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Foreword

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

B d IDC o

work. |
ISO/IE(

The procedures used to develop this document and those intended for its further maintenance arg
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria needéd for the

differer
editoria

Attenti

patent fights. ISO shall not be held responsible for identifying any or all such patént rights. Details of
any patent rights identified during the development of the document will be irzthe Introduction and/of
on the ISO list of patent declarations received (see www.iso.org/patents).

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

constit

For an
express

World Trade Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html.
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JTC 1.

t types of ISO documents should be noted. This document was drafted in accordance with the
1 rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

n is drawn to the possibility that some of the elements of this document may be the subject of

te an endorsement.

explanation on the voluntary nature of standards, the meaning of ISO specific terms and
ions related to conformity assessment, as well as infermation about ISO’s adherence to thg

The conmittee responsible for this document is ISOAIEC JTC 1, Information technology, Subcommittesg

SC29,d

This folirth edition cancels and replaces the third edition (ISO/IEC 14496-15:2014), which has beer

technic
Italsoi

A list of

oding of audio, picture, multimedia and hyperimedia information.

hlly revised.
hcorporates the Technical Corrigendum ISO/IEC 14496-15:2014/Cor 1:2015.
all parts in the ISO/IEC 14496 series can be found on the ISO website.

Vi
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Introduction

017(E)

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
are based.

rontent shall be stored in an ISO Base Media File Format compliant format: However, it is n

Format, that permits the use of NAL unit structured video such as AVC\(ISO/IEC 14496-10) vi
High Efficiency Video Coding (HEVC, ISO/IEC 23008-2) video.

nteroperability.

Commission (IEC) draw attention to the fact that itis'claimed that compliance with this docum
nvolve the use of a patent.

respect, the statement of the holder.of this patent right is registered with the ISO and IEC.

batent rights. ISO and IECshall not be held responsible for identifying any or all such patent rig

['he ISO and IEC take no position concerningthe evidence, validity and scope of this patent right.

1) inherit all the use cases and features of the ISO Base Media File Format on which MP4 gnd M]2

[his document may be used as a standalone specification; it specifies how NAL unit structureld video

brmally

1sed in the context of a specification, such as the MP4 file format, derived from the ISO Base Mddia File

leo and

['he ISO Base Media File Format is becoming increasingly commeiras a general-purpose media cdntainer
format for the exchange of digital media, and its use in this context should accelerate both adoptjion and

[he International Organization for Standardizatien (ISO) and International Electrotgchnical

bnt may

['he holder of this patent right has assured the ISO and IEC that he is willing to negotiate licences under
reasonable and non-discriminatory térms and conditions with applicants throughout the world} In this

Attention is drawn to the possibility that some of the elements of this document may be the sibject of

ts.
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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 structuréd as NAL units| such
hs 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 atway 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 14496-12:2015, Information technology — Coding of audio-visual objects — Part 12: ISO base
media file format

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

SO/IEC 23008-2:—1, Information technology — High efficiency coding and media deliyery in
heterogeneous environments — Part 23 High efficiency video coding

B Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposesCof” this document, the terms and definitions given in ISO/IEC 14496-10 or
SO/IEC 23008-2,-and the following apply.

SO and IEC idaintain terminological databases for use in standardization at the following addrgsses:

— [ECElectropedia: available at http://www.electropedia.org/

—"1SO Online browsing platform: available at http://www.iso.org/obp

311

3D-AVC NAL unit

3D-AVC VCL NAL unit

NAL unit with type 21 with avc_3d_extension_flag equal to 1

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

1) To be published.

© ISO/IEC 2017 - All rights reserved 1
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3.1.2

aggregator

in-stream structure (3.1.10) 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 (i.e. a bitstream not using any of the functionality
of ISO/IEC 14496-10:2014, Annex G, Annex H, Annex I, or Annex ])

Note 1 tp entry: The AVC base layer is represented by AVC VCL NAL units and associated non-VCL NAL units.
Note 2 tp entry: The AVC base layer itself can be a temporal scalable bitstream.

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

3.1.5
AVC VCL NAL unit
NAL unfit with type 1 to 5 (inclusive)

Note 1 tp 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 applyingthe output cropping parameters specified by thg
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), and where every bitstream is a valid
operatihg point

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

3.19
extractor
in-streajm structure'(3.1.10) using a NAL unit header for extraction of data from other tracks

Note 1 tp entry=Extractors contain instructions on how to extract data from other tracks. Logically, an extractol
can be sgen.as a pointer to data. While reading a track containing extractors, the extractor is replaced by the dat4
itis pointingto

3.1.10
in-stream structure
structure residing within sample data

3.1.11

layer set

set of layers represented within a bitstream created from another bitstream by operation of the sub-
bitstream extraction process

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

2 © ISO/IEC 2017 - All rights reserved
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3.1.12
MVC NAL unit
MVC VCL NAL unit (3.1.13) and its associated non-VCL NAL units in an MVC stream

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

3.1.13
MVC VCL NAL unit

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

VCL NAIL 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

8.1.14

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 to entry: As specified in [SO/IEC 14496-10:2014, Annex I.

8.1.15

MVD NAL unit

MVD VCL NAL unit

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

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

8.1.16

NAL-unit-like structure
Jata structure that is similar to NAL units-in the sense that it 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 ISOAEC 14496-10 or ISO/IEC 23008-2.

8.1.17
hatively present
hot included in an aggregator (3.1.2) or an extractor (3.1.9)

Note 1 to entry: Datareéferred to by (hence not included in) an aggregator is considered as natively presg
ncluded in an aggregator is not considered as natively present.

8.1.18
pperating/point
ndependently decodable subset of a layered bitstream

bd with

ayload,
hanism

nt. Data

or more

Note 1 to entry: For a layered HEVC elementary stream or tiled HEVC and L-HEVC video streams, one

ayers in the set of layers are indicated to be output layers.

Note 2 to entry: Each operating point consists of all the data needed to decode this particular bitstream subset.

Note 3 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, tem
and quality_id) or (ii) specific values of P (priority_id) or (iii) combinations of them (e.g. PDTQ). Note

poral_id
that the

usage of priority_id is defined by the application. In an SVC file, a track represents one or more operating points.

Within a track, tiers may be used to define multiple operating points.

© ISO/IEC 2017 - All rights reserved
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Note 4 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 may contain
a texture view, a depth view or both.

Note 5 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.

3.1.19

output layer set

set of Idyers consisting of the layers of one of the specified layer sets (3.1.11), where one or more layer}
in the sget of layers are indicated to be output layers

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

3.1.20
parameter set

video parameter set, sequence parameter set, or picture parameter set, as defined|in the applicablg
video standard (e.g. ISO/IEC 14496-10 or ISO/IEC 23008-2)

Note 1 tp entry: This term is used to refer to all types of parameter sets.

3.1.21
parameter set elementary stream

elementary stream containing samples made up of only sequence atid picture parameter set NAL units
synchr¢nized with the video elementary stream (3.1.38)

3.1.22
picturg unit
set of VCL NAL units and their associated non-VCL NAL units

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

3.1.23
prefix NAL unit
NAL unjits with type 14

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

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

3.1.24
reference layer
layer that is indicated as possibly needed for decoding of another layer

Note 1 tp entry=As‘specified in ISO/IEC 23008-2 and as specified by the 'oinf' sample group defined in 9.6.2.

3.1.25
scalablelayer
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: The non-VCL NAL units 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).

4 © ISO/IEC 2017 - All rights reserved
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Note 3 to entry: SVC uses a “layered” encoder design that results in a bitstream representing “coding layers”. In
some publications, the “base layer” is the first quality layer of a specific coding layer. In some publications, the
base layer is the scalable layer with the lowest priority. The SVC file format uses “scalable layer” or “layer” in a
general way for describing nested bitstreams (using terms like AVC base layer or SVC enhancement layer).

3.1.26

scalable layer

layer

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

alues of

Note 1 to entry: The non-VCL NAL units 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 ¢
he video by one or more scalability levels in at least one direction (temporal, quality or spatial resolutio

Note 3 to entry: SVC uses a “layered” encoder design that results in a bitstream representing “coding la
bome publications, the “base layer” is the first quality layer of a specific coding layern some publicat
base layer is the scalable layer with the lowest priority. The SVC file format uses.“scalable layer” or “la
beneral way for describing nested bitstreams (using terms like AVC base layer o1"SVC enhancement layer

8.1.27

scalable layer representation

bitstream subset that is required for decoding the scalable layer{3.1.25), consisting of the scalalj
tself and all the scalable layers on which the scalable layer dépends

Note 1 to entry: A scalable layer representation is also referred’'to as the representation of the scalable 14

8.1.28
sub-picture
broper subset of coded slices of a layer representation

8.1.29
sub-picture tier
lier that consists of sub-pictures (3.1.28)

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

8.1.30
sub-layer
bet of VCL NAL units with a particular value of Temporalld and the associated non-VCL NAL unit

Note 1 to entry: Thenon-VCL NAL units are specified in ISO/IEC 23008-2.

8.1.31
5VC enhancement layer
ayer thatspecifies 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-)

nhances

n).

yers”. In
ons, the
er” in a

).

le layer

yer.

ot to be

VCL NAL

pifc and COT v nccagng

Grrco o O T T CoSTu g C5e

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

3.1.32
SVC NAL unit
SVC VCL NAL unit and its associated non-VCL NAL units in an SVC stream (3.1.33)

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

© ISO/IEC 2017 - All rights reserved
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3.1.33

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.

There

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.

3.1.35
temporal layer representation
representation of a temporal layer
temporpl layer and all lower temporal layers

3.1.36
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.

3.1.37
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

3.1.38

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

3.1.39
video stream
self-contained independently decodable video bitstream

3.1.40
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

3D-AVC three-dimensional advanced video coding (refers to ISO/IEC 14496-10 when the tech-
niques in Annex ] are in use)
D-HEVC  three-dimensional high efficiency video coding (refers to ISO/IEC 23008-2 whenythe tech-
niques in Annex I are in use)
A3D three-dimensional advanced video coding (refers to ISO/IEC 14496-10 when'the tdch-
niques in Annex | are in use)
AVC advanced video coding
where contrasted with SVC, MVC, or MVD in this document, this.term refers to themain
part of ISO/IEC 14496-10, including none of Annex G, Annex H; Annex I, and Annex(|]
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 instantaneous decoding refresh
RAP intra random access point
.-HEVC layered high efficiency video coding
MVC multiview video coding (refers to ISO/IEC 14496-10 when the techniques in Anné¢x H
are in use)
MVCD multiview video coding plus depth (refers to ISO/IEC 14496-10 when the techniques in
AnpexTare in use)
MVC+D multiview video coding plus depth (refers to ISO/IEC 14496-10 when the techniques in
Annex I are in use)
MV-HEVC  multiview high efficiency video coding (refers to ISO/IEC 23008-2 when the techniques in
Annex G are in use)
MVD multiview video coding plus depth (refers to ISO/IEC 14496-10 when the techniques in
Annex I or Annex ] are in use)
NAL network abstraction layer
PPS picture parameter set
RBSP raw byte sequence payload
ROI region-of-interest
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SAP stream access point

SEI supplementary enhancement information

SHVC scalable high efficiency video coding (refers to ISO/IEC 23008-2 when the techniques in
Annex H are in use)

SPS sequence parameter set

STSA step-wise-temperal-sub-layeraceess

SvC scalable video coding (refers to ISO/IEC 14496-10 when the techniques in Annex G are in
use)

TSA temporal sub-layer access

VCL video coding layer

VPS video parameter set

NOTE 1| The abbreviation A3D is used in terminology related to syntax elements-and structures, whereas thg
abbrevigtion 3D-AVC is used otherwise.

NOTE 2| The abbreviation MVCD is used in terminology related to syntax elements and structures, whereas

the abbieviation MVC+D is used otherwise.

4 Gepneral definitions

4.1 Qverview

The spgcifications in this clause apply to all coding-systems identified by chapters in this specification
unless gpecifically over-ridden by definitions inrthe clause for a specific coding system.

Table 1|summarizes the correspondences between the sets of terminology used in video specifications
and the|ISO Base Media File Format for the'AVC file format specified in Clause 5 and the HEVC file format
specifigd in Clause 8 (it does not appy for all cases for Clauses 6, 7, 9, and 10).

Table 1 — Correspondeénce 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 speciticatiomrconcerns video toding systents that specify asetof Network Abstractiomr bayer (VAL
units, which contain different types of data. This subclause specifies the format of the elementary
streams for storing such content.

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 a multi-
layer video bitstream), where an access unit is as defined in the appropriate specification.
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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
at the same instant in time.

4.3.2 Canonical order and restrictions

The elementary stream is stored in the ISO Base Media File Format in a canonical format. The canonical
format is as neutral as possible so that systems that need to customize the stream for delivery over
different transport protocols — MPEG-2 Systems, RTP, and so on — should not have to remove
nformation from the stream while being free to add to the stream. Furthermore, a canonicall format
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, 7, 9] and 10,
fome tracks may contain canonical streams while others may need to be processed (e.g. when ext{ractors
hre used or when an implicit reconstruction of access units is needed) to produce a.canonical stream.

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

— Video data NAL units: In the context of Clause 5 or 8, all video data NAL units for a single|picture
shall be contained within the sample whose decoding time and composition time are thosg 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 immediately precedesthe time (with no intervening sgmples),
when the SEI messages come into effect instantaneously)In general, SEI messages for a pictyre shall
be included in the sample containing that picture and¢hat SEI messages pertaining to a sequence of
pictures shall be included in the sample containingithe 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 umits in an elementary stream and within a single|sample
shall be in a valid decoding order for-those NAL units as specified in the applicable vided coding
standard.

— Alltiminginformationis external to stream: Picture Timing SEI messages thatdefine presgntation
or composition timestamps‘may be included in the video elementary stream, as these messages
contain other informatjon than timing, and may be required for conformance checking. Hpwever,
all timing informationis'provided by the information stored in the various sample metadatg tables,
and this information over-rides any timing provided in the video layer. Timing provided within the
video stream in thjs 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, combingtion, or
re-timing<of a stream at the file format level can invalidate or make inconsistent any embedded timing
inforfmation 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 4.3.3; this enables easy scanmng of the sample’s NAL units.

L h+ta dols fFroan +bio £:1 € 2| N d4+a \f
J)’DLCIIID LllClL \A% lDll LU ucuvc1 ITTUIIT L1110 1T1IC lUl lllClL, [=} DLl Calll ualus Dl,al L CUUCTS VWV lll llCCbl U1 Ormat

the stream to insert those start codes.

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

Figure 1.
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Access Slice
= Unit = SEI . = = NAL Unit
20 Delimiter 20 NAL Unit 20 20 (Redundant
o) NAL Unit o) (if present) o) o) Coded Picture)
] . ] ] ] .
(if present) (if present)

Figure 1 — Example structure of a sample

An access unit is made up of a set of NAL units. Each NAL unit is represented with the following.

— Length: Indicates the length in bytes of the following NAL unit. The length field can be configured td
be pf 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

aligned (8) class NALUSample
{
unsjgned int PictureLength = sample size; //Size of Sample from)SampleSizeBox
for|(i=0; i<PictureLength; ) // to end of the picture
{
nsigned int ( (DecoderConfigurationRecord.LengthSizeMinusOne+1) *8)
NALUnitLength;
it (NALUnitLength * 8) NALUnit;
1 += (DecoderConfigurationRecord.LengthSizeMinusOne+l) + NALUnitLength;
}
}

4.3.3.3| Semantics

Decod¢rConfigurationRecord indicates the" record in the matching sample entry (e.g
AVCDedoderConfigurationRecord in the ease of AVC).

NALUn} tLength indicates the size of 2. NAL unit measured in bytes. The length field includes the sizg
of both[the NAL header and the NAL unitpayload but does not include the length field itself.

NALUn] t contains a single NAL unit;*The syntax of a NAL unit is defined in the appropriate specificatior]
(e.g. ISQ/IEC 14496-10) and includes both the one byte NAL header and the variable length encapsulated
byte stfeam payload.

4.3.4 |[Optional boxes-in the sample entry

Unless ptherwise eXplicitly specified, the optional boxes, including the BitRateBox, 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.
They, therefore, use the following:

a) ahandler_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.
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If there is more than one track representing scalable aspects of a single stream, then they form
alternatives to each other, and the field 'alternate group'should be used, or the composition system
used should select one of them, as appropriate. See ISO/IEC 14496-12:2015, 8.10.3 “Track Selection Box”
for informative labelling of why tracks are members of alternate groups.

4.5 Template fields used

The 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:

) alternate group inthe TrackHeaderBox (see 5.4.8 on stream switching).

b) template field 'depth’in the VisualSampleEntry to document the presence of alpha.
Hepth takes one of the following values:

— 0x18 - the video sequence is in colour with no alpha;

— 0x28 - the video sequence is in grayscale with no alpha;

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

1.6 Visual width and height

[he width and height fields in a VisualSampleEntry shall correctly document the croppedl frame
Himensions 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. If the
width or height of the sequence changes, then a new sample entry is needed.

Note that the visual size in the SPS may be either frame or field size; in the sample entry, it is always the
‘rame size.

['he width and height fields in the track header may not be the same as the width and height fields in the
bne or more VisualSampleEnCry in the video track. As specified in the ISO Base Media File Format,
f normalized visual presentation is needed, all the sequences are normalized to the track width and
height for presentation.

1.7 Decoding time\(DTS) and composition time (CTS)

bamples are stored in the file format in decoding order. If picture reordering is not used and decoding
hind compositidntimes are the same, then presentation is the same as decoding order and only the time-
f0-sample ‘s s’ table is used. Note that any kind of picture may be reordered, not only B-pictufes.

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

4.8 Sample groups on random access recovery points roll and random access
points 'rap’

This version of ISO/IEC 14496-15 disallows the presence of SampleToGroupBox with grouping_type
equal to 'roll' or 'rap' and with version greater than 0 in tracks with sample entries specified in
this document other than Clause 7. Parsers according to this version of ISO/IEC 14496-15 shall ignore
SampleToGroupBox with grouping_type equal to 'rol11' or 'rap' and with version greater than 0
in tracks with sample entries specified in this document other than Clause 7.

The video coding system can include the concept of a “gradual decoding refresh” or random access
recovery point. This may be signalled in the bit-stream using a mechanism such as the recovery point
SEI message. This message is found at the beginning of the random access, and indicates how much data
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shall be decoded subsequent to the access unit at the position of the SEI message before the recovery is
complete.

When all access units in output order starting from the access unit at the position of the SEI message
can be successfully decoded after random access, i.e. when the recovery_frame_cnt syntax element of
the recovery point SEI message is 0, the Random Access Point ('rap') sample grouping should be used.

This concept of gradual recovery is supported in the file format also by using Rol1RecoveryEntry
Groups (4.5). In order that the group membership marks the sample containing the SEI message,
the 'roll=-distance' is constrained to hping rm]y pasitive (i e_a pncf-rn]]) In _other words
Rol1R¢coveryEntry Groups can be used when the value of the recovery_frame_cnt syntax elemeén{
of the rgecovery point SEI message is greater than 0.

NOTE The roll-group counts samples in the file format; this may not match the way that the distarces are
represefted in the SEI message.

Within ja stream, it is necessary to mark the beginning of the pre-roll, so that a stream”decoder may
start d¢coding there. However, 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 prefroll).

4.9 Hinting

Note that what the hint tracks call “B frames” are actually “disgesable” pictures or non-reference
pictures, for example 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. Iy
particu]ar, a hint track that points at an extractor in a video track would cause the extractor itself to bg
transmjtted (which is probably both incorrect and not the desired behaviour), not the data the extractot
referenfes. Hint tracks should normally directly reference NAL units specified in the applicable vided
coding tandard.

4.10 On change of sample entry

In this flause, resetting decoding can-bé regarded as a similar process as starting the decoding fromn
the begjnning of a video stream.

A change in the sample entry is_daused, for example, by a change of the values of the width and heigh{
fields i aVisualSampleEntry, as described in 4.6.

For the[single-layer video file formats specified in Clauses 5 and 8, the video decoder for decoding of
the bitstream outputyfrem the file parser is expected to be reset at the first sample at which the samplg
entry changes. When more than one sample entry is used in a track, random accessing is enabled if
video sfream isencoded and encapsulated in the track as follows.

— Thg¢ first'sample that a sample entry is associated with (i.e. applies to) is a sync sample.

— Decodmgofsamplesthatasampteentry tsassoctated-withdoes ot rety onrdatafromrany sampte
not associated with the sample entry or data from any other sample entry.

For the multi-layer video file formats specified in Clauses 6 and 7, the video decoder for decoding of
the bitstream output from the file parser is expected to be reset at the first sample in the base track or
scalable base track (as defined in Clauses 6 and 7) at which the sample entry changes. When more than
one sample entry is used in the base track or scalable base 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 in the base track or scalable base track is associated with is a
sync sample.

12 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d0346413ed3d2a4ca2f33e0762ae93ae

ISO/IEC 14496-15:2017(E)

Decoding of the set of access units from the first access unit containing the first sample in the base
track associated with a sample entry to the last access unit containing the last sample in the base
track associated with the sample entry, inclusive, does not rely on data from any access unit earlier
than the first access unit in decoding order or data from any sample entry associated with a sample

contained in an access unit ealier than the first access unit in decoding order.

In the following, let the L-HEVC base track be the track referred to by a track reference of type
(when present) or the present track (when it contains an 'oinf' sample group). For the mul

'oref’
ti-layer

video file formats specified in Clause 9, the video decoder for decoding of the bitstream output from the

2] H rad o lo ol o £ 4 lodeadtlaa I JTIDOYIA 1 4 1 & laialatla
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br the 'oinf' sample group description entry changes. When more than one sample entry of
tample group description entry is used in the L-HEVC base track, random accessing is enabled if]
stream is encoded and encapsulated in the track as follows.

base track is associated with has an IRAP picture (as specified in ISO/IEC:23008-2) at thg
layer carried in the track.

the last access unit containing the last sample in the L-HEVC base track associated with the

earlier than the first access unit in decoding order or data from any sample entry or 'oinf’
group description entry associated with a sample contdined in an access unit ealier than
access unit in decoding order.

b AVC elementary streams and sample definitions

6.1 General

[he Advanced Video Coding (AVC) standard, jointly developed by the ITU-T and ISO/IEC JTC
[MPEG), offers not only increased coding efficiency and enhanced robustness, but also many f
for the systems that use it. To enablé the best visibility of, and access to, those features, and to ¢
the opportunities for the interchange and interoperability of media, Clause 5 defines a storagé
for video streams compressed using AVC.

['his clause defines the storage for plain AVC streams, where “plain AVC” refers to the main
SO/IEC 14496-10, excluding any multi-layer extension of ISO/IEC 14496-10 such as Annex G (§

e entry
'oinf'
avideo

— The first sample that a sample entry or an 'oinf' sample group description entry in the L.-HEVC

lowest

— Decoding of the set of access units from the first access unit containing the first sampl¢ in the
L-HEVC base track associated with a sample entry or an 'oinf' sample group description ¢ntry to

sample

entry or 'oinf'sample group description entry, inclusive, doesnot rely on data from any accpss unit

sample
he first

/SC 29
eatures
nhance
format

part of
calable

Video Coding), Annex-H (Multiview Video Coding), Annex I (Multiview and Depth Video Coding), and
Annex | (Multiviewsand Depth Video with Enhanced Non-Base View Coding).

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

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

h)-OSwitching pictures: To enable switching between different coded streams and substitytion of
pictures within the same stream.

b) Sub-sequences and layers: Provides a structuring of the dependencies of a group of pictures to
provide for a flexible stream structure (e.g. in terms of temporal scalability and layering).

c) Parameter sets: The sequence and picture parameter set mechanism decouples the transmission

of infrequently changing information from the transmission of coded macroblock data. Each slice
containing the coded macroblock 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 decoding parameter information.
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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 signaling 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.

ed NA

d ormaly contain ofly

indlicates whether the stream may contain parameter sets of given types, in addition to other
parfameters provided in the sample entry. Sequence and picture pararmeter set NAL units may
thefrefore be part of AVC samples within the stream itself.

— Video elementary stream and parameter set elementary-Stream: In this case, sequence and
picfure parameter set NAL units shall be transmitted only imythe parameter set elementary strean
and shall neither be present in the sample entries nor the AVE samples of the video elementary stream

The tyges of NAL units that are allowed in each of the vides and parameter set elementary streams arg

specifiqd in Table 2.

Table 2 — NAL Unit types’'in elementary Streams
Valugq of nal_ Description Video elementary Video elementary |Parameter set
unif_type stream (sample entry| stream (sample elementary
'avel' or 'ave2') entry 've3' or 'avc4') stream

0 Unspecified Not specified by this | Not specified by this |Not specified by

document document this document

1 Coded slice of amen-IDR Yes Yes No
picture
slice_layer-without_parti-
tioningthsp()

2 Codedslice data partition Yes Yes No
A\slice_data_partition_a_
layer_rbsp()

3 Coded slice data partition Yes Yes No
B slice_data_partition_b_
1nynr_rhcp()

4 Coded slice data partition Yes Yes No
C slice_data_partition_c_
layer_rbsp()

5 Coded slice of an IDR picture Yes Yes No
slice_layer without_parti-
tioning_rbsp()

6 Supplemental enhancement Yes. Yes. Only “declar-
information(SEI) Except for the Sub-se- | Except for the Sub-se- ast}?éil(?]ls)les
sei_rbsp() quence, layering or quence, or layering resent

Filler SEI messages SEI messages p

14
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Value of nal_ Description Video elementary Video elementary |Parameter set
unit_type stream (sample entry| stream (sample elementary
'avel’ or 'ave2') entry 've3' or 'avcd') stream

7 Sequence parameter set No. Yes. Yes
(SPS) If parameter set Parameter set ele-
seq_parameter_set_rbsp() elementary stream is | mentary stream shall

not used, SPS shall be not be used
Stored i the Decoder
Specific Information.

