength;

bit (8*sequenceParameterSetExtLength) sequenceParameterSetExtNALUnit;

5.3.3.1.3 Semantics
AVCProfileIndication contains the profile code as defined in ISO/IEC 14496-10.

profile compatibility is a byte defined exactly the same as the byte that occurs between the profile_
IDC and level_IDC in a sequence parameter set (SPS), as defined in ISO/IEC 14496-10.

AVCLevelIndication contains the level code as defined in ISO/IEC 14496-10.

lengthSizeMinusOne indicates the length in bytes of the nALUnitLength field in an AVC video sample
or AVC parameter set sample of the associated stream minus one. For example, a size of one byte is
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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.

numOfSequenceParameterSets indicates the number of SPSs that are used as the initial set of SPSs for
decoding the AVC elementary stream.

sequenceParameterSetLength indicates the length in bytes of the SPS NAL unit as defined in
ISO/IEC 14496-10.

sequenceParameterSetNALUnit contains a SPS NAL unit, as specified in ISO/IEC 14496-10. SPSs shall
occur ip order of ascending parameter set identifier with gaps being allowed.

numOfPjctureParametersets indicates the number of picture parameter sets (PPSs) that are usedas the
initial st of PPSs for decoding the AVC elementary stream.

picturgParameterSetLength indicates the length in bytes of the PPS NAL unit asydefined ir
ISO/IE( 14496-10.

picturdParameterSetNALUnit contains a PPS NAL unit, as specified in ISO/IEC-14496-10. PPSs shal
occur i order of ascending parameter set identifier with gaps being allowed.

chroma [format contains the chroma_format indicator as defined by the chroma_format_idc parametey
in ISO/IEC 14496-10.

bit degth luma minus8 indicates the bit depth of the samples in the Luma arrays. For example, a bi
depth df 8 is indicated with a value of zero (BitDepth = 8 + bit_dépth_luma_minus8). The value of this
field shall be in the range of 0 to 4, inclusive.

bit degth chroma minus8 indicates the bit depth of the samples in the Chroma arrays. For example, ¢
bit depth of 8 is indicated with a value of zero (BitDepth="8 + bit_depth_chroma_minus8). The value of
this field shall be in the range of 0 to 4, inclusive.

numOfS¢quenceParameterSetExt indicates the number of Sequence Parameter Set Extensions that arg
used fof decoding the AVC elementary stream,

sequendeParameterSetExtLength indicates'the length in bytes of the SPS Extension NAL unit as defined
in ISO/IEC 14496-10.

sequendeParameterSetExtNALUnitgentains a SPS Extension NAL unit, as specified in ISO/IEC 14496-10
5.4 Derivation from ISQbase media file format

5.4.1 |AVC file type and identification

Conformance with>this document is indicated by the presence of the brand of a specification thaf
permitg the inclusion of AVC content, in the compatible brands list of the FileTypeBox as defined if
ISO/IE( 14496~12. The file extension normally matches the major brand.

AVC content may be used in an MPEG-4 context; in a file with extension “mp4”, the major brand may
be ravecl'.

Readers conformant to this document should read the file if a suitable brand occurs in the compatible-
brands list. Other structures and/or track types, defined in specifications other than that identified
by the brand, may be present, and these may be ignored by a reader conformant with the specification
identified by the brand.
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5.4.2 AVCvideo stream definition
5.4.2.1 Sample entry name and format

5.4.2.1.1 Definition

Sample Entry and Box Types: 'avcl', 'ave2', 'avc3', 'avcd', 'aveC', 'mdds’, 'btrt’
Container: Samnle Descerintion Box (1 o+ g1
bk idhtiaieke) i AP EEEEEEEERU T

Mandatory: An 'avcl', 'ave2', 'avc3' Or 'aved' sample entry is mandatory
Duantity: One or more sample entries may be present

An AVC visual sample entry shall contain an AVC Configuration Box, as defined bhelow. This incl
\VCDecoderConfigurationRecord, as defined in 5.3.3.1.

bf the AVC video stream. Extension descriptors that should be insertéd into the Elementary
Descriptor, when used in MPEG-4, may also be present.

Multiple sample entries may be used, as permitted by ISO/IEC 44496-12, to indicate sections
that use different configurations or parameter sets.

[he sample entry name 'avcl' or 'ave3' may only be used'when the stream to which this samp
hpplies is a compliant and AVC stream as viewed by an*AVC decoder operating under the config
[including profile and level) given in the AVCConfigurationBox. The file format specific structu
resemble NAL units (defined in Annex A) may be present but shall not be used to access the A
lata; that is, the AVC data shall not be containedyin Aggregators (though they may be included
'he bytes referenced by the additional_bytes field) nor referenced by Extractors.

[he sample entry name 'avc2' or 'avc4r may only be used when Extractors or Aggregators (A

file-type brands). This sample entny,type indicates that, in order to form the intended AVC
Extractors shall be replaced with the data they are referencing, and Aggregators shall be exam
Contained NAL Units. Tier grouping may be present.

udes an

An optional BitRateBox may be present in the AVC visual sample entry to signal the bit rate infoymation

Stream

f video

e entry
uration
res that
VC base
within

nnex A)

hre required to be supported, and an appropriate Toolset is required (for example, as indicated by the

stream,
ned for
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5.4.2.1.2 Syntax

// Visual Sequences

class AVCConfigurationBox extends Box('avcC') {
AVCDecoderConfigurationRecord () AVCConfig;

}

class MPEG4ExtensionDescriptorsBox extends Box ('m4ds') {

Descriptor Descr[0 .. 2557;

class RVCSampleEntry () extends VisualSampleEntry (type) {
// type is 'avcl' or 'avc3'
AVC[ConfigurationBox config;

MPE[G4ExtensionDescriptorsBox (); // optional

class RPVC2SampleEntry () extends VisualSampleEntry (type) {
// type is 'avc2' or 'avcéd'
AVC[ConfigurationBox avcconfig;

MPE[G4ExtensionDescriptorsBox descr; // optional

5.4.2.1]3 Semantics

Compregsorname in the base class visualsampleEntry indicates the name of the compressor used with
the valfle "\012avc coding" being recommended; the first byte is a count of the remaining bytes, herg
represgnted by \012, which (being octal 12) is 10 (decimal), the number of bytes in the rest of the string

config| is defined in subclause 5.3.3. Af a separate parameter set stream is used
numOf§equenceParameterSets and numOfRictureParameterSets shall both be zero.

Descr i a descriptor that should be placédyin the Elementarystreambescriptor when this stream is used
in an MPEG-4 systems context. This does not include s1.configbescriptor Or DecoderConfigDescriptor
but includes the other descriptors.in‘order to be placed after the st.configbescriptor.

5.4.3 |AVC parameter setstream definition
5.4.3.1| Sample entryhame and format
5.4.3.1]1 Definition

Sample|Entry Type: 'avep’

Contairnets Saluplc Peset iptiuu Box ( StTsT )
Mandatory: Yes
Quantity: One or more Sample entries may be present

An AVC parameter stream sample entry shall contain an AVC Parameter Stream Configuration Box, as
defined below.

5.4.3.1.2 Syntax

class AVCParameterSampleEntry () extends VisualSampleEntry ('avcp') {
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AVCConfigurationBox config;

5.4.3.1.3 Semantics

Compressorname in the base class visualsampleEntry indicates the name of the compressor used with
the value "\016avC Parameters" being recommended (\016 is 14, the length of the string as a byte).

conficgis defined in subclause 533, numofSecuenceParameterSets and numOfPictureParametrerSets
) e T B

shall both be zero.
5.4.3.2 Sample format

5.4.3.2.1 Definition

[his subclause defines the sample format for AVC Parameter set streamsAn AVC paramg¢ter set
sample contains only one or more sequence, picture parameter set,(or sequence parameéter set
bxtension NAL units.

5.4.3.2.2 Syntax

aligned(8) class AVCParameterSample
{
unsigned int PictureLength = sample size;
//Size of AVCParameterSample from SampleSizeBox
for (i=0; i<Picturelength; ) // to%end of the picture
{
unsigned int ( (AVCDecoderConfigtrationRecord.LengthSizeMinusOne+1l) *8)
NALUnitLength;
bit (NALUnitLength * 8) NALUnit;

i += (AVCDecoderConfigwrationRecord.LengthSizeMinusOne+1l) + NALUnitLength;

5.4.3.2.3 Semantics

WATUnitLengtihindicates the size of a NAL unit measured in bytes. The length field includes the¢ size of
both the one byte NAL header and the EBSP payload but does not include the length field itself.

NATLUnit-cOntains a single NAL unit. The syntax of a NAL unit is defined in ISO/IEC 14496-10 and includes
both the one byte NAL header and the variable length encapsulated byte stream payload.

5.4.3.3 Trackreference

A track reference of type 'avcp' in the video elementary stream track reference table, referencing
the parameter set stream, is used to connect from the video elementary stream to the parameter set
elementary stream.

5.4.4 Parameter sets
This subclause applies when a separate parameter set stream is not used.
Each AVC sample entry, which contains the AVC video stream decoder specific information, includes a

group of SPSs and PPSs. This group of parameter sets functions much like a codebook. Each parameter
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set has an identifier, and each slice references the parameter set it was coded against using the
parameter set's identifier.

When the sample entry name is 'avcl' or 'avc2', the following applies:

— In the file format each configuration of parameter sets is represented separately. A parameter set
cannot be updated without causing a different sample entry to be used. For example, suppose that
samples 1 to 4 use PPSs identified as 1, 2, 3 and a single SPS identified as 1. At sample 5 a new value
of PPS 2 is required but PPSs 1 and 3 remain unaltered and are used until sample 10. In this case,

differences in order to send the appropriate parameter set updates.

NOTE 1| When several parameter sets are used and parameter set updating is desired, d'séparate parametel
set elemfentary stream would be used.

NOTE 2| Decoders conforming to this document are required to support both paranieter sets stored in separate
elementhry streams as well as parameter sets stored in the AVC sample entries,;unless restricted by another
specificqtion using this one.

When the sample entry name is 'avc3' or 'avc4', parameter sets may be present in both sample entry
and as part of samples, and an update of a parameter set by a parameter set of the same type that i
stored as part of a sample is possible.

5.4.5 |Syncsample

A samplle is considered as a sync sample if the videg*data NAL units in the sample indicate that the
primary coded picture contained in the sample is airinstantaneous decoding refresh (IDR) picture.

When the sample entry name is 'avci' or 'avez', all SPSs and PPSs needed to decode the video datz
NAL unfits in the sample of the IDR picture@nd the following samples in decode order are contained i
the decpder configuration of the video€lementary stream or in a separate parameter set elementary
stream|sample.

When the sample entry name is_f{avc3' or 'avcs', the following applies:

1. Ifthe sample is a sync sample, all parameter sets needed for decoding the sample shall be included
either in the sample entry or in the sample itself.

2. Otherwise (the sample is not a sync sample), all parameter sets needed for decoding the same shal
be |ncluded either in the sample entry or in any of the samples since the previous sync sample tdg
the{sample itself, inclusive.

A parareter'set elementary stream sample is a sync sample if and only if all parameter sets required by
the assg@ciated video elementary stream from the time of the parameter set sample forward are supplied
in the parameter Setstrearn, Defore they are required by the associated VIGeo etementary Streart.

5.4.6 Shadow sync

The use of the shadow sync table to indicate alternate encodings of a sample for random access are
supported as defined in the ISO base media file format. A shadow sync shall indicate a sample that is
a random access point as specified in the general requirements and for the specific coding format in
the track.

While the use of shadow sync is supported for backward compatibility reasons, this use is deprecated
and use of the mechanisms defined in subclause 5.4.8 is recommended.
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5.4.7 Layering and sub-sequences

5.4.7.1 Overview

Streams may be constructed so that the referential dependencies between samples allow only subsets
of the samples to be sent to the decoder. This mechanism is called thinning a stream. Thinning discards
entire sets of samples using knowledge of what other sets of pictures this set of pictures depends on
and what picture sets in turn depend on it.

fheTeferentiatdependerncies betweensamptes ira streanT are structured ito fayers and sub-sequences.
bamples in higher layers only depend on samples in lower layers. Layers are numbered, and tlre)yamples
hre organized such that a sample in layer N has no dependencies on samples in layers gredter thian N.

bub-sequences are as defined in ISO/IEC 14496-10:2014, Annex D. Dependency relatiens betwelen sub-
bequences represent the dependency structure of a stream. Each sub-sequence beloiigs to one and only
bne layer. A sample shall reside in one layer and in one sub-sequence only.

Layering and sub-sequence information is represented in the file format to allow systems reading the
files to understand the ways in which stream thinning may be achieved without having to exanpine the
Hependency structure of every sample.

L.ayer and sub-sequences are represented in the AVC file forimat as Sample Group. An AVC file
bhall contain zero or one instance of a sampleToGroupBox (per-track) with a grouping type dqual to
avll'. This sampleToGroupBox instance represents the assignment of samples in a track to layers. An
hccompanying instance of the SampleGroupDescriptionBox with the same grouping type shgll, if it
pXists, contain AvCLayerEntry sample group entries deséribing the layers. Similarly, an AVC file shall
Contain zero or one instance of a sampleToGroupBox¢(Per track) with a grouping type equal tof'avss'.
[his sampleToGroupBox instance represents the assignment of samples in a track to sub-sequences.
An accompanying instance of the SampleGroupDescriptionBox with the same grouping type shall, if it
bXists, contain AvcsubSequenceEntry sample group entries describing the sub-sequences.

b.4.7.2 Sub-sequence description entry
5.4.7.2.1 Definition

Group Type: ‘'avss'

Container: Sample Group Description Box (' sgpd')
Mandatory: No

Quantity: Zero or more.

A sub-sequence description entry is a sample group entry that describes a sub-sequence. A sub-s¢quence
s a set-of 'samples in a track belonging to the same layer. A sub-sequence depends on anotHer sub-
bequence if and only if there exists a sample in the sub-sequence that is directly referentially dependent
pn-some sample in the other sub-sequence. All samples in a sub-sequence shall directly depend|only on

p q
is 1t dependent. A sub-sequence depends on zero or more sub-sequences in the lower layers. A sub-
sequence shall not depend on any other sub-sequence in the same or higher layer.

At most one partition of an AVC stream into layers shall exist in the AVC file format; thatis, there is either
zero or one instances of the sample group boxes (sampleToGroupBox, SampleGroupDescriptionBox) per
track concerning the grouping of samples into layers and sub-sequences.

The grouping type parameter is not defined for the samp1leToGroupBox with grouping type 'avss'.
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5.4.7.2.2 Syntax
aligned(8) class DependencyInfo

{
unsigned int (8) subSegDirectionFlag;

unsigned int (8) layerNumber;

nsigned 1nt (lo) subsequenceldentlriler;

class AVCSubSequenceEntry () extends VisualSampleGroupEntry ('avss')

nsigned int (16) subSequenceldentifer;
nsigned int (8) layerNumber;

nsigned int (1) durationFlag;

nsigned int (1) avgRateFlag;

nsigned int (6) reserved = 0;

1f (durationFlag)

unsigned int (32) duration;

1f (avgRateFlagq)

unsigned int (7) reserved = 0
unsigned int (1) accurateStatisticsFlag;
unsigned int (16) avgBitRate;

unsigned int (16),.-avgFrameRate;

nsigned ing(8¥ numReferences;

DPependencyllnfo dependency[numReferences];

5.4.7.2.3 Semantics

subSeqDirectionFlag, layerNumber and subSequenceldentifier within the DependencyInfo class
identify a sub-sequence that is used as a reference for this sub-sequence. Only direct, not indirect,
referential dependencies shall be identified. The identified sub-sequence has sub-sequence identifier
equal to subsequenceldentifier and resides in the layer having the layer number equal to 1ayerNumber.
If subsegbirectionFlag is 0, the sub-sequence used as a reference for this sub-sequence is the closest
sub-sequence among all the candidate sub-sequences whose first picture precedes the first picture of
this sub-sequence in decoding order and that resides in the indicated layer and has the indicated sub-
sequence identifier; ‘closest’ means that among all the candidate sub-sequences the first picture of the
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referenced sub-sequence is the closest to the first picture of this sub-sequence in decoding order. If
subSegDirectionFlag is equal to 1, the sub-sequence used as a reference for this sub-sequence is the
closest sub-sequence among all the candidate sub-sequences whose first picture succeeds the first
picture of this sub-sequence in decoding order and that resides in the indicated layer and has the
indicated sub-sequence identifier; ‘closest’ has the same meaning as above.

subSequenceldentifier gives the identifier for the sub-sequence.

layerNumber gives the layer number to which the sub-sequence belongs.

urationFlag equal to O indicates that the duration of the target sub-sequence is notsgecified.
Dtherwise, a value of 1 indicates that the duration field indicates the duration of this sub-seqiignce.

hvgRateFlag equal to 0 indicates that the average bit rate and the average frame rate dfthe target sub-
sequence are unspecified. Otherwise, a value of 1 indicates that the average rate characterisfics are
Hescribed by the accurateStatisticsFlag, avgBitRate, and avgFrameRate fields.

uration indicates the duration of the target sub-sequence in clock ticks of a)90*kHz clock.

bccurateStatisticsFlag indicates how reliable the values of avgBitRate and avgFrameRdte are.
hccurateStatisticsFlag equal to 1 indicates that avgBitRate and-avgFrameRate are roundg¢d from
statistically correct values. accuratestatisticsFlag equal tosO-indicates that avgBitRdte and
hvgFrameRate are estimates and may deviate somewhat from the cerrect values.

bvgBitRate gives the average bit rate in (1000 bits)/secofid of this sub-sequence. All NAL ynits of
this sub-sequence are taken into account in the calculation. In the following, B is the number of bits
n all NAL units in the sub-sequence. t; is the decoding timestamp of the first picture of the sub-
bequence (in decoding order), and t, is the decoding¢imestamp of the last picture of the sub-s¢quence
in decoding order). Then, the avgBitRate is calculated as follows provided that t; # t,: avgBitRate =
found(B + ((t, - t;) * 1000)). If t; = t,, avgBitRatesshall be 0.

hvgFrameRate gives the average frame ratein units of frames/(256 seconds) of this sub-sequence. All
NAL units of this sub-sequence are taken“into account in the calculation. The average framg rate is
talculated according to the presentation timestamp of the frame. In the following, C is the number of
‘rames in the sub-sequence. t; is the presentation timestamp of the first picture of the sub-s¢quence
in decoding order), and t, is the presentation timestamp (in seconds) of the last picture of the sub-
bequence (in decoding order). Then, the avgFrameRate is calculated as follows provided that|t; # t,:
hvgFrameRate = round(C *3256 + (t, - t;)). If t; = t,, avgFramerate shall be 0. Value zero indidates an
inspecified frame rate.

humRe ferences gives the number of sub-sequences directly referenced in this sub-sequence. dep¢ndency
s an array of bepehdéncyInfo structures giving the identifying referenced sub-sequences.

b.4.7.3 Layer description entry

5.4.7.371" Definition

Group Type: 'avil'

Container: Sample Group Description Box (*sgpd")
Mandatory: No
Quantity: Zero or more.

A layer sample group entry defines the layer information for all samples in a layer. Layers are numbered
with non-negative integers. Layers are ordered hierarchically based on their dependency on each other:
A layer having a larger layer number is a higher layer than a layer having a smaller layer number. The
layers are ordered hierarchically based on their dependency on each other so that a layer does not
depend on any higher layer and may depend on lower layers. The lowest layer is numbered as zero and

© ISO/IEC 2019 - All rights reserved 29


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IE

C 14496-15:2019(E)

other layers are given consecutive numbers. In other words, layer 0 is independently decodable, pictures

in layer

1 may be predicted from layer 0, pictures in layer 2 may be predicted from layers 0 and 1, etc.

The grouping type parameter is not defined for the sampleToGroupBox with grouping type 'avii'.

5.4.7.3.

2 Syntax

class AVCLayerEntry() extends VisualSampleGroupEntry ('avll')

{
unsj
unsj
uns]
uns]

unsi

5.4.7.3

layerN
enhanc

accuraf
accurat
statisti
avgFran

avgBith
sequen
to the d
sub-seg
layers i
sub-sed
t #1,04
unspec

avgFrarn
lower s
of fram
this an
latest p
is calcy
avgFran

gned int (8) layerNumber;

gned int (7) reserved = 0;

gned int (1) accurateStatisticsFlag;
gned int (16) avgBitRate;

gned int (16) avgFrameRate;

3 Semantics

mber gives the number of this layer with the base layer being numbered as zero and al
bment layers being numbered as one or higher with consécutive numbers.

eStatisticsFlag indicates how reliable the values of avgBitRate and avgFrameRate are
eStatisticsFlag equal to 1 indicates that avg8itrate and avgFrameRate are rounded froni
rally correct values. accuratestatisticsFldag equal to 0 indicates that avgBitRate ang
eRate are estimates and may deviate somewhat from the correct values.

ate gives the average bit rate in units of 1000 bits per second. All NAL units in this and lower sub
fe layers are taken into account in the-calculation. The average bit rate is calculated according
ecoding timestamp. In the following, B is the number of bits in all NAL units in this and lowet
uence layers. t; is the decodingtimestamp of the first picture in this and lower sub-sequence
h the presentation order, and't, is the decoding timestamp of the latest picture in this and lowe;
uence layers in the presentation order. Then, avgBitRrate is calculated as follows provided that
vgBitRate = round(B + {(t;, - t;) * 1000))). If t; = t,, avgBitRate shall be 0. Value zero indicates ar
fied bit rate.

eRate gives the‘average frame rate in units of frames/(256 seconds). All NAL units in this and
lib-sequenceAdayers are taken into account in the calculation. In the following, C is the numbe}
ps in this andlower sub-sequence layers. t; is the presentation timestamp of the first picture in

lower Sub-sequence layers in presentation order, and t, is the presentation timestamp of the
cture._in this and lower sub-sequence layers in the presentation order. Then, the avgFrameRatg
latéd‘as follows provided that t; # t,: avgFramerate = round(C * 256 + (t, - t)). If t; = t,
ekdte shall be 0. Value zero indicates an unspecified frame rate.

5.4.8

5.4.8.1

Alternate streams and switching pictures

Switching pictures

In typical streaming scenarios, one of the key requirements is to scale the bit rate of the compressed
data in response to changing network conditions. The simplest way to achieve this is to encode multiple
streams with different bandwidths and quality settings for representative network conditions. The
server can then switch amongst these pre-coded streams in response to network conditions. In earlier
standards, switching between streams is only possible at I-pictures, because the pictures may only be
switched when there are no dependencies on prior pictures for reconstruction.
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AVC includes supports for SP-pictures and SI-pictures ("switching pictures") that allow switching from
one stream to another while still supporting inter coding of switching pictures. The following figure
shows how SP pictures are used to switch between two different bit streams.

Stream 2 p

(Track 2) 23
S 3

Stream 1

(Track 1) PlE

Figure 3 — Stream switching

n the file format, switching pictures are stored in switching picture tracks, which are tracks sgparate
'rom the track that is being switched from and the track being'switched to. Switching picture trdcks can
be identified by the existence of a specific required trackdeference in that track. A switching picture is
hn alternative to the sample in the destination track-that has exactly the same decoding tinje. If all
switching pictures are SI pictures, then no further information is needed.

fany of the pictures in the switching track are SP-pictures, then two extra pieces of information|may be
needed. First, the source track that is being switched from shall be identified by using a track reference
[the source track may be the same trackias the destination track). Second, the dependency of the
twitching picture on the samples in thesource track may be needed, so that a switching picturg is only
1sed when the pictures on which it dépends have been supplied to the decoder.

[his dependency is represented.by means of an optional extra sample table. There is one ertry per
sample in the switching track. Each entry records the relative sample numbers in the source tfrack on
Wwhich the switching picture depends. If this array is empty for a given sample, then that switching
tample contains an SI pictiire. If the dependency box is not present, then only SI-frames shall be present
n the track.

A switching saniple may have multiple coded representations with different dependencies. For AVC
Video, the multiple representations of a switching sample are stored in different switching tracks (i.e.
hccess unit). For example, one switch track might contain a SP-picture representation depenflent on
some earlier samples, used for stream switching, while another switch track may contain gnother
representation as an Sl-picture, used for random access.

.4.8.2 Alternate group

The ISO base media file format (but not the version one specification of the MPEG-4 file format, which
is branded as 'mp41') supports the use of what is called alternate tracks. Each track can optionally
specify an alternate group (in the track header box) that groups together alternate encodings of the
same content. Thus, each alternate bitstream can be stored as a separate track and related together
as alternate tracks. All the tracks that form a group that may be switched between, but not the tracks
containing the switching pictures, shall be a member of an alternate group with a non-zero group
identifier.

An alternate group is not needed if there is only one primary track, with a switching track. This
switching track may contain SI pictures, or SP pictures for trick modes or error resilience, which predict
both from and to the same track.
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5.4.8.3 Track references

The switching track shall be linked to the track into which it switches (the destination track) by a track
reference of type 'swto' in the switching picture track.

If the switching track contains SP pictures, the switching track shall be linked to the track from which it
switches (the source track) by a track reference of type 'swfr' in the switching picture track.

5.4.8.4 Sample dependency

5.4.8.4]1 Definition

Box Type:  'sdep’

Contairler: Sample Table 'stb1’
Mandatory: No

Quantitly: Zero or exactly one.

This m;l)bclause defines the dependencies of each switching sample on sample(s) in the source track
This tabple is only needed in a switching track that has a source (' swfr'}trdack dependency.

This bdx contains the sample dependencies for each switching sataple. The dependencies are stored
in the tpble, one record for each sample. The size of the table, sampie count is taken from the sampie |
count im the Sample Size Box ('stsz') or Compact Sample SizeBox ('stz2").

5.4.8.4)2 Syntax

aligned (8) class SampleDependencyBox
extg¢nds FullBox ('sdep', version = 0, 0){
for|(i=0; i < sample count; i++) {

nsigned int (16) dependency,cetnt;

for (k=0; k < dependengyysount; k++) |

signed int (16) redative sample number;

5.4.8.4)3-" 'Semantics

dependency count is an integer that counts the number of samples in the source track on which this
switching sample directly depends.

relative sample number is an integer that identifies a sample in the source track. The relative sample
numbers are encoded as follows. If there is a sample in the source track with the same decoding time,
it has a relative sample number of 0. Whether or not this sample exists, the sample in the source track
that immediately precedes the decoding time of the switching sample has relative sample number -1, the
sample before that -2, and so on. Similarly, the sample in the source track that immediately follows the
decoding time of the switching sample has relative sample number +1, the sample after that +2, and so on.
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5.4.9 Definition of a sub-sample for AVC

For the use of the sub-sample information box (ISO/IEC 14496-12:2015, 8.7.7) in an AVC stream, a sub-
sample is defined as one or more contiguous NAL units within a sample and having the same value of
the following fields; RefPicFlag, RedPicFlag and velNalUnitFlag. Each sub-sample includes both NAL
unit(s) and their preceding NAL unit length field(s). The presence of this box is optional; however, if
present in a track containing AVC data, it shall have the semantics defined here.

The subsample_priority field shall be set to a value in accordance with the specification of this field in
SO/IEC 14496-12

['he discardable field shall be set to 1 only if this sample is still decodable if this sub-sample-isdigcarded
[e.g. the sub-sample consists of an SEI NAL unit, or a redundant coded picture).

[he codec specific parameters field of the Subsample Information box is defined for*AVC as follows:
unsigned int (1) RefPicFlag;
unsigned int (1) RedPicFlag;
unsigned int (1) VclNalUnitFlag;
bit (29) reserved = 0;

RefPicFlag equal to 0 indicates that all the NAL units in the sub-sample have nal ref idc eqyal to 0.
RefPicFlag equal to 1 indicates that all the NAL units in theSuyb-sample have nal ref idc greatey than 0.

RedPicFlag equal to 0 indicates that all the NAL units firthe sub-sample have redundant pic_crt equal
[0 0. RedPicFlag equal to 1 indicates that all the NALunits in the sub-sample have redundant pic ent
breater than 0.

/c1NalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are non-VCL NAL unitfs. Value
| indicates that all NAL units in the sub-sample are VCL NAL units.

b SVC elementary stream and sample definitions

b.1 Overview

['his clause specifies the storage format of SVC data. It extends the definitions of the storage fgrmat of
AVC in subclause 4.1T:

['he file format for-storage of SVC content, as defined in this clause and Annexes A to D, uses the ¢xisting
Capabilities of €he1SO base media file format and the plain AVC file format (i.e. the file format specified
n subclause'4:11). In addition, the following new extensions, among others, to support SVC-specific
featuresare specified.

h) Scalable or multiview grouping:

ttypes
and hierarchy levels of scalability.

b) Aggregator:

a structure to enable efficient scalable grouping of NAL units by changing irregular patterns of
NAL units into regular patterns of aggregated data units.

c) Extractor:

a structure to enable efficient extraction of NAL units from other tracks than the one containing
the media data.
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d) Temporal metadata statements:

structures for storing time-aligned information of media samples.

e) AVC compatibility:

a provision for storing an SVC bitstream in an AVC compatible manner, such that the AVC compatible
base layer can be used by any plain AVC file format compliant reader.

SVC stfeams are stored in accordance with 5.2, with the following definition of an SVC wided
elementary stream:

— An|SVC Video Elementary Streams contains all video coding related NAL units (i.e.,those NAI
unifts containing video data or signalling video structure, possibly after resolution ofiextractors angd
aggregators) and may contain non-video coding related NAL units such as SEI messédges and access
unit delimiter NAL units. Aggregators and Extractors, when present, shall not be\directly output by

filelparsers.
SVC strpams may also be stored using associated parameter set streams, if needed.
For SV( streams, Table 2 is updated as follows in Table 3; only entries where the definition for SV(
differs from AVC, are shown.
Table 3 — NAL unit types in SVC andAVC streams
Value of Description AVCvideo SVC video SVC video Parameter
nal_pnit_ elementary elementary elementary set
type stream stream (sample | stream (sample | elementary
entry 'avcl', entry 'avc3’, stream
“avc2',or 'svcl') 'avecd', or
"sve2')
14 Prefix NAL unit Not specified Yes Yes No
in scalable exten-
sion
prefix_nal_unit_
rbsp()
15 Subset sequence Not specified No. Yes. Yes
parameter set If parameter set | Parameter set el-
subset_seq(pa- elementary stream| ementary stream
rametersset.” is not used, Subset | shall not be used.
rbsp() SPS shall be stored
in the Decoder Spe-
cific Information.
20 €oded slice in Not specified Yes Yes No
scalable exten-
sion
c]!'r‘ﬂ_]')yar_ ov.
tension_rbsp( )
24-31 Not specified See Annex F See Annex F See Annex F See Annex F
NOTE slice_layer_extension_rbsp was previously called slice_layer_in_scalable_extension_rbsp.

There may be AVC VCL NAL units, SVC VCL NAL units and other NAL units, i.e. non-VCL NAL units,
present in an SVC video elementary stream. Additionally, there may be Aggregators and Extractors
present in an SVC video elementary stream.

An AVC VCL NAL unit in an SVC video elementary stream conforming to one or more profiles specified
in ISO/IEC 14496-10:2014, Annex G shall be immediately preceded by a prefix NAL unit containing
the scalability information for the AVC VCL NAL unit. In this file format an AVC VCL NAL unit and the
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immediately preceding prefix NAL unit are logically seen as one NAL unit: the prefix NAL unit provides
the scalability information and the AVC VCL NAL unit provides the NAL unit type and payload.

6.3 Use of the plain AVC file format
The SVC file format is an extension of the plain AVC file format defined in subclause 4.11.

Subclause 5.4.7 is defined for use with plain AVC streams. Its use with SVC streams is deprecated.

b.4 Sample and configuration definition

6.4.1 Overview

bVC Sample: An SVC sample consists of the NAL units that belong to an access unit as defined in
SO/IEC 14496-10:2014, 7.4.1.2 and that are represented by the track.

b.4.2 Canonical order and restrictions

b.4.2.1 Restrictions
['he following restrictions apply to SVC data in addition to the requirements in subclause 5.3.2.

— SVC coded slice NAL units (Coded slices in scalable extefsion): All SVC coded slice NAL unjits for a
single instant in time shall be contained in the sampleywhose composition time is that of the|[picture
represented by the access unit. An SVC sample shall.contain at least one AVC or SVC VCL NAL unit.

— Prefix NAL units (Prefix NAL unitin scalable extension): Each prefix NAL unitis placed imm¢diately
before the corresponding AVC VCL NAL unit,providing scalability information about the 4VC VCL
NAL unit.

NOTE Prefix NAL units can also be associated with filler data NAL units.

— Aggregators/Extractors: The grider of all NAL units included in an Aggregator or referencgd by an
Extractor is exactly the decodingorder as if these NAL units were present in a sample not conjtaining
aggregators or extractors. After processing the Aggregator or the Extractor, all NAL units must be
in valid decoding order.as.specified in ISO/IEC 14496-10.

b.4.2.2 Decoder configuration record

When the decoder configuration record defined in subclause 5.3.3.1 is used for a stream that can
be interpreted-as/either an SVC or AVC stream, the AVC decoder configuration record shall reflect
he properti€s.of the AVC compatible base layer, e.g. it shall contain only parameter sets negded for
Hecoding the*AVC base layer.

f the.sample entry name is 'svci', a parameter set stream may be used with SVC streams, ps with
AVC'streams, in which case, parameter sets shall not be included in the decoder configuration|record.
Dtherwise (the sample entry name is 'svc2'), parameter sets may be stored in both the decoder
configuration record or as part of samples while a parameter set elementary stream shall not be used.

Sequence or picture parameter sets are numbered in order of storage from 1 to
numOfSequenceParameterSets OI numOfPictureParameterSets respectively. Sequence and Picture
parameter sets stored in this record in a file may be referenced using this 1-based index by the
InitialParameterSetBox.

The svcbecoderConfigurationRecord is structurally identical to an AvcbecoderConfigurationRecord.
However, the reserved bits preceding and succeeding the lengthSizeMinusOne field are re-defined. The
syntax is as follows:
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aligned(8) class SVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
unsigned int (8) AVCProfileIndication;
unsigned int(8) profile compatibility;

unsigned int (8) AVCLevellIndication;

unsfoned Nt (I COMpIetE IEpresentarion;
bit|5) reserved = '11111'b;

unsigned int (2) lengthSizeMinusOne;

bit|l) reserved = '0'b;

unsigned int (7) numOfSequenceParameterSets;

for|(i=0; i< numOfSequenceParameterSets; i++)

unsigned int (8) numOfPictureParameterSets;

for|(i=0; i< numOfPictureParameterSets; i++)

}

The sethantics of the fields avcpedfileIndication, profile compatibility, and AvVCLevelIndicatiod
diﬁbrflonltheAVCDecoderConfigurationRecordaSfbHOVV$

The figlds avcpProfileIngdiedtion, AVCLevelIndication carry the profile and level indications
respectfively, indicating the-profile and level of the entire scalable stream in this track. They, and thsg
profilg compatibili€y field, shall have values such that an SVC decoder supporting these values is
able to |[decode bitstreams conforming to the profile, level and profile compatibility flags indicated in
any of the sequence€ parameter sets or subset sequence parameter sets contained in this record.