8 Picture parameter set (PPS) No. Yes. Yds
pic_parameter_set_rbsp() If parameter set Parameter set ele;

elementary stream is | mentary stream shall
not used, PPS shall be not be used
stored in the Decoder

Specific Information.

9 Access unit delimiter (AU Yes Yes Np
Delimiter)
access_unit_delimiter_rbsp()

10 End of sequence Yes Yes Np
end_of_seq_rbsp()

11 End of stream Yes Yes Np
end_of_stream_rbsp()

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

13 Sequence parameter set No. Yes. Yds
extension If parameter set Parameter set ele-
seq_parameter_set_exten= elementary stream | mentary stream shall
sion_rbsp() is not used, Sequence not be used

Parameter Set Exten-
sion shall be stored in
the Decoder Specific
Information.
14..18 Reserved Not specified by this | Not specified by this |Not spedified by
document document this do¢ument

19 Coded slice of an auxiliary Yes Yes Np
coded picture without par-
titioning
slice_layer_without_parti-
tioning_rbsp()

20...23 Reserved Not specified by this | Not specified by this |Not spedified by
document document this do¢ument

24 -31 Unspecified Not specified by this | Not specified by this |Not specified by
document document this document
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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
b) Synchronized video and parameter sets with arrows denoting synchronization between

streams

Figure 2 — AVC elementary stream structure

5.3 Sphmple and configuration definition

5.3.1 |General
AVC sampple: An AVC sample is an access unit as defined<in 1ISO/IEC 14496-10:2014, 7.4.1.2.
AVC paffameter set sample: An AVC parameter set samiple is a sample in a parameter set stream that shal

consistfof those parameter set NAL units that are to be considered as if present in the video elementary
stream(at the same instant in time.

5.3.2 |Canonical order and restrictions

The caionical stream format is afivAVC elementary stream that satisfies the following conditions if
additiop to the general conditions-in 4.3.2.

— Video data NAL units (€eded Slice, Coded Slice Data Partition A, Coded Slice Data Partition B, Codeg
Slide Data Partition.C;€oded Slice IDR Pictures): All slice and data partition NAL units for a single
picture shall be contdined within the sample whose decoding time and composition time are those
of the picture. Eaeli sample shall contain at least one VCL NAL unit of the primary coded picture.

— Parameter sets: If a parameter set elementary stream is used, then the sample in the parametet
stream, shall have a decoding time equal or prior to when the parameter set(s) comes into effecf

insfartaneously. This means that for a parameter set to be used in a picture it shall be sent prior ta
thelsample cantaining that picture arin 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 may 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 may be present both the sample entries and as part of the samples.

— 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
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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 may 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 by 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 uhits are
defined in ISO/IEC 14496-10:2014, 7.4.1.2.3.

— Sub-sequence and layering SEI messages. Sub-sequence or layering SEI fu€ssages shquld not
occur in the AVC elementary stream. Specifically, the sub-sequence information, sub-sequenge layer
characteristics, and sub-sequence characteristics SEI messages should not’eccur in the stofed AVC
video elementary stream. Instead, all such information is stored as external metadata as d¢scribed
in 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 pictire or a redundant coded picture $hall be
ordered in non-decreasing order of slice group identifier/Within the same slice group, slices ghall be
ordered by their first Macroblock location (first_mb_in_slice in the slice header).

NOTE 3  Slice groups are stored in a canonical order-to*ease hinting, and to make it easier to find a primary
toded 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 needed. Filler Data NAL units and Filler Data SEI messages shalll not be
present in the file format stored sts€am when the sample entry does not also permit parameter sets.

NOTE4  The removal or addition of Filler Data NAL units, start codes, SEI messages or Filler Data SEI npessages

may change the bit-stream charactéristics with respect to conformance with the HRD when operating th¢ HRD in
CBR mode as specified in ISO/IEC 14496-10:2014, Annex C.

5.3.3 Decoder configuration information
6.3.3.1 AVC decoder 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
contained NAL units as well as the initial parameter sets. This record is externally framed (its size shall
be-supplied by the structure that contains it).

This record contains a version field. This version of the specification 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 specification).

When used to provide the configuration of

— aparameter set elementary stream, and
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— avideo elementary stream used in conjunction with a parameter set elementary stream,

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

When used to provide the configuration of a video elementary stream used without a parameter set
elementary stream, the configuration record may or may not contain sequence or picture parameter
sets (numOfSequenceParameterSets or numOfPictureParameterSets may or may not have
the value 0).

The vdlues for AVCProfileIndication, AVCLevellndication, and the flags that indicate profilg
compatjibility shall be valid for all parameter sets of the stream described by this record. The-leve
indication 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 ,parametej
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 markedGyith differenf
profileg, and the relevant profile compatibility flags are all zero, then the stream may 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 strean
shall bg split into two or more sub-streams with separate configuration records in which these rules
can be et.

Explicif indication can be provided in the AVC Decoder Configuration Record about the chroma formaf
and bit flepth used by the AVC video elementary stream. The parametéer ‘chroma format idc'presen{
in the 4equence parameter set in AVC specifies the chroma sampling relative to the luma sampling
Similar]y the parameters bit depth luma minus8' and.Bbit depth chroma minus8' in thg
sequeng¢e parameter set specify the bit depth of the samples of'the luma and chroma arrays. The values
of chrqma format idc,bit depth luma minus8'apnd bit depth chroma minus8'shall bg
identicdl in all sequence parameter sets in a single AVG¢onfiguration record. If two sequences differ if
any of these values, two different AVC configuration récords will be needed. If the two sequences diffej
in color space indications in their VUI informationithen two different configuration records are alsd
required.

The arfay of sequence parameter sets, and-the array of picture parameter sets, may contain SE
messaggs of a “declarative” nature, thatis;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 are reserved in ISO/IEC 14496-10 and in this specification may acquire 3
definitipn in future, and readers(should ignore NAL units with reserved values of NAL unit type wher
they are present in these arrays.

NOTE 1| This “tolerant” behaviour 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 in profiles other than those
indicat¢d for the array specific to such NAL units (profile_idc not equal to any of 100, 110, 122, 144)
they shpuld besplaced in the Sequence Parameter Set Array.

NOTE 2| cThe profile identified by profile_idc value 144 is deprecated in ISO/IEC 14496-10.

5.3.3.1.2 Syntax

aligned(8) class AVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
unsigned int (8) AVCProfileIndication;
unsigned int(8) profile compatibility;
unsigned int (8) AVCLevelIndication;

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 ;
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bit (8*sequenceParameterSetLength) sequenceParameterSetNALUnit;
}
unsigned int (8) numOfPictureParameterSets;
for (i=0; i< numOfPictureParameterSets; i++) {
unsigned int (16) pictureParameterSetLength;
bit (8*pictureParameterSetlLength) pictureParameterSetNALUnit;
}

if ( AVCProfileIndication == 100 || AVCProfileIndication == 110 ||
AVCProfileIndication == 122 || AVCProfileIndication == 144 )
{

bit(6) reserved = '111111'b;

ullbiglled illl_ { ) LllLUlLLdiLULIHdL,

bit (5) reserved = '11111'b;

unsigned int(3) bit depth luma minus8;

bit (5) reserved = '11111'b;

unsigned int(3) bit depth chroma minus8;
unsigned int (8) numOfSequenceParameterSetExt;
for (i=0; i< numOfSequenceParameterSetExt; i++) {
unsigned int (16) sequenceParameterSetExtLength;
bit (8*sequenceParameterSetExtLength) sequenceParameterSetEXtNALUnit;

5.3.3.1.3 Semantics
\VCProfileIndication contains the profile code as defined inJJSO/IEC 14496-10.

profile compatibility is a byte defined exactly the/same as the byte that occurs betwgen the
brofile_IDC and level_IDC in a sequence parameter set (SBS); as defined in ISO/IEC 14496-10.

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

lengthSizeMinusOne indicates the length in'bytes of the NALUnitLength field in an AV video
sample or AVC parameter set sample of the associated stream minus one. For example, a size of dne byte
s indicated with a value of 0. The value of this field shall be one of 0, 1, or 3 corresponding to g length
encoded with 1, 2, or 4 bytes, respectively.

humOf SequenceParameterSetgindicates the number of SPSs that are used as the initial setjof SPSs
for decoding the AVC elementary stream.

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

equenceParameténSetNALUnit contains a SPS NAL unit, as specified in ISO/IEC 14496-10. SPSs
bhall occur in order©f ascending parameter set identifier with gaps being allowed.

humOfPictureParameterSets indicates the number of picture parameter sets (PPSs) that 4re used
hs the initial et of PPSs for decoding the AVC elementary stream.

pictureéParameterSetLength indicates the length in bytes of the PPS NAL unit as defined in
SO/IEC 14496-10.

A e D s e N O N ENIA T TT e oot adne o DDC NAT it o0 cnmnoifind 10 TICA/IEC 14406 10 PPSS
IToU LT 1T 70U 'L .

et e T rame te ot ot oot ot ST uAAA\., oS SpCTITICtTTIT 1OY9/

shall occur in order of ascending parameter set identifier with gaps being allowed.

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

bit depth luma minus8 indicates the bit depth of the samples in the Luma arrays. For example,
a bit depth of 8 is indicated with a value of zero (BitDepth = 8 + bit_depth_luma_minus8). The value of
this field shall be in the range of 0 to 4, inclusive.

bit depth chroma minus8 indicates the bit depth of the samples in the Chroma arrays. For
example, a 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.
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numOfSequenceParameterSetExt indicates the number of Sequence Parameter Set Extensions
that are used for decoding the AVC elementary stream.

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

sequenceParameterSetExtNALUnit contains a SPS Extension NAL unit, as specified in
ISO/IEC 14496-10.

= P £ 1co-l 3= £ C 4
5.4’ CIlIVAUUIL ITUIIT 10U UdSC IIICUId IIIC 10T IIIdl

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 in
ISO/IE( 14496-12. The file extension normally matches the major brand.

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

Reader$ 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 rand, may be present, and these may be ignored by a reader, conformant with the specificatior
identifipd by the brand.

5.4.2 |[AVC video stream definition
5.4.2.1| Sample entry name and format

5.4.2.1]1 Definition

Sample|Entry and Box Types: ‘'avcl','aved), 'avce3’, 'aved’, 'aveC', 'm4ds’, 'btrt'

Containler: SampleDescription Box ('stsd')
Mandatfory: Anfawvcl', 'avc?2’,'ave3' or 'avc4d' sample entry is mandatory
Quantitly: One or more sample entries may be present

An AVC|visual sample entryshall contain an AVC Configuration Box, as defined below. This includes ar
AVCDe¢oderConfigurationRecord, as defined in 5.3.3.1.

An optjonal BitRateBox may be present in the AVC visual sample entry to signal the bit rate
informdtion of the)AVC video stream. Extension descriptors that should be inserted into the Elementary
Stream|Descriptor, when used in MPEG-4, may also be present.

Multiplg¢ sample entries may be used, as permitted by the I[SO Base Media File Format specification, td
indicate sections of video that use different configurations or parameter sets.

The sample entry name 'avcl' or 'avc3' may only be used when the stream to which this sample entry
applies is a compliant and AVC stream as viewed by an AVC decoder operating under the configuration
(including profile and level) given in the AVCConfigurationBox. The file format specific structures that
resemble NAL units (see Annex A) may be present but shall not be used to access the AVC base data; that
is, the AVC data shall not be contained in aggregators (though they may be included within the bytes
referenced by the additional_bytes field) nor referenced by extractors.

The sample entry name 'avc2' or 'avc4' may only be used when extractors or aggregators (Annex A)
are required to be supported, and an appropriate Toolset is required (for example, as indicated by the
file-type brands). This sample entry type indicates that, in order to form the intended AVC stream,
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extractors shall be replaced with the data they are referencing, and aggregators shall be examined for

contained NAL Units. Tier grouping may be present.

5.4.2.1.2 Syntax

// Visual Sequences

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

}

class MPEG4ExtensionDescriptorsBox extends Box ('m4ds') {

Descriptor Descr[0 .. 255];

flass AVCSampleEntry () extends VisualSampleEntry (type) {
// type is 'avcl' or 'avc3'

AVCConfigurationBox config;

MPEG4ExtensionDescriptorsBox (); // optional

Cflass AVC2SampleEntry () extends VisualSampleEntry (type) {
// type is 'avc2' or 'avcd'

AVCConfigurationBox avcconfig;
MPEG4ExtensionDescriptorsBox descr; // optional

5.4.2.1.3 Semantics

1sed with the value "\012AVC Coding" being recommendé€d; the first byte is a count of the r
bytes, here represented by \012, which (being octal 12) js;10 (decimal), the number of bytes in
bf the string.

hnd numOfPictureParameterSets shall both be zZero.

SLConfigDescriptor.

b.4.3 AVC parameter set stream definition
b.4.3.1 Sample entryname and format
5.4.3.1.1 Definition

bample Entry/Iype: ‘'avcp'

Compressorname in the base class VisualSampleEntry dndicates the name of the con:Eressor
e

aining
the rest

~onfig is defined in 5.3.3. If a separate parameter,set stream is used, numOfSequenceParamgterSets

Descr is a descriptor that should be placed in the ElementaryStreamDescriptor when this
stream is used in an MPEG-4 systems-context. This does not include SLConfigDescriptor or
DecoderConfigDescriptor, but includes the other descriptors in order to be placed after the

Container; Sample Description Box ('stsd")
Mandatory: Yes
uantity: One or more sample entries may be present

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

5.4.3.1.2 Syntax

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

}
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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).
config is defined in 5.3.3. numOfSequenceParameterSets and numOfPictureParameterSets
shall both be zero.
5.4.3.2—Sampleformat
5.4.3.2{1 Definition
This sybclause defines the sample format for AVC Parameter set streams. An AVC paranieter sef
sample| contains only one or more sequence, picture parameter set, or sequence pdpameter se
extensipn NAL units.
5.4.3.2]2 Syntax
aligned (8) class AVCParameterSample
{
unsjigned int PictureLength = sample size;
//Size of AVCParameterSample from SampleSizeBox
for|(i=0; i<PictureLength; ) // to end of the picture
{
ungigned int ( (AVCDecoderConfigurationRecord.LengthSiZeMinusOne+1) *8)
NALUnitLength;
bitf (NALUnitLength * 8) NALUnit;
i 4= (AVCDecoderConfigurationRecord.LengthSizeMinusOne+l) + NALUnitLength;
}
}
5.4.3.2]3 Semantics
NALUn} tLength indicates the size of a NAL tnit measured in bytes. The length field includes the sizg
of both|the one byte NAL header and the EBSP payload but does not include the length field itself.
NALUn}t contains a single NAL unit. The syntax of a NAL unit is defined in ISO/IEC 14496-10 and
includef 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 parpmeter set stream, is used to connect from the video elementary stream to the parameter sef
elementary streams:
5.4.4 |Parametér sets
This supelause 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

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 'avc?2’, 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,

the

22

sample entry for samples 1 through 4 is the same and contains the initial values of PPSs 1, 2, 3
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and SPS 1. At sample 5 the sample entry shall change to a second sample entry, which contains the
updated value for PPS 2 as well as the original values of PPSs 1 and 3 and SPS 1. This second sample
entry is used for samples 5 through 10.

— Systems wishing to send SPS or PPS updates will need to compare the two configurations to find the
differences in order to send the appropriate parameter set updates.

It is recommended that when several parameter sets are used and parameter set updating is desired, a
separate parameter set elementary stream be used.

Decoders conforming to this specification are required to support both parameter sets/stpred in
beparate elementary streams as well as parameter sets stored in the AVC sample entries| unless
restricted by another specification using this one.

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

b.4.5 Sync sample

A sample is considered as a sync sample if the video data NAL units)in the sample indicate that the
brimary coded picture contained in the sample is an instantaneous@decoding refresh (IDR) pictlire.

When the sample entry name is 'avcl' or 'avc?2’, all SPSs and-PPSs needed to decode the video data
NAL units in the sample of the IDR picture and the followifig'samples in decode order are contgined in
the decoder configuration of the video elementary stream or in a separate parameter set elementary
ftream sample.

When the sample entry name is 'avc3' or 'avc4', the following applies.

h) If the sample is a sync sample, all parameter sets needed for decoding the sample shall be ipcluded
either in the sample entry or in the saniple itself.

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

A parameter set elementarystream sample is a sync sample if and only if all parameter sets required by
'he associated video eleméntary stream from the time of the parameter set sample forward are sfipplied,
n the parameter set stream, before they are required by the associated video elementary strearm.

5.4.6 Shadowsyiic

[he use of the-Shadow sync table to indicate alternate encodings of a sample for random acdess are
supported\as defined in the ISO Base Media File Format. A shadow sync shall indicate a sampl¢ that is
h randemaccess point as specified in the general requirements and for the specific coding format in
the track.

ecated
and use of the mechanisms defined in 5.4.8 is recommended.

5.4.7 Layering and sub-sequences

5.4.7.1 General

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.
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The referential dependencies between samples in a stream are structured into layers and sub-
sequences. Samples in higher layers can only depend on samples in lower layers. Layers are numbered,
and the samples are organized such that a sample in layer N has no dependencies on samples in layers
greater than N.

Sub-sequences are as defined in ISO/IEC 14496-10:2014, Annex D. Dependency relations between sub-
sequences represent the dependency structure of a stream. Each sub-sequence belongs to one and only
one layer. A sample shall reside in one layer and in one sub-sequence only.

dependency structure of every sample.

Layer and sub-sequences are represented in the AVC file format as Sample Group. An AVCVfile shal
contain| zero or one instance of a SampleToGroupBox (per track) with a grouping type equal tg
'av11'.[This SampleToGroupBox instance represents the assignment of samples in a track to layers
An accpmpanying instance of the SampleGroupDescriptionBox with the same grouping type
shall, if| it exists, contain AVCLayerEntry sample group entries describing the layers. Similarly, ag
AVC filg shall contain zero or one instance of a SampleToGroupBox (per track)\with a grouping_typsd
equal tp 'avss'. This SampleToGroupBox instance represents the assignment of samples in a track
to sub-$equences. An accompanying instance of the SampleGroupDescxiptionBox with the samg
grouping type shall, if it exists, contain AVCSubSequenceEntry sample group entries describing the
sub-sequences.

5.4.7.2| Sub-sequence description entry
5.4.7.2]1 Definition

Group Type: ‘'avss'

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

Quantity: Zero or more

A sub-sequence description entry,isa‘'sample group entry that describes a sub-sequence. A sub-sequence
is a set]| of samples in a track belenging to the same layer. A sub-sequence depends on another sub
sequenge if and only if there exists a sample in the sub-sequence that is directly referentially dependen
on some sample in the oth€rstub-sequence. All samples in a sub-sequence shall directly depend only or]
(i.e. refer to) other samples within the same sub-sequence or samples in the sub-sequences on which
is it degendent. A sub~sequence can depend on zero or more sub-sequences in the lower layers. A sub
sequenge shall not.dépend on any other sub-sequence in the same or higher layer.

At mogt one<partition of an AVC stream into layers shall exist in the AVC file format; thaf
is, there jis\either zero or one instances of the sample group boxes (SampleToGroupBox
Sample@GroupDescriptionBox) per track concerning the grouping of samples into layers and sub
sequences:

The grouping type parameter is not defined for the SampleToGroupBox with grouping
type 'avss'.

5.4.7.2.2 Syntax

aligned(8) class DependencyInfo
{

unsigned int (8) subSegDirectionFlag;
unsigned int (8) layerNumber;
unsigned int (16) subSequenceldentifier;
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class AVCSubSequenceEntry () extends VisualSampleGroupEntry ('avss')
{
unsigned int (16) subSequenceldentifer;
unsigned int (8) layerNumber;
unsigned int (1) durationFlag;
unsigned int (1) avgRateFlag;
unsigned int (6) reserved = 0;
if (durationFlag)
unsigned int (32) duration;
if (avgRateFlag)
{

OIS TgEd Tttt TESeErvVeET = 0

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

unsigned int (16) avgFrameRate;

}
unsigned int (8) numReferences;
DependencyInfo dependency[numReferences];

}

5.4.7.2.3 Semantics

subSegDirectionFlag, layerNumber  and subSequengeldentifier  within the
DependencyInfo class identify a sub-sequence that is used ag-a-reference for this sub-sefquence.
Dnly direct, not indirect, referential dependencies shall be identified. The identified sub-s¢quence
has sub-sequence identifier equal to subSequenceIdentjifier and resides in the layer haying the
ayer number equal to layerNumber. If subSegDirecgiénFlag is 0, the sub-sequence uded as a
reference for this sub-sequence is the closest sub-sequénee among all the candidate sub-sequences
vhose first picture precedes the first picture of this sub-sequence in decoding order and that|resides
n the indicated layer and has the indicated sub-sequence identifier; “closest” means that anjong all
the candidate sub-sequences the first picture of the 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-
bequence used as a reference for this sub-seguence is the closest sub-sequence among all the cajndidate
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.

subSequenceIdentifier givés the identifier for the sub-sequence.
| ayerNumber gives the layer'number to which the sub-sequence belongs.

HurationFlag equal to 0 indicates that the duration of the target sub-sequence is not sgecified.
Dtherwise, a value pf\lindicates that the duration field indicates the duration of this sub-seqpience.

bvgRateFlag-equal to 0 indicates that the average bit rate and the average frame rate of the target
sub-sequence)are unspecified. Otherwise, a value of 1 indicates that the average rate characteristics
hre described'by the accurateStatisticsFlag, avgBitRate, and avgFrameRate fields.

Huration indicates the duration of the target sub-sequence in clock ticks of a 90 kHz clock.

hCourateStatisticsFlag indicates how reliable the values of avgBitRate and avgFrameRate
T€. aCCUTatestatlisticsrlag equat to 1 indicates that avgBitRate and avgrrameRate are
rounded from statistically correct values. accurateStatisticsFlag equal to 0 indicates that
avgBitRate and avgFrameRate are estimates and may deviate somewhat from the correct values.

avgBitRate gives the average bit rate in (1 000 bits)/s of this sub-sequence. All NAL units of this
sub-sequence are taken into account in the calculation. In the following, B is the number of bits in all
NAL units in the sub-sequence. t1 is the decoding timestamp of the first picture of the sub-sequence
(in decoding order), and tp is the decoding timestamp of the last picture of the sub-sequence (in
decoding order). Then, the avgBitRate is calculated as follows provided that t; # ty: avgBitRate =
round{B + [(t2 - t1) * 1 000]}. If t; = tp, avgBitRate shall be 0.
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avgFrameRate gives the average frame rate in units of frames/(256 s) of this sub-sequence. All
NAL units of this sub-sequence are taken into account in the calculation. The average frame rate is
calculated according to the presentation timestamp of the frame. In the following, C is the number of
frames in the sub-sequence. t1 is the presentation timestamp of the first picture of the sub-sequence
(in decoding order), and t; is the presentation timestamp (in seconds) of the last picture of the sub-
sequence (in decoding order). Then, the avgFrameRate is calculated as follows provided that t; # t:
avgFrameRate =round[C * 256 + (t2 - t1)]. [f t1 = t2, avgFrameRate shall be 0. Value zero indicates
an unspecified frame rate.

DumRe rCJ_CllL/CD siVCD thC uulubcu Uf Dub STHUTIILTS dilCLt}_y leClCllLCd ill thib oub STYHUTIILT
dependlency is an array of DependencyInfo structures giving the identifying referenced sub
sequenges.

5.4.7.3| Layer description entry
5.4.7.3{1 Definition

Group Type: ‘'avll'

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

Quantity: Zero or more

A layer pample group entry defines the layer information for allilsamples in a layer. Layers are numbered
with ngn-negative integers. Layers are ordered hierarchicallybased on their dependency on each other
A layer|having a larger layer number is a higher layer thaff a layer having a smaller layer number. The
layers gre ordered hierarchically based on their dependency on each other so that a layer does no
depend|on any higher layer and may depend on lower‘layers. The lowest layer is numbered as zero and
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 grquping_type_parameter is not defined for the SampleToGroupBox with grouping type 'av11".

5.4.7.3]2 Syntax

class AVCLayerEntry () exten@lsyVisualSampleGroupEntry ('avll')
{
unsigned int (8) layexrNwmber;
unsjigned int (7) reserved = 0;
unsigned int(l) aeCurateStatisticsFlag;
unsigned int (1) avgBitRate;
unsigned int (§6) avgFrameRate;

}
5.4.7.3|3 Semantics

layerliumber gives the number of this layer with the base layer being numbered as zero and al
enhancement layers being numbered as one or higher with consecutive numbers.

accurateStatisticsFlag indicates how reliable the values of avgBitRate and avgFrameRate
are. accurateStatisticsFlag equal to 1 indicates that avgBitRate and avgFrameRate are
rounded from statistically correct values. accurateStatisticsFlag equal to 0 indicates that
avgBitRate and avgFrameRate are estimates and may deviate somewhat from the correct values.

avgBitRate gives the average bit rate in units of 1 000 bits per second. All NAL units in this and
lower sub-sequence layers are taken into account in the calculation. The average bit rate is calculated
according to the decoding timestamp. In the following, B is the number of bits in all NAL units in this
and lower sub-sequence layers. t1 is the decoding timestamp of the first picture in this and lower sub-
sequence layers in the presentation order, and t; is the decoding timestamp of the latest picture in this
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and lower sub-sequence layers in the presentation order. Then, avgBitRate is calculated as follows
provided that t1 # t2: avgBitRate = round{B + [(t2 - t1) * 1000)]}. If t; = t, avgBitRate shall be 0.
Value zero indicates an unspecified bit rate.

avgFrameRate gives the average frame rate in units of frames/(256 s). All NAL units in this and lower

sub-sequence layers are taken into account in the calculation. In the following, C is the number of frames

in this and lower sub-sequence layers. t is the presentation timestamp of the first picture in this and

lower sub-sequence layers in presentation order, and t; is the presentation timestamp of the latest

picture in this and lower sub-sequence layers in the presentation order. Then, the avgFrameRate
] lotad £11 s dad tlo ot 4 ek ] e Al Xk -~ . (4 VSR B -
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hvgFrameRate shall be 0. Value zero indicates an unspecified frame rate.

5.4.8  Alternate streams and switching pictures

5.4.8.1 Switching pictures

n typical streaming scenarios, one of the key requirements is to scale the bit rate of the compressed
lata in response to changing network conditions. The simplest way to achieye this is to encode rpultiple
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. I1] earlier
standards, switching between streams is only possible at I-pictures) because the pictures canfonly be
twitched when there are no dependencies on prior pictures for reconstruction.

AVC includes supports for SP-pictures and Sl-pictures (“switching pictures”) that allow switching from
bne stream to another while still supporting inter codingof switching pictures. Figure 3 shows|how SP
bictures are used to switch between two different bit streams.

Stream 2 P

(Track 2) 23
S 3

Stream 1

(Track 1) PIE

Figure 3 — Stream switching

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

If any 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 track as the destination track). Second, the dependency of the
switching picture on the samples in the source track may be needed, so that a switching picture is only
used when the pictures on which it depends have been supplied to the decoder.
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This dependency is represented by means of an optional extra sample table. There is one entry per
sample in the switching track. Each entry records the relative sample numbers in the source track on
which the switching picture depends. If this array is empty for a given sample, then that switching
sample contains an SI picture. If the dependency box is not present, then only SI-frames shall be present
in the track.

A switching sample 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.
access unit). For example, one switch track might contain a SP-picture representation dependent on
some e:u}i\n bcuup}co, uDCd fUl Dtl Cdalll DVVitLhills, VVhi]lC auuth51 DVVitLh tl CIL}\ lllcl_y LUlltaill ClllUthC

represdntation as an Sl-picture, used for random access.

5.4.8.2| Alternate group

The IS{ Base Media File Format (but not the version one specification of the MPEG-4 file-format, whicH
is branfled as 'mp41") supports the use of what is called alternate tracks. Each tracky.can optionally
specify|an alternate group (in the track header box) that groups together alternate‘€ncodings of the
same cntent. Thus, each alternate bit-stream can be stored as a separate trackand related togethe;
as alterjnate tracks. All the tracks that form a group that may be switched betWween, but not the tracks
containfing the switching pictures, shall be a member of an alternate gyoup with a non-zero grouy
identifipr.

An alternate group is not needed if there is only one primary track, with a switching track. This
switchipg track may contain SI pictures, or SP pictures for trick modgs or error resilience, which predicf
both fr¢m and to the same track.

5.4.8.3| Track references

The switching track shall be linked to the track into whieh it switches (the destination track) by a track
referenre 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 if
switchgs (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’
Contairjer:  SampleTable 'stbl’
Mandatjory: No

Quantitly: Zero or exactly one

This subelause defines the dependencies of each switching sample on sample(s) in the source track
This table is only needed in a switching track that has a source ('swfr') track dependency.

This box contains the sample dependencies for each switching sample. The dependencies are stored in
the table, one record for each sample. The size of the table, sample_count is taken from the sample
count in the Sample Size Box ('stsz') or Compact Sample Size Box ('stz2").

5.4.8.4.2 Syntax

aligned(8) class SampleDependencyBox
extends FullBox('sdep', version = 0, 0) {
for (i=0; i < sample count; i++) {
unsigned int (16) dependency count;
for (k=0; k < dependency count; k++) {
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signed int(16) relative 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 sameidecoding
[ime, it has a relative sample number of 0. Whether or not this sample exists, the sample in“thq source
rrack that immediately precedes the decoding time of the switching sample has relative sample humber
-1, the sample before that -2, and so on. Similarly, the sample in the source track, that imm¢diately
follows the decoding time of the switching sample has relative sample number +1, the sample affter that
+2, and so on.

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 streanj, a sub-
sample is defined as one or more contiguous NAL units within a.sample and having the same value
bf the following fields; RefPicFlag, RedPicFlag and VclNalUpd tFlag. Each sub-sample includes
both NAL unit(s) and their preceding NAL unit length field(s};yThe presence of this box is optional;
however, if present in a track containing AVC data, it shall have the semantics defined here.

[he subsample_priority field shall be set to a value in acéordance with the specification of this|field in
SO/IEC 14496-12.

[he discardable field shall be set to 1 only if this’sample can still be decoded if this sub-sample is
Hiscarded (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) VclNalUnditFlag;
bit (29) reserved = 0;
RefPicFlag equal to O indicates that all the NAL units in the sub-sample have nal ref idc equal
[0 0. RefPicFlag equalto 1 indicates that all the NAL units in the sub-sample have nal rgf idc
breater than 0.

RedPicFlag edqual to 0 indicates that all the NAL units in the sub-sample have redundant pjc cnt
pqual to 0. Redl®i cFlagequal to 1indicates that all the NAL units in the sub-sample have redungdant
bic cnt greater than 0.

Vc1lNat¥nitFlag equal to O indicates that all NAL units in the sub-sample are non-VCL NAL units.
Value\l indicates that all NAL units in the sub-sample are VCL NAL units.

5.4.10 Post-decoder requirements scheme for signalling of SEI for AVC

5.4.10.1 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 AVC and for this case a file
author can list occurring SEI message IDs (ISO/IEC 14496-10) 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.

The scheme for signalling of SEI for AVC is defined here.
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The SchemeType 'aSEI' (AVC SEI) is used.
5.4.10.2 SEI information box
5.4.10.2.1 Definition

Box Type: 'seii'

Container: Scheme Information box ('q chi ')

Mandaffory: Yes (when the SchemeType is 'aSET")
Quantity: One

The SE] Information box is contained in the Scheme Information box when the Scheme®ype is 'aSET’
and corftains information about the SEI messages present in the AVC stream. Although the SEI messageq
are nof required for decoding, the file author may require certain actions for rehdering or othe;
purposes. The box distinguishes between SEI that is required to be understood for correct playbach
and SE]/that is not required for correct playback (but may enhance playback).

By insppcting the SEI Information box a player will know which SEl messagésthat occur in the bitstrean
and whether they are required for rendering.

When the coding system is AVC and the restriction is signaled with-SEI messages, then the SEI messages
listed Here should be stored either in the bitstream or in the AVC Configuration Record. The SE
Information box does not contain the actual SEI messages, it only lists those that occur in the bitstream

5.4.10.2.2 Syntax

aligned (8) class SeilInformationBox extends Box:\'seii') {
unsjigned int (16) numRequiredSEIs;
for| (i=0; i<numRequiredSEIs; i++) {
nsigned int (16) requiredSEI ID;
}
unsigned int (16) numNotRequiredSEILsY
for| (i=0; i<numNotRequiredSEIs; \ift+) {
nsigned int (16) notrequirxedSEI ID;

}
5.4.10.2.3 Semantics

requifedSEI ID takesien the value “payloadType” of an SEI message present in the AVC stream that
is deemjed necessary byjthe file author for correct playback.

notrequiredSE¥ID takes on the value “payloadType” of an SEI message present in the AVC strean
that is not deemed necessary by the file author for correct playback.

6 SVLCelementary stream and sample definitions

6.1 General

This clause specifies the storage format of SVC data. It extends the definitions of the storage format of
AVC in Clause 5.

The file format for storage of SVC content, as defined in this clause and Annex A to Annex D, uses the
existing capabilities of the ISO base media file format and the plain AVC file format (i.e. the file format
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specified in Clause 5). In addition, the following new extensions, among others, to support SVC-specific

features are specified.

a) Scalable or multiview grouping: a structuring and grouping mechanism to indicate the association
of NAL units with different types 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.

1) Temporal metadata statements: structures for storing time-aligned information of media sgmples.

blementary stream:

file parsers.

\VC, are shown.

.2 Elementary stream structure

BVC streams are stored in accordance with 5.2, with the following definition of an SV

EVC streams may also be stored using associated parameter set streams, if needed.

Table 3 — NAL Unit types in SVC and AVC Streams

£)  AVC compatibility: a provision for storing an SVC bitstream in an AVC compatible'manner, siich that
the AVC compatible base layer can be used by any plain AVC file format compliant reader.

C video

— An SVC Video Elementary Streams contains all video coding related NAL units (i.e. thqse NAL
units containing video data or signalling video structure,péssibly after resolution of extractiors and
aggregators) and may contain non-video coding related-NAL units such as SEI messages andl access
unit delimiter NAL units. Aggregators and extractors/when present, shall not be directly oytput by

For SVC streams, Table 3 is updated as follows; only entries where the definition for SVC diffefrs from

Value of nal_| Description AVC video ele- SVC video ele- SVC video ele- | Parameter set el-
unit_type mentary stream | mentary stream | mentary stream | ementary stream
(sample entry (sample entry
'avel’, 'ave2’,0or | 'ave3’, 'avcd’,
'svel') or 'svc2')

14 Prefix NAL unit Not specified Yes Yes No
in scalable ex-
tension
prefix_nal_unit_
rbsp()

15 Subset sequence Not specified No. Yes. Yes
parameter set If parameter Parameter set el-
subset_seq_pa- set elementary | ementary stream
rameter set stream isnotused | shall nothe used
rbsp() Subset SPS shall

be stored in the
Decoder Specific
Information.

20 Coded slice in Not specified Yes Yes No
scalable exten-
sion
slice_layer_ex-
tension_rbsp( )

NOTE slice_layer_extension_rbsp was previously called slice_layer_in_scalable_extension_rbsp.
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Table 3 (continued)

Value of nal_| Description AVC video ele- SVC video ele- SVC video ele- | Parameter set el-
unit_type mentary stream | mentary stream | mentary stream | ementary stream
(sample entry (sample entry
'avel’, 'ave2’,or | 'ave3', 'avecd’,
'svel') or 'svec2')
24t029 |Notspecified Not specified Not specified Not specified Not specified
30 Aggregator Not specified Yes Yes No
3 Extractor Not specified Yes Yes No

NOTE slice_layer_extension_rbsp was previously called slice_layer_in_scalable_extension_rbsp.

There thay be AVC VCL NAL units, SVC VCL NAL units and other NAL units, i.e. non-VCL NAL"units
present
present

An AVC|VCL NAL unit in an SVC video elementary stream conforming to one or mone profiles specified
in 1SO/
the sca
immedfately 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 uditjtype and payload.

6.3

The SV( file format is an extension of the plain AVC file format defined in Clause 5.

5.4.7 is

6.4

6.4.1

SVC Sample: An SVC sample consists of-the NAL units that belong to an access unit as defined ir
ISO/IEC

6.4.2

6.4.2.1

The following restrictions apply to SVC data in addition to the requirements in 5.3.2.

32

in an SVC video elementary stream. Additionally, there may be aggregators and,extractors
in an SVC video elementary stream.

EC 14496-10:2014, Annex G shall be immediately preceded by a prefix NAL unit containing
ability information for the AVC VCL NAL unit. In this file format, an AV€ VCL NAL unit and thsg

Use of the plain AVC file format

defined for use with plain AVC streams. Its use with'SVC streams is deprecated.
Sample and configuration definition

General

14496-10:2014, 7.4.1.2 and that(are represented by the track.
Canonical order and restrictions

Restrictions
SVC coded slice{NAL units (Coded slices in scalable extension): All SVC coded slice NAL units for &

single instantyn time shall be contained in the sample whose 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.

Pre¢fix NAL units (Prefix NAL unitin scalable extension): Each prefix NAL unitis placed immediately
be . it s e .
NAL unit.

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

Aggregators/extractors: The order of all NAL units included in an aggregator or referenced by an
extractor is exactly the decoding order as if these NAL units were present in a sample not containing
aggregators or extractors. After processing the aggregator or the extractor, all NAL units shall be in
valid decoding order as specified in ISO/IEC 14496-10.
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6.4.2.2 Decoder configuration record

When the decoder configuration record defined in 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 the properties of the AVC
compatible base layer, e.g. it shall contain only parameter sets needed for decoding the AVC base layer.

If the sample entry name is 'svcl', a parameter set stream may be used with SVC streams, as with
AVC streams, in which case, parameter sets shall not be included in the decoder configuration record.
Otherwise (the sample entry name is 'svc2'), parameter sets may be stored in both the decoder

"nhfignrafinn record oras parf of camp]nc while 3 pnramnfnr set n]nmnnfnry stream-shallnotbe used.

bequence or picture parameter sets are numbered in order of storage from| 1 to
humOfSequenceParameterSets or numOfPictureParameterSets respectivelyfSequence and
Picture parameter sets stored in this record in a file may be referenced using this 1-based index by the
[nitialParameterSetBox.

[he SVCDecoderConfigurationRecord is structurally identical to an
A\VCDecoderConfigurationRecord. However, the reserved bits preceding and succeedjng the
lengthSizeMinusOne field are re-defined. The syntax is as follows.

hligned (8) class SVCDecoderConfigurationRecord ({
unsigned int (8) configurationVersion = 1;
unsigned int (8) AVCProfileIndication;
unsigned int (8) profile compatibility;
unsigned int (8) AVCLevellIndication;
unsigned int (1) complete representation;
bit (5) reserved = '11111'b;
unsigned int (2) lengthSizeMinusOne;
bit (1) reserved = '0'b;
unsigned int(7) numOfSequenceParameterSetgs
for (i=0; i< numOfSequenceParameterSetsip(at+) {
unsigned int (16) sequenceParameterSetLength ;
bit (8*sequenceParameterSetLength)~sequenceParameterSetNALUnit;
}
unsigned int (8) numOfPictureParameterSets;
for (i=0; i< numOfPictureParametgrSets; i++) {
unsigned int (16) pictureParameterSetLength;
bit (8*pictureParameterSetiength) pictureParameterSetNALUnit;
}

[he semantics of thel*fields AVCProfileIndication, profile compatibility, and
\VCLevelIndicatiom differ from the AVCDecoderConfigurationRecord as follows.

[he fields AVCProfileIndication, AVCLevelIndication carry the profile and level indigations,
Fespectively, indicating the profile and level of the entire scalable stream in this track. They, and the
brofile comgatibility field, shall have values such that a conforming SVC decoder is|able to
lecode bitstkeams conforming to the profile, level and profile compatibility flags indicated in anly of the
bequence-parameter sets or subset sequence parameter sets contained in this record.

[he semanticsofotherfieldsareasfollows,orareasdefinedforanAvCDecoderConfigurationRecord.

fSwplete representation is set on a minimal set of tracks that contain a portion of the priginal
encoded scalable stream, as defined in 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.

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
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ng parameter set identifier with gaps being allowed. Any SPS shall occur before all the subset
any.

6.5 Derivation from the ISO base media file format

6.5.1

SVC track structure

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

or mor

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

desired|

There i
encode
their s3
“complg

Let the
tempor
quality]
the low
part of
referen

tracks included in the “complete subset” are retained; all other tracks shall represent subsets, copies o}

re-orde

An altet
points
scalablg

NOTE
a low-re
enhancsd
is typica

All the
base tr

6.5.2

Different tracks may logically-share data. This sharing can take one of the following two forms.

a) The
b) The

For the

5 a minimal set of one or more tracks that, when taken together, contain the complete)set of
I information. All these tracks shall have the flag "complete representation'{set in al
mple entries. This group of tracks that form the complete encoded information are called thg
te subset”.

owest operating point be the one of all the operating points represented by DT.Q (dependency_id
hl_id and quality_id) combinations that has the least values of dependency,id, temporal_id and
id, respectively. The track that has the flag "complete represent@t€ion” set and containg
est operating point shall be nominated as the “scalable base track”. All'the other tracks that ar¢
the same scalable encoded information shall be linked to this bdse track by means of a tracK
ce of type 'sbas' (scalable base). The complete encoded information can be retained when thg

rings of the complete subset.

nate group may also include completely independent bitstreams, as well as alternative operating
f the same bitstream. The SVC tracks in the alternate.group shall be examined to see how many
base tracks are identified.

“A scalable bitstream” may require more than'one track to represent it (consider a stream with
solution, low-frame-rate base layer, and a high“resolution enhancement layer, and a high frame-rate
ment layer, but missing the data for high reselution high frame-rate). However, such a scalable bitstrean
lly a non-conforming bitstream.

tracks sharing the same scalable-base track shall share the same timescale as the scalablg
hck.

Data sharing and extraction

b sample data is~duplicated in different tracks.
bre may beinstructions on how to perform this copy at the time that the file is read.

secondicase, extractors (defined in A.3) are used.

34
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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’,'sveC,'seib’

Container: Sample Description Box{{stsd]

Mandatory: One of the 'avcl', 'ave?2', 'ave3d’, 'aved’, 'svel’, and 'sve2' samp
tries is mandatory

Duantity: One or more sample entries may be present

fan SVC elementary stream contains an AVC compatible base layer, then anAVC visual samp
['avcl','ave2','ave3’,or'avc4d') shallbe used. Here, the entry shall contain initidlly an AVC Config
Box, possibly followed by an SVC Configuration Box as defined below.The AVC Configurat
Hocuments the Profile, Level and Parameter Set information pertaining/to the AVC compatil
ayer as defined by the AVCDecoderConfigurationRecord. The SY€ Configuration Box dod
'he Profile, Level, and possibly also parameter sets pertaining to-the entire stream containing
rompatible enhancement layers as defined by the SVCDecoderSonfigurationRecord, store
5VCConfigurationBox.

f the SVC elementary stream does not contain an AVG.base layer, then an SVC visual sampl
['svcl' or 'svc2') shall be used. The SVC visual sample entry shall contain an SVC Configurati
hs defined below. This includes an SVCDecoderConfigurationRecord, as defined in this dod

[he lengthSizeMinusOne field in the SVC and AVC configurations in any given sample ent
have the same value.

A priority assignment URI provides the name (in the URI space) of a method used to assign pri
alues. When it occurs in an AVC or SVC'sample entry, exactly one URI shall be present, that dod
the priority_id assignments in the stream. The URI is treated here as a name only; it should
referenceable, though this is not required. File readers may be able to recognize some meth
rhereby know what stream extraction operations based on priority_id would do.

Extractors or aggregators.may be used for SVC VCL NAL units in 'avcl’, 'avc2', Yave3', 'avc4
br 'svc?2' tracks.

When AVC compatibility is indicated, it may be necessary to indicate an unrealistic level for {
base layer, to aceemmodate the bit rate of the entire stream, because all the NAL units are con|
hs included inthe AVC base layer and hence may be fed to the decoder, which is expected to
rhose NAL.unit it does not recognize. This case happens when the 'avcl' or 'avc3' sample entry
hnd both.AVC and SVC configurations are present.

Either or both of a ScalabilityInformationSEIBox or SVCConfigurationBox may be present in ar

le en-

e entry
uration
on Box
le base
uments
the SVC
d in the

e entry
on Box,
ument.

ry shall

prity_id
uments
be de-
ds and

'svel'

he AVC
sidered
discard
isused

'avel'

r-avc3' sample entry. In this case the AVCSVCSampleEntry definition 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

'avcl'or'ave3d' AVC Configuration Only A plain AVC track with AVC NAL units only; extrac-
tors, 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; ex-

tractors and aggregators may be present; extractors
shall not reference AVC NAL units; aggregators shall
TIot Comtaim but ay Teference AV NALumits; Tier
grouping may be present.

'‘ave2' ¢r'avced' AVC Configuration Only A plain AVC track with AVC NAL units only; extractors
may be present and used to reference AVC NAL uhits;
aggregators may be present to contain and'reference
AVC NAL units; Tier grouping may be presént.

'avc2' ¢r'aved' AVC and SVC Configurations An SVC track with both AVC and SVC NAL units; ex-
tractors and aggregators may be present; extractors
may reference both AVC and SYC NAL units; aggre-
gators shall not contain but rhay reference AVC NAL
units, and may both contain and reference SVC NAL
units; Tier grouping may be present.

'svel' ¢r'sve2’ SVC Configuration An SVC track without AVC NAL units; extractors shall
be present to reference AVC NAL units (from a differ-
ent track) and-may also be used to reference SVC NAL
units; aggregators may be present to contain and ref-
erence SVE NAL units; Tier grouping may be present.

6.5.3.1{2 Syntax

class $VCConfigurationBox extends Box('svcC') {
SVCIpecoderConfigurationRecord () SVCConfig;
}
class $calabilityInformationSEIBox extends/Box ('seib', size)
{
unsigned int (8*size-64) scalinfosédy
}
class $VCPriorityAssignmentBox extends Box ('svcP')
{
unsjgned int (8) method county;
string PriorityAssignmentURI [method count];
}
class AJVCSVCSampleEntry().~éxtends AVCSampleEntry ('avcl' or 'avec3') {
SVC(onfigurationBox~svc€config; // optional
ScalabilityInformakionSEIBox scalability; // optional
SVCKPriorityAss#gnwientBox method; // optional
}
class AVC2SVCSampleEntry () extends AVC2SampleEntry('avc2' or 'avcéd') {
SVC(onfigusationBox svcconfig; // optional
ScalabilTtyInformationSEIBox scalability; // optional
SVCHriorityAssignmentBox method; // optional

}
// Use this if the track is NOT AVC compatible

class SVCSampleEntry () extends VisualSampleEntry ('svcl' or 'svc2') {
SVCConfigurationBox svcconfig;
MPEG4ExtensionDescriptorsBox descr; // optional

ScalabilityInformationSEIBox scalability; // optional
SVCPriorityAssignmentBox method; // optional
}

6.5.3.1.3 Semantics
When the sample entry is 'svcl'or 'svc2', Compressorname in the base class VisualSampleEntry

indicates the name of the compressor used, with the value "\012SvC Coding" being recommended
(\012 is 10, the length of the string “SVC coding” in bytes).
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scalinfosei contains an SEI NAL unit containing only a scalability information SEI
message as specified in ISO/IEC 14496-10:2014, Annex G. The “size” field of the container box
ScalabilityInformationSEIBox shall not be equal to 0 or 1.

method count provides a count of the number of following URIs. This field shall take the value 1 in an
'avcl', 'avc2', 'ave3d', 'avc4d', 'svcl'or'svc2'sample entry.

PriorityAssignmentURI provides a unique name of the method used to assign priority_id values.
In the case of absence of this box, the priority assignment method is unknown.

b.5.4 SVC visual width and height

[he visual width and height documented in a VisualSampleEntry of a stream containing SVC VICL NAL
Init are the cropped frame dimensions of the AVC base layer, if the stream is described by a[sample
entry of type 'avel', 'avc2', 'avc3'or'avc4d'; otherwise they are the cropped frdme dimenkions of
Hecoded pictures by decoding the entire stream.

b.5.5 Sync sample

For video data described by a sample entry of type 'avcl', 'avc2', ~awc3', or 'avc4’, the sync|/sample
fable identifies IDR access units for both an AVC decoder, and an S¥C-decoder (if any) operating on the
entire bitstream.

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

For video data described by a sample entry of type ¢(sy%c2', the sync sample table identifies IDR access
Inits in the entire SVC bitstream, and additionally the following applies.

h)  [f the sample is a sync sample, all parameter Sets needed for decoding that sample shall be ipcluded
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
shall be included either in the sample entry or in any of the samples since the previous sync[sample
to the sample itself, inclusive.

[he sync sample table, if present, documents only access units that are IDR access units for Hoth the
AVC compatible base layer-and the layer corresponding to decoding the entire bitstream contdined in
'he track. In case docunienting of layer-specific IDR access units is desired, the stream should b¢ stored
n separate tracks, e.g-two tracks, one containing the AVC base layer with a sample entry of typ¢ 'avcl'
br 'avc3', and the 6ther containing the SVC enhancement layers with a sample entry of type 'sjvcl’ or
svc?2'. Howeverfextractors 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 entry. Its
1se’for SVC is deprecated.

6.5.7 Independent and disposable samples box

If the SampleDependencyTypeBox is used in a track that is both AVC and SVC compatible, then care
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
depends on, sample is depended on, and sample has redundancy) may be needed if the
information varies. B -
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6.5.8 Sample groups on random access recovery points 'rol11'and random access points 'rap’

For video data described by a sample entry of type 'avcl', 'avc2', ‘'avc3'or 'avc4', the random
access recovery sample group and the random access point sample group identify random access
recovery points and random access points, respectively, for both an AVC decoder, and an SVC decoder (if
any) operating on the entire bitstream.

NOTE If the random access recovery points or the random access points for the AVC decoder and the SVC
decoder 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 stored in
multipld tracks, e.g. two tracks, one containing the AVC base layer with a sample entry of type 'avcl' or 'aveé3]
and the pther containing the SVC enhancement layers with a sample entry of type 'svcl' or'svc2'.

For video data described by a sample entry of type 'svcl' or 'svc2', the information provided.by the
randon] access recovery sample group and the random access point sample group is true forany valid
subset ¢f the entire SVC bitstream.

6.5.9 |Definition of a sub-sample for SVC
This supclause extends the definition of a sub-sample for AVC in 5.4.9.

For theJuse of the sub-sample information box (of ISO/IEC 14496-12:2015, 87%.7) in an SVC stream, a sub
samplefis defined as one or more contiguous whole NAL units having the‘same values of the following
fields: RefPicFlag, RedPicFlag, VcINalUnitFlag, IdrFlag, Priorityld, Dependencyld, Qualityld, Temporalld
UseRefBasePicFlag, DiscardableFlag and StoreBaseRepFlag, specified subsequently. Each sub-samplg
includep both NAL unit(s) and their preceding NAL unit length field(s). The presence of this box i
option:ll; however, if present in a track containing SVC data, it shall have the semantics defined here.