The semantics-of other fields are as follows, or are as defined for an AvcbecoderconfigurationRecord:

— conplete representation is set on a minimal set of tracks that contain a portion of the origina

nsigned int (16) sequenceParameterSetLength ;

it (8*sequenceParameterSetlLength) sequenceParameterSetNARUnit;

nsigned int (16) pictureParameterSetLengthy;

it (8*pictureParameterSetLength) pictUreParameterSetNALUnit;

encoded scalable stream, as defined in subclause 6.5.1. Other tracks may be removed from the file
without loss of any portion of the original encoded bitstream, and, once the set of tracks has been
reduced to only those in the complete subset, any further removal of a track removes a portion of

the encoded information.

— numOfSequenceParameterSets indicates the number of SPSs and subset SPSs that are used for
decoding the SVC elementary stream. The value of numofsequenceParametersets shall be in the

range of 0 to 64, inclusive.

— SequenceParameterSetLength indicates the length in bytes of the SPS or subset SPS NAL unit.
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— SequenceParameterSetNALUnit contains a SPS or subset SPS NAL unit. SPSs shall occur in order
of ascending parameter set identifier with gaps being allowed. Subset SPSs shall occur in order
of ascending parameter set identifier with gaps being allowed. Any SPS shall occur before all the

subset SPSs, if any.
6.5 Derivation from the ISO base media file format

6.5.1 SVC track structure

Hesired.

complete subset”.

et the lowest operating point be the one of all the operating points represented by DTQ (depe

i.e. the same media data) or re-orderings of the complete subset.

bcalable base tracks are identified.

bnhancement layer, but missing the data for high resolution high frame-rate). However, such a scalable b
s typically a non-conforming bitstp€am.

base track.

b.5.2 Data sharing.and extraction

Different tracks-may logically share data. This sharing can take one of the following two forms:
h) The sample data is copied (i.e., the same media data is present) in different tracks.

h) There may be instructions on how to perform this copy at the time that the file is read.

For-the second case, Extractors (defined in A.3) are used.

A scalable video stream is represented by one or more video tracks in a file. Each track represgnts one

br more operating points of the scalable stream. A scalable stream may, of course, be further thinned, if

[here is a minimal set of one or more tracks that, when taken together, contain-.the completle set of
encoded information. All these tracks shall have the flag “complete represent@t+on” set in all their
sample entries. This group of tracks that form the complete encoded inferration are called the

hdency_

d, temporal_id and quality_id) combinations that has the least values of dependency_id, temporal_id
hind quality_id, respectively. The track that has the flag “complete representation” set and dontains
'he lowest operating point shall be nominated as the ‘scalable base track’. All the other tracks that are
part of the same scalable encoded information shall be linked*to this base track by means of|a track
reference of type 'sbas' (scalable base). The complete encoded information can be retained when the
fracks included in the “complete subset” are retained; all other tracks shall represent subsets], copies

NOTE1 An alternate group can also include completely independent bitstreams, as well as altprnative
bperating points of the same bitstream. The SVC tracks in the alternate group shall be examined to see hgw many

NOTE 2  “A scalable bitstream” can requite more than one track to represent it (consider a streamy with a
ow-resolution, low-frame-rate base layer,vand a high resolution enhancement layer, and a high frgme-rate

tstream

All the tracks sharing the .same scalable base track shall share the same timescale as the gcalable

© ISO/IEC 2019 - All rights reserved

37


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

6.5.3 SVCvideo stream definition

6.5.3.1 Sample entry name and format

6.5.3.1.1 Definition

Sample Entry and Box Types: 'svcl', 'svc2', 'svcC', 'seib’

Container—Sample Description Box {tsrsq1]

Mandatfory: One of the 'avcl', ravc2', 'ave3', 'avca ',
'svel',and 'svc2' sample entries is mandatory.
Quantiy: ~ One or more sample entries may be present

If an SVC elementary stream contains an AVC compatible base layer, then an AVC visual sample
entry (favcl', 'avc2', 'avc3', or 'avc4') shall be used. Here, the entry shall contain initially ag
AVC Copnfiguration Box, possibly followed by an SVC Configuration Box as.défined below. The AV(
Configyration Box documents the Profile, Level and Parameter Set information pertaining to the
AVC coinpatible base layer as defined by the avcpecoderconfigurationRéenrd. The SVC Configuratior
Box doguments the Profile, Level, and possibly also parameter sets pertaining to the entire streamn
containfing the SVC compatible enhancement layers as defined by the svCbecoderconfigurationRecord
stored In the SVCConfigurationBox.

If the YVC elementary stream does not contain an AVC baselayer, then an SVC visual sample entry
("svci'|or 'svc2') shall be used. The SVC visual sample entty shall contain an SVC Configuration Box
as defirjed below. This includes an svcbecoderConfiguragtdnRecord, as defined in this document.

The 1eqgthsizeMinusone field in the SVC and AVC cofifigurations in any given sample entry shall have
the sanje value.

A priorijty assignment URI provides the name (in the URI space) of a method used to assign priority_id
values. When it occurs in an AVC or SVC sample entry, exactly one URI shall be present, that documents
the prigrity_id assignments in the stréam. The URI is treated here as a name only; it should be de
referenfeable, though this is not required. File readers may be able to recognize some methods and
thereby know what stream extraction operations based on priority_id would do.

Extractors or aggregators may be used for SVC VCL NAL unitsin 'avci’, 'avc2', 'ave3’, 'aved', 'svcl
or 'svcp' tracks.

NOTE When AVC cempatibility is indicated, it can be necessary to indicate an unrealistic level for thg
AVC bask layer, to aceommodate the bit rate of the entire stream, because all the NAL units are considered aj
included in the AVCbhase layer and hence can be fed to the decoder, which is expected to discard those NAL uni
it does njot recognize: This case happens when the 'avcl' or 'avc3' sample entry is used and both AVC and SV(
configufations are present.

Either grtboth of a ScalabilitylnformationSEIBox or SVCConfigurationBox may be present in an 'avcl
or 'avc3Tsampie entry- i thistase the AVESVCSampieEmtry defimition below applies:

The parameter sets required to decode a NAL unit that is present in the sample data of a video stream,
either directly or by reference from an Extractor, shall be present in the decoder configuration of that
video stream or in the associated parameter set stream (if used).

Table 4 shows for a video track all the possible uses of sample entries, configurations and the SVC tools
(excluding timed metadata, which is always used in another track):
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Table 4 — Use of sample entries for AVC and SVC tracks

sample entry name | with configuration records

meaning

AVC Configuration Only

'avcl' or 'ave3'!

A plain AVC track with AVC NAL units only;
Extractors, aggregators, and tier grouping shall not
be present.

'avcl' or 'ave3' AVC and SVC Configurations

An SVC track with both AVC and SVC NAL units;
Extractors and aggregators shall not be present.

'avc2' or 'avcd' AVC Configuration Only

A plain AVC track with AVC NAL units only;

Extractors may be present and used to refererjce AVC
NAL units; Aggregators may be present to’econfain
and reference AVC NAL units; Tier grouping mpy be
present.

'avc2' or 'avcd' AVC and SVC Configurations

An SVC track with both AVC and SVC'NAL unit;
Extractors and aggregators may'be present;
Extractors may reference bothk AVC and SVC NAL
units; Aggregators shall not’contain but may rgfer-
ence AVC NAL units, and may both contain and refer-
ence SVC NAL units;{Pier grouping may be pregent.

"svcl' or 'sve2'!' SVC Configuration

An SVC track without AVC NAL units; Extractofrs shall
be present to reference AVC NAL units (from a|differ-
ent track) afd may also be used to reference SyYC NAL
units; Aggregators may be present to contain gnd ref-

erence-SVC NAL units; Tier grouping may be pfesent.

6.5.3.1.2 Syntax

flass SVCConfigurationBox extends Box ('svcEM)

SVCDecoderConfigurationRecord () SVCConfig;

{

Flass ScalabilityInformationSEIBOX extends Box ('seib', size)
unsigned int (8*size¢®4) scalinfosei;

Flass SVCPriorityASsignmentBox extends Box ('svcP')
unsigned int (8) method count;
§tring PriorityAssignmentURI[method count];

class AVCSVCSampleEntry () extends AVCSampleEntry ('avcl' or 'avc3') {
SVCConfigurationBox svcconfig; // optional
ScalabilityInformationSEIBox scalability; // optional
SVCPriorityAssignmentBox method; // optional

}

class AVC2SVCSampleEntry () extends AVC2SampleEntry('avc2' or 'avcd') {
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SVCConfigurationBox svcconfig; // optional

ScalabilityInformationSEIBox scalability; // optional

SVCPriorityAssignmentBox  method; // optional
}
// Use this if the track is NOT AVC compatible
class CSampIleEnNtry () eXTtend TS ISampIeEnNtry (T SVCl '~ Or VT2 1

SVCEonfigurationBox svcconfig;

MPEG4ExtensionDescriptorsBox descr; // optional

ScalabilityInformationSEIBox scalability; // optional

SVCKRriorityAssignmentBox  method; // optional
}
6.5.3.1{3 Semantics
When the sample entry is ‘svcl' or 'svc2', Compressorname in theé)base class visualSampleEntry
indicatg¢s the name of the compressor used, with the value “\012sye\€oding” being recommended (\012
is 10, tHe length of the string “SVC coding” in bytes).
scalinfosei contains an SEI NAL unit containing only a scalability information SEI message as specified
in ISO/]EC 14496-10:2014, Annex G. The 'size’ field of theZcontainer box ScalabilityInformationSEIBo3
shall ndt be equal to 0 or 1.
method |count provides a count of the number of felowing URIs. This field shall take the value 1 in ar
tavel',|'ave2', "ave3', 'avecd!', 'svel' OF 'svc2A sample entry.
PriorifyAssignmentURI provides a unique name of the method used to assign priority_id values. In thg
case of pbsence of this box, the priority assignment method is unknown.
6.5.4 |SVCvisual width and height
The vispal width and height doeumented in a VisualSampleEntry of a stream containing SVC VCL NAL
unit ar¢ the cropped frame'dimensions of the AVC base layer, if the stream is described by a samplg
entry of type 'avcl', 'ays2”?, 'ave3' or 'avc4'; otherwise they are the cropped frame dimensions of
decodedl pictures by dégoding the entire stream.
6.5.5 |Sync samiple
For video data-described by a sample entry of type 'avci', 'avc2', 'ave3', or 'avcd', the sync sample
table identifies IDR access units for both an AVC decoder, and an SVC decoder (if any) operating on the

entire bitstrean:

For video data described by a sample entry of type 'svc1', the sync sample table identifies IDR access
units in the entire SVC bitstream.

For video data described by a sample entry of type 'svc2', the sync sample table identifies IDR access
units in the entire SVC bitstream, and additionally the following applies:

1. Ifthe sample is a sync sample, all parameter sets needed for decoding that sample shall be included
either in the sample entry or in the sample itself.
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2. Otherwise (the sample is not a sync sample), all parameter sets needed for decoding the sample
shall be included either in the sample entry or in any of the samples since the previous sync sample
to the sample itself, inclusive.

NOTE The sync sample table, if present, documents only access units that are IDR access units for both the
AVC compatible base layer and the layer corresponding to decoding the entire bitstream contained in the track.
In case documenting of layer-specific IDR access units is desired, the stream should be stored in separate tracks,
e.g. two tracks, one containing the AVC base layer with a sample entry of type 'avcl' or 'avc3', and the other
containing the SVC enhancement layers with a sample entry of type 'svcl' or 'svc2'. However, extractors shall
then be used for tracks that are not the scalable base track.

b.5.6 Shadow sync

A shadow sync box shall not be used for video data described by an 'svcl' or 'svc2} ‘sample eftry. Its
1se for SVC is deprecated.

b.5.7 Independent and disposable samples box

fthe sampleDependencyTypeBox is used in a track that is both AVC and SVC.compatible, then carg should
be taken that the information provided by this box is true no matter what valid subset of the SVC data
[possibly only the AVC data) is used. The ‘unknown’ values (value- 0_of the fields sample depdqnds on,
kample is depended on,and sample has redundancy) may be neéded if the information varies.

h.5.8 Sample groups on random access recovery points<¢ro11' and random access point§ 'rap

For video data described by a sample entry of type 'avél ™ "ave2!, 'ave3' or 'ave4', the randonp access
recovery sample group and the random access poifit-sample group identify random access recovery
points and random access points, respectively, foiZboth an AVC decoder, and an SVC decoder |(if any)
bperating on the entire bitstream.

NOTE If the random access recovery poings-or the random access points for the AVC decoder and|the SVC
lecoder operating on the entire bitstream are not all aligned, the random access recovery points table or the
random access point table, respectively, will'not document all of them. In this case, the stream can be dtored in
multiple tracks, e.g. two tracks, one containing the AVC base layer with a sample entry of type 'avcl!' or|'avc3?,
hind the other containing the SVC enhancement layers with a sample entry of type 'svcl' or 'svc2'.

For video data described by‘a sample entry of type 'svc1' or 'svc2’, the information provided by the
random access recovery sample group and the random access point sample group is true for any valid
subset of the entire SVC(bitstream.

b.5.9 Definition.of a sub-sample for SVC

['his subclause extends the definition of a sub-sample for AVC in 5.4.9.

For the use of the sub-sample information box (ISO/IEC 14496-12:2015, 8.7.7) in an SVC strean, a sub-
samples defined as one or more contiguous whole NAL units having the same values of the fgllowing
fields:‘RefPicFlag, RedPicFlag, VcINalUnitFlag, IdrFlag, Priorityld, Dependencyld, Qualityld, Temporalld,
JseRefBasePicFlag, DiscardableFlag and StoreBaseRepFlag, specified subsequently. Each subjsample
ncludes both NAL unit(s) and their preceding NAL unit length field(s). The presence of this box is
optional; however, if present in a track containing SVC data, it shall have the semantics defined here.

As required in 5.4.9, the subsample_priority field shall be set to a value in accordance with the
specification of this field in ISO/IEC 14496-12.

The codec_specific parameters field of the Subsample Information box is defined for SVC as follows:
unsigned int (1) RefPicFlag;
unsigned int (1) RedPicFlag;

unsigned int (1) VclNalUnitFlag;

© ISO/IEC 2019 - All rights reserved 41


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

bit (6) reserved = 0;

unsigned int (1) IdrFlag;

unsigned int (6) PriorityId;

bit (1) reserved = 0; // corresponding to no_inter layer pred flag

unsigned int (3) Dependencyld;

unsjgmed Int(4d) UuarityId;
unsigned int (3) Temporalld;

unsjigned int (1) UseRefBasePicFlag;

unsjgned int (1) DiscardableFlag;

bit|1l) reserved = 0; // corresponding to output flag
unsigned int (1) StoreBaseRepFlag;

bit|l) reserved = 0;

For an AVC VCL NAL unit in an SVC context, the prefix NAL unit shall besgrouped with the AVC VCL NAL
unit in the same sub-sample, and its fields values apply to the AVC VCL NAL unit.

RefPicHlag equal to O indicates that all the NAL units in the _sSub-sample have nal_ref_idc equal to 0
RefPicHlag equal to 1 indicates that all the NAL units in the sub*sample have nal_ref_idc greater than 0

RedPicHlag equal to 0 indicates that all the NAL units inthe sub-sample have redundant_pic_cnt equa
to 0. RepiricFlag equal to 1 indicates that all the NAL units in the sub-sample have redundant_pic_cn{
greater|than 0.

VelNalynitFlag equal to O indicates that all NA®L units in the sub-sample are non-VCL NAL units. Valug
1 indicgtes that all NAL units in the sub-sample’are VCL NAL units.

IdrFlag indicates the idr_flag value of €he NAL units in the sub-sample. All the NAL units in the sub
sample(shall have the same value of idr.flag.

PriorifyId indicates the priority _id value of the NAL units in the sub-sample. All the NAL units in thg
sub-sample shall have the same-walue of priority_id.

NoIntefLayerPredFlag indicates the no_inter_layer_pred_flag of the NAL units in the sub-sample. Al
the NAL units in the sub=sample shall have the same value of no_inter_layer_pred_flag.

DependdncyId indicates the dependency_id value of the NAL units in the sub-sample. All the NAL units
in the sfib-sample shall have the same dependency_id value.

oualityTddndicates the quality_id value of the NAL units in the sub-sample. All the NAL units in thg
sub-sarple shall have the same quality_id value.

Temporalld indicates the temporal_id value of the NAL units in the sub-sample. All the NAL units in the
sub-sample shall have the same temporal_id value.

UseRefBasePicFlag indicates the use_ref_base_pic_flag value of the NAL units in the sub-sample. All the
NAL units in the sub-sample shall have the same value of use_ref_base_pic_flag.

DiscardableFlag indicates the discardable_flag value of the NAL units in the sub-sample. All the NAL
units in the sub-sample shall have the same discardable_flag value.

NOTE This is not the same definition as the discardable field in the sub-sample information box.
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StoreBaseRepFlag indicates the store_base_rep_flag value of the NAL units in the sub-sample. All the
NAL units in the sub-sample shall have the same value of store_base_rep_flag.

7 MVC and MVD elementary stream and sample definitions

7.1 Overview

This clause specifies the storage format of MVC data. It extends the definitions of the storage format of
RVCin subclause 4.11.

['he file format for storage of MVC and MVD content, as defined in this clause and Annexes\A'tq D uses
the existing capabilities of the ISO base media file format and the plain AVC file format (i.e.|the file
format specified in subclause 4.11). In addition, the following new extensions, amonglethers, to support
MVC- and MVD-specific features are specified.

h) Multiview grouping:

a structuring and grouping mechanism to indicate the association of NAL units with different types
and hierarchy levels of scalability.

h) Aggregator:

a structure to enable efficient scalable grouping of NAL udits by changing irregular patterns of
NAL units into regular patterns of aggregated data units:

C) Extractor:

a structure to enable efficient extraction of NAL units from other tracks than the one corntaining
the media data.

1) Temporal metadata statements:

structures for storing time-aligned.information of media samples.

%
L

AVC compatibility:

a provision for storing an MVC or MVD bitstream in an AVC compatible manner, such that the AVC
compatible base layer-ean be used by any plain AVC file format compliant reader.

[he support for MVC-or-MVD includes a number of tools, and there are various ‘models’ of how they
might be used. In particular,an MVC or MVD stream can be placed in tracks in a number of ways| among
Which are the following:

|. all the views in one track, labelled with sample groups;

P, each'wview, including both texture views and depth views when both are present, in its owp track,
labelled in the sample entries;

B.~Da hybrid, one track containing all views, and one or more single-view tracks each containing a view
that can be independently coded;

4. the expected operating points each in a track (e.g. the AVC base, a stereo pair, a multiview scene, or
an MVD scene).

5. (for MVD only) each texture or depth view in its own track, labelled in the sample entries.

The MVC and MVD file format allows storage of one or more views into a track, similarly to the support
for SVC in Clause 6. Storage of multiple views per track can be used, e.g., when a content provider wants
to provide a multiview bitstream that is not intended for subsetting or when the bitstream has been
created for a few pre-defined sets of output views (such as 1, 2, 5, or 9 views) where tracks can be created
accordingly. If more than one view is stored in a track and there are several tracks (more than one)

© ISO/IEC 2019 - All rights reserved 43


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

representing the MVC or MVD bitstream, the use of the sample grouping mechanism is recommended.
The sample grouping mechanism is used to define tiers identifying the views present in the track and to
extract required NAL units for certain operating points conveniently. The sample grouping mechanism
is usually used with aggregators to form regular NAL unit patterns within samples. Thus, SVC-like
sample grouping, aggregators, and view definitions for sample groups are specified for MVC or MVD.

The Multiview Information box ('mvci') is specified to indicate information that applies to more than
one view, such as the target output views in one or more Multiview Group boxes. Characteristics (such as
camera parameters) of the respective bitstream subset can also be indicated within the Multiview Group
box usire N/ desi o Raloatioa Arc..:l aclan icla te @itaailoa ol o . alactios 1o

c 0 View ETd v, otce 00 VId A d O dCT U UOAXL

A player should have means to determine which views are preferred for displaying, and select gne*o1
more tffacks that provide the data for the desired operating point, preferring a track that is.specifid
to that pperating point over tracks that also contain other data. The display characteristics.0Pplayers
may difffer; for example, the number of simultaneously displayed views and the optimal angle betweer
views dan be different. In order to guide a player for selection of output views, alternative groups of
output yiews and the common and differentiating characteristics between them can b€ indicated with
the Multiview Group Relation box (' swtc'), which also includes the Multiview Relation Attributes bos

['mvra' .

When an MVC or MVD bitstream is represented by multiple tracks and a player uses an operating poin{
that coptains data in multiple tracks, the player must reconstruct MVE er MVD access units beforg
passing them to the MVC or MVD decoder. An MVC or MVD operating poifit may be explicitly represented
by a trdck, i.e., an access unit is reconstructed simply by resolvingéall extractors and aggregators of 3
sample{If the number of operating points is large, it may be space~consuming and impractical to create 3
track for each operating point. In such a case, MVC or MVD access‘units are reconstructed as specified in
subclause 7.6.2. The MVC or MVD Decoder Configuration recerd contains a field indicating whether thg
associated samples use explicit or implicit access unit reconstruction (see the explicit_au_track field).

7.2 (Qverview of MVC or MVD storage

The stofage of MVCand MVD streams can be supported by a number of structures, including information
in the spmple entry, the media information box,"and sample groups. Table 5 provides an overview of thg
structufres provided, their names, and a brief description of their functions.

NOTE Each group of rows starting ‘with an entry in the left column (e.g. 'minf', '2vc?') document 3
containinent structure within that cofitainer; the higher level containment is not shown.

Table 5 — Box, sample entry and group structures for MVC and MVD streams

Box name Brief description

minf Media Information Box

mvci Multiview Information Box

Specifies a multiview group for the
views of the multiview video stream that|
mveg Multiview Group Box are output

arntainc tha 3ffaring 1o abi A A
COttaHS e otrre g Hormatioh o6t

the bitstream subset specified by the
buff |Buffering Information Box multiview group

Indicates the relation of the tracks or
tiers of the respective multiview group
with each other (when contained in a
mvra |Multiview Relation Attribute Box Multiview Group box)

Provides information about the bit rate
values of the bitstream subset specified
tibr |Tier Bit Rate Box by the multiview group
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Box name

Brief description

Provides information about the profile,
level, frame size, discardability, and
frame-rate of the bitstream subset spec-

tiri |Tier Information Box ified by the multiview group
Indicates the maximum disparity in a
vwdi |Multiview Scene Information Box scene with multiple views
Specifies a set of multiview grougs from
which one multiview group issdedoded
swtc Multiview Group Relation Box and played at any time
Indicates the relation of/the multiview
groups with each othery(when coptained
mvra |Multiview Relation Attribute Box in a Multiview GreupRelation box)
(Note: variousicodes are used for[sample
?2ve? Sample Entry entries)
Contains,an/SEI NAL unit containjng
only a\wiew scalability information SEI
View Scalability Information SEI message as specified in ISO/IEC 14496-
vsib Message Box 102014 Annex H
Contains camera parameters thaf define
the location and orientation of the¢ cam-
erareference frame with respectfto a
ecam Extrinsic Camera ParameterstBox |known world reference frame
Contains camera parameters thaf link
the pixel coordinates of an image|point
with the corresponding coordinates in
icam Intrinsic CameraParameters Box the camera reference frame
Indicates the views included in the track
vwid View Identifier Box (when included in a sample entry
Provides a URI containing a uniqye
name of the method used to assign
content_priority_id values for the|View
mvcP MVC View Priority Assignment Box |Priority sample grouping
mvcC MVC Configuration Box
Contains the MVD decoder configuration
record and the MVD depth resolufion
mvdC MVCD Configuration Box box (for MVD streams only)
Provides the resolution of depth
3dpr MVD Depth Resolution Box views (for MVD streams only)
Contains an SEI NAL unit containjng
only an MVCD view scalability informa-
MVD Scalability Information SEI tion SEI message as specified in [$0/
3sib Message Box IEC 14496-10:2014 Annex |
gb}d SClllllJ}C Gl UulJ DCD\,I ;l)t;Ull BUA
mvif Multiview Group Entry Contains the following boxes
Contains the buffer information of the
buff Buffering Information Box tier
Identifies the tiers that the current tier
ldep Tier Dependency Box is dependent on
Contains parameter sets needed for
decoding this tier and all the tiers it
svip Initial Parameter Sets Box depends on
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Table 5 (continued)

Box name Brief description

Reports the minimum and maximum
priority_id of the NAL units mapped to
svpr Priority Range Box this tier

Provides information about the bit rate
tibr Tier Bit Rate Box values of a tier

Provides information about the profile,

level, frame size, discardability, and
tiri Tier Information Box frame-rate of a tier

Labels views with priorities based)on
vipr View Priority Box content

Indicates the views included.in the tier
(when included in a Multiview Group
vwid View Identifier Box entry,)

Provides adjusted-decoding times when
dtrt Decode Re-timing Group Entry high temporal layers are discarded

Provides the-mapping of NAL units to
multiviewgreups for all samples in the
scnm Sample Map Group Entry track

The st
(video
informd
the me
informa
Multivi

73 M

MVC an
MVC or

— An
tho
of ¢
me
dir

MVC and MVD streams'may also be stored using associated parameter set streams, when needed.

For MV

uctures within a sample entry provide information for the decoding or use of the samples
nformation) that are associated with that sample entry-Sample groups provide time-varying
ition about the track as a whole, assisting (for example) with the extraction of subsets of
dia within a track. Information in the Multiview dnformation Box (appearing in the medig
ition box) can span several tracks and is descriptive of collections of tracks, even though thg
bw Information Box resides in the track containitig the base view of the stream.

[VC and MVD elementary stream structures

d MVD streams are stored in accordance with subclause 5.2, with the following definition of ar
MVD video elementary stream:

MVC and MVD Video Elementary Stream contains all video coding related NAL units (i.e
se NAL units containing videéo data or signalling video structure, possibly after resolution]
bxtractors and aggregators) and may contain non-video coding related NAL units such as SE
ssages and access unjtdelimiter NAL units. Aggregators and Extractors, when present, shall not
ectly output by fileparsers.

C and MVD'streams, Table 2 is amended by Table 6.
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There may be AVC VCL NAL units, MVC VCL NAL units and other NAL units, i.e. non-VCL NAL units,
present in an MVC video elementary stream. There may be AVC VCL NAL units, MVC VCL NAL units,
MVD VCL NAL units, and non-VCL NAL units present in an MVD video elementary stream. Additionally,
there may be Aggregators or Extractors present in an MVC or MVD video elementary stream.

An AVC VCL NAL unit in an MVC or MVD video elementary stream conforming to one or more profiles
specified in ISO/IEC 14496-10:2014, Annexes H, I and ] shall be immediately preceded by a prefix NAL
unit. In this document, an AVC VCL NAL unit and the immediately preceding prefix NAL unit are logically
seen as one NAL unit.

7.4 Use of the plain AVC file format
The MJ|C or MVD file format is an extension of the plain AVC file format defined in subclause 4.11!

Subclayse 5.4.7 is defined for use with plain AVC streams. Its use with MVC and MVDy'streams i
deprecated.

7.5 Spample and configuration definition

7.5.1 |[Overview

MVC Sample: An MVC sample consists of one or more view\ components as defined ir
ISO/IE( 14496-10:2014, Annex H and the associated non-VCL NAL ufits.

MVD $ample: An MVD sample consists of one or morfe view components as defined in
ISO/IE( 14496-10:2014, Annexes [ and ] and the associated:non-VCL NAL units, where each view
comporient may contain a texture view component, a depth wiew component or both.

7.5.2 |Canonical order and restriction
The follpwing restrictions apply to MVC and MVD data in addition to the requirements in subclause 5.3.2

— MVC coded slice NAL units (Coded slice extension): All MVC coded slice NAL units for a single
insfant in time shall be contained inthe sample whose composition time is that of the picture
represented by the access unit. An MVC sample shall contain at least one AVC or MVC VCL NAL unit

— MVD VCL NAL units (Coded-slice extension): All MVD VCL NAL units for a single instant in tims
shdll be contained in the sample whose composition time is that of the picture represented by the
access unit. An MVD samiple shall contain at least one AVC, MVC or MVD VCL NAL unit.

— Prefix NAL units: Each prefix NAL unit is placed immediately before the corresponding AVC VCI
NAL unit.

— Aggregators/Extractors: The order of all NAL units included in an Aggregator or referenced by ar
Exfractorisiexactly the decoding order as if these NAL units were present in a sample not containing
aggdregators or extractors. After processing the Aggregator or the Extractor, all NAL units must be
in yalid decoding order as specified in ISO/IEC 14496-10.

7.5.3 Decoder configuration record

7.5.3.1 MVC decoder configuration record

When the AVC decoder configuration record (as defined in subclause 5.3.3.1) is used for a stream that
can be interpreted as either an MVC or AVC stream, the AVC decoder configuration record shall reflect
the properties of the AVC compatible base view, e.g. it shall contain only parameter sets needed for
decoding the AVC base view.

If the sample entry name is 'mvcl' or 'mvc2’', a parameter set stream may be used with MVC streams,
as with AVC streams. In that case, parameter sets shall not be included in the decoder configuration
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record. Otherwise (the sample entry name is 'mvc3' or 'mvcd'), parameter sets may be stored in both
the decoder configuration record or as part of samples while a parameter set elementary stream shall
not be used.

Sequence or picture parameter sets, including subset sequence parameter sets, are numbered in
orderofstoragefronll to numOfSequenceParameterSets OrnumOfPictureParameterSets,respecﬁvehh
Sequence and picture parameter sets stored in this record in a file may be referenced using this 1-based
index by the InitialParameterSetBox.

The M7hnanmdarhmnfﬁgnrafﬁmnpanmrdiccfrnrfnrn”yidpnﬁra]fn an AvCDecoderConfiguraticgRecord.

However, the reserved bits preceding and succeeding the 1engthsizeMinusone field are re-defined. The
fyntax is as follows:

h1igned (8) class MVCDecoderConfigurationRecord {

unsigned int(8) configurationVersion = 1;

unsigned int (8) AVCProfileIndication;

unsigned int(8) profile compatibility;

unsigned int (8) AVCLevelIndication;

unsigned int (1) complete representation;

unsigned int (1) explicit au track;

bit (4) reserved = '1111'b;

unsigned int (2) lengthSizeMinusOne;

bit (1) reserved = '0'b;

unsigned int(7) numOfSequenceParameterSets;

for (i=0; i< numOfSequenceParameterSets; i++) {
unsigned int (16) sequenceParameterSetLength ;

bit (8*sequenceParameterSetLength) sequenceParameterSetNALUnit;

unsigned int (§)./numOfPictureParameterSets;
for (i=0y9%< numOfPictureParameterSets; i++) {
un3igned int (16) pictureParameterSetLength;

bit (8*pictureParameterSetLength) pictureParameterSetNALUnit;

}

The semantics of the ﬁekk;AVCProfileIndication,profileicompatibility,and AVCLevelIndication
differ from the avcbecoderconfigurationRecord as follows:

The fields avcpProfileIndication, AVCLevelIndication carry the profile and level indications,
respectively, indicating the profile and level for the bitstream represented by this track, i.e., the
bitstream that contains all the views of this track and the views required for decoding of this track
and wherein all the views in this track are the target output views. If avClevelIndication is equal
to 0, the level that applies to the bitstream defined above operating with all the views of this track
being the target output views is unspecified. AvCProfileIndication, profile compatibility, and
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AVCLevelIndication, if non-zero, shall have values such that an MVC decoder supporting these values
is able to decode bitstreams conforming to the profile, level and profile compatibility flags indicated in
any of the sequence parameter sets or subset sequence parameter sets contained in this record.

The semantics of other fields are as follows, or, if not present in the following, are as defined for an
AVCDecoderConfigurationRecord:

— complete representation iS set on a minimal set of tracks that contain a portion of the original
encoded stream, as deflned 1n subclause 7. 6 1. Other tracks may be removed from the file without

— exgdlicit au track is set on a track that is ‘complete’; it is not necessary to determingvthe view
defjendencies, nor calculate whether views not present in this track should be found from othe
tragks. However, subject to the rules for the sample entry types, extractors may be présent and need
to pe followed to gather all the NAL units needed.

— nunfofSequenceParameterSets indicates the number of SPSs and subset SPSs that are used fol
dedoding the MVC elementary stream.

— SeduenceParametersetLength indicates the length in bytes of the SPS ©rysubset SPS NAL unit.

— SeduenceParametersSetNALUnit contains a SPS or subset ,SRS' NAL unit as specified if
ISQ/IEC 14496-10:2014, Annex H. SPSs shall occur in order ofascending parameter set identifier
witlh gaps being allowed. Subset SPSs shall occur in order of dscénding parameter set identifier with
gapls being allowed. Any SPS shall occur before all the subset SPSs, if any.

—-

7.5.3.2] MVD decoder configuration record

The g¢yntax structure of MvDDecoderConfigorationRecord is exactly the same aj
MVCDecg¢derConfigurationRecord.

When the AVC decoder configuration record;(as defined in subclause 5.3.3.1) is used for a stream thaf
can be interpreted as an MVD stream, the:AVC decoder configuration record shall reflect the properties
of the AVC compatible base view, e.g. itimay contain only parameter sets needed for decoding the AV(
base vigw.

When the MVC decoder configuration record (as defined in subclause 7.5.3.1) is used for a stream thaf
can be nterpreted as an MVE or MVD stream, the MVC decoder configuration record shall reflect the
properties of the MVC compatible bitstream subset (i.e. the bitstream subset with only the texture views)
e.g. it mfay contain only pardmeter sets needed for decoding the MVC compatible bitstream subset.

If the sgmple entry fidmie is 'mvdl’, 'mvd2', 'a3dl’', Or 'a3d2', a parameter set stream may be used with
MVD stireams, as-with AVC and MVC streams. In that case, parameter sets shall not be included in the
decodef configirdtion record. Otherwise (the sample entry name is 'mvd3’', 'mvd4', 'a3d3' or 'a3d4')
paramgter sets may be stored in both the decoder configuration record or as part of samples while 4
paramdter-set elementary stream shall not be used.

Sequence or picture parameter sets, including subset sequence parameter sets, are numbered in
order of storage from 1 to numOfSequenceParameterSets O numOfPictureParameterSets, respectively.
Sequence and picture parameter sets stored in this record in a file may be referenced using this 1-based
index by the InitialParameterSetBox.

The semantics of the fields aAvcProfileIndication, profile compatibility, and AvVCLevelIndication
differ from the MVCDecoderConfigurationRecord as follows. AvCProfileIndication, profile
compatibility, and AvCLevelIndication, if non-zero, shall have values such that a MVD decoder
supporting these values is able to decode bitstreams conforming to the profile, level and profile
compatibility flags indicated in any of the sequence parameter sets or subset sequence parameter sets
contained in this record.
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The semantics of other fields are as follows, or, if not present, are as defined for an
MVCDecoderConfigurationRecord:

— numOfSequenceParameterSets indicates the number of SPSs and subset SPSs that are used for
decoding the MVD elementary stream.