As requiired in 5.4.9, the subsample_priority field shalllbe set to a value in accordance with thd
specifidation of this field in ISO/IEC 14496-12.

The codec specific parameters field of thexSubsample Information box is defined for SVC as
follows

unsjgned int (1) RefPicFlag;

unsigned int (1) RedPicFlag;

unsjgned int (1) VclNalUnitFlag;

bit|6) reserved = 0;

unsigned int (1) IdrFlag;

unsigned int (6) Priorityldy

bit|l) reserved = 0; // eorresponding to no inter layer pred flag

unsigned int (3) DependencyId;
unsigned int (4) QualbtyId;
unsigned int (3) Temporalld;
unsjgned int (1) UseRefBasePicFlag;

unsigned int (19/BiscardableFlag;

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

bit|l) reserved = 0;

For an AVGYCL NAL unit in an SVC context, the prefix NAL unit shall be grouped with the AVC VCL NAI
unit in fhe’same sub-sample, and its fields values apply to the AVC VCL NAL unit.

RefPicFlag equal to 0 indicates that all the NAL units in the sub-sample have nal_ref _idc equal to 0.
RefPicFlagequalto 1indicates thatall the NAL units in the sub-sample have nal_ref_idc greater than 0.

RedPicFlag equal to 0 indicates that all the NAL units in the sub-sample have redundant_pic_cnt
equal to 0. RedPicFlag equal to 1 indicates that all the NAL units in the sub-sample have redundant_
pic_cnt greater than 0.

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.

IdrFlag indicates the idr_flag value of the NAL units in the sub-sample. All the NAL units in the sub-
sample shall have the same value of idr_flag.
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PriorityIdindicates the priority_id value of the NAL units in the sub-sample. All the NAL units in the
sub-sample shall have the same value of priority_id.

NoInterLayerPredFlag indicates the no_inter_layer_pred_flag of the NAL units in the sub-sample.
All the NAL units in the sub-sample shall have the same value of no_inter_layer_pred_flag.

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

QualityId indicates the quality id value of the NAL units in the sub-sample. All the NAL units in the
sub-sample shall have the same quality_id value.

Femporalld indicates the temporal_id value of the NAL units in the sub-sample. All the' NAL pnits in
'he sub-sample shall have the same temporal_id value.

JseRefBasePicFlag indicates the use_ref base_pic_flag value of the NAL unitsyin the sub-sample.
All the NAL units in the sub-sample shall have the same value of use_ref_base_pig_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.

FtoreBaseRepFlag indicates the store_base_rep_flag value of the NAL units in the sub-sanjple. All
fhe 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 General

[his clause specifies the storage format of MVC data. It extends the definitions of the storage fqrmat of
AVC in Clause 5.

['he file format for storage of MVC and-MVD content, as defined in this clause and Annex A to Annex D
1ses the existing capabilities of the.ISO base media file format and the plain AVC file format (i.e|the file
format specified in Clause 5). In addition, the following new extensions, among others, to suppoft MVC-
hnd MVD-specific features are.specified.

h)  Multiview grouping: a structuring and grouping mechanism to indicate the association|of NAL
units with differénttypes and hierarchy levels of scalability.

h) Aggregator:(Aystructure to enable efficient scalable grouping of NAL units by changing irfregular
patterns,gf NAL units into regular patterns of aggregated data units.

) Extractor: A structure to enable efficient extraction of NAL units from other tracks than [the one
contathing the media data.

1)~ Temporal metadata statements: Structures for storing time-aligned information of media samples.

e) AVC compatibility: A provision for storing an MVC or MVD bitstream in an AVC compatible manner,
such that the AVC compatible base layer can be used by any plain AVC file format compliant reader.

The 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;

— each view, including both texture views and depth views when both are present, in its own track,
labelled in the sample entries;
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— a hybrid, one track containing all views, and one or more single-view tracks each containing a view
that can be independently coded;

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

— (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 provjde a multiview bitstream that is not intended for subsetting or when the bitstream has beer
created for a few pre-defined sets of output views (such as 1, 2, 5, or 9 views) where tracks can be created
accordipgly. If more than one view is stored in a track and there are several tracks (more than-onej
repres¢gnting the MVC or MVD bitstream, the use of the sample grouping mechanism is recormmnrended
The sample grouping mechanism is used to define tiers identifying the views present in the track and tq
extractfrequired NAL units for certain operating points conveniently. The sample grouping'mechanisn
is usually used with aggregators to form regular NAL unit patterns within samples?Thus, SVC-likg
sample|grouping, aggregators, and view definitions for sample groups are specified for MVC or MVD.

The Mufltiview Information box (‘mvci') is specified to indicate information that applies to more thar
, 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 indicatédwithin the Multiview Group
box usipg the Multiview Relation Attributes box ('mvra'), which is simildak to the Track Selection box.

A player should have means to determine which views are preferred for displaying, and select one o1
more tfacks that provide the data for the desired operating point, preferring a track that is specifiq
to that pperating point over tracks that also contain other data. The display characteristics of players
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 seléction of output views, alternative groups of
output yiews and the common and differentiating characteristics between them can be indicated with
the Multiview Group Relation box (‘swtc'), which_also includes the Multiview Relation Attributes box
(‘mvral).

When gn MVC or MVD bitstream is represented by multiple tracks and a player uses an operating
point that contains data in multiple tracks, the player shall reconstruct MVC or MVD access units
before passing them to the MVC or MVD/decoder. An MVC or MVD operating point may be explicitly
represgnted by a track, i.e. an accéess'unit is reconstructed simply by resolving all extractors and
aggregdtors of a sample. If the mumber of operating points is large, it may be space-consuming ang
impractical to create a track foryeach operating point. In such a case, MVC or MVD access units arg
reconsfructed as specified {n)7.6.2. The MVC or MVD Decoder Configuration record contains a field
indicating whether the associated samples use explicit or implicit access unit reconstruction (see the
explicit] au_track field).

7.2 (Qverview-of MVC or MVD Storage

The stofrage efMVC and MVD streams can be supported by a number of structures, including informatior
in the spmple'entry, the media information box, and sample groups. Table 5 provides an overview of thg
structukes prnvidpd, their names _and a bhrief dpcrripfinn of their functions

NOTE Each group of rows starting with an entry in the left column (e.g. 'minf', '?vc?') documents a
containment structure within that container; 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
mvcyg Multiview Group Box multiview video stream that are output
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Table 5 (continued)
Box Name Brief Description
Contains the buffering information of the bitstream
buff |Buffering Information Box subset specified by the multiview group

mvra

Multiview Relation Attribute
Box

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

Provides information about the bit rate values of the

tibr

Tier Bit Rate Box

bitstream subset specified by the multiview group

tiri

Tier Information Box

Provides information about the profile;level| frame
size, discardability, and frame-rate of the bitstream
subset specified by the multiview group

vwdi

Multiview Scene Information
Box

Indicates the maximum disparity in a scene with

multiple views

Specifies a set of multiview.groups from which one

swtc Multiview Group Relation Box |multiview group is decoded and played at any time
Indicates the relationof the multiview grougs with
Multiview Relation Attribute each other (when'\contained in a Multiview Group
mvra |Box Relation box)
?ve? Sample Entry (Note: various codes are used for sample entfries)
Contains an SEI NAL unit containing only a viiew
View Scalability Information scalability information SEI message as specified in
vsib SEI Message Box ISQ/IEC 14496-10:2014, Annex H
Contains camera parameters that define the|loca-
Extrinsic Camera Parameters, “|tion and orientation of the camera reference|frame
ecam Box with respect to a known world reference frame
Contains camera parameters that link the pikel co-
Intrinsic Camera Pardnieters ordinates of an image point with the corresponding
icam Box coordinates in the camera reference frame
Indicates the views included in the track (wHen
vwid View Identifier Box included in a sample entry)
Provides a URI containing a unique name of the
MVC View Priority Assignment |method used to assign content_priority_id values
mvcP Box for the View Priority sample grouping
mvcC MVC Configuration Box
Contains the MVD decoder configuration redord
and the MVD depth resolution box (for MVD
mvdC MVCD Configuration Box streams only)
Provides the resolution of depth views (for MiVD
Sdpr MVD Depth Resolution Box streams only)
Contains an SEI NAL unit containing only anjMVCD
MVD Scalability Information view scalability information SEI message as ppeci-
3sib SEI Message Box fied in ISO/IEC 14496-10:2014, Annex [
Sgpa SampteGroup Descriptiom Box
mvif Multiview Group Entry Contains the following boxes
buff Buffering Information Box Contains the buffer information of the tier
Identifies the tiers that the current tier is depend-
ldep Tier Dependency Box ent on
Contains parameter sets needed for decoding this
svip Initial Parameter Sets Box tier and all the tiers it depends on
Reports the minimum and maximum priority_id of
SVpr Priority Range Box the NAL units mapped to this tier
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Table 5 (continued)

Box Name Brief Description
Provides information about the bit rate values of a
tibr Tier Bit Rate Box tier
Provides information about the profile, level, frame
tiri Tier Information Box size, discardability, and frame-rate of a tier
vipr View Priority Box Labels views with priorities based on content

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

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

Provides the mapping of NAL units to multiview
dcnm Sample Map Group Entry groups for all samples in the track

The strjuctures within a sample entry provide information for the decoding or use’of the samples
(video Information) that are associated with that sample entry. Sample groups provide time-varying
information about the track as a whole, assisting (for example) with the eXtraction of subsets of
the mefia within a track. Information in the Multiview Information Box.(appearing in the medi3
informgtion box) can span several tracks and is descriptive of collections ef tracks, even though the
Multiview Information Box resides in the track containing the base view ofthe stream.

7.3 MVC and MVD elementary stream structures

MVC arld MVD streams are stored in accordance with 5.2, with the following definition of an MVC o1
MVD vifdeo elementary stream:

— An(MVC and MVD 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 ¢xtractors and aggregators) and may contain non-video coding related NAL units such as SE
mepsages and access unit delimiter NAL units. Aggregators and extractors, when present, shall nof
dirgctly output by file parsers.

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

For MVLC and MVD streams, Table 2.is\amended by Table 6.
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Value of Description AVCvideo MVC MVC MVD MVD Parame-
nal_unit_ elementa- | video ele- | video ele- | video ele- | video ele- | ter set el-
type ry stream| mentary | mentary | mentary | mentary |ementary
stream | stream | stream | stream | stream
(sample | (sample | (sample | (sample
entry entry entry entry
'avel), name name name
'ave2’, 'ave3’, 'mvdl’, 'mvd3’,
‘mvel,or| ‘avcd, ‘mvd2, ‘mvd4’,
'mve2') |'mve3’,or|'a3dl’, or | 'a3d3’, or
'mved') | 'a3d2') | 'a3d3!)
14 Prefix NAL unit Not speci- Yes Yes Yes Yes No
prefix_nal_unit_rbsp() fied
15 Subset sequence parame- | Not speci- No Yes No Yes Yes
ter set fied
subset_seq_parameter_ Param- Param-
set_rbsp() eter set eter set
elementa- elementa-
ry stream ry stream
shall not shall not
be used be used
20 Coded slice extension Not speci- Yes Yes Yes Yes No
slice_layer_extension_ fied
rbsp()
21 Coded slice extension for | Not speci- | Not speci- | Not speci- Yes Yes No
a depth view component fied fied fied
or a 3D-AVC texture view
component
slice_layer_extension_
rbsp()
24 -29 |Notspecified Not speci- | Not speci- | Not speci- | Not speci- | Not speci- | Noft speci-
fied fied fied fied fied fied
30 Aggregator Not speci- Yes Yes Yes Yes No
fied
31 Extractor Not speci- Yes Yes Yes Yes No
fied
[here may be AVC VEL NAL units, MVC VCL NAL units and other NAL units, i.e. non-VCL NAL units,
present in an MVCGvideo elementary stream. There may be AVC VCL NAL units, MVC VCL NAL units,
MVD VCL NAL ufits, and non-VCL NAL units present in an MVD video elementary stream. Additionally,
rhere may be-dggregators or extractors present in an MVC or MVD video elementary stream.
An AVC VEIXNAL unit in an MVC or MVD video elementary stream conforming to one or more profiles
specifiedsin ISO/IEC 14496-10:2014, Annex H, Annex I, or Annex ] shall be immediately preceded by a
brefixyqNAL unit. In this document, an AVC VCL NAL unit and the immediately preceding prefix NAL unit
hre-logically seen as one NAL unit.

7.4 Use of the plain AVC file format

The MVC or MVD file format is an extension of the plain AVC file format defined in Clause 5.

5.4.7 is defined for use with plain AVC streams. Its use with MVC and MVD streams is deprecated.
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7.5 Sample and configuration definition

7.5.1 General

MVC Sample: An MVC sample consists of one or more view components as defined in ISO/IEC 14496-
10:2014, Annex H and the associated non-VCL NAL units.

MVD Sample: An MVD sample consists of one or more view components as defined in ISO/IEC 14496-
10:2014, Annex I or Annex | and the associated non-VCL NAL units, where each view component may
containfa TEXTUTE VIEW COMPONENT, a depth View COMpOnent or boti.

7.5.2 |Canonical order and restriction
The following restrictions apply to MVC and MVD data in addition to the requirements in 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 in the sample whose composition time is that of the picture
represented by the access unit. An MVC sample shall contain at least one AVCor MVC VCL NAL unit

— MVD VCL NAL units (Coded slice extension): All MVD VCL NAL units fora 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 sample shall contain at least one AVC, MVC or MV.D VCL NAL unit.

— Pré¢fix 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
extiractor is exactly the decoding order as if these NAL units were present in a sample not containing
aggdregators or extractors. After processing the aggrégator or the extractor, all NAL units shall be in
valjd decoding order as specified in ISO/IEC 14496-10.

7.5.3 [Decoder configuration record

7.5.3.1| MVC decoder configuration record

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

If the sgimple entry name.i§ ' mvcl' or 'mvc2', a parameter set stream may be used with MVC streams
as withf AVC streams<{Ihthat case, parameter sets shall not be included in the decoder configuratior
record.|Otherwise_(tlte sample entry name is 'mvc3' or 'mvc4'), parameter sets may be stored in both
the decpder configliration record or as part of samples while a parameter set elementary stream shal
not be ysed.

Sequenge-or picture parameter sets, including subset sequence parameter sets, are numbered ir

Order SForagn fromy 1 +0 N O 3 D = P el o oo oo (N Do o D = P el Y
STOTOSCTIT U L cOTToite J_u\_,\.iu Heerorame teroC Tt S oo oo rTFre Tt e rarfametTteroctTS

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 MVCDecoderConfigurationRecord is structurally identical to an
AVCDecoderConfigurationRecord. However, the reserved bits preceding and succeeding the
lengthSizeMinusOne field are re-defined. The syntax is as follows.

aligned(8) class MVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
unsigned int AVCProfileIndication;
unsigned int profile compatibility;
unsigned int AVCLevelIndication;
unsigned int complete representation;
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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 (8) numOfPictureParameterSets;
for (i=0; i< numOfPictureParameterSets; i++) {
ullbigued iul,\lo) pJ_L,L,uJ_cfcu_amcL,cj_oeu_.cugL,h,
bit (8*pictureParameterSetLength) pictureParameterSetNALUnit;

}

[he semantics of the fields AVCProfileIndication, profile compatipility, and
\VCLevelIndication differ from the AVCDecoderConfigurationRecord asfollows.

[he fields AVCProfileIndication, AVCLevelIndication carry the profilecand level indigations,
respectively, indicating the profile and level for the bitstream represented by this track, f.e., the
bitstream that contains all the views of this track and the views required for decoding of this trpck and
Wwherein all the views in this track are the target output views. If AVCTével Indication is ¢qual to
D, the level that applies to the bitstream defined above operating withyall the views of this tradk being
the target output views is unspecified. AVCProfileIndicatidm profile compatibility, and
AVCLevelIndication, if non-zero, shall have values such that a conforming MVC decoder iq able to
lecode bitstreams conforming to the profile, level and profile compatibility flags indicated in anly of the
bequence parameter sets or subset sequence parameter sefs)contained in this record.

[he semantics of other fields are as follows, or, if not\present in the following, are as defined for an
A\VCDecoderConfigurationRecord.

complete representation is set on a minimal set of tracks that contain a portion of the priginal
encoded stream, as defined in 7.6.1. Other tracks may be removed from the file without losg 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 removalyof a track removes a portion of the encoded informatipn.

explicit au track is set on a fpack that is “complete”; it is not necessary to determine the view
lependencies, nor calculate whéther views not present in this track shall be found from other| tracks.
However, subject to the rules for the sample entry types, extractors may be present and nedd to be
followed to gather all the NAE units needed.

humOfSequenceParameterSets indicates the number of SPSs and subset SPSs that are ysed for
ecoding the MVC elementary stream.

SequencePapameterSetLength indicates the length in bytes of the SPS or subset SPS NAL unit.

SequenceParameterSetNALUnit contains a SPS or subset SPS NAL unit as specified in
SO/IEC.34496-10:2014, Annex H. SPSs shall occur in order of ascending parameter set identiffer with
baps being allowed. Subset SPSs shall occur in order of ascending parameter set identifier with gaps
beifig allowed. Any SPS shall occur before all the subset SPSs, if any.

7.5.3.2 MVD decoder configuration record

The syntax structure of MVDDecoderConfigurationRecord is exactly the same as
MVCDecoderConfigurationRecord.

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

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

If the sample entry name is 'mvdl’, 'mvd2’,'a3d1l’, or 'a3d2', a parameter set stream may be used with
MVD streams, as with AVC and MVC streams. In that case, parameter sets shall not be included in the
decoder configuration record. Otherwise (the sample entry name is 'mvd3’, 'mvd4’, 'a3d3' or 'a3d4’),
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.

respectfively. 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 AVCProfileIndication, profile compatibility, and
AVCLeVelIndication differ from the MvVCDecoderConfigurationRecordOyas follows
AVCPr¢fileIndication, profile compatibility, and AVCLevelIndicatigf, if non-zero
shall hgve values such that a conforming MVD decoder is able to decode bitstreams conforming to the
profile,|level and profile compatibility flags indicated in any of the sequence pararmeter sets or subsef
sequeng¢e parameter sets contained in this record.

The sdmantics of other fields are as follows, or, if not present) are as defined for any
MVCDe¢oderConfigurationRecord.

numOffequenceParameterSets indicates the number of SPSsyand subset SPSs that are used for
decodinjg the MVD elementary stream.

sequenceParameterSetNALUnit, when contained*xin the MVCD Configuration Box
contains a SPS or subset SPS NAL unit as specified in ISO/IEC 14496-10:2014, Annex I
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 J. SPSs shall occur in order of
ascending parameter set identifier with gaps being allowed. Subset SPSs shall occur in order of
ascend;Ing parameter set identifier with gaps.being allowed. Any SPS shall occur before all the subse

SPSs, iffany.
7.6 Derivation from the ISO base media file format

7.6.1 |[MVC and MVD track structures

An MV( or MVD stream isrepresented by one or more video tracks in a file. Each track represents one
or mor¢ views of the stream. For a track in a file storing an MVD video stream, the track may contair
texture|only, depth only,or both texture and depth.

There ik a minimalset of one or more tracks that, when taken together, contain the complete set of
encodefl information. All these tracks shall have the flag "complete representation” setin al
their sgmpletentries. This group of tracks that form the complete encoded information are called the
"complletes subset”.

The track that has the flag "complete representation” set and contains NAL units of the base
view with temporal_id equal to 0 shall be nominated as the “base view track”. All the other tracks that
are part of the same stream shall be linked to this base track by means of a track reference of type
'sbas' (view base). The complete encoded information can be retained when the tracks included in the
"complete subset" are retained; all other tracks shall represent subsets, copies or re-orderings of
the complete subset.

All the tracks sharing the same base view track shall share the same timescale as the scalable base
track. For MVD streams, all the tracks containing the texture view and the depth view of a particular
view shall share the same timescale. Note that the texture view and the depth view of a particular view
have the same value of view_id.
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If 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 streams, if a depth view is stored in a different track than the track containing the texture
view 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 th

is track

reference indicates that the current track contains the depth view that is associated with a texture

view in the referenced track.

f a track containing a part of an MVC or MVD bitstream is removed from a file, care should\b
f0o remove also those tracks that contain 'scal’ and 'sbas' track references to the removed'tr
references to the multiview groups that include the removed track.

7.6.2 Reconstruction of an access unit

n order to reconstruct an access unit from samples of one or more MVC oi>MVD tracks, thg
butput views may need to be determined first, by examining the Multiview Group box (7.7.3)

s a complete operating point; nonetheless, the track should be exaniinéd to determine whic
elivered by this track are the output views.

fthe target output views are not exactly represented by any track marked with explicit au|
bqual to 1 in the MVC decoder configuration record, access units are reconstructed as follows.

[he views that are required for decoding the determined target output views can be concludf
reference view identifiers included in the View Identifier box, the 'scal’ track references,
Dependency boxes.

f several tracks contain data for the access_umit, the alignment of respective samples in ti
performed on decoding time, i.e. using the titne-to-sample table only without considering edit li

An access unit is reconstructed from (the respective samples in the required tracks and f{
hrranging their NAL units in an ordericonforming to ISO/IEC 14496-10. The following order proy
butline of the procedure to form a:conforming access unit.

— All parameter set NAL units (from the associated parameter set tracks and from the asg
elementary stream traeks).

— All SEI NAL units~(from the associated parameter set tracks and from the associated eler
stream tracks);

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

precedes the depth view component.

— ANAL units within a texture or depth view component are in their appearance order within the

e taken
hck and

p target
and the

Multiview Group Relation box (7.7.4). The explicit au track flag equal to 1 states that thjis track

h views

| track

bd from
or Tier

racks is
Sts.

iers by
rides an

ociated

hentary

— Within\aview component, if both texture and depth are present, then the texture view comiponent

sample.
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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 Type: "Tcam’

Contairler: Sample Entry (‘avcl', 'avc2', 'avc3', 'avcéd’,
'mvel’, mve2', mve3', 'mvcd’,

mvdl’, mvd2', 'mvd3', 'mvd4’,

'a3dl’, 'a3d2', 'a3d3’, 'a3d4’)

Mandatiory:  No

Quantity: Zero or more

This supclause specifies intrinsic camera parameters that link the pixél coordinates of an image point
with the corresponding coordinates in the camera reference frame, A'specification of focal length and
paramgters related to the geometric distortion due to camera optics‘is given in ISO/IEC 14496-10:2014
Annex H.

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;

unsjgned int (32) prec focal _length;

unsigned int(32) prec principal pointfF

unsigned int (32) prec skew factor;

unsjigned int (8) exponent focal length x;
)

signged int (64) mantissa focal lendth x;
unsjigned int (8) exponent focal length y;
sigpped int (64) mantissa focallilength y;
unsjgned int (8) exponent principal point x;
signged int (64) mantissa principal point x;
unsigned int(8) expone€nt - principal point vy;
sigpped int (64) mantiGed principal point y;
unsjigned int (8) expoment skew factor;
signed int (64) mantissa skew factor;

}
7.6.3.1/1.3 Semantics

reservyedithis field shall be equal to zero

ref view id indicates the view id idpnfifying a view for which intrinsic camera parameters arg

indicated in this Intrinsic Camera Parameters Box

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

prec_principal point specifies the exponent of the maximum allowable truncation error

for principal_point_x and principal_point_y as given by 2-prec_principal_point, The value of prec
principal pointshall be in the range of 0 to 31, inclusive.
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prec skew factor specifies the exponent of the maximum allowable truncation error for skew

factor as given by 2prec_skew factor, The value of prec_skew factor shall be in the range of
inclusive.

exponent focal length x specifies the exponent part of the focal length in the ho
direction. The value of exponent focal length x shall be in the range of 0 to 62, inclus

0 to 31,

rizontal
ive. 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 QpPFifiPQ the mantissa part of the focal ]pngfh of the i-th camera in the

horizontal direction.
[he value of exponent_focal_length_y shall be in the range of 0 to 62, inclusive. The value 63 is rese

nantissa focal length y specifies the mantissa part of the focal lengthinthe vertical di

nantissa principal point x specifies the mantissa part of the principal point in the ho
lirection.

exponent principal point y specifies the exponent part ef the principal point in the

hn unspecified principal point.

nantissa principal point y specifies the mantissa part of the principal point in the
lirection.

TU-T | ISO/IEC. Decoders shall treat the valfte 63 as indicating an unspecified skew factor.
nantissa skew factor specifies the‘mantissa part of the skew factor.

[he intrinsic matrix A for the camera’associated to the view indicated by ref view idisrepr
s follows:

focalLengthX  skewFactor principalPointX
0 focalLengthY principalPointY
0 0 1

Fach component of the intrinsic matrix is obtained from the variables specified in Table 7 as the {
k computed as follows.

exponent skew factor specifies the expon&nt part of the skew factor. The value of expq
skew factor shall be in the range of 0 to 62, inclusive. The value 63 is reserved for futurg

exponent focal length vy specifies the exponent part of the focal length in the verftical direction.

rved for

future use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified focal length.

rection.

rizontal

vertical

lirection. The value of exponent principal point y shall'be in the range of 0 to 62, inclusive.
[he value 63 is reserved for future use by ITU-T | ISO/IEC. Decodeér's shall treat the value 63 as indlicating

vertical

nent
use by

bsented

rariable

— If0<e<63,x=2e31*(1+n+2v), withv=max(0,e +p-31)

— If e is equal to 0, x = 2-(30+V) * n, with v = max(0, p - 30)
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Table 7 — Association between camera parameter variables and syntax elements

X e n p

focalLengthX exponent_focal_length_x mantissa_focal_length_x prec_focal_length

focalLengthY exponent_focal_length_y 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
7.6.3.112.1 Definition

Box Type: 'ecam’

Contairler:  Sample Entry ('avcl', 'avc2', 'avc3', ‘'avcd’,
mvcl', mvc2', mve3', 'mvcd’,

'mvdl', 'mvd2', 'mvd3', 'mvd4d’,

'a3dl’, 'a3d2', 'a3d3’, 'a3d4’)

Mandatiory: No

Quantity: Zero or more

This supclause specifies extrinsic camera parameters th@t define the location and orientation of the
cameral| reference frame with respect to a known waorld reference frame. A specification of extrinsid
camera|parameters including translation vector and;rotation matrix is given in ISO/IEC 14496-10:2014
Annex

The exffrinsic camera parameters are specified according to a right-handed coordinate system, wherg
the upper left corner of the image is the origin, i.e., the (0, 0) coordinate, with the other corners of thg
image Raving non-negative coordinates, With these specifications, a 3-dimensional world point, wP=[3
y Z] is mpapped to a 2-dimensional camera point, cP = [u v 1], according to Formula (1):

s*@P=A*R1*(wP-T) (1]

where A denotes the intrinsic camera parameter matrix that can be indicated by an intrinsic camersz
paramgdters box (see 7.6:371.1), R-1 denotes the inverse of the rotation matrix R, T denotes the translation
vector, and s (a scalay value) is an arbitrary scale factor chosen to make the third coordinate of cP equa
to 1. Thie elementsief'A, R, T are determined according the syntax elements signalled in this box and as
specifiqd below:

7.6.3.1)2.2 . Syntax

class ExtrinsicCameraParametersBox extends FullBox ('ecam',6 version=0, 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; j<=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[j];
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7.6.3.1.2.3 Semantics

reserved this field shall be equal to zero

ref view id indicates the view_id identifying a view for which intrinsic camera parameters are

indicated in this Intrinsic Camera Parameters Box

prec rotation param specifies the exponent of the maximum allowable truncation error for r[ j ]
[ k] as given by 2prec_rotation_param, The value of prec_rotation param shall be in the range of 0

to 31, inclusive.

brec translation param specifies the exponent of the maximum allowable truncation e

bf 0 to 31, inclusive.

pf exponent r[7] [k] shall be in the range of 0 to 62, inclusive. The value 63.is reserved fo
mantissa r[j] [k] specifies the mantissa part of (j, k) component of¢herotation matrix.

bf exponent t[j] shall beinthe range of 0 to 62, inclusive. The'value 63 is reserved for futur

mantissa t[j] specifies the mantissa part of the j-th component of the translation vector.

[he rotation matrix R is represented as follows:

rE[O][0] rER@][1] rE[0][2]
rE[1][0] <xE[1][1] rE[1][2]
rE[2][0] rE[2][1] rE[2][2]

[he translation vector T is represented as follows:

tE[O0]
tE[1]
tE[2]

Fach component of the rotation matrix and the translation vector is obtained from the v
bpecifiediin Table 8 as the variable x computed as follows.

— If0<e<63,x=2e31*(1+n+2V), withv=max(0, e +p-31)

TU T | ISO/IEC. Decoders shall treat the value 63 as indicating ant unspecified translation vectof.

rror for

[ j ] as given by 2prec_translation_param, The value of prec_ translation param shall bein the range

exponent r[j] [k] specifies the exponent part of (j, k) component of the rotatigh matrix. The value

" future

1se by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspetified rotation matrix.

exponent t[j] specifies the exponent part of the j-th component efthe translation vector. The value

e use by

hriables

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

Table 8 — Association between camera parameter variables and syntax elements

X e n p
rE[j ][ k] exponent_r[j][ k] mantissa_r[j ][ k] prec_rotation_param
tE[j ] exponent_t[j ] mantissa_t[j ] prec_translation_param
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7.6.3.1.3 View identifier box

7.6.3.1.3.1 Definition

Box Type: 'vwid'

Container:

Sample Entry (‘avcl', 'avc2', 'avc3', ‘'avcd’,

mvecl', mvc2', 'mvc3', 'mvciéd’,

Mandatjory:

Quantit

When i

y:

mvdl', 'mvd2', 'mvd3', 'mvd4’,
'a3dl’, 'a3d2', 'a3d3', 'a3d4') or MultiviewGroupEntry

Yes (for sample entries and the primary group definition in Multiview Group entries)

Exactly one (for sample entries and the primary group definition in Multiview Group
entries)

Zero for non-primary group definitions in Multiview Group entries

indicat
maxim

hcluded 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 gespective tier. This box alsd
Lis the view order index for each listed view. Additionally, the box includes the minimum and

m values of temporal_id included in the track or tier when theView Identifier box is included

in a sarpple entry or Multiview Group entry, respectively. Moreovet, the box indicates the referenced
views required for decoding the views included in the track or tierMoreover, for MVD streams, the bo3
indicatg¢s, for each of the view included in the track, the presence of texture and/or depth in the track

and in the stream.
7.6.3.1]3.2 Syntax
class ViewIdentifierBox extends FullBox ('vwid', version=0, flags)
{
unsjgned int (2) reservedb = 0;
unsigned int(3) min temporal id;
unsigned int (3) max temporal id;
unsjigned int (16) num views;
for| (i=0; i<num views; i++) f
nsigned int (6) reservedl\= 0;
nsigned int (10) viewgddfi];
nsigned int (6) reserwed2 = 0;
nsigned int (10) view order index;
nsigned int (1) tfeXture in stream[i];
nsigned int (1)Aexture in track[i];
nsigned int (1)) depth in stream[i];
nsigned in%®(%) depth in track[i];
nsigned 4RT(2) base view type;
nsignedi\int (10) num ref views;

}

1

or (g

dnsigned int (4

ynsigned int (2) dependent component idc[i][]];
L1 O
=+

= 0; J < num _ref views; j++) {
) reserved5 = 0;

: PRI
SIS TS Te ST

A\ = : Lo L
TS vVIeW Tt I tJ1/

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.
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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 1id[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.

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 samp]e
Entry or Multiview Group entry, respectively.

Fexture in stream[i] equal to 1 indicates that the texture view for the view with viewlid[i] is
bresent in the stream. The value indicates that the texture view for the view with‘view_id[{] is not
present in the stream.

fexture in track[i] equal to 1 indicates that the texture view for the viéw with viewlid[i] is
pbresent in the track. The value indicates that the texture view for the view with'view_id[i] is not present
n the track. When texture in stream[i] is equal to 0, the value Of)jtexture in trgck[i]
shall be equal to 0.

Hepth in stream[i] equalto 1 indicates that the depth view f6rthe view with view_id[i] is present
n the stream. The value indicates that the depth view for the view*with view_id[i] is not present in the
stream. When texture in stream[i] is equal to 0, thevaklde of depth in stream[i] phall be
equal to 1.

Hepth in track[i] equal to 1 indicates that the depth view for the view with view_id[i] is present
n the track. The value indicates that the depth view fér the view with view_id[i] is not present in the
rrack. When depth in stream[i] is equal to.@) the value of depth_in_track[i] shall be eqyal to 0.
When texture in track[i] isequalto 0, the'value of depth_in_track[i] shall be equal to 1.

base view type indicates whether the view is a base view (virtual or not). It takes the following values:
D indicates that the view is neither a hase' view nor virtual base view.

| shall be used to label the non-virtual base view of the MVC bitstream.
D is a reserved value and shallnot be used.

B indicates that the view,with view_id[i] is a virtual base view. The respective independentl}y coded
hon-base view with wiew_id[i] resides in another track. When base view type is equal tp 3, the
bubsequent num_réf-views shall be equal to 0.

hum ref viéws indicates the number of views that may be directly or indirectly referenced by the
iew with view id[i].

Hependert component idc[i] [j] indicates how the texture view and depth view of the j-th
referénce view are required for decoding the view with view_id[i]. If the value is equal to 0, gnly the

fexture view of the reference view is required. If the value is equal to 1, only the depth viey of the
b fAranoen yinaazdic oot d T+ a ol n o Aol 0 D bl 4 ziay nd donth vyingar of+ha o ference

CICTCTICCvICyv o T cqurr c G I oo Varte-1s \,\1uu1 CO—Z,O0TIT textufre-vew-aha aCptTIrviCywv OororcTC

view are required. The value of 3 is reserved.

ref view id[i] [J] indicates the view identifier of the j-th view that may be directly or indirectly
referenced by the view with view_id[i], i.e., that may be required for decoding of the view with view_
id[i]. If a view is required for decoding the view with view_id[i], it shall be listed as one of ref view_
id[i][j]. When the View Identifier box is included in a sample entry, it is recommended to indicate the
referenced views for both anchor and non-anchor access units in the same sample entry.

© ISO/IEC 2017 - All rights reserved 53


https://standardsiso.com/api/?name=d0346413ed3d2a4ca2f33e0762ae93ae

ISO/IEC 14496-15:2017(E)

7.6.3.2 MVC and MVD sample entry definitions
7.6.3.2.1 Definition

Sample Entry and Box Types:
mvcl', mvc2', 'mvc3', 'mvcéd’,
mvdl', 'mvd2', 'mvd3’', 'mvd4’,

'a3dl’, 'a3d2', 'a3d3’', 'a3d4’

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

When l]ﬁlresent, the AVC Configuration Box documents the Profile, Level, and possibly also parameter sets
pertainjing to the AVC compatible base view as defined by the AVCDecoderCénfigurationRecord
When gresent, the MVC Configuration Box documents the Profile, Level and Rardmeter Set information
pertainfing to the entire MVC stream as defined by the MVCDecoderConfigurationRecord. Wher
present, the MVCD Configuration Box documents the Profile, Level and“Parameter Set information
pertainfing to the entire MVC+D stream as defined by the MVDDeCoderConfigurationRecord
When gresent, the A3D Configuration Box documents the Profile, Level and Parameter Set information
pertainfing to the entire 3D-AVC stream as defined by the MVDDe@oderConfigurationRecord.

For the|AVC sample entries 'avcl’, 'avc?2', 'ave3' and 'avc4y.the width and height fields in the sample
entry document the cropped frame dimensions of the AVC base layer. For the MVC sample entries
mvcl',|'mvc2’, 'mve3’, and 'mvcd’, and for the MVD*sample entries 'mvdl’, 'mvd2’, 'mvd3’, 'mvd4]
'a3dl',[a3d2','a3d3’, and 'a3d4’, the width and heighitfields in the sample entry document the cropped
frame dimensions achieved by decoding any singlé’texture view of the entire MVC or MVD stream
Futhermore, for MVD sample entries 'mvdl’, mwd2', 'mvd3’, 'mvd4’, 'a3dl’, 'a3d2’, 'a3d3’, and 'a3d4
the depgth_width and depth_height in the MVDDepthResolutionBox document the cropped frame
dimensjons achieved by decoding any single:depth view of the entire MVD stream.

The 1lehgthSizeMinusOne field in the AVC, MVC, MVCD, and A3D configurations in any given samplg
entry shall have the same value.

A priority 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 MVC sample entry, exactly one URI shall be present, that documents
the prigrity_id assignments-in the entire AVC or MVC stream. An MVCD or A3D sample entry shall no
containl an MVCViewPrioerityAssignmentBox (and consequently priority assignment URI can be used
neither|for MVC+D streams nor for 3D-AVC streams).

The UR[ is treated here as a name only; it should be de-referenceable, though this is not required. Filg
readerq maysbe able to recognize some methods and thereby know what stream extraction operations
based (1n priority_id would do.

The requirements for the sample entry types 'avcl'and 'avc2'as documented in 6.5.3.1.1 also apply here.

When present in an AVC, MVC, MVCD, or A3D sample entry, ViewScalabilityInfoSEIBoX,
ViewIdentifierBox, IntrinsicCameraParametersBox, ExtrinsicCameraParametersBox,
MVDScalabilityInformationSEIBox, 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'or 'aved' AVC Configuration Only A plain AVC track with AVC NAL units only;lextrac-

tors may be present; aggregators may be pregent to
contain and reference AVC NAL units;(Tier grouping
may be present.

'avel'or'ave3d'

AVC and MVC Configurations

An MVC track with both AVC and MVC NAL upits;
aggregators and extractors shallnot be present; Tier
grouping may be present.

"avc2'or'aved'

AVC and MVC Configurations

An MVC track with both AVC NAL units and MVC
NAL units; extractorsimay be present and usgd to
reference both AVC.and MVC NAL units; aggre¢gators
may be presentto)contain and reference bothfAVC
and MVC NALlunits; Tier grouping may be prgsent.

‘mvcl’ or 'mve3'

MVC Configuration Only

An MVC track without AVC NAL units; aggreghtors
may bepresent to contain and reference MVC|NAL
units; Tier grouping may be present.

'mvc2'or 'mvcd'

MVC Configuration Only

An MVC track without AVC NAL units; extractlors
may be present and used to reference MVC NAL
units; aggregators may be present to contain pnd
reference MVC NAL units; Tier grouping may pe

present.

'avcl'or'ave3'

AVC, MV(C, and MVCD €eonfigu-
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 'mve3'

MVC and MVCD Configurations

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

'mvc2' or 'mvcd'

MVeE.and MVCD Configurations

An MVC+D track without AVC NAL units but with
MVC and MVC+D depth NAL units; extractors| aggre-
gators and tier grouping may be present.

'mvdl’ or 'mvd3’

MVCD Configuration Only

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

'mvd2’ or 'mvd4*

MVCD Configuration Only

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

'avelior 'ave3d'

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

If MVC Configuration were not present in this exam-
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.

'mvel’ or mve3'

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 'mvcd' 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; extractors, aggregators and tier grouping may
be present.

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

MY CrDdepth NAL Tmits:

'mvdl’ ¢r mvd3’ MVCD and A3D Configurations |A 3D-AVC track without AVC or MVC NAL units but
with MVC+D depth NAL units and 3D-AVC NALunits;
aggregators and tier grouping may be present.

'‘mvd2' ¢r mvd4’ MVCD and A3D Configurations |A 3D-AVC track without AVC or MVC NAL units but
with MVC+D depth NAL units and 3D<AVC NAL units;
extractors, aggregators and tier grouping may be
present.

'a3dl' ¢r'a3d3’ A3D Configuration Only A 3D-AVC track with 3D-AVC NAL units only; aggre-
gators and tier grouping may./be present.

'a3d2' ¢r'a3d4’ A3D Configuration Only A 3D-AVC track with 3D-AVC NAL units only; extrac-
tors, aggregators and. tier grouping may be present.

7.6.3.2{2 Syntax
class NVCConfigurationBox extends Box ('mvcC') {
MVClecoderConfigurationRecord () MVCConfig;

}
class VJiewScalabilityInformationSEIBox extends
{

uns ]

gned int (8*size-64) mvcscalinfosei;

}

class NVDDepthResolutionBox extends Box ('3dpr')

{
unsi
unsi

/* The

gned int (16) depth width;
gned int (16) depth height;

following 5 fields are colledtively optional;

Box(@vsib', size)

they are either all present or all

absent
grid p

When grid pos num views is not present, the for loop is

s num views equal to 0. These fields may be present or

absent whenever the box is

present
uns}
uns}
unsj}
uns}
uns}
for

(e.qg.,
gned int (16) depth hOrymult minusl; // optional
gned int (16) depthrver mult minusl; // optional
gned int (4) deptirhér rsh; // optional
gned int (4) depbh”ver rsh; // optional
gned int (16),9rid pos num views; // optional
i =0; i <, gn¥d pos num vies; 1i++) {
it (6) resexrved=0;
nsigned{int (10) grid pos view id[i];
gignedeint (16) grid pos x[grid pos view id[i]];
igne@int (16) grid pos yl[grid pos view id[i]];
}

}

in MVCDConfigugat*onBox or A3DConfigurationBox) .

*/

not present, equivalent tg

class MVCDConfigurationBox extends Box ('mvdC') {
MVDDecoderConfigurationRecord MVDConfig;
MVDDepthResolutionBox mvdDepthRes; //Optional

}

class A3DConfigurationBox extends Box ('a3dC') {
MVDDecoderConfigurationRecord MVDConfig;
MVDDepthResolutionBox mvdDepthRes; //Optional

}

class MVDScalabilityInformationSEIBox extends Box('3sib',

{
unsigned int (8*size-64) mvdscalinfosei;

}

class AVCMVCSampleEntry() extends AVCSampleEntry
ViewScalabilityInformationSEIBox scalability;

('avecl'

56

or
// optional

size)

'avc

3") |
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ViewIdentifierBox view_ identifiers; // optional
MVCConfigurationBox mvcconfig; // 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 AVC2MVCSampleEntry () extends AVC2SampleEntry ('avc2' or 'avc4d') {
ViewScalabilityInformationSEIBox scalability; // optional
TewiderntIfierdo Tew Tdentifierss OpTIonat
MVCConfigurationBox mvcconfig; // 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

/ Use this if the track is NOT AVC compatible

Flass MVCSampleEntry () extends VisualSampleEntry ('mvcl', 'mvc2'/
'mvc3', or 'mvcd') {

MVCConfigurationBox mvcconfig; // mandatory
ViewScalabilityInformationSEIBox scalability; // optionad
ViewIdentifierBox view_ identifiers; // mandatory
MPEG4ExtensionDescriptorsBox descr; // optional
MVCViewPriorityAssignmentBox view priority method;///~optional
IntrinsicCameraParametersBox intrinsic camera pagrams; // optional
ExtrinsicCameraParametersBox extrinsic camera parems // optional
MVCDConfigurationBox mvcdconfig; // optional
MVDScalabilityInformationSEIBox mvdscalinfaosesy; // optional
A3DConfigurationBox a3dconfig; // optional

Flass MVCDSampleEntry () extends VisualSampleEntry ('mvdl', 'mvd2',

'mvd3', or 'mvd4') {

MVCDConfigurationBox mvcdconfig; // mawdatory

MVDScalabilityInformationSEIBox mvdscalinfosei; // optional

ViewIdentifierBox view identifiersy’ // mandatory

MPEG4ExtensionDescriptorsBox Wescr; // optional IntrinsicCameraParametersBox
intrinsic camera params; // optdenal

ExtrinsicCameraParametersBoX extrinsic camera params // optional
A3DConfigurationBox a3dgohfig; // optional

Flass A3DSampleEntry () (extends VisualSampleEntry ('a3dl', 'a3d2',

'a3d3', or 'a3d4')l {

A3DConfigurationBox- a3dconfig; // mandatory

MVDScalabilityInformationSEIBox mvdscalinfosei; // optional

ViewIdentifierBSk view identifiers; // mandatory

MPEG4ExtenSienDescriptorsBox descr; // optional IntrinsicCameraParametersBox
intrinsic cémefa params; // optional

Extrinshe€ameraParametersBox extrinsic camera params // optional

7.6.3:2.3 Semantics

When the sample entry is 'mvcl’, 'mvc2' 'mvc3’, or 'mvc4d' Compressorname in the bas

e class

VisualSampleEntry indicates the name of the compressor used, with the value "\ 012MvVC Coding"

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

When the sample entry is 'mvdl’, 'mvd2', 'mvd3’, or 'mvd4', Compressorname in the base class
VisualSampleEntry indicates the name of 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 'a3d1l’, '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).
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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.

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 ]J. When not present, depth hor mult minusl and depth ver mult minusl
are inferred to be equal to 1,and depth _hor rshand depth ver rsh areinferred to be equal to 0.

NOTE 1 In MVC+D bitstreams the dppfh Qnmplinginfm‘mah'nn SElmessage carries information r‘nrrpcprmdinc
todepth hor mult minusl,depth hor rsh, depth ver mult minusl,and depth ver rsh.

NOTE 2| depth hor mult minusl and depth hor rsh specify the ratio of the width of the luma sample
in a texfure view component relative to the width of the luma sample in a depth view component: depth |
ver mylt minusl and depth ver rsh specify the ratio of the height of the luma sample in a texture view
compongnt relative to the height of the luma sample in a depth view component.

grid pos num views specifies the number of views for which grid pos vigw<id[i], grid |
pos x[grid pos view id[i]] andgrid pos ylgrid pos view id[id] are present.

grid pos view id[i] specifies aview_id value of a texture view.

grid pos x[grid pos view id[i]] specifies a horizontal offsetCof a depth sampling grid
relativd to the luma texture sampling grid in texture luma sample upits. grid pos y[grid pos |
view Jd[i]] specifiesavertical offset of a depth sampling grid relative to the luma texture sampling
grid in texture luma sample units. When no value of grid pog view id[i] is equal to a view_id
value of a texture view, grid pos x[view id] and grid Pos y[view id] are inferred to bg
equal to 0.

NOTE grid pos num views, grid_pos_view_id[i], grid pos x[grid pos view id[i]] and
grid pos ylgrid pos view id[i]] are specified identically to the semantics of the syntax elements wit}
the samp names in ISO/IEC 14496-10:2014, Annex ]. In MVC+D bitstreams, the depth sampling information SE
messagg carries information corresponding to depth* hor mult minusl, depth hor rsh, depth ver |
mult minusl,and depth ver rsh.

mvdDepthRes contains the width and.height of the coded depth view components in the streamn
to whidh the sample entry applies. When ‘not present, the width and height of the coded depth view
comporjents are inferred 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/FEC 14496-10:2014, Annex H. The “size” field of the container bo3
ViewSchplabilityInformationSEIBox shall not be equal to 0 or 1.

mvdscalinfosei contains an SEI NAL unit containing only a MVCD scalability informatior
SEI mepsage as spécified in ISO/IEC 14496-10:2014, Annex I. The “size” field of the container boj
MVDScalabilitylnfermationSEIBox shall not be equal to 0 or 1.

7.6.4 |Syncsample

A AavAnla idantifinc tha myrncnanen AfFAn TND Acnnce it Af+ha MYIC ~- MY ha
sync $ £ B-b

O P e TO It C o Tt pre ottt oo o T atttos Tttt o

entry that includes an MVC or MVD configuration record, respectively.

For video data described by a sample entry of type 'mvc3’, 'mvcd', 'mvd3', 'mvd4’, 'a3d3’, or 'a3d4’, the
following applies.

a) 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.

b) 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.
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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.

7.6.6 Independent and disposable samples box

If the 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
tVCdata(possibty omty the AVC data) isusedThe “umkmown* vatues{vatue 0 of the fietds sgmple
Hepends on, sample is depended on, and sample has redundancy) may be needed if the
nformation varies.

f the SampleDependencyTypeBox is used in a track that is compatible to all of AV(,-MVC, arild MVD,
fhen care should be taken that the information provided by this box is true no matter what valid subset
pf the MVD data (possibly only the AVC data or only the MVC data) is used. The “unknown” valuep (value
D of the fields sample depends on,sample is depended on,and samplXe has redunflancy)
may be needed if the information varies.

/.6.7 Sample groups on random access recovery points 'rol1' and random access point§ 'rap
When version 0 of the SampleToGroupBox is used, the following applies.

— For video data described by a sample entry of type 'av¢1', 'avc?2’, 'avc3' or 'avc4’, the random
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
(if any), and an MVD decoder (if any) operating én-the entire bitstream.

NOTE If the random access recovery points or the random access points for the AVC decoder, fhe MVC
decoder, and the MVD decoder operating ontvthe entire bitstream are not all aligned, the randorp access
recovery points table or the random accessggpoint table, respectively, will not document all of then}. In this
case, the stream can be stored in multiple‘tracks, e.g. two tracks, one containing the AVC base layqr with a
sample entry of type 'avcl' or 'avc3iiand the other containing other layers with an MVC or MVI} sample
entry type.

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

— For video data described by an MVD sample entry type, the information provided by the random
access recoverysample group and the random access point sample group is true for any valid subset
of in the entite'MVD bitstream.

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

7.7<._MVC specific information boxes

7.7.1 General

The following boxes specify information that relate to more than one output view of an MVC or MVD
elementary stream. As any subset of views of an MVC or MVD elementary stream can be chosen for
output, the information carried in these boxes is not necessarily specific to any track and thus contained
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 peference
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'

Contairfer:  Multiview Information box (‘mvci')

ory: No

Quantity: Zero or one

specifies a multiview group for the.views of the MVC or MVD stream that are output. Targe
iews can be indicated on the basis-of track_id, tier_id, or view_id. When the views included in

entry_type equal to 1) within theyMultiview Group box. Otherwise, it is recommended to use one of the
view_id based indications (i€:)entry_type equal to 2 or 3).

When entry_type is equakto 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 views arefarget output views.

Decodipg of the:output views may require decoding of other views that are not target output views. The
views thatanérequired for decoding but are not target output views can be concluded from referencsg
view identifiers included in the View Identifier box, the 'scal’ track references, or from the Tiel
Depenucmy 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.

7.7.3.2 Syntax

aligned(8) class MultiviewGroupBox extends FullBox('mvcg', version = 0, flags) {
unsigned int(32) multiview group id;
unsigned int (16) num entries;
bit (8) reserved = 0;
for (i=0; i<num entries; i++) {
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unsigned int(8) entry type;

if (entry type == 0)

unsigned int (32)
else if (entry type
unsigned int (32)
unsigned int (16)
}
else if (entry type
bit (6) reservedl
unsigned int (10)
}

track id;
= 1) {

track id;
tier id;

== 2) |
= 0;
output view id;

ISO/IEC 14496-15:2017(E)

ctse T —(ertry _type
bit (6) reserved?2
unsigned int (10)
unsigned int (16)

== SJ 1
= 0;

start view id;
view count;

}
}
TierInfoBox subset stream info; // optional
MultiviewRelationAttributeBox relation attributes; // optional
TierBitRateBox subset stream bit rate; // optional
BufferingBox subset stream buffering; // optional
MultiviewSceneInfoBox multiview scene info; // optional

7.7.3.3 Semantics
nultiview group id providesa unique identifier for the multiview group within the file.

hum_entries is the number of tracks (entry type 0), tiersyfentry type 1), target output views (entry
[ype 2), or continuous sets of target output views (entrytype 3) included in this multiview group.

entry type specifies how the target output views-are indicated. The following values of ¢ntry
- ype are specified:

— 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 te-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.