— sequenceParameterSetNALUnit, when contained in the MVCD Configuration Box, contains a SPS or
subset SPS NAL unit as specified in ISO/IEC 14496-10:2014, AnneXx l. sequenceParameterSetNALUnit,
when contained in the A3D Configuration Box, contains a SPS or subset SPS NAL unit as specified
in ISO/IEC 14496-10:2014, Annex ] SPSs shall occur in order of ascending parameter set identifier
with gaps being allowed. Subset SPSs shall occur in order of ascending parameter set identifjer with
gaps being allowed. Any SPS shall occur before all the subset SPSs, if any.

7.6 Derivation from the ISO base media file format

7.6.1 MVC and MVD track structures

An MVC or MVD stream is represented by one or more video tracks in a file; Each track represgnts one
br more views of the stream. For a track in a file storing an MVD videg$tream, the track may |contain
rexture only, depth only or both texture and depth.

[here is a minimal set of one or more tracks that, when taken: together, contain the completle set of
encoded information. All these tracks shall have the flag “ecomplete representation” set in 3ll their
bample entries. This group of tracks that form the complete encoded information are called the
complete subset”.

[he track that has the flag “complete representatiocn®setand contains NAL units of the base vigw with
remporal_id equal to 0 shall be nominated as the ‘base view track’. All the other tracks that arg part of
'he same stream shall be linked to this base track by means of a track reference of type 'sbaq' (view
pase). The complete encoded information cantbe retained when the tracks included in the “complete
bubset” are retained; all other tracks shall'vépresent subsets, copies (i.e. the same media datd) or re-
brderings of the complete subset.

All the tracks sharing the same baSe' view track shall share the same timescale as the scalable base
[rack. For MVD streams, all the ¢racks containing the texture view and the depth view of a pafticular
yiew shall share the same timescale. Note that the texture view and the depth view of a particular view
have the same value of viewzid.

f a view represented by’ a track uses another view represented by another track as an inter-view
prediction reference,.a track reference of type 'scal' shall be included in the track referring to the
source track for inter-view prediction.

For MVD str€amms, if a depth view is stored in a different track than the track containing the texture
yiew associated with the depth view, a track reference of type 'deps' shall be included in the track
Containing'the depth view, referring to the track containing the texture view. The presence of this track
referénce indicates that the current track contains the depth view that is associated with a [texture
yiewnin the referenced track.

NOTE If a track containing a part of an MVC or MVD bitstream is removed from a file, care should be taken to
remove also those tracks that contain 'scal’ and 'sbas' track references to the removed track and references to the
multiview groups that include the removed track.

7.6.2 Reconstruction of an access unit

In order to reconstruct an access unit from samples of one or more MVC or MVD tracks, the target
output views may need to be determined first, by examining the Multiview Group box (7.7.3) and the
Multiview Group Relation box (Z.7Z.4). The explicit au track flag equal to 1 states that this track
is a complete operating point; nonetheless, the track should be examined to determine which views
delivered by this track are the output views.
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If the target output views are not exactly represented by any track marked with explicit au track
equal to 1 in the MVC decoder configuration record, access units are reconstructed as follows.

The views that are required for decoding the determined target output views can be concluded from
reference view identifiers included in the View Identifier box, the 'scal' track references, or Tier
Dependency boxes.

If several tracks contain data for the access unit, the alignment of respective samples in tracks is
performed on decoding time, i.e. using the time-to-sample table only without considering edit lists.

An achss unit is reconstructed from the respective samples in the required tracks and tiers by
arranging their NAL units in an order conforming to ISO/IEC 14496-10. Duplicate copies of NAL units
when present, need to be removed in order to conform to ISO/IEC 14496-10. The following) ordetr
providds an outline of the procedure to form a conforming access unit:

— All

elementary stream tracks).

— All

stream tracks).

— View components in ascending order of view order index value.

— Wit

pregcedes the depth view component.

— NAL units within a texture or depth view component are in théir appearance order within the sample

7.6.3 |Sample entry

7.6.3.1| Boxes for sample entry

7.6.3.1]1 Intrinsic camera parameters box

7.6.3.1{1.1 Definition

Box Tyge:  'icam’

Contairler:  Sample Entry fwavci', 'avec2', 'ave3', 'avcd',
*mvcel', 'mvec2', 'mvc3', 'mvcd',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4')

Mandatory: No

Quantity: Z:€ro or more

This subclause specifies intrinsic camera parameters that link the pixel coordinates of an image poin

parameter set NAL units (from the associated parameter set tracks and fromche associated

SEI NAL units (from the associated parameter set tracks and from the associated elementary

hin a view component, if both texture and depth are present, then the texture view componen{

with the corresponding coordinates in the camera reference frame. A specification of focal length and
parameters related to the geometric distortion due to camera optics is given in ISO/IEC 14496-10:2014,
Annex H.
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7.6.3.1.1.2 Syntax

class IntrinsicCameraParametersBox extends FullBox ('icam', version=0, flags) {
unsigned int (6) reserved=0;
unsigned int (10) ref view id;

unsigned int (32) prec focal length;

unsigned int(32) prec principal point;
unsigned int (32) prec skew factor;

unsigned int (8) exponent focal length x;
signed int (64) mantissa focal length x;
unsigned int (8) exponent focal length y;
signed int (64) mantissa focal length y;
unsigned int (8) exponent principal point x;
signed int (64) mantissa principal point x;
unsigned int (8) exponent principal point y;
signed int (64) mantissa principal point y;
unsigned int (8) exponent skew factor;
signed int (64) mantissa skew factor;

7.6.3.1.1.3 Semantics
Feserved this field shall be equal to zero.

bef view id indicates the view_id identifyilg a view for which intrinsic camera parameters are
ndicated in this Intrinsic Camera Parametér's Box.

brec_focal length specifies the exponent of the maximum allowable truncation error for focal_
ength_x and focal_length_y as given by 2-prec_focal_length The value of prec_focal length shall He in the
range of 0 to 31, inclusive.

brec _principal point specifies the exponent of the maximum allowable truncation error for principal_
boint_x and principal_point) y as given by 2-prec_principal_point The value of prec_principal poiht shall
be in the range of 0 to 31,inclusive.

brec_skew factorSpecifies the exponent of the maximum allowable truncation error for skew factor as
piven by 2prec_skéwifactor The value of prec skew factor shall be in the range of 0 to 31, inclusivg.

exponent fipcal length x specifies the exponent part of the focal length in the horizontal directjon. The
Value of Exponent focal length x shall be in the range of 0 to 62, inclusive. The value 63 is resefved for
future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified focal length.

hargissa focal length x specifies the mantissa part of the focal length of the i-th camerg in the
norizontal direction.

exponent focal length y specifies the exponent part of the focal length in the vertical direction. The
value of exponent focal length y shall be in the range of 0 to 62, inclusive. The value 63 is reserved for
future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified focal length.

mantissa focal length y specifies the mantissa part of the focal length in the vertical direction.

mantissa principal point x specifies the mantissa part of the principal point in the horizontal
direction.

exponent principal point y specifies the exponent part of the principal point in the vertical direction.
The value of exponent principal point_ y shall be in the range of 0 to 62, inclusive. The value 63 is
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reserved for future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified
principal point.

mantissa principal point_y specifies the mantissa part of the principal point in the vertical direction.

exponent skew factor specifies the exponent part of the skew factor. The value of exponent skew
factor shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use by ITU-T | ISO/
[EC. Decoders shall treat the value 63 as indicating an unspecified skew factor.

mantissa skew factor specifies the mantissa part of the skew factor.

The int
follows

Each cojmponent of the intrinsic matrix is obtained from the variables specified it Table 7 as the variablg

Finsic matrix A for the camera associated to the view indicated by ref view idisrepresented ajy
focalLengthX skewFactor principalPointX
0 focalLengthY principalPointY
0 0 1

x compuyited as follows.

IfOk e<63,x=2¢31*(1+n+2v), with v=max(0, e + p - 31)

If e |s equal to 0, x = 2-(30+V) * n, with v = max(0, p - 30)

Table 7 — Association between camera parameéter variables and syntax elements

X e n p
focalLengthX exponent_focal_length_x mantissa_focal_length_x prec_focal_length
focalLengthY exponent_focal_lengthy. mantissa_focal_length_y prec_focal_length
principalPointX | exponent_principal:point_x | mantissa_principal_point_x | prec_principal_point
principalPointY | exponent_principal/point_y | mantissa_principal_point_y | prec_principal_point
skewFactor exponent.skew_factor mantissa_skew_factor prec_skew_factor

7.6.3.1{2 Extrinsic camera parameters box

(1]

(2]

7.6.3.112.1 Definition

Box Tyge:  'ecam;

Container: .Sample Entry (‘avecl', 'avec2', ‘'ave3', 'avcd',
'mvcl', 'mvc2', 'mvec3', 'mvcéd',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4')

Mandatory: No

Quantity: Zero or more

This subclause specifies extrinsic camera parameters that define the location and orientation of the
camera reference frame with respect to a known world reference frame. A specification of extrinsic
camera parameters including translation vector and rotation matrix is given in ISO/IEC 14496-10:2014,

Annex H.
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The extrinsic camera parameters are specified according to a right-handed coordinate system, where
the upper left corner of the image is the origin, i.e., the (0, 0) coordinate, with the other corners of
the image having non-negative coordinates. With these specifications, a 3-dimensional world point,
wP=[xy z] is mapped to a 2-dimensional camera point, cP = [u v 1], according to:

s*cP=A*R1*(wP-T)

where A denotes the intrinsic camera parameter matrix that can be indicated by an intrinsic camera
parameters box (see subclause 7.6.3.1.1), Rl denotes the inverse of the rotation matrix R, T denotes the
[ranslation vector, and s (a scalar value) is an arbitrary scale factor chosen to make the third cegrdinate
bf cP equal to 1. The elements of A, R, T are determined according the syntax elements signalléd in this
box and as specified below.

7.6.3.1.2.2 Syntax

class ExtrinsicCameraParametersBox extends FullBox ('ecam', version=04 flags) {

unsigned int (6) reserved=0;

unsigned int (10) ref view id;

unsigned int (8) prec_rotation param;
unsigned int (8) prec translation param;

for (j=1; 3<=3; Jj++) { /* row */
for (k=1; k<=3; k++) { /* column */
unsigned int (8) exponent r[j][k];
signed int (64) mantissa r [j][k];
}
unsigned int (8) exponent t[j];

signed  int(64) mantissa t[jd}

7.6.3.1.2.3 Semantics
eserved this field shallbe-equal to zero.

Fef view id indicates/the view_id identifying a view for which intrinsic camera parameters are
ndicated in this ntrinsic Camera Parameters Box.

brec_rotatiGha-param specifies the exponent of the maximum allowable truncation error for r[j|][ k] as
biven by 2ptecirotation_param The value of prec_rotation param shall be in the range of 0 to 31, ir]Llusive.

brec sgranslation param specifies the exponent of the maximum allowable truncation error for t[ j ]

hs given by 2prec_translation_param The value of prec translation paramshall be in the range of|0 to 31,
nclusive.

exponent_r[j] [k] specifies the exponent part of (j, k) component of the rotation matrix. The value of
exponent r[j][k] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use by
ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified rotation matrix.

mantissa_r[j] [k] specifies the mantissa part of (j, k) component of the rotation matrix.

exponent_ t[j] specifies the exponent part of the j-th component of the translation vector. The value
of exponent_t[j] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use by
ITU T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified translation vector.

mantissa t[j] specifies the mantissa part of the j-th component of the translation vector.
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The rotation matrix R is represented as follows:

rE[0][0] rE[O][1] rE[0][2]
rE[1][0] rE[1][1] rE[1][2]
rE[2][0] rE[2][1] rE[2][2]

The translation vector T is represented as follows:

Each c¢mponent of the rotation matrix and the translation vector is obtained froi -the variables
specifidd in Table 8 as the variable x computed as follows.

IfOk e<63,x=2¢31%(1+n+2V), withv=max(0,e+p-31) (3]

If e s equal to 0, x = 2-30+v) * n with v = max(0, p - 30) (4]

Table 8 — Association between camera parameter variables and syntax elements

X e 0} p
rH[j][ k] exponent_r[j][ k] mantissa_r[j][ k] prec_rotation_param
tE[j ] exponent_t[j ] mantissa_t[j ] prec_translation_param

7.6.3.1)3 View identifier box
7.6.3.1{3.1 Definition

Box Type: ~ 'vwid'

Contairfer: Sample Entry ('awel), 'avc2', 'ave3', 'avcd',
‘mvel', 'mvc2', 'mvc3', 'mvcéd',
twvdl', 'mvd2', 'mvd3', 'mvdd’',
'a3dl', 'a3d2', 'a3d3', 'a3d4')

or MultiviewGroupEntry
Mandaffory: Yes (for sample entries and the primary group definition in Multiview Group entries)

Quantitly: £ \Exactly one (for sample entries and the primary group definition in Multiview Group
entries)

Zero for non-primary group definitions in Multiview Group entries

When included in a sample entry, this box indicates the views included in the track. When included
in a Multiview Group entry, this box indicates the views included in the respective tier. This box also
indicates the view order index for each listed view. Additionally, the box includes the minimum and
maximum values of temporal_id included in the track or tier when the View Identifier box is included
in a sample entry or Multiview Group entry, respectively. Moreover, the box indicates the referenced
views required for decoding the views included in the track or tier. Moreover, for MVD streams, the box
indicates, for each of the view included in the track, the presence of texture and/or depth in the track
and in the stream.
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7.6.3.1.3.2 Syntax

class ViewlIdentifierBox extends FullBox ('vwid', version=0, flags)

unsigned int (2) reservedo = 0;
unsigned int (3) min temporal id;
Unsigned 10t (3) Max_temporal 1d;
unsigned int (16) num views;

for (i=0; i<num views; i++) {

unsigned int (6) reservedl = 0;
unsigned int (10) view id[i];
unsigned int (6) reserved2 = 0;

unsigned int (10) view order index;

unsigned int (1) texture in stream[i];

unsigned int (1) texture in track[i];

unsigned int (1) depth in stream[i];

unsigned int (1) depth in track[i];

unsigned int (2) base view type;

unsigned int (10) num ref views;y

for (3 = 0; j < num ref views; Jj++) {
unsigned int (4) raserved5 = 0;
unsigned int (29 dependent component idc[i] []j];
unsigned intf(10) ref view id[i][]];

7.6.3.1.3.3 Semantics

min temporal id, max temporal id take the minimum and maximum value, respectively, of the
temporal_id syntax element that is present in the NAL unit header extension of the NAL units mapped
to the track or tier when the View Identifier box is included in a sample entry or Multiview Group entry,
respectively. For AVC streams this takes the value that is, or would be, in the prefix NAL unit.

num_views, when the View Identifer box is present in a sample entry, indicates the number of views
included in the track. When the View Identifier box is present in a Multiview Group entry, num_views
indicates the number of views included in the respective tier.

view id[1i] indicates the value of the view_id syntax element in the NAL unit header extension of a view
included in the track or tier when the View Identifier box is included in a sample entry or Multiview
Group entry, respectively.
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view order index indicates the value of the VOIdx variable, as specified in ISO/IEC 14496-10:2014,
Annex H, for a view included in the track or tier when the View Identifier box is included in a sample
entry or Multiview Group entry, respectively.

texture in stream[i] equal to 1 indicates that the texture view for the view with view_id[i] is present

in the s

tream. The value indicates that the texture view for the view with view_id[i] is not present in

the stream.

texture in track[i] equal to 1 indicates that the texture view for the view with view_id[i] is present

in the t

rack ThP‘UﬂHPihdiFﬂfPQfhnffhpfPYfHYP‘ﬂPMIFﬂthP\ﬁPM/Mﬁfh\ﬁpmcjdﬁ]inﬁnprPQthihfhP
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Vhen texture in stream[i] IS equal to 0, the value of texture in trackl[i] shall be equal to©:

n_stream[i] equal to 1 indicates that the depth view for the view with view_id[i] is présent iy
am. The value indicates that the depth view for the view with view_id[i] is not present in thg
When texture in stream[i] is equal to 0, the value of depth in stream[i] shall be-equal to 1

n_track([i] equal to 1 indicates that the depth view for the view with viewidJi] is present if
'k. The value indicates that the depth view for the view with view_id[i] is"n0t present in thg
Vhen depth in stream[i] is equal to 0, the value of depth_in_track[i] shall be equal to 0. Wher
_in_track[1i] is equal to 0, the value of depth_in_track[i] shall be equalto 1.

bw_type indicates whether the view is a base view (virtual or not)dttakes the following values
dicates that the view is neither a base view nor virtual base yiéw.

nall be used to label the non-virtual base view of the MVGbitstream.

areserved value and shall not be used.

dicates that the view with view_id[i] is a virtual\bdase view. The respective independently coded
-base view with view_id[i] resides in another track. When base view type is equal to 3, thd
sequent num_ref_views shall be equal to 0.

_views indicates the number of views:that may be directly or indirectly referenced by the view
ew_id[i].

nt component idc[i][j] indicates how the texture view and depth view of the j-th referencsg
e required for decoding the wiew with view_id[i]. If the value is equal to 0, only the texture view
bference view is requiredAfithe value is equal to 1, only the depth view of the reference view i
d. If the value is equal tg2;both texture view and depth view of the reference view are required
e of 3 is reserved.

w_id[i][3] indicatés the view identifier of the j-th view that may be directly or indirectly
Ced by the view)with view_id[i], i.e., that may be required for decoding of the view with view]
 view is reqlired for decoding the view with view_id[i], it shall be listed as one of ref view|
When theView Identifier box is included in a sample entry, it is recommended to indicate thg
red views for both anchor and non-anchor access units in the same sample entry.
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7.6.3.2 MVC and MVD sample entry definitions
7.6.3.2.1 Definition

Sample Entry and Box Types:

'mvecl', 'mvc2', 'mvec3', 'mvcd',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4'

Container: Sample Description Box (*stsd')
Mandatory: One of the above listed sample entries is mandatory
Duantity: One or more sample entries may be present

When present, the AVC Configuration Box documents the Profile, Level, and|p6ssibly also pafameter
bets pertaining to the AVC compatible base view as defined by the avcbecoderconfiguratiorfRecord.
When present, the MVC Configuration Box documents the Profile, Level and’Parameter Set infofmation
pertaining to the entire MVC stream as defined by the mvcpecoderconfigtfrationrRecord. When present,
he MVCD Configuration Box documents the Profile, Level and Parameter Set information pertajning to
the entire MVC+D stream as defined by the MvbDecoderconfiguratfonRecord. When present, the A3D
Configuration Box documents the Profile, Level and Parameter§et information pertaining to the entire
BD-AVC stream as defined by the MvDDecoderConfiguratiopRécord.

For the AVC sample entries 'avcl', 'avc2', 'ave3' and 'avc4', the width and height fieldg in the
bample entry document the cropped frame dimensions of the AVC base layer. For the MVC|sample
bntries 'mvel’, 'mve2', 'mve3', and 'mvc4', and for the MVD sample entries 'mvdil', 'mvd2’,|'mvd3",
mvd4', 'a3dl’, ra3d2', 'a3d3', and 'a3d4’, the width and height fields in the sample entry document
'he cropped frame dimensions achieved by degoding any single texture view of the entire MVC pr MVD
stream. Futhermore, for MVD sample entries” mvd1 ', 'mvd2', 'mvd3"', 'mvd4 ', 'a3dl’, 'a3d2', 'a343', and
a3da’, the depth_width and depth_height in the MmvDDepthResolutionBox document the croppefl frame
limensions achieved by decoding any, single depth view of the entire MVD stream.

[he 1lengthsizeMinusone field i the AVC, MVC, MVCD, and A3D configurations in any given|sample
entry shall have the same value.

A priority assignment URI provides the name (in the URI space) of a method used to assign priprity_id
palues. When it occurs in.an AVC or MVC sample entry, exactly one URI shall be present, that doquments
the priority_id assignments in the entire AVC or MVC stream. An MVCD or A3D sample entry shall not
contain an MVCViewPriorityAssignmentBox (and consequently priority assignment URI can be used
heither for MVG+D’streams nor for 3D-AVC streams).

[he URI is treated here as a name only; it should be de-referenceable, though this is not requiged. File
readers.may be able to recognize some methods and thereby know what stream extraction opgrations
based.on priority_id would do.

[he requirements for the sample entry types 'avci' and 'avc2' as documented in subclause §.5.3.1.1
also apply here.

When present in an AVC, MVC, MVCD, or A3D sample entry, viewScalabilityInfoSEIBox,
ViewIdentifierBox, IntrinsicCameraParametersBox, ExtrinsicCameraParametersBox, MVDScalabili
tyInformationSEIBox, BitRateBox and MPEG4ExtensionDescriptorsBox, apply to the entire AVC, MVC,
MVC+D, or 3D-AVC stream, respectively.

The parameter sets required to decode a NAL unit that is present in the sample data of a video stream,
either directly or by reference from an Extractor, shall be present in the decoder configuration of that
video stream or in the associated parameter set stream (if used).
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Table 9 shows for a video track all the possible uses of sample entries, configurations, and the MVC tools
(excluding timed metadata, which is always used in another track).

Table 9 — Use of sample entries for AVC, MVC, MVC+D and 3D-AVC tracks

Sample entry name

With configuration records

Meaning

'avcl' or 'ave3' AVC Configuration Only A plain AVC track with AVC NAL units only; Extrac-
tors, aggregators, and tier grouping shall not be
present.

'avc2'lor 'avc4!' AVC Configuration Only A plain AVC track with AVC NAL units only; Extracs

tors may be present; Aggregators may be present'to
contain and reference AVC NAL units; Tier grouping
may be present.

‘avcl'lor 'avc3'

AVC and MVC Configurations

An MVC track with both AVC and MVC NAL units;
Aggregators and Extractors shall nottbe-present.

‘avc2'lor 'avcéd'

AVC and MVC Configurations

An MVC track with both AVC NAL uxits and MVC
NAL units; Extractors may be present and used to
reference both AVC and MVE NAL units; Aggregators
may be present to contain‘and reference both AVC
and MVC NAL units; Tier grouping may be present.

'mvcl'|or 'mve3' MVC Configuration Only An MVC track withotit-AVC NAL units; Aggregators
may be present to-contain and reference MVC NAL
units; Tier grogping may be present.

"mvc2'|or 'mvcd' MVC Configuration Only An MVC tragkwithout AVC NAL units; Extractors

may be present and used to reference MVC NAL
units;cAggregators may be present to contain and
reference MVC NAL units; Tier grouping may be
present.

‘avcl'lor "avc3'

AV(C, MVC, and MVCD Configu-
rations

An MVC+D track with AVC, MVC and MVC+D depth
NAL units; Aggregators and extractors shall not be
present; Tier grouping may be present.

'mvcl'|or 'mvc3'

MVC and MVCD Configurations

An MVC+D track without AVC NAL units but with
MVC and MVC+D depth NAL units; Aggregators and
tier grouping may be present.

'mvc2'|or 'mvcd'

MVC and MVCD,_ Configurations

An MVC+D track without AVC NAL units but with
MVC and MVC+D depth NAL units; Extractors, ag-
gregators and tier grouping may be present.

'mvdl'|or "'mvd3'

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL units only;
Aggregators and tier grouping may be present.

'mvd2'|or 'mvd4'

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL units only;
Extractors, aggregators and tier grouping may be
present.

‘avcl'lor "avc3®

AVC, MVC, MVCD, and A3D Con-
figurations

A 3D-AVC track with AVC, MVC, MVC+D depth, and
3D-AVC NAL units; Aggregators and extractors shall
not be present; Tier grouping may be present.

1LENNIC O £

ITIVI VU \AUllllsul dtiUll \AA~S L4 llUt }Jl CDCllt lll thib CTAdIIT
ple, the track would not contain or refer to MVC NAL
units. If MVCD Configuration were not present in
this example, the track would not contain or refer to
MVC+D depth NAL units.

'mvcl' or "'mvc3'

MVC, MVCD, and A3D Configu-
rations

A 3D-AVC track without AVC NAL units but with
MVC, MVC+D depth NAL units, and 3D-AVC NAL
units; Aggregators and tier grouping may be present.

If MVCD Configuration were not present in this
example, the track would not contain or refer to
MVC+D depth NAL units.
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Table 9 (continued)
Sample entry name | With configuration records Meaning
'mvc2' or 'mvc4d' MVC, MVCD, and A3D Configu- |A 3D-AVC track without AVC NAL units but with
rations MVC, MVC+D depth NAL units, and 3D-AVC NAL

be present.

If MVCD Configuration were not present in th
example, the track would not contain or refer

units; Extractors, aggregators and tier grouping may

MY CFDdepth NALTmits:

is
to

'mvdl' or 'mvd3’ MVCD and A3D Configurations |A 3D-AVC track without AVC or MVC NALMnit
with MVC+D depth NAL units and 3D-AVC NA
Aggregators and tier grouping may/be.presen

s but
L units;
t.

'mvd2' or 'mvd4’ MVCD and A3D Configurations |A 3D-AVC track without AVC or, MVC€ NAL unit
with MVC+D depth NAL unitsand 3D-AVC NA|

s but
L units;

tors, aggregators and tier grouping may be pi

Extractors, aggregators and tier grouping may be
present.

'a3dl' or 'a3d3"’ A3D Configuration Only A 3D-AVC track with 3D*AVC NAL units only; Aggre-
gators and tier grouping may be present.

'a3d2' or 'a3d4’ A3D Configuration Only A 3D-AVC track'with 3D-AVC NAL units only; Extrac-

esent.

7.6.3.2.2 Syntax

class MVCConfigurationBox extends Box ('mvcC'op, {
MVCDecoderConfigurationRecord () MVCConfig;

}

class ViewScalabilityInformationSEIBox extends Box('vsib', size)

{
unsigned int (8*size-64) mwadcCalinfosei;
}
class MVDDepthResolutipnBox extends Box ('3dpr')
{
unsigned int (L6)_Jdepth width;
unsigned int(%6) depth height;

/* The follewing 5 fields are collectively optional; they are either all present or
absent. Whefi grid pos num views is not present, the for loop is not present, equiva
to gridypds num views equal to 0. These fields may be present or absent whenever th
is presewt (e.g., in MVCDConfigurationBox or A3DConfigurationBox). */

tinsigned int (16) depth hor mult minusl; // optional

all
lent
E box

unsigned int (16) depth ver mult minusl; // optional

unsigned int (4) depth hor rsh; // optional
unsigned int (4) depth ver rsh; // optional
unsigned int(16) grid pos num views; // optional

for(i = 0; i < grid pos num vies; i++) {
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bit (6) reserved=0;
unsigned int (10) grid pos view id[i];
signed int (16) grid pos_x[grid pos view id[i]];

signed int (16) grid pos ylgrid pos view id[i]];

}
class MVCDConfigurationBox extends Box ('mvdC') {

MVDRQecoderConfignrationRecord MVDConfigy

MVDepthResolutionBox mvdDepthRes; //Optional
}
class A3DConfigurationBox extends Box('a3dC') {

MvVDecoderConfigurationRecord MVDConfig;

MvVDIJepthResolutionBox mvdDepthRes; //Optional
}
class MvVDScalabilityInformationSEIBox extends Box ('3sib', size)
{

unsijgned int (8*size-64) mvdscalinfosei;

} N

class AVCMVCSampleEntry () extends AVCSampleEntry ('avcl' or 'avoSQZ &)

ViewScalabilityInformationSEIBox scalability; // optional <:>

N

MVCYiewPriorityAssignmentBox view priority method; sz optional

ViewIdentifierBox view identifiers; // optional

MVCJonfigurationBox mvcconfig; // optional

IntyinsicCameraParametersBox intrinsiccamerapigéhs; // optional
ExtyinsicCameraParametersBox extrinsic_camera~g§ ams; // optional

MvCHConfigurationBox mvcdconfig; // optiona
MvVDYcalabilityInformationSEIBox mvdsca{iﬁ%@sei; // optional
A3D{JonfigurationBox a3dconfig; // oﬁﬁgbnal
}
class AVC2MVCSampleEntry () extendakgyCESampleEntry ('avc2' or 'avcd') {

.

ViewScalabilityInformation$S scalability; // optional

ViewIdentifierBox view~idéntifiers; // optional

MVCJonfigurationBox G%;onfiq; // optional MVCViewPriorityAssignmentBox

view priority methodi )/ optional

IntrinsicCameraRé%a etersBox intrinsic camera params; // optional
ExtrinsicCam ‘?;rametersBox extrinsic camera params // optional
MVCEConfig&$§tionBox mvcdconfig; // optional

MVDScakSQ lityInformationSEIBox mvdscalinfosei; // optional

A3DdonfdqurationBox a3dconfig; // optional

}
// Use this if the track is NOT AVC compatible
class MVCSampleEntry () extends VisualSampleEntry ('mvcl', 'mvc2',

'mve3', or 'mvcd') {
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MVCConfigurationBox mvcconfig; // mandatory

ViewScalabilityInformationSEIBox scalability; // optional

ViewIdentifierBox view identifiers; // mandatory
MPEG4ExtensionDescriptorsBox descr; // optional
MVCViewPriorityAssignmentBox view priority method; // optional
IntrinsicCameraParametersBox intrinsic camera params; // optional

ExtrinsicCameraParametersBox extrinsic camera params // optional

MVCDConfigurationBox mvcdconfig; // optional

MVDScalabilityInformationSEIBox mvdscalinfosei; // optional
A3DConfigurationBox a3dconfig; // optional
}
class MVCDSampleEntry () extends VisualSampleEntry ('mvdl', 'mvd2',
'mvd3', or 'mvd4'l)\ X

MVCDConfigurationBox mvcdconfig; // mandatory

MVDScalabilityInformationSEIBox mvdscalinfosei; // optiounsed
ViewIdentifierBox view identifiers; // mandatory
MPEG4ExtensionDescriptorsBox descr; // optional
IntrinsicCameraParametersBox intrinsic camera params; // optional

ExtrinsicCameraParametersBox extrinsic camerasparams // optional
A3DConfigurationBox a3dconfig; // optional
}
class A3DSampleEntry () extends VisualSampkekEntry ('a3dl', 'a3dz2',
'a3d3', or 'a3d4d') {
A3DConfigurationBox a3dconfig; Y7 mandatory

MVDScalabilityInformationSEIBox\“mvdscalinfosei; // optional

ViewIdentifierBox view idepfiifiers; // mandatory
MPEG4ExtensionDescriptorsBex descr; // optional
IntrinsicCameraParamet&rsBox intrinsic camera params; // optional

ExtrinsicCameraPapametersBox extrinsic camera params // optional

7.6.3.2.3 Semantics

recommended (\012 is 10, the length of the string “MVC coding” in bytes).

When the tsample entry is 'mvcl', 'mvc2', 'mve3', Or 'mvc4', Compressorname in the bag
/i sualsdupleEntry indicates the name of the compressor used, with the value “\012mMvc coding

Wlhen the sarnple entry is 'mvdl', 'mvd2', 'mvd3', Or 'mvd4', Compressorname in the baf

e class
" being

e class

VisualSampleEntry Indicates the name ot the compressor used, with the value “\013MVCD Coding”

being recommended (\013 is 11, the length of the string “MVCD coding” in bytes).

When the sample entry is 'a3dil', 'a3d2', 'a3d3', or 'a3d4', Compressorname in the base class
VisualSampleEntry indicates the name of the compressor used, with the value “\012a3D coding” being

recommended (\012 is 10, the length of the string “A3D coding” in bytes).

depth width and depth height give the values of the width and height, respectively, of cropped frame
dimensions of the coded depth view components, in pixels, in the stream to which the sample entry

containing the MVDDepthResolutionBox() is included applies.
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depth hor mult minusl, depth hor rsh, depth ver mult minusl, and depth ver rsh are specified
identically to the semantics of the syntax elements with the same names in ISO/IEC 14496-10:2014,
Annex ]. When not present, depth hor mult minusl and depth ver mult minusl are inferred to be
equal to 1, and depth_hor_rsh and depth _ver rsh are inferred to be equal to 0.

NOTE1 InMVC+D bitstreams, the depth sampling information SEI message carries information corresponding
to depth hor mult minusl,depth hor rsh,depth ver mult minusl,and depth ver rsh.

NOTE2 depth hor mult minusl and depth hor rsh specify the ratio of the width of the luma sample in
a texture view component relative to the width of the luma sample in a depth view component. depth ver
mult minusland depth ver rsh specify the ratio of the height of the luma sample in a texture view componen
relative to the height of the luma sample in a depth view component.

grid p¢s num views specifies the number of views for which grid pos view id[i], grid pos,xltgrid|
pos_vigw id[i]] and grid pos ylgrid pos view id[i]] are present.

grid p¢s view id[i] specifies a view_id value of a texture view.

grid p¢s x[grid pos view id[i]] specifies a horizontal offset of a depth sampling grid relative to thg
luma t¢xture sampling grid in texture luma sample units. grid_pos_y[grid_pos-view_id[i]] specifieq
a vertiqal offset of a depth sampling grid relative to the luma texture sampling grid in texture lum3
sample[units. When no value of grid pos view id[i] is equal to a viey-'id value of a texture view
grid p¢s x[view id] and grid pos yl[view id] are inferred to be equal to-0.

NOTE grid pos num views, grid pos view id[i], grid pos x{grid pos view id[i]] and grid|
pos_yldrid pos view id[i]] are specified identically to the semantics of the syntax elements with the same
names ih ISO/IEC 14496-10:2014, Annex ]. In MVC+D bitstreams, theddepth sampling information SEI messagsg
carries fnformation corresponding to depth hor mult minuslsdepth hor rsh, depth ver mult minusl
and depfh ver rsh.

mvdDept#hRes contains the width and height of the coded‘depth view components in the stream to which
the sample entry applies. When not present, the width'and height of the coded depth view components
are infdrred to be the same as the width and height'of the coded texture view components.

mvcscalinfosei contains an SEI NAL unit “containing only a view scalability information SE
message as specified in ISO/IEC 14496£10:2014 Annex H. The ’size’ field of the container bo3
ViewSchplabilityInformationSEIBox shall not be equal to 0 or 1.

mvdscalinfosei contains an SEISNAL unit containing only a MVCD scalability information SE
message as specified in ISOAEC 14496-10:2014 Annex 1. The ’size’ field of the container boy
MVDScalabilitylnformationSEIBox shall not be equal to 0 or 1.

7.6.4 |Sync sample

A sync sample identifies the presence of an IDR access unit of the MVC or MVD bitstream for any sample
entry that includestan MVC or MVD configuration record, respectively.

For video data-described by a sample entry of type 'mvc3', 'mvca’, 'mvd3’, 'mvd4’, 'a3d3', Or 'a3d4’
the follcl)wing applies:

1. Ifthe sample is a sync sample, all parameter sets needed for decoding that sample shall be included
either in the sample entry or in the sample itself.

2. Otherwise (the sample is not sync sample), all parameter sets needed for decoding the sample shall
be included either in the sample entry or in any of the samples since the previous sync sample to
the sample itself, inclusive.