Frack idindicates a tracK containing target output views.
fier idindicatesatier within a track where all views within the tier are target output views,
putput 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
butput views.

7iéw ' count indicates the number of contiguous values of view_id all being target output view.

track_1idindicates a track.
tier idindicates a tier within a track.

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

relation attributes indicate the relations between output views. If 'ecam’ is used as a common
attribute, all the output views are associated with extrinsic camera parameters indicating that the
cameras have identical rotation and constant spacing. If 'ecam’ is used as a differentiating attribute,
at least one output view is associated with extrinsic camera parameters with different rotation from
the others or the output views are associated with extrinsic camera parameters not having a constant
spacing.
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subset stream bit rate indicates the bit rate statistics of the bitstream subset containing
the indicated output views and the views they depend on. The values of tierBaseBitRate,
tierMaxBitRate,and tierAvgBitRate within the TierBitRateBox are unspecified.

subset stream buffering indicates the HRD parameters that apply to the bitstream subset
containing the indicated output views and the views they depend on and operating with the indicated
target output views.

multiview scene info contains the maximum disparity in units of integer pixel resolution
betwee any qufin]]y ndjqrpnf output views in any access unit

7.7.4 (Multiview group relation box
7.7.4.1| Definition

Box Type: 'swtc'

Contairfer:  Multiview Information box (‘mvci')
Mandatiory: No

Quantity: Zero or more

This bﬂ( specifies a set of multiview groups from which one multiview group is decoded and played af
any timle. The given relation attributes specify which features afe’\éommon in all associated multiview
groups |and which factors make the multiview groups differ~from each other. The relation attributes
can be fised to select a suitable set of multiview groups for playback, e.g. based on the number of outpu
views. The differentiating attributes can be used to seléot which multiview group within the set is
suitablg for the player, e.g. based on the required level for decoding.

7.7.4.2] Syntax

aligned (8) class MultiviewGroupRelationBoxX () extends FullBox ('swtc', version = 0, flags) {
unsjigned int(32) num entries;
for|(i=0; i<num entries; i++)

nsigned int(32) multiview grdup id;

MulfiviewRelationAttributeBox\\relation attributes;

}
7.7.4.3] Semantics

num_eptries indicatesthe number of associated multiview groups.
multiyiew group)id is the identifier of an associated multiview group.

relatjon attrypbutes 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
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When the Multiview Relation Attribute box is contained in a Multiview Group box, it indicates 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 relation of the

multiview groups with each other.

The 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
a characteristic that is common for each one of the target output views of the multiview group and a
differentiating attribute indicates a characteristic that differs in at least one of one of the target output

H £1 ) - ALl AW S Rolods Adrtailo e 1 e Jis-dad—i AW, S -
TCTWS UTtIIT TIIUITIVICTW ST OU P VVITTITN MTUTTT VITVW RCTATTUIT AT TUUTT DUX TS TITUTUUTU TN 4 IVTUTTI VT

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 c
nttribute. The syntax and semantics of the additional parameter depend on théxdttribute in que

For example, a file writer can create a Multiview Group for each stereo pair suitable for display
multiview bitstream. Furthermore, a file writer can create a Multiview\Group Relation box listin
multiview groups for stereo pair output and including a Multiview Relation Attribute box with ¢
httributes number of views (equal to 2) and in-line camera arrangément. A file reader can st
Multiview Group Relation box to find the options for stereo pair output and choose one mu
broup for processing. Note that the presence of views in a group does not necessarily imply the}
buggested as output views at any given time; the terminal\may choose which views to output, 4
not limited by the group information.

7.7.5.2 Syntax

bligned (8) class MultiviewRelationAttrih@teBox
extends FullBox('mvra', version = 0,{flags) {
bit (16) reservedl = 0;
unsigned int (16) num common attxiibutes;
for (i=0; i<num common attributes; i++) {
unsigned int (32) common .afbribute;
unsigned int (32) commofl yalue;
}
bit (16) reserved2 = 0;
unsigned int (16) nun differentiating attributes;
for (i=0; i<num differentiating attributes; i++)

unsigned int (32)  differentiating attribute;

7.7.5.3 Semantics

common_at¥ribute and differentiating attribute are selected from the list
Attributesthat can be used as a differentiating attribute are associated with a distinguishing pd
the field-or information.

Group

Relation box, a common attribute indicates a characteristic that is common for the indicated myltiview
broups or 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 indicatéd myltiview

ommon
stion.

from a
g all the
ommon
udy the
1ltiview
 are all
ind it is

below.
inter to
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common_value specifies the value for the common attribute. Its syntax and semantics depend on the
common attribute and are specified in the table below.

Name Attribute Pointer and semantics common_value syntax and semantics

Profile 'pril' This attribute shall not be included in the bit (24) reserved = 0;

Multiview Group box. unsigned int (8)

When included in the Multiview Group Re-
lation box, the attribute refers to the profile
required for decoding the bitstream subset __ profilelndication is the profile suf-
corresponding to the multiview group. The ficient for decoding the bitstream
attribute points to the profilelndication field subset corresponding to all indi*
of the subset_stream_info element of the Mul- cated multiview groups.

tiview Group box.

Level "levl' This attribute shall not be included in the bit (24) reserved ='0;
Multiview Group box.

profileIndication;

unsigned int (8)
When included in the Multiview Group
Relation box, the attribute refers to the level
required for decoding the bitstream subset  profileIndication is the level suf-
corresponding to the multiview group. The ficient fordécoding the bitstream
attribute points to the levellndication field of subset corresponding to all indi-
the subset_stream_info element of the Multiv- catedmultiview groups, or 0 if the
iew Group box. level is unspecified.

levelIndicdation;

Bitrate bitr' This attribute shall not be included in the unsigned int (32) bitrate;

Multiview Group box. bitrate indicates the average

When included in the Multiview Group.Rela-  bit rate in bits per second of the
tion box, the attribute refers to the total size  bitstream subset required for
of bitstream subset required for decoding of decoding the multiview group. The
the multiview group divided by.the duration bitrate may be rounded up.

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 elementofthe Multiview Group box,

if it were present.

Frame rate 'frar' This attribiite shall not be included in the unsigned int (16)

Multivi r . .
ultiview Group box integer part;

Whenrincluded in the Multiview Group Rela-
tion box, the attribute refers the number of
samples in the track divided by duration in integer_part shall be equal to the
the track header box. output rate of decoded access units
in second rounded to the closest
integer using the Round function
specified in ISO/IEC 14496-10.

Number of nvws' Number of target output views indicated in unsigned int (32) num views;
output yiews the Multiview Group Box ('"mvcg')

bit (16) reserved = 0;

num_views indicates the number
It this attribute 1s included 1n the Multiview  of views in the multiview group.
Group box, it shall be a common attribute

and merely documents the number of output

views in the respective multiview group.
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Name Attribute Pointer and semantics common_value syntax and semantics
Intrinsic 'icam' The intrinsic camera parameters are stored  Unspecified.

camera pa- in'avcl', 'avc2', 'avc3', 'avcid’,

rameters

'mvcl’, 'mvc2', 'mvc3’, ‘mvcd’,
'mvdl’, 'mvd2', 'mvd3’, 'mvd4’,

'a3dl’, 'a3d2', 'a3d3’, or'a3d4’'Sample
Entry (in Sample entry box of media track).

H-thisattributetsinctuded i the Muttiview
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 Multiview Group box and used
as a differentiating attribute, the intrinsic
camera parameters of the target 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 indicated multiview groups shall be the
same and the intrinsic camera parameters

of the respective target output views in all
indicated multiview groups are identical: If
this attribute is included in the Multiview
Group Relation box and used as adifferentiat-
ing attribute, the intrinsic caniéra parameters
of the respective target output'views differ at

least partly.
Extrinsic 'ecam’ The extrinsic camera parameters are stored  Unspecified.
camera pa- in'avcl', 'avc2',oavce3', 'avcd',

rameters 'mvel’, 'mvc2), Ymve3’, ‘mvcd’,
'mvdl’, 'myd2', 'mvd3', 'mvd4’,
'a3dl/7\a3d2', 'a3d3’, or'a3d4’' Sample
Entry (in Sample entry box of media track).

Ifithis 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 rectan-
gular arrangement, the distance of adjacent
cameras is the same. If this attribute is includ-
ed in the Multiview Group box and used as a
differentiating attribute, the rotation or the
distance of adjacent cameras in linear, ellipti-
cal, or rectangular arrangement differs.

If the attribute is included in the Multiview

Group Relation box and used as a common
attribute, the relative extrinsic camera pa-
rameters target output views in all indicated
multiview groups are identical. That is, the
distance of cameras relative to each other and
their rotation matches in the indicated multi-
view groups. If the attribute is included in the
Multiview Group Relation box and used as a
differentiating attribute, the relative extrinsic
camera parameters of respective target out-
put views differ at least partly.
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Name

Inline v
array

Attribute

iew '11vi’

Pointer and semantics

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.

common_value syntax and semantics

bit (28) reserved = 0;
unsigned int (2)

horizontal order;
unsigned int (2)

vertical order;

horizontal order indicates
the horizontal order of the views:

Rectan
view ar

pular  'rtvi'
ray

Planar Y

iew 'plvi’

If used as a commeon attribute, the associated
cameras formya rectangular shape and are
regularly spaced along the orthogonal coordi-
nate axes.

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

If used as a common attribute, the associated

0: the views are in the same horis
zontal location

1: the views are ordereddeft<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.

vexfacal order indicates the
vertical order of the views:

07 the views are in the same verti-
cal location

1: the views are ordered bot-
tom-to-top

2: theviews are ordered top-to-
bottom

3: the order of the views is unde-
fined, or top and bottom are not
well-defined.

unsigned int (16) row
view count;
unsigned int (16) col
view count;

row view count specifies the
number of rows in the rectangu-
lar 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.

array

66

cameras are located on a plane, but may be
irregularly spaced.

When included in a Multiview Group box, the
attribute shall be a common attribute.
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Name Attribute Pointer and semantics
Elliptical 'elvi' If used as a common attribute, the associated
view array cameras are located on the arc of an ellipse.

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

ISO/IEC 14496-15:2017(E)

common_value syntax and semantics

bit (28) reserved =

unsigned int (2)

horizontal order;

unsigned int (2)

vertical order;

O.

I

The semantics are identical to
those for the Inline view array.

Spherical 'spvi' If used as a common attribute, the associated
view array cameras are located on the surface of a sphere.

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

Stereoview  'stvi' If used as a common attribute, the associated
array cameras are a pair of views suitable for stereo
viewing.

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

Geometry 'geom’ If used as a differentiating attribute, 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.ole

fo rendering on a 3D7display.

rather thar’concerns all the views in the bitstream.

Unspecified.

bit (6) reservedl
unsignedxfnt (10)
view Ad;
bity(Q) reserved?2
ufnsigned int (10)
vhew id;

Unspecified.

[he Multiview Scene Info Box shall not be present for multiview groups associated with came

"n not Fr\rm a nnn-r’]imnncinna] arr‘angnmnnf’ C]lf‘l’l aS a ]inn oran arc I'\F an n”ipcp

=0
lef]

=0
rig

An optional Multiview Scene Info Box includes the maximum disparity between the adjacent yiews of
the respective multiview group. This information can be used for processing the multiview vid

PO prior

NOTE A Multiview Scene Information SEI message, as specified in MVC H.12.1.5, can indicate the maximum
lisparity between any adjacent views in the bitstream. Thus, the Multiview Scene Info Box representg similar
nformationyas carried in the Multiview Scene Information SEI message but is limited to a certain set

bf views

ras that

7.7.6.2 Syntax

class MultiviewSceneInfoBox extends Box ('vwdi')

{
unsigned int (8) max disparity;

}
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.
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MVC view priority assignment box

Definition

Box Type: mvcP'

Container: Sample Entry (‘avcl', 'avc2', 'avc3', ‘'avcd’,

mvecl', mvc2', 'mvc3', 'mvciéd’,

Mandatory: No

Quantit

A prior
priority
be de-r
and thg
priority

7.7.7.2

class N

{
uns]
str]

}
7.7.7.3

metho
Prior

prior
assignn

8 HE

81 G

The H
ISO/IEC
but alsq
feature

This clg

mvdl', 'mvd2', 'mvd3', 'mvd4')

y: Zero or one

ty assignment URI provides the name (in the URI space) of a method used to.assign contenf
values in the View Priority sample grouping. The URI is treated here as a nanie only; it should
eferenceable, though this is not required. File readers may be able to recognize some methodsg
reby know what stream extraction or selection of output views based on particular conten
values would do.

Syntax

[VCViewPriorityAssignmentBox extends Box ('mvcP')

gned int (8) method count;
ng PriorityAssignmentURI[method count];

Semantics
i count provides a count of the number offollowing URIs.

| t yAssignmentURI provides a unigue name of the method used to assign content |
|ty idvaluesin View Priority sample groupings. In the case of absence of this box, the priority

ient method is unknown.

VC elementary streams and sample definitions

eneral

gh Efficiency~Video Coding (HEVC) standard, jointly developed by the ITU-T and

JTC 1 11/S€29 (MPEG), offers not only increased coding efficiency and enhanced robustness
many features for the systems that use it. To enable the best visibility of, and access to, thosg
5, and toenhance the opportunities for the interchange and interoperability of media.

usé'specifies the storage format for single-layer HEVC (ISO/IEC 23008-2) video streams.

The sto
defines

rage of HEVC content uses the existing capabilities of the ISO base media file format but also
extensions to support the following features of the HEVC codec.

— 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

slic

e 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 decoding parameter information, and the sequence parameter set references a
video parameter set that contains global decoding parameter information (across layers or view in
potential scalable and 3DV extensions).

68
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This specification includes the following tools for supporting of HEVC contents.

a) Temporal scalability sample grouping: A structuring and grouping mechanism to indicate the
association of access units with different hierarchy levels of temporal scalability.

b) Temporal sub-layer access sample grouping: A structuring and grouping mechanism to indicate the
identification of access units as temporal sub-layer access (TSA) samples.

c) Step-wise temporal sub-layer access sample grouping: A structuring and grouping mechanism to
indicate the identification of access units as step-wise temporal sub-layer access (STSA) samples.

B.2 Elementary stream structure
n Clause 8, a video stream is represented by one video track in a file.
['wo types of elementary streams are defined for storing HEVC content:

— Video Elementary Stream that does not contain any parameter sets; allyparameter sets ar¢ stored
in a sample entry or sample entries;

— Video and Parameter set elementary stream that may containparameter sets, and may also have
parameter sets stored in their sample entry or sample entries:

When it is required that the output bitstream produced by the file'parser contains no NAL unit vjiolating
the NAL unit syntax and constraints as specified by ISO/IEC23008-2, neither NAL units nor NAL-unit-
ike structures with types in the range of 48 to 63, inclusiye/shall be included in the output bitsfream.

NOTE In ISO/IEC 23008-2, NAL unit types in the range)of 48 to 63, inclusive, are specified as “unspecified”
aind were left for use by systems specifications such as this specification.

B.3 Sample and configuration definitien

B.3.1 General
HEVC sample: An HEVC sample is.an-access unit as defined in ISO/IEC 23008-2:—, 3.1.

NOTE Some HEVC streams, as defined in ISO/IEC 23008-2 include data that can be stored alternatively
hccording to Clause 9 or 10.

B.3.2 Canonical order and restrictions

[he canonical stfeam format is an HEVC elementary stream that satisfies the following condifions in
hddition to thé\general conditions in 4.3.2.

— Access'unit delimiter NAL units: The constraints obeyed by access unit delimiter NAL uhits are
defined in ISO/IEC 23008-2.

— Parameter sets: A parameter set to be used in a picture shall be sent prior to the sample containing
that picture or in the cnmp]n for that picture-For a video stream that g parh'ml]:lr sample entry
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 'hvcl’, and may be stored in the
sample entry and the samples when the sample entry name is 'hevl"

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 may replace parameter sets with a new definition using the same
identifier. Each time the sample entry changes, the decoder re-initializes with the parameter sets included in the
sample entry.
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SEI messages: SEI messages of declarative nature may be stored in the sample entry; there is no
prescription about removing such SEI messages from the samples.

Filler data. Video data is naturally represented as variable bit rate in the file format and should
be filled for transmission if needed. Filler Data NAL units and Filler Data SEI messages shall not
be present in the file format stored stream when the sample entry does not also permit in-stream
parameter sets.

NOTE 2  Theremoval or addition of Filler Data NAL units, start codes, SEI messages or Filler Data SEI messages

may change the bitstream characteristics with respect to conformance with the HRD when operating the HRD in
CBR modle as specified in ISO/IEC 23008-2:—, Annex 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 indicatethe length of its contained
NAL unlits as well as the parameter sets, if stored in the sample entry. This record is externally framed
(its sizq shall be supplied by the structure that contains it).

This reford contains a version field. This version of the specification defines version 1 of this record
Incompptible changes to the record will be indicated by a change of version number. Readers shall no
attempf to decode this record or the streams to which it applies if the version number is unrecognized,

Compatfible extensions to this record will extend it and will not change the configuration versior
code. Readers should be prepared 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 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 shall be valid for all parameter sets tha
are actfvated when the stream desecribed by this record is decoded (referred to as “all the parametej
sets” in[the following sentences.ih this paragraph). Specifically, the following restrictions apply.

If the pequence parameter sets are marked with different profiles, then the stream may need
examinatiomtodetermmmewhichprofite;if any;, theentire streanrconformrs to—H theentite streanr >

Th¢ value of general_pnofile space inall the parameter sets shall be identical.

Th¢ tier indication/general tier flag shall indicate a tier equal to or greater than the highes{
tiet indicated in-all.the parameter sets.

Th¢ profile(indication general profile idc shall indicate a profile to which the strean
asspciatedwith this configuration record conforms.

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
in which these rules can be met.

70

Each bitin general profile compatibility flags may only be set if all the parameter sets
set that bit.

Each bitin general constraint indicator flags may only be set if all the parameter sets
set that bit.

The level indication general level idc shall indicate a level of capability equal to or greater
than the highest level indicated for the highest tier in all the parameter sets.
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— Themin spatial segmentation idc indication shall indicate alevel of spatial segmentation

equal to or less than the lowest level of spatial segmentation indicated in all the parameter
— Thevalue of chroma format idc inall the parameter sets shall be identical.
— Thevalueofbit depth luma minus8 inall the parameter sets shall be identical.
— Thevalue of bit depth chroma minus8 in all the parameter sets shall be identical.

Explicit indication can be provided in the HEVC Decoder Configuration Record about the

sets.

chroma

stream. Each type of such information shall be identical in all parameter sets, if presenthin

nformation, then two different HEVC sample entries are also required.

hrrays with reserved or unpermitted values of NAL unit type.

NOTE This “tolerant” behaviour is designed so that errors are mot-raised, allowing the possi
backwards-compatible extensions to these arrays in future specifications:

tis recommended that the arrays be in the order VPS, SPS, RPS, prefix SEI, suffix SEI.

When general non packed constraint flag (bit3 of the 6-byte general_constraint_in
flags) is equal to 0 and some of the samples referring'to this sample entry represent frame
content and any of the default display windows specified by the active SPSs for the samples refe
this sample entry covers more than one constituént frame of the frame-packed content, the tec
escribed in ISO/IEC 14496-12:2015, 8.15 (“Rast-decoder requirements on media”) using the
fype “stvi” shall be used. In this case, the ‘s€ereo scheme in the Stereo Video Box should be
[0 indicate that the frame packing scheme™used in HEVC is the same as in AVC.

3.3.3.1.2 Syntax

bligned (8) class HEVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;

unsigned int (2) gene¥al profile space;

unsigned int (1) gefieral tier flag;

unsigned int (5) ,general profile idc;

unsigned int (32)M.general profile compatibility flags;
unsigned int(48) general constraint indicator flags;
unsigned intl8) general_level_idc;

bit (4) reserved = '1111'b;

unsignedint (12) min spatial segmentation idc;

bit (6)\feserved = '111111'b;

unsignéd int (2) parallelismType;

bit(6) reserved = '111111'b;

unsigned int (2) chroma format idc;

bit (5) reserved = 11111 b;

ormat and bit depth as well as other important format information used 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 sequences differ in color space indicatiens in tHeir VUI

[here is a set of arrays to carry initialization NAL units. The NAL unit tizpes are restricted to
ndicate SPS, PPS, VPS, prefix SEI, and suffix SEI NAL units only. NAL unit types that are resdrved in
SO/IEC 23008-2 and in this specification may acquire a definition in future, and readers should ignore

bility of

Hicator_
packed
rring to
niques
scheme
setto 1,

unsigned 1nt(3) bit depth luma minusg;
bit (5) reserved = '11111'b;
unsigned int (3) bit depth chroma minus8;
unsigned int (16) avgFrameRate;
unsigned int(2) constantFrameRate;
unsigned int (3) numTemporallayers;
unsigned int (1) temporalIdNested;
unsigned int (2) lengthSizeMinusOne;
unsigned int (8) numOfArrays;
for (j=0; j < numOfArrays; Jj++) {
unsigned int(l) array completeness;
bit (1) reserved = 0;
unsigned int (6) NAL unit type;
unsigned int (16) numNalus,
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for (i=0; i< numNalus; i++) {
unsigned int (16) nalUnitLength;
bit (8*nalUnitLength) 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 ang
bit dépth chroma minus8 contain the matching values for the fields general profile_space
generall 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, generaldevel_idc
min_sphtial_segmentation_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
greaterfthan 0. Value 1 indicates that the stream to which this configuration recdrdapplies 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 streami-to which this configuratior
record [applies supports entropy coding synchronization based parallel*decoding. Value 0 indicates
that th¢ stream supports mixed types of parallel decoding or that the parallelism type is unknown
The valpes above can be inferred by the fields tiles enabled{ggand entropy coding sync |
enabl¢d flag as defined in ISO/IEC 23008-2. Specifically: if‘thé fields tiles enabled flag and
entropy coding sync enabled flag are both equal to\0'in all PPSs that are activated when thg
stream(to which this configuration record applies is decoded, then parallelismType can be set to 1. If
the fielfl tiles enabled flagis equal to 1 in all PPSs‘that are activated when the stream to which
this corlfiguration record applies is decoded, then parallélismType can be set to 2. If the field entropy |
coding sync enabled flag is equal to 1 in alldBPSs that are activated when the stream to which
this corjfiguration record applies is decoded, thenparallelismType can be set to 3. If none of the above i3
true (o1 if it is unknown which of them is true)then parallelismType should be set to 0.

avgFrameRate gives the average framexate in units of frames/(256 s), for the stream to which this
configufration record applies. Value 0 indicates an unspecified average frame rate.

constantFrameRate equal to Aindicates that the stream to which this configuration record applies
is of coistant frame rate. Value(2,indicates that the representation of each temporal layer in the strean]
is of cofpstant frame rate. Value O indicates that the stream may or may not be of constant frame rate.

numTepporallayerscgréater than 1 indicates that the stream to which this configuration record
applies|is temporally. scalable and the contained number of temporal layers (also referred to ag
temporpl sub-layer o1 sub-layer in ISO/IEC 23008-2) is equal to numTemporalLayers. Value 1 indicateg
that the streamdsyhot temporally scalable. Value 0 indicates that it is unknown whether the stream is
temporplly scatable.

temporaldNested equal to 1 indicates that all SPSs that are activated when the stream tq
which this-eenfiguration—record-apphes-is—decoded-have—sps—temporalid—rnesting—flag-as—defiredin
ISO/IEC 23008-2 equal to 1 and temporal 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.

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

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

array completeness when equal to 1 indicates that all NAL units of the given type are in the
following array and none are in the stream; when equal to 0 indicates that additional NAL units of the
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indicated type may be in the stream; the default and permitted values are constrained by the sample

entry 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 thatis those that prnvidp information about the stream as 3

An example of such an SEI could be a user-data SEI.

halUnitLength indicates the length in bytes of the NAL unit.

B.4 Derivation from ISO base media file format
B.4.1 HEVC video stream definition

B.4.1.1 Sample entry name and format

B.4.1.1.1 Definition

bample Entry and Box Types: 'hvcl', 'hevl', 'hvcc

Container: Sample Table Box ('stbl')
Mandatory: An 'hvcl'or 'hevl' sample entry is mandatory
Duantity: One or more'sample entries may be present

hn HEVCDecoderConfiguratiehRecord, as defined in 8.3.3.1.

Elementary Stream Descriptor, when used in MPEG-4, may also be present.

Multiple sample entries may be used, as permitted by the ISO Base Media File Format specificg
ndicate sections’ef'video that use different configurations or parameter sets.

[includingprofile, tier, and level) given in the HEVCConfigurationBox.

When the sample entry name is 'hvcl', the default and mandatory value of array complet

halUnit contains an SPS, PPS, VPS or declarative SEI NAL unit, as specified in ISO/IE€ 23008-2.

s ¥for arrays of all types of parameter sets, and O for all other arrays When the cnmp]p entry

'hev1l', the default value of array completenessis 0 forall arrays.

8.4.1.1.2 Syntax

class HEVCConfigurationBox extends Box ('hvcC') {
HEVCDecoderConfigurationRecord () HEVCConfig;

}

class HEVCSampleEntry () extends VisualSampleEntry ('hvcl' or 'hevl') {
HEVCConfigurationBox config;
MPEG4ExtensionDescriptorsBox (); // optional

© ISO/IEC 2017 - All rights reserved

whole.