7.6.5 Shadow sync

A shadow sync box shall not be used for video data described by any MVC or MVD sample entry. Its use
for MVC or MVD is deprecated.
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7.6.6 Independent and disposable samples box

[fthe sampleDependencyTypeBox is used in a track that is both AVC and MVC compatible, then care should
be taken that the information provided by this box is true no matter what valid subset of the MVC data

(possibly only the AVC data) is used. The ‘unknown’ values (value 0 of the fields sample depe
sample is depended on,and sample has redundancy) may be needed if the information varies.

nds_on,

If the sampleDependencyTypeBox is used in a track that is compatible to all of AVC, MVC, and MVD, then
care should be taken that the information provided by this box is true no matter what valid subset of

bf the fields sample depends on, sample is depended on, and sampleihasiredundancy) may be
f the information varies.

7.6.7 Sample groups on random access recovery points 'roll' and random access points '

When version 0 of the SampleToGroupBox is used, the following applies:

(if any), and an MVD decoder (if any) operating on the entire bitstream.

recovery points table or the random access point table, respectively, will not document all of then
case, the stream can be stored in multiple tracks, e.g. twe’tracks, one containing the AVC base laysg
sample entry of type 'avcl' or 'avc3', and the other.containing other layers with an MVC or MVT]
entry type.

— For video data described by an MVC samplé entry type, the information provided by the
access recovery sample group and the random access point sample group is true for any valic
of the entire MVC bitstream.

— For video data described by an MVD sample entry type, the information provided by the
access recovery sample group.afid the random access point sample group is true for any valid
of in the entire MVD bitstream:

When version 1 of the sampléToGroupBox is used, the grouping type parameter specifies thg
Ualue of the layer(s) or view(s) that are refreshed in the associated sample.

7.7 MVC specificinformation boxes

7.7.1 Overview

[he following boxes specify information that relate to more than one output view of an MVC
blemerntary stream. As any subset of views of an MVC or MVD elementary stream can be chd
butput, the information carried in these boxes is not necessarily specific to any track and thus co

the MV D data (pnccih]y nh]y the AVC data or nh]y the M/C r]nfa) isused. The ‘unknown’ values (value 0

needed

rap '

— For video data described by a sample entry of type 'avcl', 'avc2', 'avc3' or 'avcd', the fandom
access recovery sample group and the random access point sample’group identify randony access
recovery points and random access points, respectively, for all of an*AVC decoder, an MVC ¢lecoder

NOTE If the random access recovery points or the random access points for the AVC decoder, fhe MVC
decoder, and the MVD decoder operating on the entire bitstream are not all aligned, the randorp access

. In this
r with a
sample

random
| subset

random
| subset

tier_id

br MVD
sen for
ntained

separately. The information can be specified for different groups of output views.
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7.7.2 Multiview information box
7.7.2.1 Definition

Box Type:  ‘mvci’
Container: Media Information Box ('minf")

Mandatory: No

Quantity: Zero or one

Located in the Media Information Box of the base view track indicated by the 'sbas' track referencé, this
box contains Multiview Group boxes, and Multiview Group Relation boxes.

7.7.2.2] Syntax

aligned (8) class MultiviewInformationBox

extg¢nds FullBox('mvci', version = 0, flags) {

7.7.3 |Multiview group box
7.7.3.1| Definition

Box Type:  'mveg’

Contairler:  Multiview Information box ('mvci')
Mandatory: No

Quantity: Zero or more

This box specifies a multiview group fer the views of the MVC or MVD stream that are output. Targef
output yiews can be indicated on-the basis of track_id, tier_id, or view_id. When the views included ir
a track match an operating point,it is recommended to use track_id (i.e., entry_type equal to 0) withiy
the Multiview Group box. When multiview sample grouping is in use, and tiers cover more than one
view o1] some tiers contaifi-a temporal subset of the bitstream, it is recommended to use tier_id (i.e.
entry_type equal to 1) within the Multiview Group box. Otherwise, it is recommended to use one of thg
view_id based indications (i.e., entry_type equal to 2 or 3).

When entry_typeis equal to 0 or 1, the following applies. Each view in a track or tier that is included ir
this boy is a target output view, and if a track or tier included in this box contains multiple views, all thg
contained yiews are target output views.

Decodl hooftha outnut vianwc mayy wanu-va dacaodina aofotharviawcthat ara naot tavgat nnfnni— ‘ncn;nc Th
o ot oTrTpact v iCyv o thay 1 oquit - Ot CotT s O ot C—v 1ICyv ottt o ot tar gt oatpT™ o T

views that are required for decoding but are not target output views can be concluded from reference
view identifiers included in the View Identifier box, the 'sca1l' track references, or from the Tier
Dependency box.

If the box contains a track idor tier id thatis not present or refers to a view_id of a view that is not
present, the respective view should be considered removed and the multiview group should be ignored.
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7.7.3.2 Syntax

aligned(8) class MultiviewGroupBox extends FullBox ('mvcg',

unsigned int (32) multiview group id;

unsigned int (16) num entries;

bit (8) reserved = 0;

for (i=0; i<num entries;

i++) |

unsigned int (8) entry type:

ISO/IEC 14496-15:2019(E)

version = 0, flags) {

if (entry type ==
unsigned int (32)

else if (entry type
unsigned int (32)
unsigned int (16)

}

else if (entry type

unsigned int (10)

}
else if (entry type

}

7.7.3.3 Semantics

bit (6) reservedl =

TierInfoBox subset stream info;

BufferingBox subset stréam buffering;

MultiviewSceneInfoBexNmultiview scene info;

track id;
== 1) {
track id;

tier id;

output view id;

== 3) {

bit (6) reserved2 = 0;
unsigned int (10) start view id;

unsigned int (16) view count;

// optional

MultiviewRelationAttributeBoxlrelation attributes;

TierBitRateBox subset stpeamr bit rate; // optional

// optional

hultiview ggéup id provides a unique identifier for the multiview group within the file.

// optional

// optional

hum_entédgs is the number of tracks (entry type 0), tiers (entry type 1), target output views (enfry type
D), orcontinuous sets of target output views (entry type 3) included in this multiview group.

Atry type specifies how the target output views are indicated. The following values of entry_tlype are

Specitied:

— 0 -all the views included in an indicated track are target output views

— 1 -the view(s) of an indicated tier within an indicated track are target output views

— 2 -the view with view_id equal to output_view_id is a target output view

— 3 - the views having view_id within the range of start_view_id to (start_view_id + view_count - 1),
inclusive, are target output views

track_idindicates a track containing target output views.
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tier idindicates a tier within a track where all views within the tier are target output views.
output view idindicates a view_id of a target output view.

start view id indicates the first view_id in a range of contiguous values of view_id all being target
output views.

view count indicates the number of contiguous values of view_id all being target output views.

track idindicates a track.

tier id indicates a tier within a track.

subset |[stream info indicates the characteristics of the bitstream subset containing the indicated
output yiews and the views they depend on.

relatign attributes indicate the relations between output views. If 'ecam' is used-as a commor
attribute, all the output views are associated with extrinsic camera parameters indicating that the
camerap have identical rotation and constant spacing. If 'ecan' is used as a differentiating attribute
at least{one output view is associated with extrinsic camera parameters with.different rotation fromn
the others or the output views are associated with extrinsic camera parametersnot having a constan{
spacing.

subset [stream bit rate indicates the bit rate statistics of the bjtstream subset containing thg
indicat¢d output views and the views they depend on. The values of tierBaseBitRate, tierMaxBitRate
and tidravgBitrate within the TierBitRateBox are unspecified.

subset [stream buffering indicates the HRD parameters thatapply to the bitstream subset containing
the indjicated output views and the views they depend on-and operating with the indicated targe
output yiews.

multiview scene info contains the maximum disparity in units of integer pixel resolution betweer
any spatially adjacent output views in any accessinit.

7.7.4 (Multiview group relation box
7.7.4.1 Definition

Box Type: ~ 'swtc'
Contairer:  Multiview Information box ('mvci')
Mandatory: No

Quantitly: Zere or more

This bop specifies a set of multiview groups from which one multiview group is decoded and played a

groups and whi 2
be used to select a sultable set of mult1v1ew groups for playback e.g., based on the number of output
views. The differentiating attributes can be used to select which multiview group within the set is
suitable for the player, e.g., based on the required level for decoding.
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7.7.4.2 Syntax

aligned(8) class MultiviewGroupRelationBox () extends FullBox('swtc', version = 0, flags) {
unsigned int (32) num entries;
for (i=0; i<num entries; i++)
unsigned int(32) multiview group id;

MultiviewRelationAttributeBox relation attributes;

7.7.4.3 Semantics
hum_entries indicates the number of associated multiview groups.
hultiview group id is the identifier of an associated multiview group.

Felation attributes indicate the relations between the associated multiview'groups.
7.7.5 Multiview relation attribute box
7.7.5.1 Definition

Box Type:  “mvra’
Container:  MultiviewGroupBox or MultiviewGroupRelationBox
Mandatory: No in MultiviewGroupBox, Yes in MultiviewGroupRelationBox
Quantity: Zero or One in MultiviewGroupBox

One in MultiviewGroupRelationBox

When the Multiview Relation Attribute box is contained in a Multiview Group box, it indic3tes the
relation of the output views of the)respective multiview group with each other. When the Multiview
Relation Attribute box is contained in a Multiview Group Relation box, it indicates the relatioh of the
multiview groups with each.other.

[he Multiview Relation Attribute box contains common and differentiating attributes. When the
Multiview Relation Attribute box is included in a Multiview Group box, a common attribute indicates
h characteristic thatiis common for each one of the target output views of the multiview group and a
lifferentiating attvibute indicates a characteristic that differs in at least one of one of the target output
Views of the multiview group. When Multiview Relation Attribute box is included in a Multiviey Group
Relation box;-a common attribute indicates a characteristic that is common for the indicated multiview
broups er.for the respective target output views in each one of the indicated multiview groups, whereas
h differentiating attribute indicates a characteristic that differs in at least one of the indicated myltiview
broups or at least one of the respective target output views in the indicated multiview groups.

A common attribute is associated with an additional parameter, which carries the value of the common
attribute. The syntax and semantics of the additional parameter depend on the attribute in question.

For example, a file writer can create a Multiview Group for each stereo pair suitable for display from a
multiview bitstream. Furthermore, a file writer can create a Multiview Group Relation box listing all the
multiview groups for stereo pair output and including a Multiview Relation Attribute box with common
attributes number of views (equal to 2) and in-line camera arrangement. A file reader can study the
Multiview Group Relation box to find the options for stereo pair output and choose one multiview
group for processing. Note that the presence of views in a group does not necessarily imply they are all
suggested as output views at any given time - the terminal may choose which views to output, and it is
not limited by the group information.
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7.7.5.2

Syntax

aligned(8) class MultiviewRelationAttributeBox

extends FullBox('mvra', version = 0, flags) {

bit (16) reservedl = 0;

unsigned int (16) num common attributes;

for

(1=0; 1<num_common_attributes; 1F+T) [

nsigned int (32) common attribute;

nsigned int (32) common value;

bit|16) reserved2 = 0;

unsjgned int (16) num differentiating attributes;

for

7.7.5.3

common |attribute and differentiating attribute are selected from the list below. Attributes that
can be used as a differentiating attribute are associdted with a distinguishing pointer to the field o

(1=0; i<num differentiating attributes; i++)

nsigned int (32) differentiating attribute;

Semantics

informgdtion.

common [value specifies the value for the comthon attribute. Its syntax and semantics depend on the

commop attribute and are specified in the table below.
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9%

Name Attribute Pointer and semantics common_value syntax and semantics

Profile ‘pril! This attribute shall not be included  bit (24) reserved = 0;
in the Multiview Group box. unsigned int (8)
When included in the Multiview profitefndication;
Group Relation box, the attribute profilelndication is the profile
refers to the profile required for sufficient for decoding the
decoding the bitstream subset bitstream subset corresponding to
correspondingto-the-multiview all
group. The attribute points to indicated multiview groups
the profilelndication field of the
subset_stream_info element of the
Multiview Group box.

Level 'levl! This attribute shall not be included bit (24) reséfved = 0;
in the Multiview Group box. unsigned [t (8)
When included in the Multiview tevelgnadeation;
Group Relation box, the attribute profitelndication is the leve
refers to the level required for sufficient for decoding the
decoding the bitstream subset bitstream subset corresponding to
Corresponding to the multiview all indicated multiVieW groups, or 0
group. The attribute points to the if the level is unspecified.
levellndication field of the
subset_stream_info element/of the
Multiview Group box.

Bitrate 'bitr! This attribute shallnét be included unsigned int (32) bitrate
in the Multiview Group box. bitrate indicates the averag
When includedin the Multiview bit rate in bits per second of the
Group Relatjon box, the attribute bitstream subset required fpr
refers to the total size of bitstream  decoding the multiview group. The
subsetpequired for decoding of the  bitrate may be rounded up.
multiview group divided by the
duration in the track header box.
The attribute points to the
avgBitRate field of the
subset_stream_bit_rate element
of the Multiview Group box, if
present, or a value that would be
contained in the avgBitRate field
of the subset_stream_bit_rate ele-
ment of the Multiview Group box, if
it were present.

'frar! This attribute shall not be included

Hrame rate

unsigned int (16) integer|part;

i the Multiview Group box.
When included in the Multiview
Group Relation box, the attribute
refers the number of samples in

the track divided by duration in
the track header box.
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bit (lo) reserved = 0;

integer_part shall be equal to the
output rate of decoded access units
in second rounded to the closest
integer using the Round function
specified in ISO/IEC 14496-10.
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Number of  'nvws' Number of target output views
output views indicated in the Multiview Group
Box (' mvcg ')

If this attribute is included in the
Multiview Group box, it shall be a
common attribute and merely doc-
uments the number of output views
in the respective multiview group.

unsigned int(32) num views;

num_views indicates the number of
views in the multiview group.

Intrinsilc 'icam' The intrinsic camera parame-
camera ters are stored in 'avcl', 'ave2’,
paramsdters "ave3', 'aved', 'mvel’, 'mvc2’,
'mvc3', 'mvcd', 'mvdl', 'l’anZ’,
"mvd3', 'mvd4', 'a3dl’, 'a3d?2’,
'a3d3', or 'a3d4' Sample Entry (in
Sample entry box of media track).

If this attribute is included in the
Multiview Group box and used as
a common attribute, the intrinsic
camera parameters of the target
output views are identical. If this
attribute is included in the Multi-
view Group box and used as a dif-
ferentiating attribute, the intrinsic
camera parameters of the targét
output views differ at least partly.

If this attribute is included in the
Multiview Group Relation box and
used as a common-attribute, the
number of target output views in
all indicatedmultiview groups
shall be the same and the intrinsic
camera parameters of the respec-
tivetarget output views in all
indicated multiview groups are
identical. If this attribute is includ-
ed in the Multiview Group Relation
box and used as a differentiating
attribute, the intrinsic camera pa-
rameters of the respective target
output views differ at least partly.

Extrinsjc tecam' The extrinsic camera parame-
camera ters are stored in 'avcl', 'avc2’,

Unspecified.

Unspecified.

parameters tave3d', Tavcd', 'mvcl', MVC4Z,
'mvc3', 'mvcd', 'mvdl', 'deZ',
"mvd3', 'mvd4', 'a3dl’, 'a3d2’,
'a3d3', or 'a3d4' Sample Entry (in
Sample entry box of media track).
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If this attribute is included in the
Multiview Group box and used as

a common attribute, the rotation
of the cameras for all the target
output views is the same and, if
the cameras are arranged in linear,
elliptical, or rectangular arrange-
ment, the distance of adjacent cam-
eras is the same. If this attribute

ISO/IEC 14496-15:2019(E)

nline view
hrray

'ilvi!

is included in the Multiview Group
box and used as a differentiating
attribute, the rotation or the dis-
tance of adjacent cameras in linear,
elliptical, or rectangular arrange-
ment differs.

If the attribute is included in the
Multiview Group Relation box and
used as a common attribute, the
relative extrinsic camera param-
eters target output views in all
indicated multiview groups are
identical. That is, the distance 6f
cameras relative to each othér
and their rotation matches in the
indicated multiview groups. If the
attribute is included in the Multi-
view Group Relatien box and used
as a differentiating attribute, the
relative extrinsic camera param-
eters of respective target output
views differ at least partly.

If used as a common attribute, the
associated cameras are located on
a straight line.

When included in a Multiview
Group box, the attribute shall be a
common attribute.

bit (28) reserved = 0;
unsigned int (2) horizontgl

order;
unsigned int (2) vertical|order;

horizontal order
indicates the horizontal
order of the views:

0: the views are in the same
horizontal location

© ISO/IEC 2019 - All rights reserved

1: the views are ordered left-
to-right

2: the views are ordered right-
to-left

3: the order of the views is un-

defined, or left and right are
not well-defined.
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vertical order
indicates the vertical
order of the views:

0: theviews are in the same
vertical location

1:  the views are ordered bot-
tom-to-top

Rectan
view ar

Planar
array

Elliptic
view arj

bular
ray

riew

ray

'rtvi!

"plvi’

'elviN

If used as a common attribute, the
associated cameras form a rec-
tangular shape and are regularly
spaced along the orthogonal coor-
dinate axes.

When included in a Multiview
Group box, the attribute shall be a
common attribute.

If used as@a common attribute,
the associated cameras are locat-
ed on:aplane, but may be irregu-
larly spaced.

When included in a Multiview
Group box, the attribute shall be a
common attribute.

If used as a common attribute, the
associated cameras are located on
the arc of an ellipse.

When included in a Multiview
Group bhax, the attribute shallbhe a

2:  theviews are ordered top:
to-bottom

3:  the order of the viewsis
undefined, or toprdnd bottom
are not well-defined.

unsigned int (16) row view

count;
unsigned \&h&(16) col view
count;

row view count
specifies the number
of rows in the
rectangular array.

col view count specifies the
number of columns in the rectan-
gular array.

The views are indicated in raster
scan order in the Multiview Group
box.

Unspecified.

bit (28) reserved = 0;
unsigned int(2) horizontal

order;
unsigned int(2) vertical order

The semantics are identical to
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common attribute.

those for the Inline view array.
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Spherical "spvi' If used as a common attribute, the Unspecified.
view array associated cameras are located on
the surface of a sphere.

When included in a Multiview
Group box, the attribute shall be a
common attribute.

Stereo view 'stvi’ If used as a common attribute, the bit (6) reservedl = 0;
AFFAY associated-cameras-are-apairof sRegRee {0 —teft—riew id;
views suitable for stereo viewing. bit (6) reserved2 = 0;
unsigned int (10) right_view_id;

When included in a Multiview
Group box, the attribute shall be a
common attribute.

feometry 'geom' If used as a differentiating attrib- Unspecified\
ute, indicates that the views or

groups of views belong to different

view arrangements (e.g. inline,

planar, etc.)

7.7.6 Multiview scene info box
7.7.6.1 Definition

Box Type: ~ 'vwdi'

Container:  Multiview Group box ('mvcg')
Mandatory: No

Quantity: Zero or one

An optional Multiview Scene Info Box includes the maximum disparity between the adjacent ¥
the respective multiview group. This information can be used for processing the multiview vid
fo rendering on a 3D display:

NOTE A Multiview Scene Information SEI message, as specified in MVC H.12.1.5, can indicate the m|
Hisparity between any(adjacent views in the bitstream. Thus, the Multiview Scene Info Box represents
nformation as carried)in the Multiview Scene Information SEI message but is limited to a certain set
ather than concefns all the views in the bitstream.

[he Multiview Scene Info Box shall not be present for multiview groups associated with came
o not form'‘a one-dimensional arrangement, such as a line or an arc of an ellipse.

7.746.2 Syntax

iews of
PO prior

aximum
similar
bf views

as that

class MultiviewSceneInfoBox extends Box ('vwdi')

{

unsigned int (8) max disparity;

© ISO/IEC 2019 - All rights reserved
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7.7.6.3 Semantics

max_disparity specifies the maximum disparity in units of integer luma samples between the spatially
adjacent view components (within an access unit) in this multiview group. This information can be
used for processing the multiview video prior to rendering on a 3D display.

7.7.7 MVC view priority assignment box

7.7.7.1 _Definition

Box Tyge:  'mvcE!

Contairler: Sample Entry ('avcl', 'ave2', 'ave3', 'avca’,
'mvcl', 'mvc2', 'mvc3', 'mvc4d’,
'mvdl’, 'mvd2', 'mvd3’', 'mvdd"')
Mandatory: No

Quantity: Zero or one

A priorjty assignment URI provides the name (in the URI space) of a métfiod used to assign contenf
priority values in the View Priority sample grouping. The URI is treated here as a name only; it should
be de-referenceable, though this is not required. File readers may be able to recognize some methods
and thdreby know what stream extraction or selection of output\wiews based on particular content
priority values would do.

7.7.7.2] Syntax
class NVCViewPriorityAssignmentBox extends Box (\mvcP')

{
unsigned int (8) method count;

string PriorityAssignmentURI [method count];

7.7.7.3| Semantics
method |count provides a-¢count of the number of following URIs.

PriorifyAssignmentURY provides a unique name of the method used to assign content priority id
values In View Priority sample groupings. In the case of absence of this box, the priority assignmen
method is unknown.

8 HEVCelementary streams and sample definitions

8.1 Overview

The High Efficiency Video Coding (HEVC) standard, jointly developed by the ITU-T and ISO/IEC JTC 1/
SC 29/WG 11 (MPEG), offers not only increased coding efficiency and enhanced robustness, but also
many features for the systems that use it. To enable the best visibility of, and access to, those features,
and to enhance the opportunities for the interchange and interoperability of media.

This clause specifies the storage format for single-layer HEVC (ISO/IEC 23008-2) video streams.
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The storage of HEVC content uses the existing capabilities of the ISO base media file format but also
defines extensions to support the following features of the HEVC codec.

a)

Parameter sets:

The video, sequence and picture parameter set mechanism decouples the transmission of
infrequently changing information from the transmission of coded block data. Each slice containing
the coded block data references the picture parameter set containing its decoding parameters. In

turn, the picture parameter set references a sequence parameter set that contains sequence level
dm‘nding parameter information and the sequence parameter set references a video parameter set

)

[his document includes the following tools for supporting of HEVC contents:

B.2 Elementary stream structure
n this clause, a video stream is represented by one video track in a file.

['wo types of elementary streams are'defined for storing HEVC content:

B.3 Sample and configuration definition

B.3.1 Overview

HEVG:sample: An HEVC sample is an access unit as defined in ISO/IEC 23008-2:2017, 3.1.

that contains global decoding parameter information (across layers or view in potentialy$calable
and 3DV extensions).

Temporal scalability sample grouping:

a structuring and grouping mechanism to indicate the association of aceéss units with different
hierarchy levels of temporal scalability.

Temporal sub-layer access sample grouping:

a structuring and grouping mechanism to indicate the identification of access units as tgmporal
sub-layer access (TSA) samples.

Step-wise temporal sub-layer access sample grouping;

a structuring and grouping mechanism to indicatethe identification of access units as stgp-wise
temporal sub-layer access (STSA) samples.

Video Elementary Stream that does not contain any parameter sets; all parameter sets ar¢ stored
in a sample entry or sample‘entries;

Video and Parameter-set elementary stream that may contain parameter sets, and may also have
parameter sets stored in their sample entry or sample entries.

NOTE 2  Some HEVC streams as defined in ISO/IEC 23008-2 include data that can be stored alternatively

according to Clause 9.

8.3.2 Canonical order and restrictions

The canonical stream format is an HEVC elementary stream that satisfies the following conditions in
addition to the general conditions in subclause 4.3.2:

Access unit delimiter NAL units: The constraints obeyed by access unit delimiter NAL units are
defined in ISO/IEC 23008-2.

Parameter sets: A parameter set to be used in a picture must be sent prior to the sample containing
that picture or in the sample for that picture. For a video stream that a particular sample entry
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applies to, the video parameter set, sequence parameter sets, and picture parameter sets, shall be
stored only in the sample entry when the sample entry name is 'hvc1', and may be stored in the
sample entry and the samples when the sample entry name is 'hevi'.

NOTE1 Storing parameter sets in the sample entries of a video stream provides a simple and static way
to supply parameter sets. Storing parameters in samples on the other hand is more complex but allows
for more dynamism in the case of parameter set updates (a particular parameter set’s content is changed
but using the same ID) and in the case of adding additional parameter sets. A decoder initializes with the
parameter sets in the sample entry, and then updates using the parameter sets as they occur in the stream,
starting from any sample marked as a sync sample. Such updating can replace parameter sets with a new
defnition using the same identifier. Each time the sample entry changes, the decoder re-initializes with thg
parpmeter sets included in the sample entry.

— SEl messages: SEI messages of declarative nature may be stored in the sample entry; there'is nd
prascription about removing such SEI messages from the samples.

— Filler data. Video data is naturally represented as variable bit rate in the file fortnat and should
be filled for transmission if needed. Filler Data NAL units and Filler Data SEI ;messages shall no
be present in the file format stored stream when the sample entry does not also permit in-strean
parjameter sets.

NOTE2  The removal or addition of Filler Data NAL units, start codes, SElmessages or Filler Data SE

megsages can change the bitstream characteristics with respect to confermance with the HRD wher
opegrating the HRD in CBR mode as specified in ISO/IEC 23008-2:2017, Apiyex C.

8.3.3 [Decoder configuration information
8.3.3.1| HEVC decoder configuration record

8.3.3.1{1 Definition
This supclause specifies the decoder configuration information for ISO/IEC 23008-2 video content.

This re¢ord contains the size of the length field used in each sample to indicate the length of its contained
NAL unjits as well as the parameter sets,.if\stored in the sample entry. This record is externally framed
(its sizq is supplied by the structure that-contains it).

This refcord contains a version field. This document defines version 1 of this record. Incompatiblg
change$ to the record will be indicated by a change of version number. Readers shall not attempt td
decodelthis record or the streams to which it applies if the version number is unrecognised.

Compatible extensionstoxthis record will extend it and will not change the configuration versior
code. Rpaders should<{beprepared to ignore unrecognised data beyond the definition of the data they
understand.

The values for general profile space, general tier flag, general profile idc, general |
profild compakibility flags, general constraint indicator flags, general level idc, min

spatial segmentation idc, chroma format idc, bit depth luma minus8 and bit depth chroma |
minus8 Ishall be valid for all parameter sets that are activated when the stream described hy this
record is decoded (referred to as "all the parameter sets" in the following sentences in this paragraph).
Specifically, the following restrictions apply:

— The value of general profile space in all the parameter sets shall be identical.

— The tier indication general tier flag shall indicate a tier equal to or greater than the highest tier
indicated in all the parameter sets.

— The profile indication general profile idc shall indicate a profile to which the stream associated
with this configuration record conforms.
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NOTE 1 If the sequence parameter sets are marked with different profiles, then the stream could need
examination to determine which profile, if any, the entire stream conforms to. If the entire stream is not
examined, or the examination reveals that there is no profile to which the entire stream conforms, then

the entire stream shall be split into two or more sub-streams with separate configuration records
these rules can be met.

— Eachbitingeneral profile compatibility flags may only be setifall the parameter sets set

— Eachbitingeneral constraint indicator flags may only be setifall the parameter sets set

in which

that bit.

that bit.

—Thetevetimdication generar Tever 1ac stallimdicate a fevel of tapabitity equal toor grea
the highest level indicated for the highest tier in all the parameter sets.
to or less than the lowest level of spatial segmentation indicated in all the parameter sets.
— The value of chroma_format idc in all the parameter sets shall be identical.
— The value of bit depth luma minus8 in all the parameter sets shall be identical.

— The value of bit depth chroma minuss8 in all the parameter sets shall be identical.

stream. Each type of such information shall be identical in,all)parameter sets, if present, in

nformation, then two different HEVC sample entries are also required.

hrrays with reserved or unpermitted valuesiof NAL unit type.

NOTE 2  This ‘tolerant’ behaviour is designed so that errors are not raised, allowing the possi
backwards-compatible extensions to these arrays in future specifications.

t is recommended that the arrays’be in the order VPS, SPS, PPS, prefix SEI, suffix SEIL

When general non packe@\constraint flag (bit 3 of the 6-byte general_constraint_indicator_

hiny of the default display windows specified by the active SPSs for the samples referring to this
entry covers more.than one constituent frame of the frame-packed content, the techniques desc

bame as in AVC.

B.3.31%:2 Syntax

bl1i+gned (8) class HEVCDecoderConfigurationRecord {

er than

— The min spatial segmentation idc indication shall indicate a level of spatial segmentatign equal

Explicit indication is provided in the HEVC Decoder Configuratien,Record about the chroma| format
hnd bit depth as well as other important format informationcused by the HEVC video elementary

h single

HEVC configuration record. If two sequences differ in any‘type of such information, two different
HEVC sample entries shall be used. If the two sequence$’differ in color space indications in tHeir VUI

[here is a set of arrays to carry initialization NAL units. The NAL unit types are restricted to
ndicate SPS, PPS, VPS, prefix SEI, and suffix SEL'NAL units only. NAL unit types that are resdrved in
SO/IEC 23008-2 and in this document may acquire a definition in future, and readers should ignore

bility of

flags) is

bqual to 0 and some of the samples referring to this sample entry represent frame-packed content and

sample
ribed in

SO/IEC 14496-12:2015, 8.15 using the scheme type “stvi” shall be used. In this case, the stereo|scheme
n the Stereo/Video Box should be set to 1, to indicate that the frame packing scheme used in HEVC is the

unsigned int(8) configurationVersion = 1;

unsigned int (2) general profile space;

unsigned int(l) general tier flag;

unsigned int (5) general profile idc;

unsigned int(32) general profile compatibility flags;

unsigned int (48) general constraint indicator flags;
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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 67 recserved = T IIIrTrI o7

unsigned int (2) chroma format idc;
bit|5) reserved = '11111'b;

unsigned int(3) bit depth luma minus8;
bit|5) reserved = '11111'b;

unsjigned int(3) bit depth chroma minus8;
unsigned int (16) avgFrameRate;
unsigned int (2) constantFrameRate;
unsjigned int (3) numTemporallayers;
unsigned int(l) temporalldNested;
unsigned int (2) lengthSizeMinusOne;
unsigned int (8) numOfArrays;

for|(j=0; j < numOfArrays; J++) {
nsigned int (1) array_completeness;
it (1) reserved = 0;

nsigned int (6) NAL unit type;
nsigned int (16) numNadus;

for (i=0; i< numNadus; i++) {
unsigned An¥(16) nalUnitLength;

bit (8¢ng@lUnitLength) nalUnit;

8.3.3.1.3 Semantics

general profile space, general tier flag, general profile idc, general profile
compatibility flags, general constraint indicator flags, general level idc, min_ spatial
segmentation idc, chroma format idc, bit depth luma minus8 and bit depth chroma minus8
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, min_spatial_segmentation_
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idc, chroma_format_idc, bit_depth_luma_minus8 and bit_depth_chroma_minus8 as defined in
ISO/IEC 23008-2, for the stream 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 stream to which this configuration record applies supports slice based parallel
decoding. Value 2 indicates that the stream to which this configuration record applies supports tile
based parallel decoding. Value 3 indicates that the stream to which this configuration record applies
supports entropy coding synchronization based parallel decoding. Value 0 indicates that the stream
U}J}JUI tb llliACd t_leCD Uf }Jal anc} dCLUdillé Ul that thc lJCll a}}c}iolu t_y lJC ib uu}\uuvvu. ThC va}u abOVG
Can be inferred by the fields tiles enabled flag and entropy coding sync enabled flag.as defined
n ISO/IEC 23008-2. Specifically: if the fields tiles enabled flag and entropy coding syng enabled
Flag are both equal to 0 in all PPSs that are activated when the stream to which this eonfiguration
record applies is decoded, then parallelismType can be set to 1. If the field ti1e& enabled|flag is
pqual to 1 in all PPSs that are activated when the stream to which this configuration record|applies
s decoded, then parallelismType can be set to 2. If the field entropy codindysync enabled|flag is
pqual to 1 in all PPSs that are activated when the stream to which this configuration record applies is
lecoded, then parallelismType can be set to 3. If none of the above is true<(or if it is unknown which of
rhem is true) then parallelismType should be set to 0.

hvgFrameRate gives the average frame rate in units of frames/(256.seconds), for the stream tp which
this configuration record applies. Value 0 indicates an unspecifiedaverage frame rate.

bonstantFrameRate equal to 1 indicates that the stream to which this configuration record applies is of
constant frame rate. Value 2 indicates that the representatioh of each temporal layer in the strepm is of
constant frame rate. Value 0 indicates that the stream may or may not be of constant frame rate.

humTemporalLayers greater than 1 indicates that the stream to which this configuration record|applies
s temporally scalable and the contained numbeér of temporal layers (also referred to as tgmporal
sub-layer or sub-layer in ISO/IEC 23008-2) is«€qual to numTemporalLayers. Value 1 indicates that the
stream is not temporally scalable. Value 0 indicates that it is unknown whether the stream is tenjporally
scalable.

femporalIdNested equal to 1 indicates that all SPSs that are activated when the stream t¢ which
this configuration record appliesis decoded have sps_temporal_id_nesting flag as defjned in
SO/IEC 23008-2 equal to 1 and téemporal sub-layer up-switching to any higher temporal layer can be
performed at any sample. Value 0 indicates that the conditions above are not or may not be met

| engthSizeMinusOne plus)l indicates the length in bytes of the NaALUnitLength field in an HEV|C video
sample in the stream to which this configuration record applies. For example, a size of one|byte is
ndicated with a valtie of 0. The value of this field shall be one of 0, 1, or 3 corresponding to 4 length
encoded with 1,270r 4 bytes, respectively.

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

hrray eempleteness when equal to 1 indicates that all NAL units of the given type are in the following
hrray\dnd none are in the stream; when equal to 0 indicates that additional NAL units of the indicated
[y/pe may be in the stream; the default and permitted values are constrained by the sample entrfy name.

NAL unit type indicates the type of the NAL units in the following array (which shall 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, prefix SEI, or suffix SEI NAL unit.

numNalus indicates the number of NAL units of the indicated type included in the configuration record
for the stream to which this configuration record applies. The SEI array shall only contain SEI messages
of a ‘declarative’ nature, that is, those that provide information about the stream 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.
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8.4 Derivation from ISO base media file format
8.4.1 HEVC video stream definition
8.4.1.1 Sample entry name and format

8.4.1.1.1 Definition

Sample[Entry and Box Types: 'hvcl', 'hevl', 'hvcC'

Containler: Sample Table Box (*stb1')
Mandatjory: An 'hvcl' or 'hevl' sample entry is mandatory
Quantity: One or more sample entries may be present

An HEV[C visual sample entry shall contain an HEVC Configuration Box, as defined below. This includes
an HEVdpecoderConfigurationRecord, as defined in subclause 8.3.3.1.

An optipnal Bi tRateBox may be present in the HEVC visual sample entry to signal the bit rate informatior
of the HEVC video stream. Extension descriptors that should be inserted?into the Elementary Strean
Descrigtor, when used in MPEG-4, may also be present.

Multiple sample entries may be used, as permitted by ISO/IEC 14496-12, to indicate sections of vided
that us¢ different configurations or parameter sets.