An HEVC visual sample entry shall cohtain an HEVC Configuration Box, as defined below. This includes

An optional BitRateBox may be present in the HEVC visual sample entry to signal the pit rate
nformation of the HEVE~wvideo stream. Extension descriptors that should be inserted ipto the

tion, to

When the sample entry name is 'hvcl' or 'hevl', the stream to which this sample entry applies shall
be a compliant and HEVC stream as viewed by an HEVC decoder operating under the configuration

eness
ame is
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8.4.1.1.3 Semantics

Compressorname in the base class Visual SampleEntry 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 8.3.3.

8.4.2 Parameter sets in sample entry

Thls su helauca annliac ta 4 narticnlar tunag af navramatar cate (UVPSce SPSe vy PPSA) vwhan tha narticn]a
uuuuuuu AP PHEeSToaPpat ettty pe-orpaaiie e Sets v o555 8o weh—+t1ep

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 grouy] of the particular type of parameter sets. This group of parameter sets functions much like g
codebopk. Each parameter set has an identifier, and each slice references the parameter setitwas coded
againstjusing the parameter set’s identifier.

In the f]le format each configuration of parameter sets is represented separately. When the value of the
applicaple array completeness is 1, aparameter set cannot be updated without causing a differen
samplelentry to be used.

Systemp wishing to send parameter set updates will need to compare the fwo configurations to find the
differences in order to send the appropriate parameter set updates.

It is rejommended that when several parameter sets are used and parameter set updating is desired
the parpmeter sets are included in the samples of the stream.

Decodefs conforming to this specification are required to-support both parameter sets stored i
the samples as well as parameter sets stored in the_sample entries, unless restricted by another
specifidation using this one.

8.4.3 |Syncsample

An HEVC sample is considered as a sync sample if the VCL NAL units in the sample indicate that thg
coded picture contained in the sample is\ah Instantaneous Decoding Refresh (IDR) picture, a Clear
Random Access (CRA) picture, or a Broken Link Access (BLA) picture.

NOTE In the context of L-HEVC file:format specified in Clause 9, the signalling of sync samples that concern;
a particyilar base layer picture may-be/different from the signalling of sync samples here for the same picture.

When the sample entry name.is 'hev1', the following applies.

— Ifthe sample is a sy1ic sample, all parameter sets needed for decoding that sample shall be included
either in the saniple entry or in the sample itself.

— Otherwise.fthe sample is not a sync sample), all parameter sets needed for decoding the samplg
shall be ineltded either in the sample entry or in any of the samples since the previous sync sample
to fhesample itself, inclusive.

For signalllng oI various types oI random access points, the rollowing guidelines are recommended.

— The sync sample table (and the equivalent flag in movie fragments) shall be used in an HEVC track
unless all samples are sync samples. Note that track fragment random access box refers to the
presence of signalled sync samples in a movie fragment.

— The'rol1'sample group is recommended to be used only for gradual decoding refresh (GDR) based
random 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 the
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.

74 © ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d0346413ed3d2a4ca2f33e0762ae93ae

ISO/IEC 14496-15:2017(E)

— The 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 context of this clause, the leading samples, defined as part of the definition of the 'rap' sample
group in ISO/IEC 14496-12, contain Random Access Skipped Leading (RASL) access units as defined in
ISO/IEC 23008-2.

8.4.4 Syncsample sample grouping

B.4.4.1 General

bync 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 samplegthen all §amples
[if any) containing that type of sync sample are marked by the group. If the group is absent (thgre is no
sample to group mapping for that type), it is unknown which samples contain a syn¢-sample of thiat type.

B.4.4.2 Sync sample sample group entry

B.4.4.2.1 Definition

Group Types: 'sync'

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

Quantity: Zero or more

A sync sample sample group entry identifies_ samples containing a sync sample of a specific tyjpe. The
jrouping type parameter is not definéd for the SampleToGroupBox with grouping type 'slync’.

B.4.4.2.2 Syntax

Flass SyncSampleEntry () exterdsv'VisualSampleGroupEntry ('sync')

bit (2) reserved = 0;
unsigned int (6) NALmmeit type;

B.4.4.2.3 Semantics

NAL unit typeshall be a type that identifies a valid sync sample (e.g. IDR).
B.4.5 Teniporal scalability sample grouping

B.4,5.1° General

N ~"HEVC xnidon tracle vnayz contatn onyrn A ann dnctanen of A o] Mo D wath o oo o in
e —vae \S2a 3 €Ot ZeFo- 0 oReHStaiece-ora—aomprerocroups WSt P g

type 'tscl'. This SampleToGroupBox instance represents the assignment of samples in the track to
temporal layers (referred to as temporal sub-layers or sub-layers in ISO/IEC 23008-2). An accompanying
instance of the SampleGroupDescriptionBox with the same grouping type shall be present, and contain
TemporalLayerEntry sample group entries describing the temporal layers.

There may also be a set of Temporal Level sample group definitions (ISO/IEC 14496-12:2015, 10.5). A
sample mapped to a sample group description entry with index A of a Temporal Level sample grouping
shall also be considered mapped to the sample group description entry in the temporal scalability
sample group (defined here) having temporallLayerId equal to A (i.e. a sample to group mapping
for the temporal scalability sample group may also be present but is not required).
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Temporal layer sample group entry

1 Definition

Group Types: 'tscl'

Container: Sample Group Description Box ('sgpd')

Mandatory: No

Quantity: Zero or more

A tempporal layer sample group entry defines the temporal layer information for all samples in ¢

tempor
associa
associa
lower 1
of a ter
associa

The gn
type 't

8.4.5.2

class 1

{
unsi
unsi
unsi
unsi
unsi
unsi
unsi
unsi
unsi
unsi
unsi

}
8.4.5.2

tempo
sample
tempo

tlprof
tlcon
general
the 6 bj

bl layer. Temporal layers are numbered with non-negative integers, and each temporal'layer i
fed with a particular value of TemporalId as defined in ISO/IEC 23008-2. A témporal layel
fed with a TemporalId value greater than 0 depends on all temporal layers {associated witH
emporallId values. A temporal layer representation, also referred to asthé representatior
hporal layer, associated with a particular TemporalId value consists of,all temporal layer;
fed with TemporalId values less than or equal to the given TemporaXrZdvalue.

ouping type parameter is not defined for the SampleToGroupBox with grouping
scl'.
2 Syntax
emporallayerEntry () extends VisualSampleGroupEnfry ('tscl')
gned int (8) temporallayerld;
gned int (2) tlprofile space;
gned int (1) tltier flag;
gned int (5) tlprofile idc;
gned int (32) tlprofile compatibility flags;
gned int (48) tlconstraint indicator.flags;
gned int (8) tllevel idc;
gned int (16) tlMaxBitRate;
gned int (16) tlAvgBitRate;
gned int (8) tlConstantFrameRafe;
(16

gned int ) tlAvgFrameRate;

3 Semantics

FalLayerId giveS-the ID of this temporal layer. For all samples that are members of thid
group, the VCLCNAL units shall have Temporalld, as defined in ISO/IEC 23008-2, equal tc
rallayerId

ile space, tltier flag, tlprofile idc, tlprofile compatibility flags
straiebindicator flags,and tllevel idc contain the values of general_profile_space
| tier_flag, general_profile_idc, general_profile_compatibility_flag[ i | for i from 0 to 31, inclusive
btes starting with the byte containing the general_progressive_source_flag, and general_level]

idc, res

pectivety, forthe Tepresentation of the temporattayer identified by temporatTayeric:

t1lMaxBitrate gives the maximum rate in 1 000 bits per second over any window of one second, for
the representation of the temporal layer identified by temporallLayerId.

t1AvgBitRate gives the average bit rate in units of 1 000 bits per second, for the representation of
the temporal layer identified by temporalLayerId.

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

tempor

76

al layer identified by temporallayerId may or may not be of constant frame rate.
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tl1AvgFrameRate gives the average frame rate in units of frames/(256 s), for the representation of the
temporal layer identified by temporallLayerId.

8.4.6 Temporal sub-layer access sample grouping

8.4.6.1 General

An HEVC video track may contain zero or one instance of a SampleToGroupBox witha grouping
tvpe 'tsas' This SampleToGroupBox instance represents the marking of samples as temporal
sub-layer access points. An accompanying instance of the SampleGroupDescriptionBox withithe same
brouping type shall be present.

B.4.6.2 Temporal sub-layer access sample group entry
B.4.6.2.1 General

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

Quantity: Zero or one

[his sample group is used to mark temporal sub-layer.access (TSA) samples. The grouping |type
barameter is not defined for the SampleToGroupBox with grouping type 'tsas’.

8.4.6.2.2 Syntax

Flass TemporalSubLayerEntry () extends V¥sualSampleGroupEntry ('tsas')

B.4.7 Step-wise temporal layer access sample grouping

B.4.7.1 General

An HEVC video track may ¢ontain zero or one instance of a SampleToGroupBox with a grouping type
stsa'. This SampleTeGroupBox instance represents the marking of samples as step-wise tgmporal
sub-layer access pgints. An accompanying instance of the SampleGroupDescriptionBox with the same
brouping type shall'be present.

When temporalIdNested in the applicable sample entry is equal to 1, the quantity of stgp-wise
remporalsub-layer access sample group entry shall be zero.

B.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 sample group is used to mark step-wise temporal sub-layer access (STSA) samples. The
grouping type parameter isnotdefined for the SampleToGroupBox with grouping type 'stsa’.
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8.4.7.2.2 Syntax

class
{
}

8.4.8

StepwiseTemporallayerEntry () extends VisualSampleGroupEntry ('stsa')

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,
a sub- sample is defined on the basis of the value of the ﬂags f1eld of the sub sample 1nf0rmat10n box

data, t

flags specifies the type of sub-sample information given in this box as follows.

0: NAL

1: Decoding-unit-based sub-samples. A sub-sample contains exactly one decoding unit.

2: Tile-

if any, of the VCL NAL unit(s) containing the tile, or contains one or more non-V€L NAL units.

NOTE 1

defined jn Clause 10) can only be used for a set of tiles that are enclosed in one or more complete slice segments.

3: CTU{row-based sub-samples. A sub-sample either contains on€, CTU row within a slice and thg
associafed non-VCL NAL units, if any, of the VCL NAL unit(s) contdining the CTU row or contains one of
more npn-VCL NAL units. This type of sub-sample information shall not be used when entropy_coding|
sync_enabled_flag is equal to 0.

4: Slicefbased sub-samples. A sub-sample either contajns‘one slice (where each slice may contain ong
or mor¢ slice segments, each of which is a NAL unit) and the associated non-VCL NAL units, if any, o
containls one or more non-VCL NAL units.

5: Pictyre-based sub-samples. A sub-sample contains one coded picture and the associated non-VCI|
NAL unfits.

Other vplues of flags are reserved.

The subsample_priority field shall'he'set to a value in accordance with the specification of this field iy
ISO/IE( 14496-12.

The digcardable field shall be set to 1 only if this sample can still be decoded if this sub-sample i
discarded (e.g. the sub-sample consists of an SEI NAL unit).

When the first byte-of\da NAL unit is included in a sub-sample, the preceding length field shall also bg
includef in the sarye’sub-sample.

The copec sgecific parameters field of the SubSampleInformationBox is defined for HEV(
as follos:

if

} e

els

} e

78

e codec spec1f1c parameters f1eld in the box shall have the semantlcs defmed here.
nit-based sub-samples. A sub-sample contains one or more contiguous NAL units,

based sub-samples. A sub-sample either contains one tile and the associated non-VCL NAL units

Tile-based sub-samples can be used to address individual tiles within-aslice, whereas tile regions (as

ﬁ.ctk_d R

unsigned int (1) SubLayerRefNalUnitFlag;
unsigned int (1) RapNalUnitFlag;
unsigned int (1) VclNalUnitFlag;
bit (29) reserved = 0;

lse if (flags == 1)

bit (32) reserved = 0;

e 1if (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;

lse if (flags == 3 || flags == 4) {
unsigned int(2) vcl idc;
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bit (30) reserved = 0;
} else if (flags == 5) {
unsigned int (1) DiscardableFlag;
unsigned int (6) VclNalUnitType;
unsigned int (6) LayerId;
unsigned int (3) TempId;
unsigned int (1) NoInterLayerPredFlag;
unsigned int (1) SublLayerRefNalUnitFlag;
bit (14) reserved = 0;
}
SubLayerRefNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are VCL NAL

Inits of a sub-layer non-reference picture as specified in ISO/TEC 23008-2. Value 1 indieates that
hll NAL units in the sub-sample are VCL NAL units of a sub-layer reference picture as s$pedified in
SO/IEC 23008-2.

RapNalUnitFlag equal to O indicates that none of the NAL units in the sub-sampleshas nal |unit
uypeequaIU)IDR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W~RADL, BLA|N LP,
RSV _TIRAP VCL22, or RSV _IRAP VCL23 as specified in ISO/IEC 23008-2. V4lué 1 indicatesthat all
NAL units in the sub-sample have nal _unit type equal to IDR_ W RABI;'IDR N LP, CRA NUT,
BLA W LP, BLA W RADL, BLA N LP, RSV IRAP VCL22, or RSV IRAP VCL23 asspecﬁedin
SO/IEC 23008-2.

/c1NalUnitFlag equal to O indicates that all NAL units in thesub-sample are non-VCL NAL units.
Value 1 indicates that all NAL units in the sub-sample are VCL NAL\nits.

7c1l idc indicates whether the sub-sample contains Video'€oding Layer (VCL) data, non-VCL fata, 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:¢entains non-VCL data.

— 2: The sub-sample may contain both VEL*and non-VCL data, which shall be associated with each
other. For example, a sub-sample may-c¢ontain a decoding unit information SEI message follgwed by
the set of NAL units associated witlithe SEI message.

— 3: Reserved

0g2 min luma ctb indicatés the unitof ctb xand ctb y, specified as follows:
— 0: 8 luma samples;

— 1: 16 luma samples;

— 2: 32 luma samples;

—  3: 64 lumasamples.

ctb s—specifies the 0-based coordinate of the right-most luma samples of the tile associated with the
bub-sample when flags isequalto2and vcl idcisequalto 1 or2,inunits derived from 1og? min
|l dma ctb as specified above.

ctb_y specifies the 0-based coordinate the bottom-most luma samples of the tile associated with the
sub-sample when flags isequalto2and vcl idcisequalto1or2,inunits derived from 1og2 min
luma_ctb as specified above.

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

NOTE 2  This is 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
VCL NAL units in the sub-sample shall have the same nuh_unit_type value.
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LayerId indicates the nuh_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.

TempId indicates 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
referenfe picture in video). When any such non-output sample is present in a track, the filé-shall bg
constrdined as follows.

a) Anpn-output sample shall be given a composition time that is outside the time-range of the samples
thalt are output.

b) Anfeditlist shall be used to exclude the composition times of the non-output.samples.
c¢) WHen the track includes a CompositionOffsetBox ('ctts'),

1) | version 1 of the CompositionOffsetBox shall be used,

2) | the value of sample_offset shall be set equal to -231 for eacl/non-output sample,

3) | the CompositionToDecodeBox (‘cs1g') should be coritained in the SampleTableBox ('stb1') of
the track, and

4) |when the CompositionToDecodeBox is.\ present for the track, the value of
leastDecodeToDisplayDelta field in@he box shall be equal to the smallest compositior
offset in the CompositionOffsetBox excluding the sample offset values for non-outpuf
samples.

NOTE Thus, 1eastDecodeToDisplayBelta is greater than -231,

9 Layered HEVC elementary'stream and sample definitions

9.1 General

This clduse specifies thestorage format of coded video data of layered HEVC (L-HEVC), which includeg
all the [layered HEVG extensions that use the same layered design specified in ISO/IEC 23008-2:—
Annex F. These layered HEVC extensions include SHVC, MV-HEVC, and 3D-HEVC. This clause alsa
specifigs the storage of temporal sub-layers of a layer in more than one track. This clause extends theg
definitipns of-the storage format of HEVC in Clause 8.

The fil¢ format as defined in this clause and Annex A uses the existing capabilities of the ISO basg
media file format and the plain HEVC file format (i.e. the file format specified in Clause 8). The following
structures or extensions, among others, to support L-HEVC-specific features are used.

a) 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.

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 aggregator has
been constrained.

b) Extractor: A structure to enable efficient extraction of NAL units from other tracks than the one
containing the media data.
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NOTE2 When compared to extractors for AVC/SVC/MVC, the syntax and semantics of the L-HEVC
extractors have been modified.

c¢) HEVC compatibility: 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 base layer that is compatible to an external codec can be used by any file
format reader compliant to that external codec (e.g. plain AVC file format compliant reader)

D.2  Overview of L-HEVC storage

['he support for L-HEVC includes a number of tools, and there are various “models”/0f how they might
pbe used. In particular, an L-HEVC stream can be placed in tracks in a number of ways, among which are
the following:

h) all the layers in one track;
b) each layer or sub-layer in its own track;
) the expected operating points each in a track (e.g. the HEVC‘hase, a stereo pair, a multiview|scene).

[he L-HEVC file format allows storage of one or more layersiinto a track. Storage of multiple layers per
frack can be used. For example, when a content provider’wants to provide a multi-layer bitstream that
s not intended for subsetting, or when the bitstream:has been created for a few pre-defined sets of
putput layers where each layer corresponds to a view(Such as 1, 2, 5, or 9 views), tracks can be created
hccordingly.

When an L-HEVC bitstream is represented by'multiple tracks and a player uses an operating point for
Which the layers are stored in multiple tracks, the player shall reconstruct L-HEVC access unit$ before
passing them to the L-HEVC decoder. An L-HEVC operating point may be explicitly representled by a
'rack, i.e. each sample in the track contains an access unit, where some or all NAL units of th¢ access
Init may be contained in or referred.to by extractors and aggregators. If the number of operating points
s large, it may be space-consuming and impractical to create a track for each operating point. In such a
tase, L-HEVC access units are.reconstructed as specified in 9.5.2.2.

['he storage of L-HEVC bit'streams is supported by structures such as the sample entry, Operating Points
nformation (‘'oinf')-sample group, and Layer Information ('1inf') sample group. The strjuctures
vithin a sample entry“provide information for the decoding or use of the samples, in this casg coded
Video information,that are associated with that sample entry. The Operating Points Information|sample
broup records(information about operating points such as the layers and sub-layers that constitute
the operating point, dependencies (if any) between them, the profile, level, and tier parametefr of the
bperating-point, and other such operating point relevant information. The layer information|sample
broup 4ists all the layers and sub-layers carried in the samples of the track. The information in these
sample groups, combined with using track references to find tracks, is sufficient for a reader to choose
hii-gperating point in accordance with its capabilities, identify the tracks that contain the yelevant
dyeTsS and sub-tayers eeded to decode the chosem operating poimnt, amd efficientty extract therm.

The track(s) containing the base layer, if coded using the HEVC specification, shall use sample entry
'hvel', 'hevl', 'hvc2' or hev2'

NOTE When a sample entry type 'hvc2' or 'hev2' is used in a track containing the base layer, parsers
complying only with non-layered HEVC storage specified in Clause 8 are not able to process the track.

The L-HEVC file format supports a hybrid codec configuration where the base layer is coded using
an external 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 Clause 5).
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9.3 L-HEVC elementary stream structure

L-HEVC streams are stored in accordance with 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
and or aggregators) and may contain non-video coding related NAL units such as SEI messages and
access-unit-delimiter NAL—units—Aggregatorsand-extractors—whenpresentshall net be-direeth

vhenpresent—sh
outiput by file parsers.

9.4 Shmple and configuration definition

9.4.1 |General

An L-HEVC sample consists of the picture units that are within an L-HEVC acces$\unit and that are
represgnted by the track. A sample in an 'hvcl' or 'hevl' track with the L-HEVG configuration is arg
L-HEV({ sample, while a sample in an 'hvcl' or 'hevl'track without the L-HEVC{eonfiguration is not ar
L-HEV({ sample. Throughout Clause 9, unless mentioned otherwise, an access)unit refers to an L-HEV(
access Yinit and is as defined in ISO/IEC 23008-2:—, Annex F.

9.4.2 |Canonical order and restrictions
The following restrictions apply to L-HEVC data in addition to.theé requirements in 8.3.2.

NAL units: All VCL NAL units within one access unit and belonging to the layers represented
by f track shall be contained in the sample and the sample shall not contain NAL units of any othe}
access unit. After resolution of extractors and aggrégators, when present, an L-HEVC sample shal
cortain an integer number of picture units. The@icture units in an L-HEVC sample shall be stored ir
thefir decoding order.

— Aggregators and extractors: Each aggiegator is allowed to aggregate NAL units belonging to onsg
picfure unit only. The order of all NALunits included in an aggregator or in a resolved extractor is
exdctly the decoding order as if these-NAL units were present in a sample not containing aggregators
or pxtractors. After processingithe aggregator or the extractor, all NAL units shall be in valid
dedoding order as specified inISO/IEC 23008-2.

— Cajriage of external-codec coded base layer track: An external-codec (e.g. AVC) coded base layet
shall always be carriedin a track of its own, and shall consist of samples as specified in the externa
codec file format (efg)the AVC file format as specified in Clause 5).

9.4.3 |Decoder c¢onfiguration record

When the decoder configuration record defined in 8.3.3.1 is used for a stream that can be interpreted
as eithdr ah [i-HEVC or HEVC stream, the HEVC decoder configuration record shall apply to the HEV(
compatjible’base layer, and should contain only parameter sets needed for decoding the HEVC base layer

The syntax of LHEVCDecoderConfigurationRecord is as follows.

aligned (8) class LHEVCDecoderConfigurationRecord {

unsigned int (8) configurationVersion = 1;
bit(4) reserved = '1111'b;

unsigned int (12) min spatial segmentation idc;
bit (6) reserved = '111111'b;

unsigned int (2) parallelismType;

bit (2) reserved = '11'b;

unsigned int (3) numTemporallayers;

unsigned int (1) temporalldNested;
unsigned int (2) lengthSizeMinusOne;
unsigned int (8) numOfArrays;
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for (j=0; j < numOfArrays; Jj++) {

unsigned int(l) array completeness;

bit (1) reserved = 0;

unsigned int (6) NAL unit type;

unsigned int (16) numNalus;

for (i=0; i< numNalus; i++) {
unsigned int (16) nalUnitLength;
bit (8*nalUnitLength) nalUnit;

}
}
[he Semantics of the fieldS that are common 1o LHEvVCDecoderConiigurationfecord

ind HEVCDecoderConfigurationRecord remain unchanged. If the track ncontaining
[ [HEVCDecoderConfigurationRecordhasa'scal' track reference, the semantics of thefields apply
[0 the output bitstream resulting from the explicit reconstruction process. Otherwise, ifthere is|at least
bne operating point for which the highest output layer is natively present in the track;.the semgntics of
the fields apply to all (implicitly reconstructed) output bitstreams of the operatingpoints for which the
highest sub-layer of the highest output layer is natively present in the track. Qtherwise, the senantics
bf the fields apply to all sub-layers natively present in the track.

For each auxiliary picture layer included in the track, it is recommended to include, within nalpJnit, an
SEI NAL unit containing a declarative SEI message, such as the depth\representation information SEI
message for depth auxiliary picture layers, specifying characteristics-of the auxiliary picture layer.

D.5 Derivation from the ISO base media file formatand the HEVC file format (Clause 8)

D.5.1 L-HEVC track structure

An L-HEVC stream is represented by one or more~video tracks in a file. Each track representg one or
more layers or sub-layers of the coded bitstream:

[here is a minimal set of one or more tracks that, when taken together, contain the complete set of
encoded information. This group of tracks‘that forms the complete encoded information is called the
complete subset”. The complete encoded information can be retained when the tracks included in the
complete subset” are retained; all ether tracks shall represent subsets or copies (through extractors)
bf the complete subset.

All tracks of the complete subset shall be indicated with a track group of type 'cstg' (completé subset
frack grouping).

For each valid pair of tuh_layer_id and Temporalld among all the coded pictures of an L-HEVC bitstream,
he complete subsét-shall include one and only one track in which the '1inf' sample group indicates
'hat the sub-layeridentified by nuh_layer_id and Temporalld is natively present.

NOTE Consequently, a file reader can extract a sub-bitstream of any operating point without the[need to
barse aggregators and extractors.

For at-l.-HEVC bitstream with an external base layer (i.e. when an active VPS of the bitstrdam has
U ps_base_layer_internal_flag equal to 0 and vps_base_layer_available_flag equal to 1), the base|layer is

blwavs 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 other tracks that are part of the same stream shall be linked to the base track by means of a
track reference of type 'sbas’. All the tracks sharing the same base track shall share the same timescale
as the scalable base track.

Tracks that contain extractors shall be linked to the tracks from which they extract data using the
'scal' track reference type.
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If a track containing parts of an L-HEVC bitstream is removed from a file, tracks that contain 'scal’and
'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 5
without using separate parameter set tracks.

9.5.2 Data sharing and reconstruction of an L-HEVC bitstream

9.5.2.1 General

NOTE 1| When only the entire base layer carried in the base track is played or when only certain sub-layers
carried fin the base track, of the base layer are played, and the base track natively contains all the peguired
sub-laydrs of the base layer as identified by the HEVCDecoderConfigurationRecord of the base¢tiack, the
reconstruction processes of this clause are unnecessary.

Different tracks may logically share data through the use of extractors (defined in A.7):

In ordef to reconstruct an access unit from samples of multiple tracks carrying an b-HEVC bitstream
the target output layers and the operating point they belong to may need to be detetrmined first.