When the sample entry name is 'hvcl' or 'hev1', the stredin’ to which this sample entry applies shal
be a compliant and HEVC stream as viewed by an HEVC:decoder operating under the configuration
(including profile, tier, and level) given in the HEVCConfigurationBox.

When the sample entry name is 'hvci', the defaultand mandatory value of array completeness is 1 fol
arrays ¢f all types of parameter sets, and 0 for all other arrays. When the sample entry name is 'hev1'
the defgult value of array completeness is Q. for'all arrays.

8.4.1.12 Syntax

class HEVCConfigurationBox extands Box ('hvcC') {
HEV(DecoderConfigurationRecord () HEVCConfig;

}

class HEVCSampleEQt£xy () extends VisualSampleEntry ('hvcl' or 'hevl') {
HEV(ConfigurationBox config;

MPEG4E#tensionDescriptorsBox (); // optional

8.4.1.1.3 Semantics

Compressorname in the base class visualsampleEntry indicates the name of the compressor used with
the value "\013HEVC Coding" being recommended (\013 is 11, the length of the string in bytes).

HEVCDecoderConfigurationRecord is defined in subclause 8.3.3.
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8.4.2 Parameter sets in sample entry

This subclause applies to a particular type of parameter sets (VPSs, SPSs, or PPSs) when the particular
type of parameter sets is included in the sample entry.

Each HEVC sample entry, which contains the HEVC video stream decoder specific information, includes
a group of the particular type of parameter sets. This group of parameter sets functions much like a
codebook. Each parameter set has an identifier, and each slice references the parameter set it was coded
against using the parameter set's identifier.

n the file format each configuration of parameter sets is represented separately. When thej'alue of
the applicable array completeness is 1, a parameter set cannot be updated without causinga different
ample entry to be used.

bystems wishing to send parameter set updates will need to compare the two configurations to find the
Hifferences in order to send the appropriate parameter set updates.

NOTE1 Itis recommended that when several parameter sets are used and parameter set updating is|desired,
he parameter sets are included in the samples of the stream.

NOTE 2  Decoders conforming to this document are required to support'\both parameter sets storgd in the
samples as well as parameter sets stored in the sample entries, unless restricted by another specificatipn using
his one.

B.4.3 Sync sample

A sync sample in 'hvcl' and 'hevi' tracks shall contain VCL NAL units indicating that th¢ coded
picture with nuh_layer_id equal to 0 in the sample isian Instantaneous Decoding Refresh (IDR) picture,
h Clean Random Access (CRA) picture, or a BrokenZkink Access (BLA) picture. When the coded|picture
vith nuh_layer_id equal to 0 in a sync sample is‘aBLA or CRA picture, there shall be no RASL pictures
hssociated with that BLA or CRA picture.

Former versions of this document allowed the presence of RASL pictures associated with sync spmples,
hlthough this is not in conformance with ISO/IEC 14496-12. When RASL pictures are associatpd with
h sync sample, tools that inspect only file-format structures might reach incorrect conclusions about
'he dependencies in the bitstream;RASL pictures can be signalled in the file format as leading pictures
n the samplebependencyTypeBdx, and BLA and CRA pictures with RASL pictures can be signalled as a
AP of type 3, using the SAR-sample group or using the RAP sample group. For older files conforming
[0 previous version of thespecification, when performing random access into this track, or|after a
liscontinuous edit, the flag HandleCraAsBlaFlag can be set for the HEVC decoder. For envirognments
where HEVC file processors need information that sync samples are not associated with RASL pjictures,
he brand 'nrasy;asdefined in Annex D.5, may be used to indicate compliance to this and later versions
bf this document.

NOTE In‘the context of L-HEVC file format specified in Clause 9, the signalling of sync samples that doncerns
h particularbase layer picture may be different from the signalling of sync samples here for the same pidture.

Ilable 10 indicates the mapping between HEVC VCL NAL unit types, ISOBMFF sync sample starus and
bAP types as documented in ISOBMFF.

Table 10 — Mapping of sync sample status and SAP types to NAL unit type

NAL Unit Type ISOBMFF sync DASH SAP type
sample status
IDR_N_LP true 1
IDR_W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (if the IRAP has no associated RADL pictures)
BLA_N_LP true 1
(*1) see above discussion on sync samples and leading HEVC pictures
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Table 10 (continued)

NAL Unit Type ISOBMFF sync DASH SAP type
sample status
BLA_W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (if the IRAP has no associated RADL pictures)
BLA_W_LP false (*1) 3 (if the IRAP has associated RASL pictures)
true 2 (if the IRAP has no associated RASL pictures but has associated
RADL pictures)
true 1 (if the IRAP has no associated leading pictures)
CRA false (*1) 3 (if the IRAP has associated RASL pictures)
true 2 (if the IRAP has no associated RASL pictures but has associated
RADL pictures)
true 1 (if the IRAP has no associated leading pictures)
(*1) see pbove discussion on sync samples and leading HEVC pictures

When the sample entry name is 'hevi', the following applies:

— Ifthe sample is a sync sample, all parameter sets needed for decoding that'sample shall be included
either in the sample entry or in the sample itself.

— Otherwise (the sample is not a sync sample), all parameter sets needed for decoding the sample
shdll be included either in the sample entry or in any of the samples since the previous sync sample
to fhe sample itself, inclusive.

For sigialling of various types of random access points, thefellowing guidelines are recommended:

— Th¢ sync sample table (and the equivalent flag in mavie fragments) shall be used in an HEVC trach
unless all samples are sync samples. Note thattrack fragment random access box refers to the
presence of signalled sync samples in a movie fragment.

— Th¢ 'ro11' sample group is recommended{e’be used only for gradual decoding refresh (GDR) based
rarldom access points, i.e. those that contain non-intra coded slices.

— The¢ use of the 'rap ' or 'sync', sample group is optional, depending on the need of either theg
information on leading samples‘associated with the random access points or the picture types (e.g
IDR, CRA, or BLA) of the random access points.

— Th¢ use of the Alternative Startup Sequences (ISO/IEC 14496-12:2015, 10.3) sample group is
recommended to be uSed only with random access points consisting of CRA and BLA pictures.

In the cpntext of this €lause, the leading samples, defined as part of the definition of the 'rap ' samplg
group ih ISO/IEC 14496-12, contain Random Access Skipped Leading (RASL) access units as defined if
ISO/IE( 23008-2:

8.4.4 ([Sync'sample sample grouping

8.4.4.1 Overview

Sync samples in HEVC may be of various types. These sample groups may be used to identify the sync
samples of a specific type. If a sample group is given for a specific type of sync sample, then all samples
(if any) containing that type of sync sample are marked by the group. If the group is absent (there is no
sample to group mapping for that type), it is unknown which samples contain a sync sample of that type.
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8.4.4.2 Sync sample sample group entry
8.4.4.2.1 Definition

Group Types: 'sync'
Container: Sample Group Description Box (' sgpd')

Mandatory: No

Puantity: Zero or more

A sync sample sample group entry identifies samples containing a sync sample of a specific ty]
frouping type parameter iS not defined for the sampleToGroupBox with grouping type, *sync'.

3.4.4.2.2 Syntax

Flass SyncSampleEntry () extends VisualSampleGroupEntry ('sync')

bit (2) reserved = 0;

unsigned int (6) NAL unit type;

B.4.4.2.3 Semantics

WAL _unit type shall be a type that identifies awalid sync sample (e.g. IDR).
B.4.5 Temporal scalability sample grouping

8.4.5.1 Overview

An HEVC video track may centain zero or one instance of a sampleToGroupBox wWith a groupi
tscl'. This sampleToGroupBox instance represents the assignment of samples in the track to t¢g
ayers (referred to astemporal sub-layers or sub-layers in ISO/IEC 23008-2). An accomj
nstance of the SampleGroupDescriptionBox with the same grouping type shall be present, and
[emporalLayerEntryssample group entries describing the temporal layers.

[here may als¢ b€ a set of Temporal Level sample group definitions (ISO/IEC 14496-12:2015,

sample mapped to a sample group description entry with index A of a Temporal Level sample g
bhall alse~be considered mapped to the sample group description entry in the temporal scg
tample-group (defined here) having temporaltayertd equal to A (i.e. a sample to group mapping
femporal scalability sample group may also be present but is not required).

pe. The

g_type
mporal
banying
contain

10.5). A
rouping
lability
for the

6.4.5.2 Temporal layer sample group entry
8.4.5.2.1 Definition

Group Types: 'tscl’
Container: Sample Group Description Box (*sgpd")
Mandatory: No

Quantity: Zero or more
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A temporal layer sample group entry defines the temporal layer information for all samples in a
temporal layer. Temporal layers are numbered with non-negative integers, and each temporal layer
is associated with a particular value of Temporal1d as defined in ISO/IEC 23008-2. A temporal layer
associated with a Temporal1d value greater than 0 depends on all temporal layers associated with
lower Temporalid values. A temporal layer representation, also referred to as the representation of a
temporal layer, associated with a particular Temporal1d value consists of all temporal layers associated
with Temporal1d values less than or equal to the given Temporalld value.

'Thegrouping_type_parameteriSHOtdeﬁnedfbrtheSampleToGroupBoxVVﬂjlgroupingtype'tsclH

8.4.5.2]2 Syntax
class TemporallayerEntry() extends VisualSampleGroupEntry ('tscl')
{
unsigned int(8) temporallayerId;
unsjgned int(2) tlprofile space;
unsigned int (1) tltier flag;
unsigned int (5) tlprofile idc;
unsjgned int (32) tlprofile compatibility flags;
unsjgned int (48) tlconstraint indicator flags;
unsjigned int(8) tllevel idc;
unsigned int (16) tlMaxBitRate;
unsjigned int (16) tlAvgBitRate;
unsigned int (8) tlConstantFrameRate;

unsigned int (16) tlAvgFrameRate;

8.4.5.2/3 Semantics

tempordlLayerId gives tlie/ ID of this temporal layer. For all samples that are members of this
sample|group, the VGLNAL units shall have Temporalld, as defined in ISO/IEC 23008-2, equal td
temporplLayerld.

tlprofile space,)'tltier flag, tlprofile idc, tlprofile compatibility flags, tlconstraint |
indicaffor £f15gs, and tllevel idc contain the values of general_profile_space, general tier_flag
general| préfile_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, and general_level_idc

respectively, for the representation of the temporal layer identified by temporalrayer1d.

tlMaxBitrate gives the maximum rate in 1000 bits per second over any window of one second, for the
representation of the temporal layer identified by temporalrayerid.

tlavgBitRate gives the average bit rate in units of 1000 bits per second, for the representation of the
temporal layer identified by temporalLayer1d.

tlConstantFrameRate equal to 1 indicates that the representation of the temporal layer identified by
temporalLayerId is of constant frame rate. Value zero indicates that the representation of the temporal
layer identified by temporalrayer1d may or may not be of constant frame rate.
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tlAavgFrameRate gives the average frame rate in units of frames/(256 seconds), for the representation of
the temporal layer identified by temporaitayer1d. Value 0 indicates an unspecified average frame rate.

8.4.6 Temporal sub-layer access sample grouping

8.4.6.1 Overview

An HEVC video track may contain zero or one instance of a sampleToGroupBox with a groupi

ng_type

'tsas'. This sampleToGroupBox instance represents the marking of samples as temporal sub-layer

hccess points. An accompanying instance of the SampleGroupDescriptionBox with the same g
'ype shall be present.

B.4.6.2 Temporal sub-layer access sample group entry
B8.4.6.2.1 Overview

Group Types: 'tsas’

Container:  Sample Group Description Box (' sgpd")
Mandatory: No

Quantity: Zero or one

['his sample group is used to mark temporal sub-layeraccess (TSA) samples. The groupin
barameter is not defined for the sampleToGroupBox With 'grouping type 'tsas’.

8.4.6.2.2 Syntax

Flass TemporalSubLayerEntry () extends \VisualSampleGroupEntry ('tsas')

B.4.7 Step-wise temporadllayer access sample grouping

B.4.7.1 Overview

An HEVC video track may contain zero or one instance of a sampleToGroupBox with a groupi

broupingtype shall be present.

bub-layer access sample group entry shall be zero.

rouping

_type_

g_type

stsa'. This SampleToGroupBox instance represents the marking of samples as step-wise tgmporal
sub-layer access points. An accompanying instance of the SampleGroupDescriptionBox with the same

Whentemporalldiested in the applicable sample entry is equal to 1, the quantity of step-wise t¢gmporal
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8.4.7.2 Step-wise temporal layer sample group entry
8.4.7.2.1 Definition

Group Types: 'stsa’
Container: Sample Group Description Box (" sgpd")

Mandatory: No

Quantity: Zero or one

This sapple group is used to mark step-wise temporal sub-layer access (STSA) samples. The grogping |
type pdrameter is not defined for the sampleToGroupBox with grouping type 'stsa’.

8.4.7.2)2 Syntax
class $tepwiseTemporallayerEntry () extends VisualSampleGroupEntry ('sts@'y)
{

}

8.4.8 |Definition of a sub-sample for HEVC

For the use of the subSampleInformationBox (ISO/IEC 14496-12:2015, 8.7.7) in an HEVC stream, g
sub-sample is defined on the basis of the value of the f1agéfield of the sub-sample information box as
specifigd below. The presence of this box is optional; however, if present in a track containing HEV(
data, thfe ‘codec_specific parameters’field in the box shall have the semantics defined here.

flags specifies the type of sub-sample information/given in this box as follows:
— 0: NAL-unit-based sub-samples. A sub-sample contains one or more contiguous NAL units.
— 1: ecoding-unit-based sub-samples."A'sub-sample contains exactly one decoding unit.

— 2: Tile-based sub-samples. A sub-sample either contains one tile and the associated non-VCL NAI
units, if any, of the VCL NAL unit(s) containing the tile, or contains one or more non-VCL NAL units.

NOTE1 Tile-based sub,samples can be used to address individual tiles within a slice, whereas tile regionj
(as|defined in subclause9.6#4) can only be used for a set of tiles that are enclosed in one or more completg
slick segments.

— 3: (TU-row-baséd sub-samples. A sub-sample either contains one CTU row within a slice and the
asspciated nonVCL NAL units, if any, of the VCL NAL unit(s) containing the CTU row or contains one
or more non-VCL NAL units. This type of sub-sample information shall not be used when entropy,
coding.sync_enabled_flag is equal to 0.

— 4. §lice-based sub-samples. A sub-sample either contains one slice (where each slice may contair
one or more slice segments, each of which is a NAL unit) and the associated non-VCL NAL units, if
any, or contains one or more non-VCL NAL units.

— 5: Picture-based sub-samples. A sub-sample contains one coded picture and the associated non-VCL
NAL units.

Other values of f1ags are reserved.

The subsample_priority field shall be set to a value in accordance with the specification of this field in
ISO/IEC 14496-12.
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The discardable field shall be set to 1 only if this sample is still decodable if this sub-sample is discarded
(e.g. the sub-sample consists of an SEI NAL unit).

When the first byte of a NAL unit is included in a sub-sample, the preceding length field shall also be
included in the same sub-sample.

The codec_specific parameters field of the subsampleInformationBox is defined for HEVC as follows:

if (flags == 0) {

unsigned int (1) SubLayerRefNalUnitFlag;
unsigned int (1) RapNalUnitFlag;
unsigned int (1) VclNalUnitFlag;
bit (29) reserved = 0;

} else if (flags == 1)
bit (32) reserved = 0;

else if (flags == 2) {
unsigned int(2) vcl idc;
bit (2) reserved = 0;
unsigned int(4) log2 min luma ctb;
unsigned int (12) ctb x;
unsigned int(12) ctb_y;

} else if (flags == 3 || flags,== 4) {
unsigned int (2) vcl_idc;
bit (30) reserved =, 0%

} else if(flags #=\%) {
unsigned int(l) DiscardableFlag;
unsigped"int (6) VclNalUnitType;
un§ighed int (6) LayerId;
unsigned int (3) TempId;

unsigned int(l) NoInterLayerPredFlag;

TNS1igned INC (1) SUDPLayerReINalUNiTrIag;
bit (14) reserved = 0;

}

SubLayerRefNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are VCL NAL units of
a sub-layer non-reference picture as specified in ISO/IEC 23008-2. Value 1 indicates that all NAL units
in the sub-sample are VCL NAL units of a sub-layer reference picture as specified in ISO/IEC 23008-2.

RapNalUnitFlag equal to O indicates that none of the NAL units in the sub-sample has nal _unit_ type
equal to TPR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W RADL, BLA N LP, RSV_IRAP VCL22, Or
RsV_IRAP vcL23 as specified in [SO/IEC 23008-2. Value 1 indicates that all NAL units in the sub-sample
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have nal_unit_type equal to 1DrR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W RADL, BLA N LP,
RSV_TRAP_VCL22, Or RSV_IRAP vCL23 as specified in ISO/IEC 23008-2.

VclNalUnitFlag equal to O indicates that all NAL units in the sub-sample are non-VCL NAL units. Value
1 indicates that all NAL units in the sub-sample are VCL NAL units.

vcl idc indicates whether the sub-sample contains Video Coding Layer (VCL) data, non-VCL data, or
both, as follows:

— 0: the sub-sample contains VCL data and does not contain non-VCL data

— 1: the sub-sample contains no VCL data and contains non-VCL data

— 2: fhe sub-sample may contain both VCL and non-VCL data, which shall be associated with each
otheer. For example, a sub-sample may contain a decoding unit information SEI message followed by
the|set of NAL units associated with the SEI message.

— 3:1eserved

log2 min luma ctb indicates the unitof ctb x and ctb v, specified as follows:
— 0: § luma samples

— 1: 16 luma samples

— 2:32 luma samples

— 3

4 luma samples

ctb_x specifies the 0-based coordinate of the right-mostJuma samples of the tile associated with the
sub-sarfiple when f1ags is equal to 2 and vcl_idc is equal to 1 or 2, in units derived from 1og2 min |
luma_ctb as specified above.

ctb_y specifies the 0-based coordinate the bottom-most luma samples of the tile associated with thg
sub-sample when f1ags is equal to 2 and vc1%idc is equal to 1 or 2, in units derived from 1og2 min |
luma_cib as specified above.

DiscardableFlag indicates the discardable_flag value of the VCL NAL units in the sub-sample. All the
VCL NALL units in the sub-sample shall have the same discardable_flag value.

NOTE 2| Thisis not the same definition as the discardable field in the SubSampleInformationBox.

vclNalUnitType indicates the-nuh_unit_type value of the VCL NAL units in the sub-sample. All the VCI
NAL uniits in the sub-samplé shall have the same nuh_unit_type value.

LayerIq indicates thé-niuh_layer_id value of the NAL units in the sub-sample. All the NAL units in the
sub-sample shall-have the same nuh_layer_id value.

Temp1d ndicates the Temporalld value of the NAL units in the sub-sample. All the NAL units in the sub
sample[shall. have the same Temporalld value.

NoInterLayerPredFlag indicates the value of the inter_layer_pred_enabled_flag of the VCL NAL units in
the sub-sample. All the VCL NAL units in the sub-sample shall have the same value of inter_layer_pred_
enabled_flag.

8.4.9 Handling non-output samples

HEVC allows for file format samples that are used only for reference and not output (e.g. a non-displayed
reference picture in video). When any such non-output sample is present in a track, the file shall be
constrained as follows:

1) Anon-output sample shall be given a composition time that is outside the time-range of the samples
that are output.
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2) An editlist shall be used to exclude the composition times of the non-output samples.
3) When the track includes a CompositionOffsetBox (' ctts"'),
a. version 1 of the CompositionOffsetBox shall be used,

b. the value of samp1le offset shall be set equal to -231 for each non-output sample,

c. the CompositionToDecodeBox ('cs1g') should be contained in the SampleTableBox ('stb1') of

the track, and

d. when the CompositionToDecodeBox 1is present for the track, the ,va
leastDecodeToDisplayDelta field in the box shall be equal to the smallest composition
the CompositionOffsetBox excluding the sample offset values for non-outputsaniples.

NOTE Thus, leastDecodeToDisplayDelta is greater than -231,

D Layered HEVC elementary stream and sample definitions

D.1 Overview

11l the layered HEVC extensions that use the same layered design specified in ISO/IEC 23008

efinitions of the storage format of HEVC in Clause 8.
btructures or extensions, among others, to support L-HEVC-specific features are used:
h) Aggregator:

NAL units into regular patterns-of aggregated data units.

been constrained.

b) Extractor:

the media-data.

NOTFE2 When compared to Extractors for AVC/SVC/MVC, the syntax and semantics of the
Extractors have been modified.

) HEVC compatibility:

ue of
ffsetin

['his clause specifies the storage format of coded video data of layered HEVC (L-HEVC), which includes

-2:2017,

Annex F. These layered HEVC extensions include SHVC, MV-HEVC, and 3D-HEVC. This clayse also
specifies the storage of temporal sub-layers of a layer in‘mere than one track. This clause extends the

[he file format as defined in this clause and Annex A uses the existing capabilities of the I$0 base

media file format and the plain HEVC file format+(i.e. the file format specified in Clause 8). The following

a structure to enable efficient se¢alable grouping of NAL units by changing irregular patterns of

NOTE1 When compared. to Aggregators for AVC/SVC/MVC, the syntax and semantics of the NAL unit
header syntax element in the L-HEVC aggregator have been modified and the scope of the aggregptor has

a structure-te’enable efficient extraction of NAL units from other tracks than the one corntaining

L-HEVC

a provision for storing an L-HEVC bitstream in an HEVC compatible manner, such that the HEVC
compatible base layer can be used by any plain HEVC file format compliant reader. L-HEVC data can

be stored with the base layer or in one or more dedicated tracks.

d) External codec compatibility:

a provision for storing an L-HEVC bitstream in a manner that is compatible to an external codec

(e.g., AVC) that was used for encoding of the externally provided base layer; this way the ba
that is compatible to an external codec can be used by any file format reader compliant
external codec (e.g., plain AVC file format compliant reader).
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9.2 Overview of L-HEVC storage

The support for L-HEVC includes a number of tools, and there are various ‘models’ of how they might be
used. In particular, an L-HEVC stream can be placed in tracks in a number of ways, among which are the
following:

1. all the layers in one track;

2. each layer or sub-layer in its own track;

3. thelexpected operating points each in a track (e.g. the HEVC base, a stereo pair, a multiview scene)

The L-HEVC file format allows storage of one or more layers into a track. Storage of multiple layers pet
track cdn be used. For example, when a content provider wants to provide a multi-layer bitstream thaf
is not iptended for subsetting, or when the bitstream has been created for a few pre-defined sets of
output |ayers where each layer corresponds to a view (such as 1, 2, 5, or 9 views), tracks.edn be created
accordipgly.

When an L-HEVC bitstream is represented by multiple tracks and a player uses an operating point fo1
which the layers are stored in multiple tracks, the player must reconstruct L-HEVC access units before
passing them to the L-HEVC decoder. An L-HEVC operating point may be explicitly represented by 4
track, ije., each sample in the track contains an access unit, where some orall NAL units of the acces§
unit may be contained in or referred to by extractors and aggregators. [f.the number of operating pointg
is large| it may be space-consuming and impractical to create a track for each operating point. In such 3
case, L-HEVC access units are reconstructed as specified in subclause 9.5.2.2.

The stdrage of L-HEVC bit streams is supported by structutes'such as the sample entry, Operating
Points Information (‘oinf") sample group, and Layer Information (' 1inf') sample group. The structures
within p sample entry provide information for the decoding or use of the samples, in this case coded
video ijformation, that are associated with that sampleentry. The Operating Points Information samplg
group fecords information about operating points;siich as the layers and sub-layers that constituts
the opgrating point, dependencies (if any) between them, the profile, level, and tier parameter of the
operatipg point, and other such operating point relevant information. The layer information sample
group ljsts all the layers and sub-layers carried in the samples of the track. The information in thesg
sample[groups, combined with using track'réeferences to find tracks, is sufficient for a reader to choose
an operating point in accordance with.its capabilities, identify the tracks that contain the relevan{
layers gnd sub-layers needed to decede'the chosen operating point, and efficiently extract them.

When the samples of a track contain temporal sub-layers of an HEVC base layer but do not contain the
temporpl sub-layer with Temporalld equal to 0 of an HEVC base layer, an 'hvc2', or 'hev2' sample entry
shall bd used. When the samples of a track contain an HEVC compatible base layer or a temporal subsef
of an HEVC base layer ificluding a sub-layer with Temporalld equal to 0, an 'hvcl', 'hevl', 'hvc2', 0]
'hev2' pample entry.shall be used.

NOTE When_ a~sample entry type 'hvc2' or 'hev2' is used in a track containing the base layer, parser}
complyihg only. with non-layered HEVC storage specified in Clause 8 are not able to process the track.

The L-HEVG.file format supports a hybrid codec configuration where the base layer is coded using ar
externdl video codec (e.g.. AVC). The base layer, if coded using an external codec specification (e.g
ISO/IEC 14496-10), shall be stored according to the external codec file format (e.g., the AVC file format
as specified in subclause 4.11).

9.3 L-HEVC elementary stream structure

L-HEVC streams are stored in accordance with subclause 8.2, with the exception that an L-HEVC
stream may be represented by more than one video track in a file, and with the following definition of
an L-HEVC video elementary stream:

— An L-HEVC video elementary stream contains all video coding related NAL units (i.e. those NAL
units containing video data or signalling video structure, possibly after resolution of extractors
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and or aggregators) and may contain non-video coding related NAL units such as SEI messa

ges and

access unit delimiter NAL units. Aggregators and Extractors, when present, shall not be directly

output by file parsers.
9.4 Sample and configuration definition

9.4.1 Overview

An [,-HEVC sample consists of the picture units that are within an I.-HEVC access unit and

hat are

represented by the track. A sample in an 'hvc1' or 'hevi' track with the L-HEVC configurati
,-HEVC sample, while a sample in an 'hvci' or 'hevi' track without the L-HEVC configuration i
.-HEVC sample. Throughout Clause 9, unless mentioned otherwise, an access unit refers to an
hccess unit and is as defined in ISO/IEC 23008-2:2017, Annex F.

D.4.2 Canonical order and restrictions
['he following restrictions apply to L-HEVC data in addition to the requirements in subclause 8.]

— VCL NAL units: All VCL NAL units within one access unit and belonging to the layers repr
by a track shall be contained in the sample and the sample shall not contain NAL units of ay
access unit. After resolution of extractors and aggregators, wilien present, an L-HEVC samy
contain an integer number of picture units. The picture unitsjin an L-HEVC sample shall be s
their decoding order.

— Aggregators and extractors: Each aggregator is allewed to aggregate NAL units belongin
picture unit only. The order of all NAL units included in an aggregator or in a resolved extr
exactly the decoding order as if these NAL unitswere presentin a sample not containing aggr
or extractors. After processing the aggregator or the extractor, all NAL units must be
decoding order as specified in ISO/IEC 23Q08-2.

— Carriage of external-codec coded base layer track: An external-codec (e.g., AVC) cod
layer shall always be carried in a trtack of its own, and shall consist of samples as specifie
external codec file format (e.g., the AVC file format as specified in subclause 4.11).

D.4.3 Decoder configuration record

When the decoder configuration record defined in subclause 8.3.3.1 is used for a stream that
nterpreted as either an\L*HEVC or HEVC stream, the HEVC decoder configuration record shall
he HEVC compatible\base layer, and should contain only parameter sets needed for decoding th
base layer.

[he syntax of LHEVCDecoderConfigurationRecord is as follows:
hligned(8))'class LHEVCDecoderConfigurationRecord {

dn€igned int(8) configurationVersion = 1;

bn is an
5 not an
L-HEVC

B.2.

bsented
y other
le shall
fored in

b to one
actor is
egators
n valid

bd base
d in the

can be

pply to
e HEVC

e e e B I
e e e e o

oA —reserred ?
unsigned int (12) min spatial segmentation idc;
bit (6) reserved = '111111'b;

unsigned int (2) parallelismType;

bit (2) reserved = '1l1'b;

unsigned int (3) numTemporallayers;

unsigned int(l) temporallIdNested;
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unsigned int (2) lengthSizeMinusOne;

unsigned int (8) numOfArrays;

for (j=0; j < numOfArrays; J++) {
unsigned int(l) array completeness;

bit (1) reserved = 0;

MSIgned INnt(6) NAL Unit _CTYype;
nsigned int (16) numNalus;

for (i=0; i< numNalus; i++) {
unsigned int (16) nalUnitLength;

bit (8*nalUnitLength) nalUnit;

}

The demantics of the fields that are common to<{ [HEVCDecoderConfigurationRecord
and  HEVCDecoderConfigurationRecord remain  unchanged. If the track containing
LHEVCD¢coderConfigurationRecord has a 'scal' track reference, the semantics of the fields apply td
the output bitstream resulting from the explicit reconstruction process. Otherwise, if there is at leas
one opgrating point for which the highest output layer jsnatively present in the track, the semantics of
the fieldls apply to all (implicitly reconstructed) output bitstreams of the operating points for which the
highest|sub-layer of the highest output layer is natively present in the track. Otherwise, the semantics
of the fields apply to all sub-layers natively present in the track.

NOTE For each auxiliary picture layer incliided in the track, it is recommended to include, within nalUnit]

an SEI NAL unit containing a declarative SELmessage, such as the depth representation information SEI messagg
for depth auxiliary picture layers, specifying.characteristics of the auxiliary picture layer.

9.5 Derivation from the ISQ base media file format and the HEVC file format (Clause 8)

9.5.1 |L-HEVC track structure

An L-HEVC stream isaepresented by one or more video tracks in a file. Each track represents one ot
yers or sub-layers of the coded bitstream.

“complgte’subset”. The complete encoded information can be retained when the tracks included in thg
“ e retained; all othe acks shall represent subsets or copie hrough extractors]

All tracks of the complete subset shall be indicated with a track group of type 'cstg' (complete subset
track grouping).

For each valid pair of nuh_layer_id and Temporalld among all the coded pictures of an L-HEVC bitstream,
the complete subset shall include one and only one track in which the '1inf' sample group indicates
that the sub-layer identified by nuh_layer_id and Temporalld is natively present.

NOTE1 Consequently, a file reader can extract a sub-bitstream of any operating point without the need to
parse Aggregators and Extractors.
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For an L-HEVC bitstream with an external base layer (i.e.,, when an active VPS of the bitstream has
vps_base_layer_internal_flag equal to 0 and vps_base_layer_available_flag equal to 1), the base layer is
always assigned one track of its own. A track containing an external base layer for an L-HEVC bitstream
shall not be a part of the 'cstg' track group of the tracks of that L-HEVC bitstream.

If an L-HEVC bitstream has an external base layer, the track containing the external base layer is
nominated as the base track. Otherwise, the track with the lowest temporal sub-layer (the VCL NAL units
of which have Temporalld equal to 0) of the base layer natively present is nominated as the base track.

All the othertracksthatare part ofthe same stream shall be linked tothe base track hy meansof a track
reference of type 'sbas'. All the tracks sharing the same base track shall share the same timepcale as
the scalable base track.

[racks that contain extractors shall be linked to the tracks from which they extraéthdata uging the
scal' track reference type.

NOTE 2  Ifa track containing parts of an L-HEVC bitstream is removed from a file, tracks that contair] 'scal"
hind 'sbas' track references to the removed track should also be removed.

When the base layer is coded using AVC, the base layer track shall,be constructed according to
clause 4.11 without using separate parameter set tracks.

D.5.2 Data sharing and reconstruction of an L-HEVC bitstréeam

D.5.2.1 General

NOTE1  When only the entire base layer carried in the base track is played or when only certain sup-layers,
rarried in the base track, of the base layer are played, and the base track natively contains all the required
bub-layers of the base layer as identified by the HEVEDecoderConfigurationRecord of the base trfack, the
Feconstruction processes of this clause are unnecessary.

Different tracks may logically share data thirough the use of extractors (defined in clause A.7).

n order to reconstruct an access unit from samples of multiple tracks carrying an L-HEVC bitstream,
the target output layers and the opetating point they belong to may need to be determined first

NOTE 2 Players can conclude the layers that are required for decoding the determined target outpiit layers
rom operating point list included in the Operating Points Information sample group. Tracks that carry the
elevant layers for an operating point can be obtained by following the 'oref' track references and infgrmation
n the layer information sample group.

f several tracks centain data for the access unit, the alignment of respective samples in tracks is
performed based)on the sample decoding times, i.e. using the time-to-sample table only Without
considering editlists.

When an(I;HEVC stream is represented by multiple tracks, the decoding times of the samples ghall be
such that if the tracks were combined into a single stream ordered by increasing decoding time, the
hccess unit order would be correct as specified in ISO/IEC 23008-2.

fthetrackcontaining thre-highestsub-tayerof the-highesttayerof adesiredoperating pointhas 'scal’
track references, all access units of the track for that operating point are reconstructed by solving the
extractors and aggregators in the samples of that track, and the result is the bitstream of the operating
point; this reconstruction process is referred to as explicit reconstruction.

Otherwise, a sequence of access units is reconstructed from the respective samples in the required
tracks according to the implicit reconstruction process as described in subclause 9.5.2.2.

9.5.2.2 Implicit reconstruction

In the implicit reconstruction, the required tracks are selected based on the layers they carry and their
reference layers as indicated by the Operating Points Information and Layer Information sample groups.

© ISO/IEC 2019 - All rights reserved 95


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

When reconstructing a bitstream containing a sub-layer for which the VCL NAL units have Temporalld
greater than 0, all lower sub-layers (i.e., those for which the VCL NAL units have smaller Temporalld)
within the same layer are also included in the resulting bitstream and the required tracks are selected
accordingly.

Each access unit is reconstructed as described below, the reconstructed access units are placed into the
L-HEVC bitstream in increasing order of decoding time, and the duplicates of end of bitstream (EOB) and
end of sequence (EOS) NAL units are removed from the L-HEVC bitstream, as described further below.

When feconstructing an access unit, picture units (as specified in ISO/IEC 23008-2) fronvsamples
having [the same decoding time are placed into the access unit in increasing order of the-nuh_layer._id
value. The reconstructed access units are placed into the output bitstream in increasifig-order of the
decoding time.

For a particular access unit for which the NAL units are stored in multiple tracks,there may be more
than orle of the tracks containing an EOB NAL unit in the respective samples:lyrthis case, only one of
the EOB NAL units shall be kept in the final reconstructed access unit, placed at the end of the access
unit; other EOB NAL units are discarded.

For accgss units that are within the same coded video sequence of an-HEVC or L-HEVC bitstream ang
that belong to different sub-layers stored in multiple tracks, there'may be more than one of the tracks
containfing an EOS NAL unit in the respective samples. In this/case, only one of the EOS NAL units
shall b¢ kept in the last of these access units (the one with the greatest decoding time) in the fina
reconstfructed bitstream, placed after all NAL units, except the EOB NAL unit (when present), of the last
of thesg¢ access units, and other EOS NAL units are discarded. Similarly, there may be more than one
of such|tracks containing an EOB NAL unit in the respective samples. In this case, only one of the EOH
NAL unfts shall be kept in the final reconstructed bitstream, placed at the end of the last of these access
units, ahd other EOB NAL units are discarded.

Since a particular layer or sub-layer may bextepresented by more than one track, when figuring out thg
required tracks for an operating point, a.seleéction may need to be made among the set of tracks that al
carry the particular layer or sub-layer.

The finpl required tracks, after selection among the tracks carrying a same layer or sub-layer, may
still collectively carry some layers or sub-layers that do not belong to the target operating point. The
reconsfructed bitstream forsthe target operating point should not contain the layers or sub-layers thaf
are carftied in the final required tracks but do not belong to the target operating point.

NOTE Some L-HEVC décoder implementations take as input a bitstream as well as the target output layet
set indek and the highest Temporalld value of the target operating point, which correspond to the TargetOlsId3
and HighestTid variables in ISO/IEC 23008-2:2017, F.8, respectively. In this case the bitstream reconstructed by
the file parser caincontain layers or sub-layers that do not belong to the target operating point, because thesg
L-HEVC{decoders are capable of removing the layers not included in the target output layer set and the sub-layers
beyond [he highest Temporalld value. Some other L-HEVC decoder implementations input a bitstream that i
required not to contain any other layers and sub-layers than those included in the target operating point. In thif
case the file parser needs to ensure that the reconstucted bitstream does not contain any other layers and sub-
layers than those included in the target operating point.
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9.5.3 L-HEVC video stream definition
9.5.3.1 Sample entry name and format

9.5.3.1.1 Definition

Sample Entry and Box Types: 'hvc2', 'hev2', '1hvl', ‘lhel’, '1hvC'
y y

Container: Sample Descri

Mandatory: An 'hvcl', 'hevl', 'hvc2', 'hev2', "1hvl', Or 'lhel' sample.enti
mandatory
Duantity: One or more sample entries may be present

When the sample entry name is '1hv1', the default and mandatory value of array: completenesg
hrrays of all types of parameter sets, and 0 for all other arrays. When the sample entry name is
'he default value of array_completeness is 0 for all arrays.

When the sample entry name is 'hev2' and the sample entry containsithe HEVC configuration d
bame constraints as specified in subclause 8.4.3 for the sample entfyynname 'hevi1' apply.

When the sample entry name is '1hel', or when the sample €ntry name is 'hevl' or 'hev2'
tample entry contains both HEVC and L-HEVC configurations, the following applies:

NOTE 1  The constraints below impose restrictions on placement of out-of-band parameter sets (i
bntries) and in-band parameter sets (in samples), in ordetto'enable convenient random access from acct
Containing IRAP pictures at least in some layers. With-these constraints, a file reader that initializes
tample entries and rolls forward from an access unit'wherein all pictures are IRAP pictures will hav|
barameter sets it needs.

— For any particular sample in a particular track, the temporally collocated sample in another
defined as the one with the same decoding time as that of this particular sample.

— For an IRAP picture of a given.sainple, track and layer, each parameter set needed for decod
IRAP picture shall be included' in one of the following:

a. the sample entry that applies to the given sample in the given track

b. when implicitreeonstruction is used, the sample entry of the initial sample of a track cat
reference layer of the given layer, where the initial sample is either the given sample's ten
collocated sample, when the temporally collocated sample contains an IRAP picture
referencelayer, or the previous sample that contains an IRAP picture of the reference lay

c. thegiven sample itself, possibly by using extractors

ds.~when present, any temporally collocated sample of the tracks carrying reference layer
given layer, possibly by using extractors

y is

is 1 for

'lhel’,

nly, the

and the

sample
bSS units
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e all the
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— For a non-IRAP picture of a given sample, track and layer, each parameter set needed for decoding

that picture shall be included in one of the following:

a. the sample entry that applies to the given sample in the given track

b. when implicit reconstruction is used, the sample entry of the initial sample of a track carrying a
reference layer of the given layer, where the initial sample is either the given sample's temporally
collocated sample, when the temporally collocated sample contains an IRAP picture of the
reference layer, or the previous sample that contains an IRAP picture of the reference layer

c. any of the samples in the given track since the previous sample containing an IRAP picture in

the given layer to the given sample itself, inclusive, possibly by using extractors
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d. when present, any of the samples in a track carrying a reference layer of the given layer since
the temporally collocated sample of the previous sample containing an IRAP picture in the
given layer to the temporally collocated sample of the given sample, inclusive, possibly by using
extractors

The parameter sets needed for decoding a picture in a sample of a track using extractors shall only be
located in media samples (of that track or of dependent tracks through extractors), or in the sample
description entry associated with that sample, and parameter sets carried in sample entries of other
tracks are 1gnored in thlS case. ThlS 1mp11es that when extractors are used some parameter sets may
be dup . ‘ S . :

depend d on tracks. These parameter sets may be stored in the sample or in the sample descriptior
associafed to the sample, according to the sample entry type used.

When present, parameter sets in the sample entry of an HEVC/L-HEVC track and, in))case implicif
reconstfruction is used, in the sample entries of the tracks depended on, shall b€ output in thg
reconstfructed bitstream in increasing layer order, and before any parameter sets present in thg
samples.

In case|two parameter sets with different content but using the same ID\are present, it may not be
possibl¢ to use a single sample entry of type 'hvcl', 'hve2' or '1hvl % Hle packagers should creats
either different sample entries of type 'hvci', 'hvc2' or '1hvl’, or usedin-band parameter sets through
'hevl',['hev2' or 'lhel' sample entries.

NOTE 2| It can happen, in files mixing both implicit reconstructionséand extractors, that gathering parameter
sets from sample entries result in duplicates; additionally, presetice of such duplicates are conformant with
ISO/IEC|23008-2, a file reader can discard them.

NOTE 3| When an extractor track is used in implicit reconstruction, file readers don’t need to look at thd
sample ¢ntries of tracks the extractor track depends on fortheir parameter sets, since these parameter sets arg
duplicated in the extractor track’s sample entry.

For an HEVC or L-HEVC bitstream carried in more than one track, when the sample entry name of the
base track is 'hvc1' or 'hvc2', the sample entry name of other tracks carrying the same bitstream shal
be 'hvcp' or '1hvi', and when the sample‘entry name of the base track is 'hevi' or 'hev2', the samplg
entry npme of other tracks carryingthe same bitstream shall be 'hev2' or '1he1’.

For an IL-HEVC bitstream whose bage layer is an AVC bitstream, when the sample entry name of the base
track i 'avc1' or 'avc2', the'sample entry name of the other tracks carrying the associated L-HEV(
bitstregm shall be 'hvc2' ~0r* 1hvi', and when the sample entry name of the base track is 'avc3' of
'avcd',|the sample entpysname of the other HEVC tracks carrying the associated L-HEVC bitstrean
shall bg 'hev2' or '1rei™

NOTE 4| The above~constraints mandate convenient random access (see NOTE 1 above in this clause) to bd
enabledfand indicated for either all tracks carrying an HEVC or L-HEVC bitstream or none of the tracks.

When the<samples of a track contain a temporal subset of an HEVC base layer, the value of
numTenmgdrallayers field in the #EvCConfigurationBox shall match the number of temporal sub
layers present in the track, natively or through extraction. Here, the entry shall contain an
HEVCConfigurationBox, possibly followed by an 1LHEVCConfigurationBox as defined below. The
HEVCConfigurationBox documents the Profile, Tier, Level, and possibly also parameter sets of the HEVC
compatible base layer as defined by the BEEVCDecoderconfigurationRecord. The LHEVCConfigurationBox
possibly documents parameter sets of the L-HEVC compatible enhancement layers as defined by the L.HE
VCDecoderConfigurationRecord, Stored in the LHEVCConfigurationBox.

If the samples of a track do not contain, neither natively nor through extraction, an HEVC base layer,
then the sample entry type '1hvi' or '1hel' shall be used and the sample entry shall contain an
LHEVCConfigurationBox, as defined below. This includes an LHEvVCDecoderConfigurationRecord, as
defined in this document.
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The 1engthsizeMinusone field in the L-HEVC and HEVC configurations in any given sample entry of

L-HEVC and HEVC tracks sharing the same base track shall have the same value.

NOTE5 When the base layer is coded by AVC, the lengthSizeMinusOne field for the L-HEVC tracks
sharing the same base track shall still have the same value, but that value does not have to be equal to the

lengthSizeMinusOne field for the AVC track.

NOTE6  When HEVC compatibility is indicated, it can be necessary to indicate a high enough level for the
HEVC base layer to accommodate the bit rate of the entire bitstream, because all the NAL units are considered

as included in the HEVC base layer and hence can be fed to the decoder, which is expected to discard th

ose NAL

init 1t does not recognize. This case happens when the "hvcl', "hevl', "hvc2', or "hev2' sample entry
ind both HEVC and L-HEVC configurations are present. However, when only an HEVC and L-HEVC cenfi
s present, on the contrary, the optimal level for the HEVC track is the one that only accommodatgg.the b
he base layer bitstream. In this case, caution should be taken that the profile, tier and level (PTL) in the
i.e. the first PTL structure in a VPS) might be "greater” than the PTL of the base layer that'should be
n the HEVCDecoderConfigurationRecord. Rather, the PTL information in the first PTL-structure in
bxtension is what should be included in HEVCDecoderConfigurationRecord.

 is used
buration
t rate of
'PS base
ncluded
the VPS

than 0; Extractors and aggregators may be pres
Extractors may reference any NAL units; Aggreg
may both contain and reference any NAL units.

An LHEVCConfigurationBox may be presentinan 'hvcl', 'hevl', 'hvc2', or 'hev2' sample entry. In this
Case the HEVCLHVCSampleEntry definition below applies.
Ilable 11 shows for a video track all the possible uses of samplé entries, configurations and the
L.-HEVC tools:
Table 11 — Use of sample entries for HEVC and L-HEVC tracks
sample entry name | with configuration records meaning
"hvcl' or 'hevl' HEVC Configuration Only Aplain HEVC track without NAL units with nuh|layer_
id greater than 0; Extractors and aggregators shall not
be present.
'hvcl' or 'hevl' HEVC and L-HEVC An L-HEVC track with both NAL units with nuh_[ayer_
Configurations id equal to 0 and NAL units with nuh_layer_id greater
than 0; Extractors and aggregators shall not be present.
"hvc2' or 'hev2' HEVC Configuration Only A plain HEVC track without NAL units with nuh*layer_
id greater than 0; Extractors may be present and used
to reference NAL units; Aggregators may be prefent to
contain and reference NAL units.
"hvc2' or 'hev2' HEVE&.and L-HEVC An L-HEVC track with both NAL units with nuh_[layer_
Configurations id equal to 0 and NAL units with nuh_layer_id greater

ent;
rators

"lhvl', 'lhelt L-HEVC Configuration Only An L-HEVC track with NAL units with nuh_layer
greater than 0 and without NAL units with nuh_
equal to 0; Extractors shall not be present; Aggr

may be present to contain and reference NAL unijits.

id
ayer_id
boators

When an 'hve2!', 'hev2', '1hvl', or '1hel’ track does not contain extractors and does not cont|

ain VCL

AT units with Tnmpnra"r] nqna] to n’ tho traclk shall contain VCIL NAIL units with nvar‘ﬂy Fay

layer_id value.

9.5.3.1.2 Syntax
class LHEVCConfigurationBox extends Box ('lhvC') {
LHEVCDecoderConfigurationRecord () LHEVCConfig;

}

class HEVCLHVCSampleEntry () extends HEVCSampleEntry () {

© ISO/IEC 2019 - All rights reserved
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LHEVCConfigurationBox lhvcconfig;
}
// Use this if track is not HEVC compatible
class LHEVCSampleEntry() extends VisualSampleEntry ('lhvl', or 'lhel') {

LHEVCConfigurationBox lhvcconfig;

MPEFZERTENSIONDESCrIPLOLrSBO (WH opclonal

9.5.3.1/3 Semantics

When the sample entry is '1hvi' or 'lhel’, Compressorname in the base class visguglSampleEntry
indicat¢s the name of the compressor used with the value "\014LHEVC Coding" being recommended
(\014 i$ 12, the length of the string “LHEVC Coding” in bytes). When the sample entry is 'hvc2' of
"hev2',|Compressorname in the base class visualsampleEntry indicates the name of the compressof
used with the value "\013HEVC Coding" being recommended (\013 is 11, thelength of the string “HEV(
Coding] in bytes).

9.5.4 (L-HEVC visual width and height
The width and height documented in the visualsampleEntry shall'be set as follows:

— If the sample entry type is 'hvcl' or 'hevl', thé \width and height documented in the
vigualsampleEntry shall be set according to subclausé€’4.6 using only the base layer information.

— OtHRerwise, if the sample entry type is 'hvc2' ortthev2' and the track does not contain an L-HEV(
corffiguration record, the width and neight détumented in the visualsampleEntry shall be se
accprding to the width and height of the base [ayer of the bitstream resulting either by resolving the
extractors, when the track contains extractors, or by implicit reconstruction, when the track does
notcontain extractors.

— Otherwise (the sample entry typeis "hvc2' or 'hev2' and the track contains an L-HEVC configuratior
recprd or the sample entry type is '1hel' or 'lhvi1'), width and height shall be the maximunmn
cropped frame dimensions-of the decoded pictures, within the scope of the sample entry, of any
layer in the track that is marked as an output layer of any output layer set.

9.5.5 ([Syncsample
Sync samples in a track of a particular sample entry type shall conform to the following constraints:

— Ifthe sampleentry typeis 'hvcl' or 'hevl' and the track does not contain an L-HEVC configuratior]
recprd, the'specifications of subclause 8.4.3 apply.

— Otherwise, if the sample entry type is 'hvcl' or 'hevl' and the track contains an L-HEV(
configuration record, each sync sample of the track shall contain an IRAP picture in all layers
represented by the track.

— Otherwise, if the sample entry type is 'hvc2' or 'hev2' and the track contains extractors, each
sync sample of the track shall contain an IRAP picture in all layers represented by the track either
natively or through extraction.

— Otherwise, if the sample entry type is 'hvc2' or 'hev2', and the track does not contain extractors,
contains a sub-layer with Temporalld equal to 0 for one or more layers, and does not contain an
L-HEVC configuration record, each sync sample of the track shall contain an IRAP picture with nuh_
layer_id equal to 0.
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— Otherwise, if the sample entry type is 'hvc2', 'hev2', '1hv1', or 'lhel' and the track does not
contain extractors, contains a sub-layer with Temporalld equal to 0 for one or more layers, and
contains an L-HEVC configuration record, each sync sample of the track shall contain an IRAP
picture in all layers natively present in the track.

— Otherwise (the sample entry typeis 'hvc2', 'hev2', '1hv1', or 'lhel’, and the track does not contain
extractors and does not contain any sub-layer with Temporalld equal to 0), each sync sample of the
track shall contain a TSA picture with Temporalld equal to the lowest Temporalld presentin the track.

NOTE 1 As can be obhserved from the list above _in some cases sync Q;\mplpc require the presence of an IRAP

bicture in more than one layer. Should layer-specific information be needed, the 'sap ' sample grouping can
be used.

bync samples are documented in the syncsampleBox and, for movie fragments, with(sample }s non
kyne sample flag equal to 0, as specified in ISO/IEC 14496-12. Sync samples may be addifionally
Hocumented by the stream access point 'sap ' sample group.

When a sync sample contains natively or through extraction a BLA or CRA picture in a layer tHat does
hot have an alternative output layer, as defined by HEVC, in an output layerset represented by the track,
'here shall be no RASL pictures associated with the BLA or CRA picturet

Previous editions of this document allowed the presence of RASE pictures associated with BLA and
CRA pictures contained in sync samples, although this is not in,. cenformance with ISO/IEC 14{496-12.
For environments where HEVC file processors need informatiofithat BLA or CRA pictures contgined in
fync samples are not associated with RASL pictures, the brand 'nras', as defined in Annex D.5,{may be
1sed to indicate compliance to this and later versions of this’"document.

NOTE 2  The presence of RASL pictures that would be rieeded for output is not strictly in conformance with the
sync sample definition of [SO/IEC 14496-12 and hence itis recommended they not be present.

D.5.6 Independent and disposable samples box

f the sampleDependencyTypeBox is used in a track that is both HEVC and L-HEVC compatible, then care
thould be taken that the information provided by this box is true no matter what valid subset of the [L.-HEVC
lata (possibly only the HEVC data).isused. The ‘unknown’ values (value O of the fields samp1e depdnds on,
bample is depended on,and samdlé has redundancy) may be needed if the information varies.

D.5.7 Stream access point sample group
[0 provide informatipgn of all SAPs, the SAP sample group 'sap ' specified in I[SO/IEC 14496-12 [is used.
[he semantics of 1ayer id method idc equal to 0 is specified in ISO/IEC 14496-12.
When layer id-method_idc is equal to 0, a SAP is interpreted as follows:

— Ifthesample entrytypeis 'hvc2', 'hev2', "1hvl',or '1hel’,and the track doesnot contain exfractors
and-does not contain any sub-layer with Temporalld equal to 0, a SAP specifies access to all the sub-
layers present in the track.

— Otherwise, a SAP specifies access to all layers present natively or through extraction in the track.

NOTE If the sample entry type is 'hvc2', 'hev2', 'lhvl’', or 'lhel’', and the track does not contain
extractors and does not contain any sub-layer with Temporalld equal to 0, a TSA picture with Temporalld equal
to the lowest Temporalld present in the track serves as a SAP.

When 1ayer id method idc is equal to 1, each bitin the field target 1ayers represents a layer carried
in the track. Since this field is only 28 bits in length, the indication of SAPs in a track is constrained to a
maximum of 28 layers. Each bit of this field starting from the least significant bit (LSB) shall be mapped
to the list of 1ayer id values signalled in the Layer Information sample group (' 1inf') associated with
that sample, in ascending order of 1ayer id values.
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For example, if a track carries layer with 1ayer idvalues 4, 10, and 29, then the 1ayer id 4 is mapped to
the least significant bit, the 1ayer id 10 is mapped to the second least significant bit, and the 1ayer id
29 maps to the third least significant bit. A value of one in the bit signals that in the sample the mapped
layer has a picture that is a SAP. In the previous example Table 12 gives an example of layer specific SAP
information.

Table 12 — Bit pattern for the target_layer field of the 'sap ' sample grouping for an example
use case described above. (informative)

Bit pattern of targetlayers (LSB™ | layer 1id values (among 4, 10,
right most bit) 29) of SAPs
000000000000000000000010 {10}
000000000000000000000100 {29}
000000000000000000000101 {29, 4}

When SAP sample groups are used, they shall be used on all tracks carrying an L-HEVG bitstream. Wher
extractprs are used in a track, the SAPs of those layers referred to by extractors are.also documented
The SAP documentation shall be consistent for any given layer.

9.5.8 |The 'ro11', 'rap', 'sync', 'tsas' and 'stsa' sample groups

When ihcluded in the base track, the information provided by the 'rodi', 'rap ', and 'sync' samplg
groups ppplies to the base layer only, not considering any other layefs that are present in the samples.

When included in an 'nhvc2' or 'hev2' track that is not the base track and contains extractors, thed
informgtion provided by the 'ro11', 'rap ', and 'sync' sample groups in sampleToGroupBox(es) with
versior equal to 0 applies to the track, after resolving extractors and aggregators contained in the track

When included in an 'hve2', 'hev2', '1hv1', or '1hel’\track that is not the base track, does not contair
extractprs, and natively contains only one layer {including its lowest sub-layer), the informatior
providdd by the 'ro11", 'rap ', and 'sync' sample'groups in sampleToGroupBox(es) with version equa
to 0 applies to that layer.

NOTE Whena 'roll', 'rap ',or 'sync \sample group concerns a predicted layer, itindicates characteristic{
that apply when all the reference layers of the predicted layer are available and decoded. The sample group car
be used [to initiate decoding of the predicted layer.

The pr¢sence of the 'sync', 'roll)r, and 'rap ' sample groups in 'hvc2', 'hev2', '1hvl', Or 'lhel
tracks hatively containing more than one layer or natively containing one layer but not its lowes!
sub-layger is disallowed in‘\this document, and parsers according to this document shall ignore
SampleGroupDescriptionBgxes and SampleToGroupBoxes with grouping type equal to 'sync', 'roll’
or 'rap| ' within such/tracks.

For the|' tsas' and"stsa' sample groups, the specifications in subclause 9.5.7 apply with 'sap ' being
replacef by 'tses”/ and 'stsa’, respectively, and "SAP" being replaced by "TSA point" and "STSA point"
respectfively:

9.5.9 'Pefinitionofasub te-forE-HEVE
e SuUuy aaluplc 1IUL LIITLVVGU

The specifications of subclause 8.4.8 apply.

9.5.10 Handling non-output samples

What is specified in subclause 8.4.9 is not always applicable when multiple layers are involved. If what
is specified in subclause 8.4.9 cannot be followed, then the composition time of a sample shall be set as
if the sample were an output sample (i.e., at least one picture of the sample is output). If the decoding of
a sample results into no output pictures, the presentation of the sample is omitted and the duration of
the previous sample is extended, so that the following samples have correct composition timing.
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9.6 L-HEVC specific structures
9.6.1 External base layer sample group

9.6.1.1 Definition

When a multi-layer HEVC bitstream uses an external base layer (i.e., when an active VPS of the
bitstream has vps_base_layer_internal_flag equal to 0 and vps_base_layer_available_flag equal to 1),
an ThucExternalRaselayerInfo Sample grouping may he used to signal parameters that are required
for inter-layer prediction from the external base layer to a track containing L-HEVC samplesyWhen a
sample is linked to the zero index of this sample grouping, it means that no decoded basedayer|picture
s used for the decoding of that sample.

D.6.1.2 Syntax

aligned(8) class LhvcExternalBaselLayerInfo() extends VisualSampleGroupEntry ('lbli')

{
bit (1) reserved = '1'b;
unsigned int (1) bl irap pic flag;
unsigned int(6) bl irap nal unit type;

signed int (8) sample offset;

D.6.1.3 Semantics

n this subclause, the term current sample refers'to the sample that is associated with an entrj in the
L hvcExternalBaseLayerInfo sample group in:an L-HEVC track.

bl irap pic flag specifies the value-of the BiTrapPicFlag variable for the associated decoded
picture, when that decoded picture is provided as a decoded base layer picture for the decodinlg of the
Current sample.

bl irap nal unit type specifies,when bl irap pic flag is equal to 1, the value of the nal_unit_type
byntax element for the assoeiated decoded picture, when that decoded picture is provided as a decoded
base layer picture for the decoding of the current sample.

bample offset gives(the relative index of the associated sample in the track containing the bage layer
i.e., the track refetred to by the 'sbas' track reference). The decoded picture resulting frjom the
lecoding of the.associated sample in the track containing the base layer is the associated decoded
picture that¢sheuld be provided for the decoding of the current sample. sample offset equal to O
specifies thatthe associated sample has the same, or the closest preceding, decoding time compared to
'he decoding time of the current sample; sample offset equal to 1 specifies that the associated|sample
s thesnext sample relative to the associated sample derived for sample offset equal to 0; fample
be£set equal to -1 specifies that the associated sample is the previous sample relative to the asqociated
kamiple derived for sample offset equalto 0, and so on

9.6.2 The operating points information sample group

9.6.2.1 Definition

Applications are informed about the different operating points provided by a given L-HEVC bitstream
and their constitution by using the Operating Points Information sample group ('oinf'). Each operating
point is related to an output layer set, a max Temporalld value, and a profile, level and tier signalling.
All this information is captured by the 'oinf' sample group. Apart from this information, this sample
group also provides the dependency information between layers, the types of scalabilities coded in
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the L-HEVC bit stream, and the dimension identifiers that relate to any particular layer for a given
scalability type.

For all
tempor
sample

tracks of an HEVC bitstream containing only NAL units with nuh_layer_id 0 and for which
al sublayers are split across several tracks, there is no requirement for any track to carry 'oinf"’

group.

For all tracks of an L-HEVC bitstream, there shall be exactly one track among this set that carries an

'oinf'

L-HEV

sample group. Except the tracks that carry the 'oinf' sample group, all other tracks of that

group t

NOTE

Howeve
of the or
operatid

For any
defined|
a track
follow 4

— Ift
the

— Oth
sar

When s
in the

a singlg
ISO/IEC
rather t
The grd

An opet

9.6.2.2

class
unsi
bit
unsi

for

bitstream shall have a track reference nffypp roref' tothe track that carries the 'oinf" sample
hey relate to.

An L-HEVC bitstream usually requires using only one track with 'oinf' sample group infofmation|
[, extractors enable creating new bitstreams with different profiles and levels not signalled in the " oinf
iginal bitstream for which data is extracted. Using extractors can require additional 'oinf' ,te store thg
n information of these new bitstreams.

particular sample in a particular track, the temporally collocated sample)in‘another track if
as the one with the same decoding time as that of this particular sample/For each sample s irn
TN that has an 'oref' track reference to the track Tk that carries the !é€+n¥' sample group, thg

pplies:

here is a temporally collocated sample sk in the track Tk, then thessample sv is associated with
same 'oinf' sample group entry as the sample sk.

erwise, the sample sn is associated with the same 'oing4'sample group entry as the last of thg
ples in the track Tk that precede the sample sy in decoding time.

everal VPSs are referenced by an L-HEVC bitstream, it may be needed to include several entrieg
sample group description box with grouping.type 'oinf'. For more common cases wherg
VPS is present, it is recommended to use_the default sample group mechanism defined in
14496-12 and include the Operating Pointsdnformation sample group in the sample table box
han including it in each track fragment.

uping type parameter is not defined:for the samp1leToGroupBox with grouping type 'oinf'.

ating point shall contain at least-ohe other layer in addition to an external base layer.

Syntax
peratingPointsRecadrd {
gned int (16) Sealability mask;
2) reserved = 0;
gned 4nt¥6) num profile tier level;

(&=%;" i<=num profile tier level; i++) {

unsigned int(2) general profile space;

unsigned int(l) 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;
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unsigned int (8) layer count;
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Tor (J=07 J<Iayer _countc,; JT+) 1
unsigned int(8) ptl idx;
unsigned int (6) layer id;
unsigned int (1) is outputlayer;

unsigned int (1) is alternate outputlayer;

unsigned int (16) minPicWidth;
unsigned int (16) minPicHeight;
unsigned int (16) maxPicWidth;
unsigned int (16) maxPicHeight;
unsigned int (2) maxChromaFormat;
unsigned int (3) maxBitDepthMinus8;
bit (1) reserved = 0;
unsigned int (1) frame_rate_info_flag
unsigned int (1) bit rate/ info flag
if (frame rate infocflag) {
unsigned int¥¥6) avgFrameRate;
bit (6).xeserved = 0;

unsigred int (2) constantFrameRate;

If (bit rate info flag) {

a0 w'gn = w'n+—(?')\ maxBltR ot

unsigned int (32) avgBitRate;

unsigned int (8) max layer count;
for (i=0; i<max layer count; i++) {

unsigned int (8) layerID;
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unsigned int(8) num direct ref layers;

for (j=0; j<num direct ref layers; j++) {
unsigned int(8) direct ref layerID;

}

for (3=0; 3j<16; j++) {

11 (SCaladalllItly MmaskK &« (1 J))

unsigned int(8) dimension identifier;

class (peratingPointsInformation extends VisualSampleGroupEntry ('oin€})™ {

OpefatingPointsRecord oinf;

9.6.2.3] Semantics

scalability mask: This field indicates the scalability types.that are represented by the access unit
resolvefl from the samples that are associated with this>|oinf' sample group entry. Each bit in the
scalab]lity mask field denotes a scalability dimension‘as coded in the scalability mask flag of thg
VPS exflension syntax as defined in ISO/IEC 23008-2:The most significant bit in the scalability mas
field corresponds to scalability mask flag[0] 0fcthe VPS extension syntax. A one in a bit positior]
indicatgs that the scalability dimension is present.

num_pr¢file tier level: Gives the number of following profile, tier, and level combinations as well as
the ass¢ciated fields.

general profile space, general ‘tier flag, general profile idc, general profile |
compatibility flags, general @€onstraint indicator flags, and general level idc are defined in

ISO/IE(Q 23008-2.
num_opgrating points: Givesthe number of operating points for which the information follows.

output [layer set id&isthe index of the outputlayer set that defines the operating point. The mapping
betweeph output 1a%€r set idx and the 1ayer id values shall be the same as specified by the VPS fof
an outpfut layer setwith index output layer set idx.

max_tenporalrtd: Gives the maximum Temporalld of NAL units of this operating point.

layer ¢oudt: This field indicates the number of necessary layers, as defined in ISO/IEC 23008-2, of this
operating point.

ptl idx: Indicates the index, where value 1 is the first entry in the list of profile, tier, level in the
OperatingPointsRecord, of the listed profile, level, and tier flags for a layer with identifier equal to
layer id. When the value of pt1 idx equals zero for a layer, that layer shall be assumed to have no
profile, level, and tier signalled. pt1_idx shall be equal to O for an external base layer. When pt1 idx is
equal to O for a layer that is not an external base layer, that layer shall not be an output layer or a layer
thatis a direct or indirect reference layer of any output layer of the operating point.

layer id:provides the nuh_layer_id values for the layers of the operating point.

is outputlayer: A flag thatindicates if the layer is an output layer or not. A one indicates an output layer.
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is_alternate outputlayer: Thisflag when setindicates that thislayer can be considered as an alternate
output layer for this operating point. This flag is set to one if and only if one layer in the operating point
hasits is outputlayer flag set.

minPicWidth specifies the least value of the luma width indicators as defined by the pic_width_in_luma_
samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

minPicHeight specifies the least value of the luma height indicators as defined by the pic_height_in_
luma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

axPicWidth specifies the greatest value of the luma width indicators as defined by the picwidth_in_
uma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

haxPicHeight specifies the greatest value of the luma height indicators as defined by the pic_hejght_in_
uma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point,

haxChromaFormat Specifies the greatest value of the chroma_format indicator as'defined by the chroma_
format_idc parameter in ISO/IEC 23008-2 for the stream of the operating point.

haxBitDepthMinus8 specifies the greatest value of the luma and chromadbit-depth indicators as |defined
by the bit_depth_vps_luma_minus8 and bit_depth_vps_chroma_minus8” parameters, respectively, in
SO/IEC 23008-2 for the stream of the operating point.

Frame rate info flag equal to O indicates that no frame rate information is present for the ogerating
pboint. The value 1 indicates that frame rate information is pfesent for the operating point.

bit rate info flag equal to 0 indicates that no bitrate iiformation is present for the operatinlg point.
['he value 1 indicates that bitrate information is present for the operating point.

hvgFrameRate gives the average frame rate in ynits of frames/(256 seconds) for the operating point.
Value O indicates an unspecified average frame\rate.

fonstantFrameRate equal to 1 indicates that'the stream of the operating point is of constant frage rate.
Value 2 indicates that the representatiofof each temporal layer in the stream of the operatingpoint is
bf constant frame rate. Value 0 indicates that the stream of the operating point may or may npt be of
ronstant frame rate.

axBitRate gives the maximumnr bit rate in bits/second of the stream of the operating point, over any
vindow of one second.

hvgBitRate gives the average bit rate in bits/second of the stream of the operating point.
ax_layer count: The count of all unique non-base layers in all of the operating points.

| ayer1D: nuhOlayer_id of a layer for which the all the direct reference layers are given in the following
oop of direet ref layerID.

hum_direct ref layers: The number of direct reference layers for the layer with nuh _1ayer id¢qualto
| ayerID.

direct ref layerID:nuh_layer_1d of the directreference layer.

dimension_identifier: Set to the value of the dimension_id field as specified in the VPS extension
syntax as defined in ISO/IEC 23008-2.

9.6.3 The layer information sample group

9.6.3.1 Definition

The list of layers and sub layers a track carries is signalled in the Layer Information sample group. Every
L-HEVC track, including the base track (when coded with HEVC), shall carry a '1inf' sample group.
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When several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several entries
in the sample group description box with grouping type '1inf'. For more common cases where
a single VPS is present, it is recommended to use the default sample group mechanism defined in
ISO/IEC 14496-12 and include the Layer Information sample group in the sample table box, rather than
including it in each track fragment.

The grouping type parameter is not defined for the samp1eToGroupBox with grouping type '1inf".

9.6.3.2 Syntax

class JlayerInfoGroupEntry extends VisualSampleGroupEntry ('linf')) {
bit|2) reserved = 0;
unsjgned int (6) num layers in track;
for|(i=0; i<num layers in track; i++) {

it (4) reserved = 0;

nsigned int (6) layer id;

nsigned int (3) min Temporalld;

nsigned int (3) max TemporalId;

it (1) reserved = 0;

nsigned int (7) sub_ layer presence flags;

9.6.3.3] Semantics

num lajers in track: The number of {ayers carried in any sample of this track associated with this
sample|group.

layer jd: nuh layer id of thelayer carried in the associated samples. The instances of this field shal
be in agcending order of 1ayer ‘¢ in the loop.

min_ Tenjporalld: The minilum Temporal1d value for the sub-layers in the layer within the track.
max_Tenporalld: The maximum Temporalid value for the sub-layers in the layer within the track.

sub_layjer pregéngce flags: Each bitof this field at bit position bitPos in the range of min TemporalId tg
max_TengporalTdindicates that the sub-layer with Temporal1d equal to bitPos is natively present (wher
the bit is equadl to 1) or present by extractors (when the bit is equal to 0) in the track. Bits of this field af
bit posifiens less than min TemporalId or greater than max Temporalld are unspecified.

9.6.4 The layer information sample group

9.6.4.1 Definition

Each decoding time hint sample group description entry ('opth') records a delta time in terms of the
clock ticks (given by timescale of the MediaHeaderBox). The corrected decoding time is defined as the
sum of the delta time associated with a sample through the samp1eToGroupBox of type 'opth' and the
decoding time of the sample. The corrected decoding times conform to the hypothetical reference
decoder of ISO/IEC 23008-2 operating according to a partitioning scheme where each layer is in its own
bitstream partition, as defined in ISO/IEC 23008-2.
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All sampleToGroupBoxes for the decoding time hint sample group shall include grouping type
parameter. The grouping type parameter field is specified for the decoding time hint sample group as
follows:

unsigned int (16) reserved = 0;
unsigned int (16) operating point index;

operating point index specifies the index of the operating point, as given in the associated
OperatingPointsInformation Sample group description, for which this sample group provides
the corrected decoding times. A value of 0 indicates the first operating point in that samplé group
escription.

D.6.4.2 Syntax

flass OperatingPointDecodeTimeHint ()

bxtends VisualSampleGroupEntry (’opth’)

signed int (32) delta time;

D.6.4.3 Semantics

elta time plus the decoding time (derived fromithe TimeToSampleBox and TrackRunBoxes,|if any)
provides the corrected decoding time of the associated sample. Time-scale units, as given by tihescale
bf the MediaHeaderBox of this track, are used for'the calculation of deita time.

(L0 Storage of tiled HEVC and L-HEVC video streams

10.1 Overview

SO/IEC 23008-2 video provides support for coding of rectangular regions called tiles. HEVC files do
not have coding dependencies with other HEVC tiles in the same coded picture but may have coding
lependencies with other HEVC tiles from previous coded pictures or may be independently decoded.
['his section defines toels to describe and manipulate tiles, including:

— Description of HEVC tiles and their temporal coding dependencies with other HEVC tiles,
— Track(s)extracting one or several tiles from other track(s), and

— Track(s) containing only data from one or several HEVC tiles for fast access to a tile regiom over a
network.

A'tile region is defined as one or more complete HEVC tiles in one or more complete slice segments that
are within the same coded picture and that contain no other HEVC tiles. The slice segments of a tile
region may but need not be contiguous in decoding order. A tile region covers a rectangle without holes.
Tile regions within a picture do not overlap with each other.

Tile regions can be described through tile region visual sample group description entries (i.e., instances
OfTileRegionGroupEntry) with tile region flag equal to 1.

If each sample of a track consists of NAL units of only one tile region, sampleToGroupBox of type
'trif' can be used to associate samples to the tile region, but this sampleToGroupBox of type 'trif’
can be omitted if the default sample grouping mechanism is used (i.e., when the version of the
SampleGroupDescriptionBox Of type 'trif' is equal to or greater than 2). Otherwise, samples, NAL
units, and tile regions are associated with each other through sampleToGroupBoxes of type 'nalm'
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and grouping type parameter equal to 'trif' and SampleGroupDescriptionBox of type "nalm'.A
TileRegionGroupEntry describes:

— atileregion, and

— coding dependencies between this tile region and other tile regions.

Each Ti

leRegionGroupEntry is assigned a unique identifier, called group1p. This identifier can be used

to associate NAL units in a sample to a particular TileRegionGroupEntry.

Positiohiing and size of tile regions are identified using [uma sample coordinates.
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to the four-character code of the associated sample giouping type. Consequently, a sampleToGroupBox Of

type 'n
for whi

In case
its groy

A track
paramef
contain
NAL un
groupT)
Samplel]
of type
sample

10.2.2

sed with movie fragments, TileRegionGroupEntry can be defined for the duration-f)thg
ragment, by defining a new sampleGroupDescriptionBox in the track fragment box as:defined
[EC 14496-12:2015, 8.9.4. However, there shall not be any TileRegionGroupEntry/imr'a track
nt that has the same groupIb as a TileRegionGroupEntry already defined.

cks can be defined by grouping the different tile regions for this sub-track, using 4
TrackGroupBox in the sub-track definition box.

its mapped to a tile region may either be carried in the video track, as™isual, or in a separate
lled tile track. Tile tracks are defined for both HEVC and L-HEVC.

AL unit map entry

Definition

UMapEntry may be used to assign an identifier, called gxsup1D, to each NAL unit. The NALUMapEnt ry|
Fesent, shall be linked to a sample group descriptienproviding the semantics of that group1Dp. Thi
llbeprovkkﬂibysetﬁngthegrouping_type_parameterOftheSampleToGroupBoxOftype'nalm

b1 shall never use version 0 of the box. It\s forbidden to indicate an associated grouping typd
Ch the sample group description definition does not provide semantics for group1p.

of HEVC tiling, the samp1eToGroupBo% of type 'naim' describing the tiling of samples shall have
ping type parameter Setto 'trif.

shall not contain both a~SampleToGroupBox of type 'nalm' associated with grouping type |
er equal to a particularwvalde groupType and sampleToGroupBox of type groupType. When a track
S a sampleToGroupBex, Of type 'nalm' associated with grouping type parameter grouplype
its of the mapped Samiple are indirectly associated with the sample group description of type
'pe through the Group1D of the NALUMapEnt ry applicable for that sample. When a track contains §
oGroupBox of.type groupType, each sample is directly mapped to the sample group descriptior
groupType-through the sampleToGroupBox of type groupType and all NAL units of the mapped
are assocCiated with the same group1D.

Syntax

class NALUMapEntry () extends VisualSampleGroupEntry ('nalm') {

bit (6) reserved = 0;

unsigned int (1) large size;

unsigned int (1) rle;

if (large size) {

unsigned int (16) entry count;

} else {
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unsigned int(8) entry count;

}

for (i=1; i<= entry count; i++) {
if (rle) {

if (large size) {

TUNSigned INt(10) NALU SCart number;
} else {

unsigned int(8) NALU start number;

}

unsigned int (16) groupID;

10.2.3 Semantics

| arge _size indicates whether the number of NAL unit$entries in the track samples is represent
br 16 bits.

-1e indicates whether run-length encoding is used (1) to assign group1D to NAL units or not (0).

entry count specifies the number of entries in the map. Note that when rie is equal to 1, the|

broup. When ri1e is equal to 0, entry>teunt represents the total number of NAL units.

NALU start number is the 1-based NAL unit index in the sample of the first NAL unit in the cur
hssociated with group1D.

roupID specifies the upique identifier of the group. More information about the group is prov
'he sample group deseription entry with this group1d and grouping type equal to the groupin
barameter Of the safipteToGroupBox of type 'nalm'.

ndexing provided by the NALUMapEntry.

When used with movie fragments, new NAL unit maps can be defined for the duration of th
‘ragments, by defining a new sampleGroupbDescription box in the track fragment, box as de
SO/IEC 14496-12:2015, 8.9.4.

edon 8

entry

bount corresponds to the number of runs where consecutives NAL units are associated with the same

ent run

ided by
_type_

All NAL units aggregated by an aggregator by inclusion or by reference count as a single NAL unjit in the

b movie
ined in

10.3 Tile region group entry
10.3.1 Definition

Group Type: 'trif’
Container: SampleGroupDescriptionBox ('sgpd')
Mandatory: No

Quantity: Zero or more
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The TileRegionGroupEntry may be used to describe a tile region. The grouping type parameter is not
defined for the sampleToGroupBox with grouping type 'trif'.

10.3.2 Syntax
class TileRegionGroupEntry () extends VisualSampleGroupEntry ('trif')

{

uns iered—iat{1l6—groupIhs

7

unsjgned int(l) tile region flag;

if |!tile region flag)

it (7) reserved = 0;

elsgqg {

nsigned int(2) independent idc;
nsigned int (1) full picture;
nsigned int (1) filtering disabled;
nsigned int (1) has dependency list;
it (2) reserved = 0;

1f (!full picture) {

unsigned int (16) horizontal offset;

unsigned int (16) vertical offset;

unsigned int (16) region_width;

unsjgned int (16) region heighty

if |has dependency list)\J{

nsigned int (16).dependency tile count;
for (i=1; i<s\dependency tile count; i++)

unsigmmed int (16) dependencyTileGrouplD;

10.3.3 Semantics

groupID is a unique identifier for the tile region group described by this sample group entry. The value
of group1D in a tile region group entry shall be greater than 0. The value 0 is reserved for a special use.

When there is sampleToGroupBox of type 'nalm' and grouping type parameter equal to 'trif', a
SampleGroupDescriptionBox of type 'trif' shall be present, and the following applies:

— The value of group1D in a tile region group entry shall be equal to the groupTDp in one of the entries
of NALUMapEntry.
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— A NAL unit being mapped to group1Dd 0 by a NALUMapEntry implies that the NAL unit is required for
decoding any tile region in the same coded picture as this NAL unit.

NOTE1 There can be multiple tile region group entries with the same values of horizontal offset,
vertical offset, region width and region height, respectively, but with different groupiD values, for
describing varying dependencies.

tile region flag equal to 1 specifies that the region covered by the NAL units within a picture and
associated with this tile region group entry is a tile region, and further information of the tile region
s provided by subsequent fields in this tile region group entry. The value 0 specifies that the region
rovered by the NAL units within a picture and associated with this tile region group entry isypt a tile
region, and no further information of the region is provided in this tile region group entry,

When a multi-layer bitstream is carried in one or more tracks, for any two layers lay€rA-and IgyerB of
'he bitstream, the following constraint applies: When a NAL unit of layerA is associated with a ¢roup1d
yalue gldA for which the corresponding tile region flag is equal to 1, and acNAL unit of lgyerB is
hssociated with a group1D value gldB for which the corresponding tile region \Flagisequal to1, gldA
shall not be equal to gldB.

i ndependent_idc specifies the coding dependencies between each tile region associated wijth this
file region group entry and other tile regions in the same picture orin reference pictures of the same
ayer. Inter-layer dependencies, if any, are indicated by a list of GependencyTileGrouptd (When has
ependency list is equal to 1).

[his field takes the following values:

— If independent idc equals 0, the coding dependencies between this tile region and other tile
regions in the same picture or in reference pictures of the same layer is either described by a list
of dependencyTileGroupID (when has dependéncy list is equal to 1) or unknown (Wh PN has
dependency list is equal to 0).

— If independent_idc equals 1, there are 110 temporal dependencies between this tile region pnd the
tile regions with different group1p,in any reference pictures of the same layer but there| can be
coding dependencies between thistile region and a tile region with the same group1Dp in a reference
picture of the same layer.

— If independent idc equals 2, there are no coding dependencies between this tile region and|any tile
region in a reference pieture of the same layer.

— The value 3 is reseryed.

Full picture, whefrset, indicates that each tile region associated with this tile region group entry is a
complete picturéyin which case region width and region height shall be set to the width and height,
respectively,efithe complete picture, and independent idc shall be setto 1 or 2.

Filtering\disabled, when set, indicates that for each tile region associated with this tile regioh group
entry thedin-loop filtering operation does not require access to pixels adjacent to this tile region)|i.e., bit-
bxact Yeconstruction of the tile region is possible without decoding the adjacent tiles.

......
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tile count is greater than 0, a list of dependencyTileGroupiD are present. When set to 0, dependency
tile count is not present and no dependencyTileGroupID is present.

horizontal offset and vertical offset give respectively the horizontal and vertical offsets of the
top-left pixel of the rectangular region that is covered by the tiles in each tile region associated with
this tile region group entry, relative to the top-left pixel of the base region, in luma samples. For HEVC
and L-HEVC tile tracks as defined in this document, the base region used in the TilerRegionGroupEntry
is the picture to which the tiles in a tile region associated with this tile region group entry belongs.
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region width and region height give respectively the width and height of the rectangular region that
is covered by the tiles in each tile region associated with this tile region group entry, in luma samples.

NOTE 2  For L-HEVC streams using spatial scalability and tiling on both the base and enhancement layers,
when each layer is carried in its own track, the TileRegionGroupEntry sample descriptions of the base layer
will give coordinates expressed in luma samples of the base layer, while the TileRegionGroupEntry sample
descriptions of an enhancement layer will give coordinates expressed in luma samples of the enhancement layer.

dependency tile count indicates the number of tile regions each tile region associated with this tile
region group entry depends on.

dependgncyTileGroupID gives the group1D of a tile region (as defined by a TileregionGroupEntry) ithaf
this tilg region depends on. For a particular tile region associated with this tile region group entry) the
tile reglons it depends on may be from the same layer or the reference layers.

10.4 Tile sub track definition

10.4.1 |Overview
A tile syb track describes one or more tile regions.

An addjtional descriptive attribute 'tile' may be used to indicate the.sub track is a spatial part of
the tragk.

Name Attribute Description
Tiling 'tile! The sub-track is spatial part or tile of the track.

A tile sub track is defined as a group of tile regions using the TileSubTrackGroupBox.
10.4.2 |TileSubTrackGroupBox

10.4.2.1 Definition

Box Tyge:  ‘tstb’
Containler:  Sub Track Definition box (' strd")
Mandatory: No

Quantity: Zero or one

10.4.2.2 Syntax
aligned (8) class’ TileSubTrackGroupBox extends FullBox('tstb', 0, 0) {

unsignéd Vint (16) item count;

for(T = 0, 1 item count; 1f++) [

unsigned int (16) tileGrouplD;

10.4.2.3 Semantics
The union of tileGroupIDs in this box describes the sub track defined by this box.

item count counts the number of tile groups listed in this box.

114 © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

tileGroupID is the identifier of the tile region group (groupip) contained in this sub track. gro
defined in TileRegionGroupEntry.

10.5 HEVC and L-HEVC tile track

10.5.1 Overview

uplD is

There are cases where storing NAL units of HEVC or L-HEVC tile regions in different tracks are useful

for easy access to one or a few particular tile regions. For such cases, tile tracks may be creat
'he HEVCTileSampleEntry O LHEVCTileSampleEntry sample description format.

.-HEVC track, respectively. This HEVC or L-HEVC track is refered to as the HEVC or &=HEVC t

hvt1'. The sample entry type for an L-HEVC tile track is ' 1ht1'. The use of sample-entry types
base tracks is defined in subclause 10.5.5.

inits. A tile track shall not carry VCL NAL units belonging to more thanehe layer.

rhat apply to the entire coded picture shall be carried in the tile base track. These NAL units incly

['he NAL units that apply to a tile shall be carried in thétile track containing that tile.

NOTE1  When a NAL unit applies to multiple tiles, these tiles can only be stored in the same tile track,

'hat includes VCL NAL units of the same layef’as this tile track.

An HEVC or L-HEVC sample of a tile track-consists of one or more complete tiles in one or more ¢
blice segments.

An HEVC or L-HEVC sample in the tile base track is considered as a sync sample if and onl
tample resulting from the merging of the corresponding samples of all tile tracks and the t
'rack, as defined in subdlause 10.5.4, is a sync sample as defined for a non tiled HEVC or
rrack, respectively, that.bhas the sample entry type equal to that in the tile base track and tH
configuration records as those in the tile base track.

A sample stored“ina tile track is considered as a sync sample when the respective sample in
base track is.a sync sample.

[he subgampleInformationBox and sample groupings defined for regular HEVC or L-HEVC tra
hpply torHEVC or L-HEVC tile tracks, respectively.

d using

A\n HEVC or L-HEVC tile track is a video track in which there is a 'tbas' track reference to‘the HEVC or

le base

frack of the HEVC or L-HEVC tile track, respectively. The sample entry type for an HEVC tile frack is

for tile

A tile track or tile base track shall not include extractors. A tile base track shall not include VICL NAL

For any picture unit carried by samples in a tile base track and a number of tile tracks, all the NAL units

de (but

hre not limited to) parameter sets (VPS, SPS, and PPS) as well as’EOB and EOS NAL units, when present.
[he sampleDescriptionBox of atile track shall not carry NAEUnits that apply to any entire coded picture,
pither. The NAL units that do not apply to a tile shall notdecarried in the tile track containing that tile.

A tile track shall only depend on the tile basetrack and shall be independent from any other tile track

mplete

y if the

le base

L-HEVC

€ same

the tile

ks also

NOTE2  Many aspects of the tile track can be discovered by inspecting the base track if they are not e

xplicitly
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NOTE3  An implementation can decide to decode only a subset of the tiles of an HEVC or L-HEVC stream. In
this case, it can use the dependency information in the TileRegionGroupEntry sample group descriptions to

discard un-needed NAL units.
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10.5.2 Sample entry name and format for HEVC tile tracks
10.5.2.1 Definition

Sample Entry Type: 'bvtl’

Container: Sample Description Box (*stsd')
Mandatory: No
Quantity: Zero or more sample entries may be present

This sgmple entry describes media samples of an HEVC tile track. The width and nheight of the
visualdampleEntry for an HEVC tile track (sample entry type 'hvt1') shall be set to the'width and
height pf the minimum bounding box enclosing all tile regions contained in the track:The layouf
informdtion in the track header (i.e., layer, matrix, width and height) of an HEVC tile*track shall bg
ignored by file parsers. cleanApertureBox and PixelAspectRatioBox shall not be present in an 'hvt1
sample(description.

10.5.2.2 Syntax

class HEVCTileSampleEntry () extends VisualSampleEntry ('hvtl') }
HEV(TileConfigurationBox config(); // optional

}

class HEVCTileConfigurationBox extends Box ('hvtC')

HEV(JTileTierLevelConfigurationRecord () HEVCTileTierLevelConfig;

aligned (8) class HEVCTileTierLevelConfigurationRecord {
unsigned int (8) configurationVersion = 1;
bit|7) reserved = 0;
unsigned int(l) mcts tiek _Jflag;
unsigned int (8) mcts“level idc;

bit |8) reserved.Ss 0O;

10.5.2.83 Semantics

The HE ClTllesdlplerlltly b}ld}} llUt LUlltdill cllly ARVOULONIIgUrdat1lONBboX, LOALVLULONLIgUratlONBo U
MPEG4ExtensionDescriptorsBox; these boxes are found in the tile base track's sample description. Other
optional boxes may be included. There are usually as many entries in the samplebescriptionBox of an
HEVC tile track as there are entries in the samplebescriptionBox of the tile base track.

Optionally, the HEVCTileSampleEntry may contain one HEVCTileTierLevelConfigurationRecord,
used to indicate the tier and level information in the case the tile region in this tile track is a motion-
constrained tile or tile set.

Compressorname in the base class visualsampleEntry indicates the name of the compressor used with the
value "\020HEVC Tile Coding" being recommended; the first byte is a count of the remaining bytes, here
represented by \020, which (being octal 20) is 16 (decimal), the number of bytes in the rest of the string.
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mcts tier flag, mcts_level idc are set to the values of the fields mcts_tier_flag and mcts_level_idc
in the temporal motion-constrained tile sets SEI message if the tile region in the tile track is a temporal
motion-constrained tile set as defined in ISO/IEC 23008-2. If the tile region in the tile track is not
the same as any of the temporal motion-constrained tile set in the stream or no temporal motion-
constrained tile sets SEI message is present in the stream, an appropriate value according to the
temporal motion-constrained tile sets SEI as defined in ISO/IEC 23008-2 shall be set.

10.5.3 Sample entry name and format for L-HEVC tile tracks

10.5.3.1 Definition

Bample Entry Type: '1htl’

Container: Sample Description Box ('stsd')
Mandatory: No
Duantity: Zero or more sample entries may be present

[his sample entry describes media samples of an L-HEVC tile track. The width and heighy of the
/isualsampleEntry for an L-HEVC tile track (sample entry type «%nt1') shall be set to the wiflith and
neight of the minimum bounding box enclosing all tile regions of all layers contained in the trgck. The
ayout information in the track header (i.e., 1ayer, matrix, ¥idth and height) of an L-HEVC tile track
thall be ignored by file parsers. cleanapertureBox and Pife)AspectRatioBox shall not be presepnt in an
1ht1' sample description.

10.5.3.2 Syntax

Flass LHEVCTileSampleEntry () extends ViswalSampleEntry ('lhtl'){

10.5.3.3 Semantics

[he LHEVCTileSampleEntry shall"not contain any LHEVCConfigurationBox, HEVCConfigurationBox OI
IPEG4ExtensionDescriptorsBox; these boxes are found in the tile base track's sample descriptiof. Other
bptional boxes may be in¢luded. There are usually as many entries in the sampleDescriptionBpx of an
-HEVC tile track as there’are entries in the sampleDescriptionBox of the tile base track.

Compressorname inthe base class visualsampleEntry indicates the name of the compressor uspd with
the value "\0220ZREVC Tile Coding" being recommended; the first byte is a count of the remaining
bytes, here represented by \022, which (being octal 22) is 18 (decimal), the number of bytes in the rest
pf the string:

10.5.4~Bitstream reconstruction from tile base and tile tracks

] 1] e | | e 1 k shall indi he tile drdering
using a 'sabt' track reference to the tile tracks. The 'sabt' track reference may only be used to refer to
tile tracks from a tile base track. When the 'sabt' track reference is present in a track, the samples of
this track shall not use aggregators.

The bitstream is reconstructed as follows:

1. For atile base track and a number of tile tracks carrying VCL NAL units of one layer, a picture unit
is firstly reconstructed to consist of the following NAL units in the order listed:

a) Ifthe picture unit corresponds to a sample that is the first sample of a set of samples associated
with a sample entry, the parameter sets and SEI NAL units contained in the sample entry
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b)
‘)

NAL units in the sample of the tile base track

NAL units in the samples of the tile tracks in the order of the 'sabt' track references

Then the following steps apply, in the order listed, for the above-reconstructed picture unit:

d)

e)

If there is one or more than one EOS NAL unit present, an EOS NAL unit is placed at the end of
the picture unit and any other EOS NAL unit is removed.

If there is one or more than one EOB NAL unit present, one EOB NAL unit is placed at the end of

2. If o]Ely one layer is involved, the reconstructed picture unit is the access unit. Otherwise, the.access

uni
9.5

3. Fin
9.5

NOTE

ISO/IEC
of the pi

10.5.5

When rjo NAL unit is included in a sample in a tile base track (i.e,dll the NAL units are in the tile tracks)

the sizd
the san

The sar
in Table

Ta

the picture unit; any other EOB NAL unit1s removed.

is reconstructed from all the picture units of the involved layers as specified in subclause
2.2.

ally, the bitstream is reconstructed from the reconstructed access units as specified in subclausg
2.2.

Picture units, access units, and bitstreams reconstructed as above are not.dlways conforming td
23008-2. For example, for a picture unit reconstructed as above, some VCL NALwnits covering some tiles
cture may be missing due to that the regions represented by those tiles aré not need by the application.

Sample entry names for tile base tracks

of the sample may be 0, and the sample documents the timing and other sample properties of
ple.

hple entry names of a tile base track and the corfesponding tile tracks shall be one of the rowd
13,
ible 13 — Sample entry names for a tile base track and the corresponding tile tracks
Sample entry name for:a tile Sample entry name for a
base traek corresponding tile track
hve?2 hvtl
hev2 hvtl
1hvl 1htl
lhel lhtl
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Annex A
(normative)

In-stream structures

A.1 General

Aggregators and Extractors are file format internal structures enabling efficient grouping’of NA
br extraction of NAL units from other tracks.

Aggregators and Extractors use a syntax that is similar to the NAL unit syntax)but does no
the start code emulation prevention mechanism required for the NAL unitxsyntax as sped
SO/IEC 14496-10 or ISO/IEC 23008-2. These NAL-unit-like structures are seen as NAL unit
Context of the sample structure. While accessing a sample, Aggregators-shall be removed
their contained or referenced NAL units) and Extractors shall be replacéd by the data they re
Aggregators and Extractors shall not be output by file parsers.

[hese structures use NAL unit types reserved for the applicatien/transport layer by ISO/IEC 14
br [ISO/IEC 23008-2.

bee Annex F for more information about use of “reserved”{‘unspecified”, “not specified” and “reg
lefined” nal unit type values.

A.2 Aggregators

A.2.1 Definition

[his subclause describes Aggregators, which enable NALU-map-group entries to be consist
epetitive (in accordance with Anhex B).

Aggregators are used to group NAL units belonging to the same sample.
For storage of ISO/IEC 14496-10 video, the following rules apply:

— Aggregators use the same NAL unit header as SVC VCL NAL units, MVC VCL NAL units, MVC+
VCL NAL unijtsyjor 3D-AVC VCL NAL units, but with a different value of NAL unit type.

— If the safiple entry contains the MVCD Configuration Box or the A3D Configuration Box,
unit header of the aggregator follows the syntax of the NAL unit header for the NAL unit of n
typecequal to 21. Otherwise, the NAL unit header of the aggregator follows the syntax of t
unit header for the NAL unit of nal_unit_type equal to 20.

\L units

t follow
ified in
5 in the
leaving
Ference.

1496-10

istrant-

bnt and

D depth

he NAL
hl_unit_
he NAL

—/If the sample entry contains the SVC Configuration Box and the svc_extension flag of the

L unit

syntax (specified in [SO/IEC 14496-10:2014, 7.3.1) of an aggregator is equal to 1, the NAL unit header

of SVC VCL NAL units is used for the aggregator.

— Otherwise, if the sample entry contains the MVCD Configuration Box or the A3D Configuration Box
and additionally the avc_3d_extension_flag of the NAL unit syntax of an aggregator is equal to 1, the

NAL unit header of 3D-AVC VCL NAL units is used for the aggregator.

— Otherwise, the NAL unit header of MVC and MVC+D depth VCL NAL units is used for the aggregator.

For storage of ISO/IEC 23008-2 video, Aggregators use the NAL unit header as defined in
ISO/IEC 23008-2, which has the same syntax for plain HEVC and layered HEVC. An ISO/IEC 23008-2
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aggregator shall not aggregate NAL units belonging to more than one picture unit (where picture unit
is defined in ISO/IEC 23008-2).

Aggregators can both aggregate, by inclusion, NAL units within them (within the size indicated by
their length) and also aggregate, by reference, NAL units that follow them (within the area indicated
by the additional_bytes field within them). When the stream is scanned by a file reader that does not
support aggregators, only the included NAL units are seen as “within” the aggregator. This permits
such a file reader to skip a whole set of un-needed NAL units when they are aggregated by inclusion.
This also permits such a file reader not to skip NAL units but let them remain in-stream when they are

aggrega

Aggreg
inan '

layer of
referen

When t
sample

An Agg
aggrega
include

An Agg
When s

a) ift
wit
b) ift
inc

c) ifthe aggregator is needed, its header is easily discarded and its contents retained.

An aggi
All NAL

A.2.2
class 4
NALTY
unsi

unsi

+ad la £
CU Oy TTITTTIITT,

htors can be used to group base layer or base view NAL units. If these Aggregators are~used
vel', 'hvel', or 'hevl' track then an aggregator shall not use inclusion but reference'af base
base view NAL units (the length of the Aggregator includes only its header and the.NAL unit{
ced by the Aggregator are specified by additional bytes).

he aggregator is referenced by either an extractor with data_length equal tozero, or by a Maj
group, the aggregator is treated as aggregating both the included and referenced bytes.

regator may include or reference Extractors. An Extractor may extractfrom Aggregators. A1
itor shall not include or reference another aggregator directly; hdwever, an aggregator may
or reference an extractor that references an aggregator.

Fegator shall not be empty;, i.e., it shall include or reference to-atleast one NAL unit.
canning the stream:

e aggregator is unrecognized (e.g. by an AVC or HEVCreader or decoder) it is easily discarded
h its included content;

he aggregator is not needed (i.e. it belongs te\an undesired layer) it and its contents both by
usion and reference are easily discarded (us$ing its length and additional_bytes fields);

egator is stored within a samplelike’any other NAL unit.

units remain in decoding order within an aggregator.

Syntax

ligned(8) Aggregator (AggregatorSize) {
nitHeader () ;

gned int ¥ = sizeof (NALUnitHeader());

gnedednt ( (lengthSizeMinusOne+1l) *8)

d

dditional bytes;

i += lengthSizeMinusOne+1;

while (i<AggregatorSize) {

unsigned int ((lengthSizeMinusOne+1) *8)

NALUnitLength;

unsigned int (NALUnitLength*8) NALUnit;

i += NALUnitLength+lengthSizeMinusOne+1l;
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}

NOTE The syntax of Aggregators does not always follow the NAL unit syntax and the NAL unit constraints
specified in ISO/IEC 14496-10 or ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a
value in the range of 0x000000 to 0x000010, inclusive. This specifiation disallows the presence of Aggregators
in a video bitstream output from parsing a file, therefore formal non-compliance with the video specifications is

immaterial as they will never be presented to a video decoder.

A.2.3 Semantics

['he value of the variable AggregatorSize is equal to the size of the aggregator, and the funection si
eturns the size of the field X in bytes.

NALUnitHeader (): the first four bytes of SVC, MVC, and MVC+D depth VCL NAL uxits, or the fir
bytes of 3D-AVC NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.

hal unit type shall be setto 30 for ISO/IEC 14496-10 video and 48 for ISO/IEC 23008-2 video.
For an aggregator including or referencing SVC NAL units, the following.shall apply.
Forbidden zero bit and reserved three 2bits shall be set as specified in ISO/IEC 14496-10.

Dther fields (nal ref idc, idr flag, priority id, no inter layer pred flag, depende

hs specified in A.4.
For an aggregator including or referencing MVC or MV€+D depth NAL units, the following shall
Forbidden zero bit and reserved one bit shallbe set as specified in ISO/IEC 14496-10.

Dther fields (nal ref idc, non_idr flag,s$kriority id, view id, temporal id, anchor pi
ind inter view flag) shall be set as specified in A.5.

For an aggregator including or referencing 3D-AVC NAL units, the following shall apply.
Forbidden zero bit and reservéd three 2bits shall be set as specified in ISO/IEC 14496-10.

Dther fields (nal ref ides~\view idx, depth flag, non idr flag, temporal id, anchor pi
hind inter view flag) shall’be setas specified in A.6.

Forbidden zexo\Wit shall be set as specified in ISO/IEC 23008-2.
Dther fieldS{nuh layer idand nuh temporal id plusl) shall be set as specified in A.8.

hdditional bytes: The number of bytes following this aggregator that should be consid
hgotegated when this aggregator is referenced by an extractor with data_length equal to zero
bample group.

For an aggregator including or referencing ISO/IEC 23008-2 NAL units, the following shall apply.

zeof(X)

5t three

cy id,

huality id, temporal id, use ref base pic flag, diséardable flag,and output flag) shall be set

hpply.

r flag,

r flag,

bred as
or Map

NALUnitLength: Specifies the size, in bytes, of the NAL unit following. The size of this field is specified

with the 1engthsizeMinusone field.

NALUnit: a NAL unitas specified in ISO/IEC 14496-10 or ISO/IEC 23008-2, including the NAL unit header.

The size of the NAL unit is specified by NALUnitLength.
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A.3 Extractors for SVC, MVC, and MVD tracks

A.3.1 Definition

This subclause describes Extractors for SVC, MVC, or MVD tracks. Extractors enable compact formation
of tracks that extract, by reference, NAL unit data from other tracks.

An Aggregator may include or reference Extractors. An Extractor may reference Aggregators. When an
extractor is processed by a file reader that requires it, the extractor is logically replaced by the bytes
it referpnces—Those bytes stratt ot tontaimextractors;am extractor stratt mot Teference, directly o
indirectly, another extractor.

NOTE The track that is referenced can contain extractors even though the data that is referenced by the
extractdr shall not.

An extractor contains an instruction to extract data from another track, which is linkedto"the track i
which the extractor resides, by means of a track reference of type 'scal’.

The bytes copied shall be one of the following:

a) Ong entire NAL unit; note that when an Aggregator is referenced, both the\included and referenced
bytes are copied

b) More than one entire NAL unit
In both|cases the bytes extracted start with a valid length field and,a NAL unit header.

The byfes are copied only from the single identified sample in the track referenced through the
indicat¢d 'scal' track reference. The alignment is on decoding time, i.e. using the time-to-sample tablg
only, followed by a counted offset in sample number. EXtractors are a media-level concept and hence
apply t¢ the destination track before any edit list is considered. (However, one would normally expect
that thd edit lists in the two tracks would be identical).

A.3.2 |Syntax
class 4ligned(8) Extractor () {
NALYnitHeader () ;
unsjgned int (8) track reff gndex;
sigped int (8) sampleleoffset;
unsigned int ((lefigthSizeMinusOne+1) *8)
ata_offgel;

unsjignedeint ( (lengthSizeMinusOne+1) *8)

¢ata length;

}

NOTE The syntax of Extractors does not always follow the NAL unit syntax and the NAL unit constraints
specified in ISO/IEC 14496-10. For example, there can be three continuous bytes equal to a value in the range
of 0x000000 to 0x000010, inclusive. This specifiation disallows the presence of Extractors in a video bitstream
output from parsing a file, therefore formal non-compliance with the video specifications is immaterial as they
will never be presented to a video decoder.

A.3.3 Semantics

NALUnitHeader () : the first four bytes of SVC, MVC and MVC+D depth VCL NAL units, or the first three
bytes of 3D-AVC NAL units.
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nal unit_type shall be setto 31 for ISO/IEC 14496-10 video.
For an extractor referencing SVC NAL units, the following shall apply.

forbidden zero bit and reserved three 2bits shall be setas specified in ISO/IEC 14496-10.

Other fields (nal_ref_idc, idr flag, priority id, no inter layer pred flag, dependency id,

quality id, temporal id, use ref base pic flag, discardable flag,and output flag)sha
as specified in A.4.

11 be set

For an extractor referencing MVC or MVC+D depth NAL units, the following shall apply.
Forbidden zero bit and reserved one bit shall be set as specified in I[SO/IEC 14496-10.

Dther fields (nal ref idc, non idr flag, priority id, view id, temporal id, &nehor pi
hind inter view flag) shall be setas specified in A.5.

For an extractor referencing 3D-AVC NAL units, the following shall apply.
Forbidden zero bit and reserved three 2bits shall be set as specified,ifi ISO/IEC 14496-10.

Dther fields (nal_ref_idc, view idx, depth flag, non idr flag,( temporal id, anchor pi
hind inter view flag) shall be setas specified in A.6.

Lrack ref index specifies the index of the track reference of type 'sca1' to use to find the tra
vhich to extract data. The sample in that track from which data is extracted is temporally ali
hearest preceding in the media decoding timeline, i.e. using’the time-to-sample table only, adju
hn offset specified by sample_offset with the sample containing the Extractor. The first track r¢
has the index value 1; the value 0 is reserved.

kample offset gives the relative index of the sample in the linked track that shall be used as th¢
bf information. Sample 0 (zero) is the sampletwith the same, or the closest preceding, decodi
compared to the decoding time of the saniple containing the extractor; sample 1 (one) is t
sample, sample -1 (minus 1) is the previeus sample, and so on.

ata_offset: The offset of the first(byte within the reference sample to copy. If the extractiol
ith the first byte of data in that'sample, the offset takes the value 0. The offset shall referg
beginning of a NAL unit length field.

ata length: The number{ofibytes to copy. If this field takes the value 0, then the entire single ref
NAL unit is copied (i.e. the length to copy is taken from the length field referenced by the dat
hugmented by the-additional_bytes field in the case of Aggregators). When data offset

| ength is greater-than the size of the sample, the bytes from the byte pointed to by data offs
the end of thessample, inclusive, are copied. Resolution of an extractor may result in a recons
bayload for whiCh there are fewer bytes than what is indicated in the NALUnitLength of the fi

reconstrueted by the extractors, and shall rewrite the NALUnitLength of that NAL to the appy
Ualue\fize, size of the reconstructed payload minus (LengthsizeMinusOne + 1) ).

r flag,

t flag,

ck from
bned or
sted by
ference

source
ng time
he next

L starts
nce the

brenced
W offset,
I data
ot until
tructed
st NAL

n that recofistructed payload. In such cases, readers shall assume that only a single NAL upit was

opriate

NOTE If the two tracks use different 1engthsizeMinusOne values, then the extracted data will

heed re-

formatting to conform to the destination track’s length field size.

A.4 NAL unit header values for SVC

Both extractors and aggregators use NAL unit headers with the NAL unit header SVC extensi

on. The

NAL units extracted by an extractor or aggregated by an aggregator are all those NAL units that are

referenced or included by recursively inspecting the contents of aggregators or extractors.
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The fields nal ref idc, idr flag, priority id, temporal id, no inter layer pred flag,
dependency id, quality id, temporal id, use ref base pic flag, discardable flag, output
flag, use ref base pic flag, and no inter layer pred flag shall take the fOllOWil‘lg values:

— nal_ref idcshallbesetto the highest value of the field in all the extracted or aggregated NAL units.
— idr_flag shall be set to the highest value of the field in all the extracted or aggregated NAL units.

— priority id, temporal id, dependency id,and quality idshall be setto the lowest values of the
fields, respectively, in all the extracted or aggregated NAL units.

— didcardable flag shall be setto 1 if and only if all the extracted or aggregated NAL units have.ths
digcardable flagsetto 1,and setto O otherwise.

— outjput flagshould be set to 1 if at least one of the aggregated or extracted NAL units hags-this flag
set|to 1, and otherwise set to 0.

— usq ref base pic flagshallbesetto 1ifand only if atleast one of the extracted or'aggregated VCI
NAL units have the use ref base pic flagsetto 1, and setto 0 otherwise.

— no |inter layer pred flag shall be setto 1 if and only if all the extracted.or aggregated VCL NAL

units have the no_inter layer pred flagsetto 1, and setto 0 otherwise)

If the det of extracted or aggregated NAL units is empty, then each. of these fields takes a value
conformant with the mapped tier description.

NOTE 1| Aggregators can group NAL units with different scalabilityinformation.

NOTE 2| Aggregators can be used to group NAL units belonging’to a level of scalability that is not signalled
by the NAL unit header SVC extension (e.g. NAL units belongingto a region of interest). The description of such
Aggregators can be done with the tier description and the<NAL unit map groups. In this case more than one
Aggregdtor with the same scalability information can occunin one sample.

NOTE 3| If multiple scalable tracks reference the same media data, then an aggregator should group NAI
units with identical scalability information only. This ensures that the resulting pattern can be accessed by each
of the trpcks.

NOTE 4| If no NAL unit of a particular layer exists in an access unit then an empty Aggregator (in which the
length of the Aggregator includes only the header, and additional_bytes is zero) can exist.

A.5 NAL unit header values for MVC and MVC+D depth NAL units

Both Aggregators and Extractors use the NAL unit header MVC extension. The NAL units extracted by
an extractor or aggregated by an aggregator are all those NAL units that are referenced or included by
recursiyely inspecting-the contents of aggregators or extractors.

The fields nal_wef idc, non idr flag, priority id, view id, temporal id, anchor pic flag, ang
inter yiew, €lag shall take the following values:

— nalf ¥&¥ idcshall be setto the highest value of the field in all the aggregated or extracted NAL units

— non_idr_ flagshall be setto the lowest value of the field in all the aggregated or extracted NAL units.

— priority id and temporal id shall be set to the lowest values of the fields, respectively, in all the
aggregated or extracted NAL units.

— view id shall be set to the view_id value of the VCL NAL unit with the lowest view order index
among all the aggregated or extracted VCL NAL units.

— anchor pic flagand inter view flagshall be setto the highest value of the fields, respectively, in
all the aggregated or extracted VCL NAL units.
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A.6 NAL unit header values for 3D-AVC NAL units

Both Aggregators and Extractors use the NAL unit header 3D-AVC extension specified in
ISO/IEC 14496-10:2014, Annex ]J. The NAL units extracted by an extractor or aggregated by an
aggregator are all those NAL units that are referenced or included by recursively inspecting the
contents of aggregators or extractors. All the aggregated or extracted VCL NAL units shall have na1
unit_type equalto 21 and avc_3d_extension flagequalto 1.

The fields nal ref idc, view idx, depth flag, non idr flag, temporal id, anchor pic flag,

E2P- BN : == challdalea o €11 izt vl
I TITce T Tow_ T LTag oSirall CanCTtrCTOTTO VW ITTS v aracS.

— nal ref idcshall besettothehighestvalue of the field in all the aggregated or extracted NAL units.

— view idx shall be set to the lowest view order index among all the aggregated éryextracted VCL
NAL units.

— depth_flag shall be set to the lowest depth_flag value among all the aggregated or extracted VCL
NAL units.

— non idr flag shall be set to the lowest value of the field in all thé/aggregated or extracted VCL
NAL units.

— temporal id shall be set to the lowest value of the field in all the aggregated or extracted VCL
NAL units.

— anchor pic flagand inter view flag shall be settothe highest value of the fields, respectiively, in
all the aggregated or extracted VCL NAL units.

A.7 Extractors for HEVC and L-HEVC tracks

A.7.1 Definition

['his subclause describes extractors for"HEVC and L-HEVC tracks. Extractors enable compact fofmation
bf tracks that extract NAL unit databy reference.

An extractor contains one or more constructors. The following constructors are specified:
h) A sample constructorgextracts, by reference, NAL unit data from a sample of another track.
b) An in-line construetor includes NAL unit data.

An aggregator may.include or reference extractors. An extractor may reference aggregators. When an
pxtractor is proceSsed by a file reader that requires it, the extractor is logically replaced by tHe bytes
resulting whenrresolving the contained constructors in their appearance order.

[he bytes/referred to by a sample constructor shall not contain extractors; an extractor shall not
referénce, directly or indirectly, another extractor.

NOTE The track that is referenced can contain extractors even though the data that is referencefl by the
extractor shall not.

An extractor may contain one or more constructors for extracting data from the current track or from
another track that is linked to the track in which the extractor resides by means of a track reference of
type 'scal’.

The bytes of a resolved extractor shall be one of the following:

a) One entire NAL unit; note that when an Aggregator is referenced, both the included and referenced
bytes are copied

b) More than one entire NAL unit
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In both

cases the bytes of the resolved extractor start with a valid length field and a NAL unit header.

The bytes of a sample constructor are copied only from the single identified sample in the track
referenced through the indicated 'sca1' track reference. The alignment is on decoding time, i.e. using

the tim

e-to-sample table only, followed by a counted offset in sample number. Extractors are a media-

level concept and hence apply to the destination track before any edit list is considered. (However, one
would normally expect that the edit lists in the two tracks would be identical).

A.7.2

class 4ligned(8) Extractor () {

NALUYnitHeader () ;

do

} while ( !'EndOfNALUnit () )

}

NOTE
specifie
0x0000

output ffom parsing a file, therefore formal non-compliance with the video specifications is immaterial as they
will never be presented to a video decoder.

A.7.3

NALUnitHeader (): The first two byteswof ISO/IEC 23008-2 NAL units.

nal unift type shall be setto 49(for1SO/IEC 23008-2 video. forbidden zero bit shall be setas specified if
ISO/IE( 23008-2. Other fields (nth layer idandnuh temporal id plusl) shall be setas specified in A.8.

constr

corresgond to constiugtor type equal to 0 and 2, respectively. Other values of constructor type are
reserved.

EndOfNALUnit«™S a function that returns 0 (false) when more data follows in this extractor; otherwisg
it returhs X (true).

A.7.4

1f( constructor type == 0 )

g¢lse if ( constructor type == 2 )

Syntax

nsigned int (8) constructor_ type;

SampleConstructor () ;

InlineConstructor () ;

The syntax of Extractors does not always followsthe NAL unit syntax and the NAL unit constraint
l in ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a value in the range of
(0 to 0x000010, inclusive. This specifiation disallows the presence of Extractors in a video bitstrean

Semantics

ctor_ type specifigs the constructor that follows. sampleConstructor and InlineConstructots

Sample constructor

A.7.4.1 Syntax

class
uns
sig

uns

126

aligned(8) SampleConstructor () {
igned int(8) track ref index;

ned int (8) sample offset;

igned int ((lengthSizeMinusOne+1) *8)

data offset;

© ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

ISO/IEC 14496-15:2019(E)

unsigned int ((lengthSizeMinusOne+1) *8)

data length;

A.7.4.2 Semantics

track ref index:as specified in A.3.3.

bample offset: as specified in A.3.3.

ata_offset: The offset of the first byte within the reference sample to copy. If the extractio
vith the first byte of data in that sample, the offset takes the value 0.

ata_length: The number of bytes to copy. If this field takes the value 0, data offgat shall refe
beginning of a NAL unit length field and the entire single referenced NAL unit is ¢epied (i.e. the l¢
Copy is taken from the length field referenced by data offset, augmented by.the additional_by
n the case of Aggregators). When data offset + data length is greaterthan the size of the
the bytes from the byte pointed to by data offset until the end of the/sample, inclusive, are
.e. data_length is resolved as (sample size - data offset). Resolution of an extractor may 1
h reconstructed payload for which there are fewer bytes than whatis indicated in the NALUNni
bf the first NAL in that reconstructed payload. In such cases, readers shall assume that only
NAL unit was reconstructed by the extractors, and shall rewrite the NALUnitLength of that NA
hppropriate value (i.e, size of the reconstructed payload mifius (LengthSizeMinusone + 1) ).

NOTE If the two tracks use different lengthSizeMinusOne values, then the extracted data will
ormatting to conform to the destination track’s length field’size.

A.7.5 In-line constructor

A.7.5.1 Syntax
Flass aligned(8) InlineConstructorx () {
unsigned int (8) length;

unsigned int (8) inlimesdata[length];

\.7.5.2 Semantics

| ength: the Rtmber of bytes that belong to the Inlineconstructor following this field. The Y
| ength shall'be greater than 0. The value of 1ength equal to 0 is reserved.

i nlirg~data: the data bytes to be returned when resolving the in-line constructor.

N starts

r to the
ngth to
es field
sample,
copied,
esult in
fLength
h single
[. to the

heed re-

ralue of

A.8 NAL unit header values for ISO/IEC 23008-2

Both Aggregators and Extractors use the NAL unit header as specified in ISO/IEC 23008-2. T
units extracted by an extractor or aggregated by an aggregator are all those NAL units t
referenced or included by recursively inspecting the contents of aggregators or extractors.

The fields nuh layer idand nuh temporal id plusl shall be setas follows:

he NAL
hat are

— nuh_layer idshallbe setto the lowest value of the field in all the aggregated or extracted NAL units.

— nuh temporal id pluslshall be setto the lowestvalue of the field in all the aggregated or extracted

NAL units.
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Annex B
(normative)

SVC, MV(C, and MVD sample group and sub-track definitions

B.1 G

The foll
the SVQ
of any d

If views
more o
these t1

There 4
the Sca

Each Sq
MVC or
more 0]
Multivi

For ead
Sample
isthep

Though
the gro
these g
there
group d
or 'mvi
groups

to-tier napping information(that may be needed for extraction of NAL units.

A mult
target

specify
used to
Group k

eneral

owing sample groups may be used in an SVC, MVC, or MVD track to document the structdre of
MVC, or MVD stream and to ease obtaining information of subsets of the stream and'extractior
f the subsets.

from the same MVC or MVD bitstream are stored in multiple MVC or MVD tracks and one of
[ these tracks contain multiple views, sample group entries and map greups can be used foj
acks containing multiple views.

re a number of boxes, defined below, which may occur in the samplé. group description, namely
able Group Entry for an SVC stream or the Multiview Group Entryfer an MVC or MVD stream.

alable Group Entry or Multiview Group Entry documents< subset of the SVC stream or the
MVD stream, respectively. Each of the subsets is associated with a tier and may contain one o}
perating points. A grouping type of 'scif' or 'mvif' is.used to define Scalable Group Entries o}
bw Group Entries, respectively.

h tier, there may be more than one Scalable Group Entry or Multiview Group Entry in thg
GroupDescriptionBox of grouping type 'scif ' or'mvif', respectively. Only one of those entrie
Fimary definition of the tier.

the Scalable and Multiview Group Entfties are contained in the SampleGroupDescription box
Iping is not a true sample grouping asleach sample may be associated with more than one tier, a{
roups are used to describe sections of the samples - the NAL units. As a result, it is possible that
ay not be a SampleToGroup box'ef the grouping type 'scif' or 'mvif’', unless it happens that ¢
oes, in fact, describe a wholésample. Even if a SampleToGroup box of the grouping type 'scif
F' is present, the information is not needed for extraction of NAL units of tiers; instead, the may
shall always document the ‘pattern’ of NAL units within the samples and provide the NAL-unit

view group specifies an MVC or MVD operating point and is therefore associated with the
utput views-0f the MVC or MVD operating point. The Multiview Group box (7.7.3), is used ta
a multiview . group. Many of the boxes used to characterize SVC, MVC, and MVD tiers are alsd
charactérize MVC or MVD operating points and can therefore be contained in the Multiview
0X tQ0*

128
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B.2 Definition

B.2.1 Tier information box
B.2.1.1 Definition

Box Type:  'tird!

Container: Qr‘a]ab]nCrnupFnh‘y or ]\/lu]fiviaur(‘rnuppnfr‘y or ]\/lu]fivinur(‘rnupnnv

Mandatory: Yes
Duantity:  Zero or One // depends on primary_definition

[he tier information box provides information about the profile, level, frame sizgl-discardabillity, and
‘rame-rate of a covered bitstream subset. If the Tier Information box is included in a Scalabl¢ Group
entry or a Multiview Group entry, the covered bitstream subset consists of the'tier and tiers it depends
ipon. If the Tier Information box is included in a Multiview Group box, the covered bitstrean] subset
ronsists of the target output views of the multiview group and all the viéws required for decoding the
farget output views.

B.2.1.2 Syntax

flass TierInfoBox extends Box ('tiri'){ //Mandatory-Bok
unsigned int (16) tierID;

unsigned int (8) profilelIndication;

unsigned int(8) profile compatibility

unsigned int (8) levelIndication;

bit (8) reserved = 0;

unsigned int (16) visualWidth;

unsigned int (16)~visualHeight;

unsigned{ int (2) discardable;
unsigned int (2) constantFrameRate;

it (4) reserved = 0;

ONSIgned 1Nt t(16) LIameERrRatce;

B.2.1.3 Semantics

tier1D gives the identifier of the tier, when the Tier Information box is included a Scalable Group entry
or a Multiview Group entry. Otherwise, the semantics of t ier1D are unspecified, and in this case, tier1iD
shall be set to the reserved value 0.

profileIndication contains the profile_idc as defined in ISO/IEC 14496-10, when the parameter applies
to the covered bitstream subset.
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profile compatibility is a byte defined exactly the same as the byte that occurs between the
profile_idc and level_idc in a sequence parameter set or a subset sequence parameter set, as defined in
ISO/IEC 14496-10:2014 Annex G, H or [, when the parameters apply to the covered bitstream subset.

levelIndication contains the level_idc as defined in ISO/IEC 14496-10, when the parameter applies
to the covered bitstream subset. If the Tier Information Box is included in a Multiview Group Entry,
levelIndication shall be valid when all the views of the covered bitstream subset are target output
views. If the Tier Information Box is included in a Multiview Group Box, levelIndication shall be
valid when the views specified by the respective multiview group are the target output views. If
leVelII uJ._L,d. L,J._L)Il ib Cl,lucl]l tU G fUl dall I\V{‘V,C Ul I\VI{‘VYD Dtl Cdlll, thC }CVC} that app}ico tU thC CUVCTI Cd bitbtl CTdll

subset nd operating with all the views being target output views is unspecified.

The profile, profile compatibility flags and level indicated by the fields profileIndication, profile |
compatibility, and levelIndication specifies an interoperability point with which the'-covered
bitstregm subset, and, for MVC or MVD, operating with the target output views as specified in thg
semantfcs of levelIndication, is compatible.

visualffidth givesthe value of the width of the coded picture (of an SVC stream), codedsub-picture (of a1
SVC strpam), or coded view component (of an MVC or MVD stream) in luma pixels.of the representatior]
of this gier in the stream or any view component of the covered bitstream subset. A coded sub-picture
consists of a proper subset of coded slices of a coded picture. A tier may,consist of only sub-pictures
In this fase, the tier is referred to as a sub-picture tier. A sub-picture tier’/may represent a region-of
interest part of the region represented by the entire stream.

NOTE The tier representation of a sub-picture tier might not be a valid stream. One example is as follows. A1
AVC bitgtream is encoded using two slice groups. The first slice group{includes the macroblocks representing 3
region-df-interest and is coded without referring to slices in the otherslice group for inter prediction over all thg
access units. The slices of the first slice group in each access unit'then form a sub-picture and a sub-picture tie}
can be specified to include all the sub-pictures over all the access units.

visualHeight gives the value of the height of the coded picture (of an SVC stream), coded sub-picturs
(of an BVC stream), or coded view component_{of an MVC or MVD stream) in luma pixels of thg
represgntation of this tier in the stream or any yiew component of the covered bitstream subset.

discardable takes one of the following values; the value 02 is reserved.

— 00| this tier does not contain NAL units with discardable_flag (for SVC) equal to 1 or inter_view_
flag (for MVC or MVD) equalto 0.

— 01 [ this tier contains both NAL units with discardable_flag (for SVC) equal to 1 or inter_view_flag
(for MVC or MVD)cequal to 0 and discardable_flag (for SVC) equal to 0 or inter_view_flag (for
MVC or MVD) equalto 1.

— 03 [all NAL units-in this tier are with discardable_flag (for SVC) equal to 1 or inter_view_flag (for
MVC or MV D) equal to 0.

constantFrafeRate specifies if the frame rate of this tier is constant. A value of 0 denotes a non-constanf

frame rpte, avalue of 1 denotes a constant frame rate and a value of 2 denotes that it is not clear whethel
the frathetate is constant A value of 3 is reserved

frameRate gives the frame rate when the bitstream corresponding to this tier and all the lower tiers
that this tier depends on is decoded in frames per second rounded to the closest integer using the Round
function specified in ISO/IEC 14496-10. If constantFrameRate has a value of 0 or 2 then frameRrate
gives the average frame rate. If constantFrameRate has a value of 1 then framerate gives the constant
frame rate. frameRate equal to 0 indicates an unspecified frame rate. For SVC streams, decoded frames,
complementary field pairs and non-paired fields are regarded as frames when deriving the value of
frameRate. For MVC or MVD treams, decoded view components of any single view only are regarded
as frames when deriving the value of framerate, regardless of the total number of the views, since all
output views are required to have simultaneous view components.
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B.2.2 Tier bit rate box

B.2.2.1 Definition
Box Type:  'tibr'
Container: ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox

Mandatory: No

Quantity: Zero or One

nformation about the bit rate values of a tier. Two sets of information are provided: for

for each set of information, the following values are supplied:

— For SVC streams, the lowest long-term average bit rate that this tier eould deliver. Let ma

NAL units of the tier and having dependency_id equal to maxDid. Fhe-following NAL units of
are not considered in calculating this bit rate value: those having’dependency_id equal to
and quality_id greater than minQid.

— For MVC or MVD streams, the lowest long-term average‘bit rate that this tier could deliver
to the long-term average bit rate of the tier, when all NAL units of the tier are considered.

— Tthe long-term average bit rate of the tier; all NAL\rnits of the tier are considered.
— The maximum, or peak, bit rate of the tier; all'NAL units of the tier are considered.

When included in a Multiview Group box, the-tier bit rate box provides information about the

hverage bit rate for the covered bitstream subset are provided.

B.2.2.2 Syntax

flass TierBitRateBox exXténds Box ('tibr') {
unsigned int (32) baseBitRate;

unsigned inti32) maxBitRate;

unsignedi@nt (32) avgBitRate;

unsigned int (32) tierBaseBitRate;

When included in a Scalable Group entry or a Multiview Group entry, the tier bit rate 'box provides

the tier

representation, including all the tiers on which the current tier depends, and for thédier alone. Similarly,

kDid be

the greatest dependency_id for all NAL units of the tier, and minQid Be the least quality_id fof all the

this tier
maxDid

s equal

bit rate

Palues of the covered bitstream subset consisting of the target output views indicated by the multiview
broup and all the views required for de¢oding of the target output views. The maximum and lopg-term

unsigned int (32) tierMaxBitRate;

unsigned int (32) tierAvgBitRate;

B.2.2.3 Semantics

baseBitRate gives the lowest long-term average bit rate in bits/second of the stream made fr
tier and the lower tiers this tier depends on over the entire stream.
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For SVC streams, baseBitRate is derived as follows. Let maxDid be the greatest dependency_id for

all NAL

units of the tier, and minQid be the least quality_id for all NAL units of the tier and having

dependency_id equal to maxDid. The NAL units that are taken into account when calculating this bit rate
value are as follows: 1) all NAL units of the tier except for those having dependency_id equal to maxDid
and quality_id greater than minQid; 2) all NAL units of the lower tiers the current tier depends on.

For MVC or MVD streams, baseBitRate shall be equal to avgBitRate.

maxBitRate gives the maximum bit rate in bits/second of the stream containing all NAL unit mapped to

this tierand the lower tiers this tier dpppndc on, over any window of one second _All NAL units in this

tier and
avgBith
mapped
units in

tierBag

from only this tier over the entire stream. For SVC streams, the set of NAL units that are taken intq

account
of the |

tierAvq

tierMay
window

lower tiers this tier depends on are not considered.

tierAv(
average
of the Iq

B.2.3
B.2.3.1

Box Ty

Contain

Mandatory: Yes

Quantif]
NOTE
This bo

B.2.3.2

the lower tiers this tier depends on are taken into account.

ate gives the long-term average bit rate in bits/second of the stream containing all NAL-uni
| to this tier and the lower tiers this tier depends on, averaged over the entire stream All NAI|
this tier and the lower tiers this tier depends on are taken into account.

eBitRate gives the lowest long-term average bit rate in bits/second of the<Stream madsg
when calculating this bit rate value is the same as for baseBitRate but ekcluding all NAL units

pwer tiers this tier depends on. For MVC or MVD streams, tierBaseBitRate shall be equal tqg
BitRate.

BitRate gives the maximum bit rate in bits/second that is provided by only this tier over any
r of one second. All NAL units mapped to this tier are taken into account. All NAL units of thg

BitRate - gives the long-term average bit rate in bits/second that is provided by only this tier
d over the entire stream. All NAL units mapped to this'tier are taken into account. All NAL units
wer tiers this tier depends on are not considered.
Priority range

Definition

e: 'svpr'

er: ScalableGroupEntry ex:MultiviewGroupEntry

y:  Exactly One
This box was\previously called SVCPriorityRangeBox.

k reportsthie minimum and maximum priority_id of the NAL units mapped to this tier.

Syntax

class PriorityRangeBox extends Box ('svpr') {

bit (2) reservedl = 0;

unsigned int(6) min priorityId;

bit (2) reserved2 = 0;

unsigned int (6) max priorityId;

132
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B.2.3.3 Semantics

min priority id, min priority id take the minimum or maximum value of the priority_id syntax
element that is present in the NAL unit header extension of the SVC, MVC or MVC+D depth NAL units
mapped to the tier. For AVC streams this takes the value that is, or would be, in the prefix NAL unit.

B.2.4 SVC dependency range

B.2.4.1 Definition

Box Types:  'svdr'

Container:  ScalableGroupEntry
Mandatory: Yes

Duantity:  Exactly One

['his box reports the minimum and maximum dependency_id of the NAI{units mapped to this tipr.

['he field min_temporal_id reports the minimum value of temporal /id.of the NAL units in the tief having
lependency_id equal to min_dependency_id, Similarly the field min_quality_id reports the mjnimum
juality_id of those NAL units. The fields max_temporal_id and max_quality_id similarly report on
he maximum values of the respective fields in those NAL-txhits having dependency_id equal o max_
lependency_id.

B.2.4.2 Syntax
Flass SVCDependencyRangeBox extends Box ('swdr') {
unsigned int (3) min dependency id;

unsigned int(3) min temporal id}

bit (6) reserved = 0;

unsigned int(4) min quality id;
unsigned int (3) maX dépendency id;
unsigned int (¥ max temporal id;
bit (6) resexwed = 0;

unsigned~int (4) max quality id;

B.2:4.3 Semantics

min dependency id, max dependency id take the minimum or maximum value of the dependency_
id syntax element that is present in the scalable extension NAL unit header defined in the SVC video
specification of the NAL units mapped to the tier. For AVC streams this takes the value that is, or would
be, in the prefix NAL unit (note: this value is zero).

min temporal id, max temporal id take the minimum or value of the temporal_id syntax element that
is present in the scalable extension NAL unit header defined in the SVC video specification of the NAL
units mapped to the tier having dependency_id equal to min dependency id and max dependency id
respectively . For AVC streams this takes the value that is, or would be, in the prefix NAL unit.
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min qua
present
units m

lity id, max quality id take the minimum or value of the quality_id syntax element that is
in the scalable extension NAL unit header defined in the SVC video specification of the NAL
apped to the tier having dependency_id equal to min dependency id and max dependency id

respectively . For AVC streams this takes the value that is, or would be, in the prefix NAL unit.

B.2.5 Initial parameter sets box

B.2.5.1 Definition
Box'Ey[e: 'svip'
Contairler:  ScalableGroupEntry or MultiviewGroupEntry

Mandatory: No

Quantity: Zero or One

The ini

all the lpwer tiers it depends on.

B.2.5.2
class 1
unsi

for

unsi

for

B.2.5.3
sps_id]|

SPS in

lower tiers it depends-on. These are 1-based indices into the arrays in SVCDecoderConfigurationRecord

MVCDe

PPS in
tiers it

ial parameter sets box documents which parameter sets are needed for decoding this tier and

Syntax
nitialParameterSetBox extends Box ('svip') {
gned int (8) sps_id count;
(1=0; i< sps_1id count; i++)
nsigned int (8) SPS index;
gned int (8) pps id count;
(i=0; i< pps_1id count; i++)

nsigned int (8) PPS index;

Semantics
[count, pps id cofint’gives the number of entries in the following tables.

ex specifies thatthe SPS or subset SPS with this index is needed for decoding this tier and all thg

toderConfigurationRecord, or MVDDecoderConfigurationRecord.

ex specifies that the PPS with this index is needed for decoding this tier and all the lowei
depends on. These are 1-based indices into the arrays in SVCDecoderConfigurationRecord

MVCDe

134
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B.2.6 SVCrectregion box
B.2.6.1 Definition

Box Type: "rrgn'
Container: ScalableGroupEntry

Mandatory: No

019(E)

Quantity: Zero or One

[he SVC rect region box documents the geometry information of the region represented by the
fier relative to the region represented by another tier. When extended spatial scalability was

o not depend on all the tiers with lower tierID. In this case dependerieies can be given with
lependency box.

B.2.6.2 Syntax

Flass RectRegionBox extends Box ('rrgn') {
unsigned int (16) base region tierID;
unsigned int (1) dynamic rect;
bit (7) reserved = 0;
if (dynamic_rect == 0) {
unsigned int (16) horizontal-offset;
unsigned int(16) vertical offset;
unsigned int (16) ,segion width;

unsigned int (16)region height;

B.2.6.3 “.Semantics

base region tierID gives the tierld value of the tier wherein the represented region is used as ]
region for derivation of the region represented by the current tier.

current
used to

encode in the current tier a cropped region of another tier, then the geometry information of the qropped
region can be signalled by this box. This box can also be used to signal the geometry informatjion of a
region-of-interest (ROI) when the current tier is a sub-picture tier. This are&’can either be static for
hll samples or vary at sample-by-sample basis. Note that it is possible thiat independent sub-pictures

the tier

he base

dynamic_rect equal to 1 indicates that the region represented by the current tier is a dynamically

changing rectangular part of the base region. Otherwise the region represented by the current
fixed rectangular part of the base region.

tierisa

horizontal offset and vertical offset give respectively the horizontal and vertical offsets of the
top-left pixel of the rectangular region represented by the tier, in relative to the top-left pixel of the

base region, in luma samples of the base region.

region width and region height give respectively the width and height of the rectangular region

represented by the tier, in luma samples of the base region.
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B.2.7 Buffering information box
B.2.7.1 Definition

Box Type:  'Puff’
Container: ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox

Mandatory: No

Quantity: Zero or One

The BufferingBox contains the buffer information of the covered bitstream subset. If the Buffering bo3
is inclugled in a Scalable Group entry or a Multiview Group entry, the covered bitstream subsetConsists
of the tjer and all tiers on which it depends. If the Buffering box is included in a Multiview, Group box
the covered bitstream subset consists of the target output views of the multiview gioup and all thg
views required for decoding the target output views.

B.2.7.2] Syntax

class BufferingBox extends Box ('buff') {

unsigned int (16) operating point count
for|(i = 0; i < operating point count; i++) {
nsigned int (32) byte rate
nsigned int (32) cpb size
nsigned int (32) dpb size
nsigned int (32) init cpb delay
nsigned int (32) init dpb délay

B.2.7.3| Semantics

operating point court specifies the number of HRD operating points for the covered bitstream subset
Values ¢f the HRD pdrameters are specified separately for each operating point. The value of operating|
point_cpunt shall.bégreater than 0.

byte rdte specifies the input byte rate (in bytes per second) to the coded picture buffer (CPB) of the
HRD. The covered bitstream subset is constrained by the value of BitRate equal to byte_rate * 8 for NAI
HRD pdrameters as specified in ISO/IEC 14496-10. For VCL HRD parameters, the value of BitRate is
equal to byte_rate * 40 / 6. The value of byte_rate shall be greater than 0.

cpb_size specifies the required size of the coded picture buffer in bytes. The covered bitstream subset
is constrained by the value of CpbSize equal to cpb_size * 8 for NAL HRD parameters as specified in
ISO/IEC 14496-10. For VCL HRD parameters, the value of CpbSize is equal to cpb_size * 40 / 6.

At least one pair of values of byte_rate and cpb_size of the same operating point shall conform to the
maximum bit rate and CPB size allowed by profile and level of the covered bitstream subset.

dpb_size specifies the required size of the decoded picture buffer (DPB), in unit of bytes. The covered
bitstream subset is constrained by the value of max_dec_frame_buffering equal to Min( 16, Floor(

136 © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=b7bf80f429bafb8138ad9bf88223012c

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms

	4 General definitions
	4.1 Overview
	4.2 Elementary stream structure
	4.3 Sample and configuration definition
	4.3.1 General
	4.3.2 Canonical order and restrictions
	4.3.3 Sample format
	4.3.4 Optional boxes in the sample entry

	4.4 Video track structure
	4.5 Template fields used
	4.6 Visual width and height
	4.7 Decoding time (DTS) and composition time (CTS)
	4.8 Sample groups on random access recovery points 'roll' and random access points 'rap ' 
	4.9 Hinting
	4.10 On change of sample entry 
	4.11 SEI information box
	4.11.1 Definition
	4.11.2 Syntax
	4.11.3 Semantics

	4.12 Post-decoder requirements scheme for signalling of SEI
	4.12.1 General
	4.12.2 Definition


	5 AVC elementary streams and sample definitions
	5.1 Overview
	5.2 Elementary stream structure
	5.3 Sample and configuration definition
	5.3.1 Overview
	5.3.2 Canonical order and restrictions
	5.3.3 Decoder configuration information

	5.4 Derivation from ISO base media file format
	5.4.1 AVC file type and identification
	5.4.2 AVC video stream definition
	5.4.3 AVC parameter set stream definition
	5.4.4 Parameter sets
	5.4.5 Sync sample
	5.4.6 Shadow sync
	5.4.7 Layering and sub-sequences
	5.4.8 Alternate streams and switching pictures
	5.4.9 Definition of a sub-sample for AVC


	6 SVC elementary stream and sample definitions
	6.1 Overview
	6.2 Elementary stream structure
	6.3 Use of the plain AVC file format
	6.4 Sample and configuration definition
	6.4.1 Overview
	6.4.2 Canonical order and restrictions

	6.5 Derivation from the ISO base media file format
	6.5.1 SVC track structure
	6.5.2 Data sharing and extraction
	6.5.3 SVC video stream definition
	6.5.4 SVC visual width and height
	6.5.5 Sync sample
	6.5.6 Shadow sync
	6.5.7 Independent and disposable samples box
	6.5.8 Sample groups on random access recovery points 'roll' and random access points 'rap ' 
	6.5.9 Definition of a sub-sample for SVC


	7 MVC and MVD elementary stream and sample definitions
	7.1 Overview
	7.2 Overview of MVC or MVD storage
	7.3 MVC and MVD elementary stream structures
	7.4 Use of the plain AVC file format
	7.5 Sample and configuration definition
	7.5.1 Overview
	7.5.2 Canonical order and restriction
	7.5.3 Decoder configuration record

	7.6 Derivation from the ISO base media file format
	7.6.1 MVC and MVD track structures
	7.6.2 Reconstruction of an access unit
	7.6.3 Sample entry
	7.6.4 Sync sample
	7.6.5 Shadow sync
	7.6.6 Independent and disposable samples box
	7.6.7 Sample groups on random access recovery points 'roll' and random access points 'rap ' 

	7.7 MVC specific information boxes
	7.7.1 Overview
	7.7.2 Multiview information box
	7.7.3 Multiview group box
	7.7.4 Multiview group relation box
	7.7.5 Multiview relation attribute box
	7.7.6 Multiview scene info box
	7.7.7 MVC view priority assignment box


	8 HEVC elementary streams and sample definitions
	8.1 Overview
	8.2 Elementary stream structure
	8.3 Sample and configuration definition
	8.3.1 Overview
	8.3.2 Canonical order and restrictions
	8.3.3 Decoder configuration information

	8.4 Derivation from ISO base media file format
	8.4.1 HEVC video stream definition
	8.4.2 Parameter sets in sample entry
	8.4.3 Sync sample
	8.4.4 Sync sample sample grouping
	8.4.5 Temporal scalability sample grouping
	8.4.6 Temporal sub-layer access sample grouping
	8.4.7 Step-wise temporal layer access sample grouping
	8.4.8 Definition of a sub-sample for HEVC
	8.4.9 Handling non-output samples


	9 Layered HEVC elementary stream and sample definitions
	9.1 Overview
	9.2 Overview of L-HEVC storage
	9.3 L-HEVC elementary stream structure
	9.4 Sample and configuration definition
	9.4.1 Overview
	9.4.2 Canonical order and restrictions
	9.4.3 Decoder configuration record

	9.5 Derivation from the ISO base media file format and the HEVC file format (Clause 8)
	9.5.1 L-HEVC track structure
	9.5.2 Data sharing and reconstruction of an L-HEVC bitstream
	9.5.3 L-HEVC video stream definition
	9.5.4 L-HEVC visual width and height
	9.5.5 Sync sample
	9.5.6 Independent and disposable samples box
	9.5.7 Stream access point sample group
	9.5.8 The 'roll', 'rap ', 'sync', 'tsas' and 'stsa' sample groups
	9.5.9 Definition of a sub-sample for L-HEVC
	9.5.10 Handling non-output samples

	9.6 L-HEVC specific structures
	9.6.1 External base layer sample group
	9.6.2 The operating points information sample group
	9.6.3 The layer information sample group
	9.6.4 The layer information sample group


	10 Storage of tiled HEVC and L-HEVC video streams
	10.1 Overview
	10.2 NAL unit map entry
	10.2.1 Definition
	10.2.2 Syntax
	10.2.3 Semantics

	10.3 Tile region group entry
	10.3.1 Definition
	10.3.2 Syntax
	10.3.3 Semantics

	10.4 Tile sub track definition
	10.4.1 Overview
	10.4.2 TileSubTrackGroupBox

	10.5 HEVC and L-HEVC tile track
	10.5.1 Overview
	10.5.2 Sample entry name and format for HEVC tile tracks
	10.5.3 Sample entry name and format for L-HEVC tile tracks
	10.5.4 Bitstream reconstruction from tile base and tile tracks
	10.5.5 Sample entry names for tile base tracks


	Annex A (normative)  In-stream structures
	Annex B (normative)  SVC, MVC, and MVD sample group and sub-track definitions
	Annex C (normative)  Temporal metadata support
	Annex D (normative)  File format toolsets and brands
	Annex E (normative)  Sub-parameters for the MIME type ‘codecs’ parameter
	Annex F (informative)  Unspecified nal_unit_type value management