NOTE 2| Players can conclude the layers that are required for decoding the defenmined target output layers
from operating point list included in the Operating Points Information sample’group. Tracks that carry thg
relevant layers for an operating point can be obtained by following the 'ore fxtrack references and information
in the lafer information sample group.

If severnal tracks contain data for the access unit, the alignmént/of respective samples in tracks is
performed based on the sample decoding times, i.e. using.the time-to-sample table only without
considgring edit lists.

When gn L-HEVC stream is represented by multiple tracks, the decoding times of the samples shall bg
such thpt if the tracks were combined into a single-Stream ordered by increasing decoding time, thg
access Qinit order would be correct as specified in ISO/IEC 23008-2.

If the trfack containing the highest sub-layer oftthe highest layer of a desired operating point has 'scal
track r¢ferences, all access units of the track for that operating point are reconstructed by solving thg
extractprs and aggregators in the samplesof that track, and the result is the bitstream of the operating
point; this reconstruction process is referred to as explicit reconstruction.

Otherwlise, a sequence of access{units is reconstructed from the respective samples in the required
tracks gccording to the implicit.réconstruction process as described in 9.5.2.2.

9.5.2.2 Implicit reconstruction

In the implicit recorstrction, the required tracks are selected based on the layers they carry and theit
referenre layersasindicated by the Operating Points Information and Layer Information sample groups
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
accordibgly

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.

Aggregators, when present, are resolved, while extractors, when present (natively present or resolved
from aggregators), are discarded without being resolved, and the resultant NAL units are arranged in
an order conforming to ISO/IEC 23008-2.

When reconstructing an access unit, picture units (as specified in ISO/IEC 23008-2) from samples
having the same decoding time are placed into the access unit in increasing order of the nuh_layer_id
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value. The reconstructed access units are placed into the output bitstream in increasing orde
decoding time.

r of the

For a particular access unit for which the NAL units are stored in multiple tracks, there may be more
than one of the tracks containing an EOB NAL unit in the respective samples. In this 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 access units that are within the same coded video sequence of an HEVC or L-HEVC bitstre
that hplnng to different th-]qyprc stored in mnlfip]p tracks there may be more than one of th

am and
tracks

Containing an EOS NAL unit in the respective samples. In this case, only one of the EOS NA
bhall be kept in the last of these access units (the one with the greatest decoding time)nin t
Feconstructed bitstream, placed after all NAL units, except the EOB NAL unit (when present), of

bf such tracks containing an EOB NAL unit in the respective samples. In this casegenly one of {
NAL units shall be kept in the final reconstructed bitstream, placed at the end of the last of thes
inits, and other EOB NAL units are discarded.

bince a particular layer or sub-layer may be represented by more than one.track, when figuring
Fequired tracks for an operating point, a selection may need to be madé.among the set of tracks
carry the particular layer or sub-layer.

['he final required tracks, after selection among the tracks cafrying a same layer or sub-lay]
5till collectively carry some layers or sub-layers that do not’belong to the target operating po
reconstructed bitstream for the target operating point shéuld not contain the layers or sub-lay
hre carried in the final required tracks but do not belongto the target operating point.

NOTE Some L-HEVC decoder implementations take asiniput a bitstream as well as the target output
ndex and the highest Temporalld value of the target.eperating point, which correspond to the TargetOl
HighestTid variables in ISO/IEC 23008-2:—, F.8, respectively. In this case, the bitstream reconstructed b
barser can contain layers or sub-layers that do not'belong to the target operating point, because these
Hecoders are capable of removing the layers notincluded in the target output layer set and the sub-layers
he highest Temporalld value. Some other E<HEVC decoder implementations input a bitstream that is j
hot to contain any other layers and sub:layers than those included in the target operating point. In this
ile parser needs to ensure that the reconstucted bitstream does not contain any other layers and sub-lay
hose included in the target operatifig point.

D.5.3 L-HEVC video stream definition
D.5.3.1 Sample enfry'name and format
D.5.3.1.1 Definition

bample Entry and Box Types: 'hvc2', 'hev2', 'lhvl', 'lhel', 'lhvC'

Container: Sample Description Box ('stsd")

L units
he final
the last

bf these access units, and other EOS NAL units are discarded. Similarly, there may bé more than one

he EOB
P access

out the
that all

er, may
nt. The
ers that

ayer set
5Idx and
7 the file
L-HEVC
beyond
equired
case the
ers than

Vlnnrhfnry- An'hvel'' 'hevwl' 'hve2'' 'hew2' "Thvl' or'lhel’ cnmplp

is mandatory
Quantity: One or more sample entries may be present

When the sample entry name is '1hv1’, the default and mandatory value of array_completeness
arrays of all types of parameter sets, and 0 for all other arrays. When the sample entry name is
the default value of array_completeness is O for all arrays.

entry

is 1 for
'Thel’,

When the sample entry name is 'hev2' and the sample entry contains the HEVC configuration only, the

same constraints as specified in 8.4.3 for the sample entry name 'hev1' apply.
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When the sample entry name is '1hel’, or when the sample entry name is 'hevl' or 'hev2' and the
sample entry contains both HEVC and L-HEVC configurations, the following applies.

NOTE1 The constraints below impose restrictions on placement of out-of-band parameter sets (in sample
entries) and in-band parameter sets (in samples), in order to enable convenient random access from access units
containing IRAP pictures at least in some layers. With these constraints, a file reader that initializes with the
sample entries and rolls forward from an access unit wherein all pictures are IRAP pictures will have all the
parameter sets it needs.

— For any particular sample in a particular track, the temporally collocated sample in another track is
deflined as the one with the same decoding time as that of this particular sample.

— Forlan IRAP picture of a given sample, track and layer, each parameter set needed for decoding the
IRAP picture shall be included in one of the following:

— | the sample entry that applies to the given sample in the given track;

— | 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 th¢
temporally collocated sample contains an IRAP picture of the referenge‘layer, or the previous
sample that contains an IRAP picture of the reference layer;

— | the given sample itself, possibly by using extractors;

— | when present, any temporally collocated sample of the tragks carrying reference layers of thg
given layer, possibly by using extractors.

— Foila non-IRAP picture of a given sample, track and layer;\each parameter set needed for decoding
thaft picture shall be included in one of the following:

— | the sample entry that applies to the given sample in the given track;

— | the sample entry of the initial sample of a#rack carrying a reference layer of the given layer
where the initial sample is either the given sample’s temporally collocated sample, when th¢
temporally collocated sample contains-an IRAP picture of the reference layer, or the previoug
sample that contains an IRAP pictupe of the reference layer;

— | any of the samples in the given track since the previous sample containing an IRAP picture i
the given layer to the given:sample itself, inclusive, possibly by using extractors;

— | when present, any of the samples in a track carrying a reference layer of the given layer sincg
the temporally collocated sample of the previous sample containing an IRAP picture in thd
given layer to the.temporally collocated sample of the given sample, inclusive, possibly by using
extractors.

For an HEVC or L-HEVC bitstream carried in more than one track, when the sample entry name of the
base track is 'ha?c 1’ or 'hvc?2', the sample entry name of other tracks carrying the same bitstream shal
be 'hvd2' orilhv1', and when the sample entry name of the base track is 'hev1l' or 'hev?2', the samplg
entry npme.of other tracks carrying the same bitstream shall be 'hev2' or '1hel".

NOTE 2 The above constraint mandates convenient random access to be enabled and indicated for either al
tracks carrying an HEVC or L-HEVC bitstream or none of the tracks.

If the samples of a track contain an HEVC compatible base layer, then an 'hvcl', 'hevl', 'hvc2', or
'hev2' sample entry shall be used. Here, the entry shall contain an HEVCConfigurationBox, possibly
followed by an LHEVCConfigurationBox 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 HEVCDecoderConfigurationRecord. The LHEVCConfigurationBox possibly documents
parameter sets of the L-HEVC compatible enhancement layers as defined by the LHEVCDecoderConfig
urationRecord, stored in the LHEVCConfigurationBox.
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If the samples of a track do not contain, neither natively nor through extraction, an HEVC base layer,
then the sample entry type 'lhv1l' or '1hel' shall be used and the sample entry shall contain an
LHEVCConfigurationBox, as defined below. This includes an LHEVCDecoderConfigurationReco

rd, as defined in this document.

The lengthSizeMinusOne 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.

When the base layer is coded by AVC, the 1engthSizeMinusOne field for the L-HEVC tracks

sharing

the same hase track shall still have the same value but that value does not have tao he pr}lm] to the
engthSizeMinusOne field for the AVC track.
When HEVC compatibility is indicated, it may be necessary to indicate a high enough levél for tHe HEVC
base layer to accommodate the bit rate of the entire bitstream, because all the NAL units)are confsidered
hs included in the HEVC base layer and hence may be fed to the decoder, which is-expected to [discard
fhose NAL unitit does notrecognize. This case happens when the 'hvcl','hevl', 'h@¢2', or 'hev2|sample
entry is used and both HEVC and L-HEVC configurations are present. Howeverywhen only an HEVC and
|.-HEVC configuration is present, on the contrary, the optimal level for the HEVC track is the gne that
bnly accommodates the bit rate of the base layer bitstream. In this casg,'caution should be taken that
the profile, tier and level (PTL) in the VPS base (i.e. the first PTL structur€ in a VPS) might be “greater”
rhan the PTL of the base layer that should be included in the HEVCRecoderConfigurationRecord.
Rather, the PTL information in the first PTL structure in the VPS‘extension is what should be ihcluded
n HEVCDecoderConfigurationRecord.
An LHEVCConfigurationBox may be present in an 'hvcl' ‘fievl’, 'hvc2', or 'hev2' sample entry In this
Case, the HEVCLHVCSampleEntry definition below applies.
Ifable 10 shows for a video track all the possible™uses of sample entries, configurations and the
,-HEVC tools.
Table 10 — Use of samplé entries for HEVC and L-HEVC tracks
sample entry name |with configuratienrecords |meaning
'hvel'or 'hevl' HEVC Configuration Only A plain HEVC track without NAL units with nuh {layer_
id greater than 0; extractors and aggregators shpll not
be present.
'hvel'or 'hevl' HEVCf%and L-HEVC Configura- |An L-HEVC track with both NAL units with nuh_[ayer_
tions id equal to 0 and NAL units with nuh_layer_id greater
than 0; extractors and aggregators shall not be gresent.
'hvec2'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 pregdent to
contain and reference NAL units.
'hve2' or’hev2' HEVC and L-HEVC Configura- |An L-HEVC track with both NAL units with nuh_|ayer_
tions id equal to 0 and NAL units with nuh_layer_id greater
than 0; extractors and aggregators may be presgnt;
extractors may reference any NAL units; aggregators
may haoth contain and roforonce any NAIL units
'1hvl’,'lhel’ L-HEVC Configuration Only An L-HEVC track with NAL units with nuh_layer_id
greater than 0 and without NAL units with nuh_layer_id
equal to 0; extractors shall not be present; aggregators
may be present to contain and reference NAL units.

When an 'hvc?2', 'hev2', '1hv1l’, or 'lhel' track does not contain extractors and does not contain VCL
NAL units with Temporalld equal to 0, the track shall contain VCL NAL units with exactly one nuh_

layer_id value.
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2 Syntax

class LHEVCConfigurationBox extends Box ('lhvC') {
LHEVCDecoderConfigurationRecord () LHEVCConfig;

}

class HEVCLHVCSampleEntry () extends HEVCSampleEntry () {
LHEVCConfigurationBox lhvcconfig;

}
// Use

this if track is not HEVC compatible

class LHEVCSampleEntry () extends VisualSampleEntry ('lhvl', or 'lhel') {
LHEVCConfigurationBox lhvcconfig;

MPE
}

9.5.3.1
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4ExtensionDescriptorsBox (); // optional

3 Semantics

he sample entry is 'Lhv1' or '1hel', Compressorname in the base class VisualSampleEntry
s the name of the compressor used with the value “\014LHEVC Coding” beingre¢ommended
5 12, the length of the string “LHEVC Coding” in bytes). When the sample entry is 'hvc2' o
Compressorname in the base class VisualSampleEntry indicates the name.of the compressoj
th the value “\013HEVC Coding” being recommended (\013 is 11, the length of the string “HEV(
in bytes).

L-HEVC visual width and height

mple entry is of type 'hvcl', 'hevl', 'hvc2', or 'hev2', the width and height documented in th¢
| SampleEntry shall be set according to 4.6 using only,the base layer information; otherwise
b1l be the maximum cropped frame dimensions of the de€oded pictures, within the scope of thé
entry, of any layer in the track that is marked as an eutput layer of any output layer set.

Sync sample
mples in a track of a particular sample entty<type shall conform to the following constraints.

e sample entry type is 'hvcl' or 'hevIand the track does not contain an L-HEVC configuration
prd, the specifications of 8.4.3 apply:

erwise, if the sample entry .type is 'hvcl' or 'hevl' and the track contains an L-HEV(
figuration record, each sync.sample of the track shall contain an IRAP picture in all layers

erwise, if the sampléentry type is 'hvc2' or 'hev2' and the track contains extractors, each
¢ sample of the trdek shall contain an IRAP picture in all layers represented by the track either
ively or through‘extraction.

erwise, if thé. Sample entry type is 'hvc2' or 'hev2', and the track does not contain extractors
tains a stubtlayer with Temporalld equal to 0 for one or more layers, and does not contain ar
EVC configuration record, each sync sample of the track shall contain an IRAP picture with nuh|
br_id €qual to 0.

— Ot
ext

erwisesifthesampleentry typetstve2 treve i thviior- et andthe trackdoes ot contair
ractors, 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 type is 'hvc2', 'hev2', '1hvl’, 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 present in the track.

As can be observed from the list above, in some cases sync samples require the presence of an IRAP

picture

in more than one layer. Should layer-specific information be needed, the 'sap' sample grouping

can be used.

88

© ISO/IEC 2017 - All rights reserved


https://standardsiso.com/api/?name=d0346413ed3d2a4ca2f33e0762ae93ae

ISO/IEC 14496-15:2017(E)

Sync samples are documented in the SyncSampleBox and, for movie fragments, with sample is
non_sync_sample flagequal to 0, as specified in ISO/IEC 14496-12. Sync samples may be additionally
documented 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
not have an alternative output layer, as defined by HEVC, in an output layer set represented by the track,
there should be no RASL pictures associated with the BLA or CRA picture.

NOTE1 The presence of RASL pictures that would be needed for output is not strictly in conformance with the
ync sample definition of ISO/IEC 14496-12 and hence it is recommended they not be present

D.5.6 Independent and disposable samples box

fthe SampleDependencyTypeBox is used in a track that is both HEVC and L-HEVE ¢ompatihle, then
care should be taken that the information provided by this box is true no mattergwhat valid stibset of
the L-HEVC data (possibly only the HEVC data) is used. The “unknown” values—{value 0 of the fields
sample depends on, sample is depended on, and sample has B€dundancy) mpay be
needed if the information varies.

D.5.7 Stream access point sample group
[0 provide information of all SAPs, the SAP sample group 'sap' specified in ISO/IEC 14496-12 igused.

[he semantics of layer id method idc equalto 0 is spéeified in ISO/IEC 14496-12. When layer
id method idc isequalto 1, eachbitin the field target=layers represents a layer carried in the track.
bince this field is only 28 bits in length, the indication.of'SAPs in a track is constrained to a maximum
pf 28 layers. Each bit of this field starting from the least'significant bit (LSB) shall be mapped tq the list
pf layer id values signalled in the Layer Information sample group ('1inf') associated wfth that
bample, in ascending order of layer id values:

For example, if a track carries layer with,Xayer id values 4, 10, and 29, then the layer |id 4 is
mapped to the least significant bit, the 1aver id 10 is mapped to the second least significant pit, and
the layer 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 pictutrie that is a SAP. In the previous example Table 11 gives an gxample
bf layer specific SAP information:

[fable 11 — Bit pattern forthe target_layer field of the 'sap’' sample grouping for an example use
case described above

Bitpattern of target layers (LSB layer idvalues (among 4, 10,
right most bit) 29) of SAPs
000000000000000000000010 {10}
000000000000000000000100 {29}
000000000000000000000101 {29, 4}

WhenSAP sample groups are used, they shall be used on all tracks carrying an L-HEVC bitstreanp. When
eXtpactors are used in a track, the SAPs of those layers referred to by extractors are also docurqlmented.
I'he SAP documentation shall be consistent for any given layer.

9.5.8 The'roll’,'rap’,'sync’,'tsas’'and 'stsa' sample groups

When included in the base track, the information provided by the 'roll’, 'rap’, and 'sync' sample
groups applies to the base layer only, not considering any other layers that are present in the samples.

When included in an 'hvc?2' or 'hev2' track that is not the base track and contains extractors, the
information provided by the 'ro11’, 'rap’, and 'sync' sample groups in SampleToGroupBox(es) with
version equal to 0 applies to the track, after resolving extractors and aggregators contained in the track.
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When included in an 'hvc?2', 'hev2', '1hv1l’, or '1hel’ track that is not the base track, does not contain
extractors, and natively contains only one layer (including its lowest sub-layer), the information
provided by the 'roll’, 'rap’, and 'sync' sample groups in SampleToGroupBox(es) with version
equal to 0 applies to that layer.

NOTE
that app

When a 'roll', 'rap), or 'sync' sample group concerns a predicted layer, it indicates characteristics
ly when all the reference layers of the predicted layer are available and decoded. The sample group can

be used to initiate decoding of the predicted layer.

The presence of the 'sync', 'roll', and 'rap' sample groups in 'hvc2', 'hev2', '1hvl', or 'Thel’

tracks
sub-lay
Samp 14
'sync',

For the
'tsas'

9.5.9

The spe

9.5.10

What is
in 8.4.9
output

no outp
extendd

9.6 L
9.6.1

9.6.1.1

When 1
bitstred
an Lhv
require
When a
picture

9.6.1.2

aligne

hatively containing more than one layer or natively containing one layer but not its lowés
er is disallowed in this document, and parsers according to this document shall ignerg
bGroupDescriptionBoxes and SampleToGroupBoxes with grouping type equal td
roll',or 'rap' within such tracks.

'tsas'and 'stsa' sample groups, the specifications in 9.5.7 apply with 'sap' beingreplaced by
ind 'stsa’, respectively, and “SAP” being replaced by “TSA point” and “STSA paint”, respectivelyj

Definition of a sub-sample for L-HEVC

cifications of 8.4.8 apply.

Handling non-output samples

specified in 8.4.9 is not always applicable when multiple layérs are involved. If what is specified
cannot be followed, then the composition time of a sample shall be set as if the sample were ar
sample (i.e. at least one picture of the sample is output): If the decoding of a sample results intd
ut pictures, the presentation of the sample is omitted and the duration of the previous sample i{
d, so that the following samples have correct cothposition timing.

-HEVC specific structures
External base layer sample group

Definition

W multi-layer HEVC bitstteam uses an external base layer (i.e. when an active VPS of thg
m has vps_base_layer _internal_flag equal to 0 and vps_base_layer_available_flag equal to 1)
cExternalBaselayerInfo sample grouping may be used to signal parameters that arg
d for inter-layer prediction from the external base layer to a track containing L-HEVC samples
sample is linked-to the zero index of this sample grouping, it means that no decoded base layet
is used for theé-decoding of that sample.

Syntax

(8) “class LhvcExternalBaseLayerInfo () extends VisualSampleGroupEntry('lbli')

{

bit (1) reserved = '1l'b;

unsigned int (1) bl irap pic flag;
unsigned int(6) bl irap nal unit type;
signed int (8) sample offset;

}
9.6.1.3

Semantics

In this subclause, the term current sample refers to the sample that is associated with an entry in the
LhvcExternalBaseLayerInfo sample group in an L-HEVC track.
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bl irap pic_flag specifies the value of the BlIrapPicFlag variable for the associated decoded
picture, when that decoded picture is provided as a decoded base layer picture for the decoding 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 syntax element for the associated decoded picture, when that decoded picture is provided as
a decoded base layer picture for the decoding of the current sample.

sample offset gives the relative index of the associated sample in the track containing the base
ayer (i e_the track referred to hy the 'shas' track rpﬁnrpnrp) The decaded picture rpcn]fing from
the decoding of the associated sample in the track containing the base layer is the associated decoded
picture that should be provided for the decoding of the current sample. sample_offset\eqyal to 0
specifies that the associated sample has the same, or the closest preceding, decoding time compared
[0 the decoding time of the current sample; sample_offset equal to 1 specifies that’the asdociated
bample is the next sample relative to the associated sample derived for sample (effset eqyal to 0;
sample offset equal to -1 specifies that the associated sample is the previoussample relative to the
hssociated sample derived for sample_offset equal to 0, and so on.

D.6.2 The operating points information sample group

D.6.2.1 Definition

Applications are informed about the different operating points-provided by a given L-HEVC bitstream
ind their constitution by using the Operating Points Informiation sample group (‘'oinf'). Each opgerating
boint is related to an output layer set, a max Temporalld valte, and a profile, level and tier signaling. All
this information is captured by the 'oinf' sample group. Apart from these information, this{sample
broup also provides the dependency information between layers, the types of scalabilities cpded in
the L-HEVC bit stream, and the dimension identifiers that relate to any particular layer for ja given
scalability type.

For all tracks of an L-HEVC bitstream, theré shall be only one track among this set that carries anp 'oinf’
sample group. Except the track that carfies the 'oinf' sample group, all tracks of an L-HEVC bif{stream
bhall have a track reference of type 'oke £’ to the track that carries the 'oinf' sample group.

For any particular sample in a particular track, the temporally collocated sample in another frack is
lefined as the one with the same decoding time as that of this particular sample. For each samplle SN in
h track TN that has an 'onefi‘track reference to the track Tk that carries the 'oinf' sample group, the
follow applies.

— If there is a temporally collocated sample Sy in the track Ty, then the sample SN is associated with
the same 'o inf"sample group entry as the sample Sk.

— Otherwise;the sample SN is associated with the same 'oinf'sample group entry as the lagt of the
samplesin the track Tk that precede the sample SN in decoding time.

When-several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several|entries
n-the'sample group description box with grouping type 'oinf'. For more common case§ where
h_single VPS is present, it is recommended to use the default sample group mechanism defined in
ISO/IEC 14496-12 and include the Operating Points 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 SampleToGroupBox with grouping
type 'oinf'

9.6.2.2 Syntax

class OperatingPointsRecord {
unsigned int (16) scalability mask;
bit (2) reserved = 0;
unsigned int (6) num profile tier level;
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for (i=1; i<=num profile tier level; i++) {
unsigned int (2) general proﬁle space;
unsigned int (1) general tier flag;
unsigned int (5) general profile idc;
unsigned int(32) general profile compatibility flags;
unsigned int (48) general constraint indicator flags;
unsigned int(8) general level idc;
}
unsigned int(16) num operating points;
for (i=0; i<num operating points) {
unsigned int (16) output layer set idx;
TSTgned Tt t8)Tax temporat 147
nsigned int(8) layer count;
for (j=0; j<layer count; J++) {
unsigned int(8) ptl idx;
unsigned int (6) layer id;
unsigned int (1) is outputlayer;
unsigned int(l) is alternate outputlayer;

nsigned int (1) frame rate info flag
nsigned int (1) bit rate info flag

1f (frame rate info flag) {

unsigned int (16) avgFrameRate;

bit (6) reserved = 0;

unsigned int (2) constantFrameRate;

nsigned int (16) minPicWidth;
nsigned int (16) minPicHeight;
nsigned int (16) maxPicWidth;
nsigned int (16) maxPicHeight;
nsigned int (2) maxChromaFormat;
nsigned int (3) maxBitDepthMinus8;
it (1) reserved = 0;

)

)

if (blt rate info _flag) |
un51gned 1nt(32) maxBitRate;
unsigned int (32) avgBitRate;

unsigned int(8) max layer count;

for|(i=0; i<max layer count; i++) {

nsigned int (8) layerID;

nsigned int (8) num direct ref)layers;
for (3=0; j<num direct ref _layers; j++) {
unsigned int (8) dlrect Tef _layerID;

for (3=0; j<16; j++) (
if (scalabilitymask & (1 << 3J))
unsigned in€48) dimension identifier;

}
}
class (peratingPointsInformation extends VisualSampleGroupEntry ('oinf') {
OpefatingPoinitsRecord oinf;

}
9.6.2.3| _Semantics

scalability mask: This field indicates the scalability types that are represented by the access units
resolved from the samples that are associated with this 'oinf" sample group entry. Each bit in the
scalability_mask field denotes a scalability dimension as coded in the scalability mask flag ofthe
VPS extension syntax as defined in ISO/IEC 23008-2. A one in a bit position indicates that the scalability
dimension is present.

num profile tier level: Givesthe number of following profile, tier, and level combinations as well
as the associated fields.

general profile space, general tier flag, general profile idc, general profile
compatibility flags, general constraint indicator flags, and general level idc
are defined in ISO/IEC 23008-2.
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num_operating points: Gives the number of operating points for which the information follows.

output layer set idx is the index of the output layer set that defines the operating point. The
mapping between output layer set idxandthe layer id values shall be the same as specified
by the VPS for an output layer set with index output layer set idx.

max_temporal id:Givesthe maximum Temporalld of NAL units of this operating point.

layer count: This field indicates the number of necessary layers, as defined in ISO/IEC 23008-2, of
this operating point.

pt1 idx:Signals the one-based index of the listed profile, level, and tier flags for a layer with icJentifier
pqual to layer_id. When the value of pt1 idx equals zero for a layer, that layer shall be.assymed to
nave no profile, level, and tier signalled and that layer shall not be an output layer or,a layer ghat is a
lirect or indirect reference layer of any output layer of the operating point.

layer id:providesthenuh layer id values for the layers of the operating point.

i s outputlayer: A flag that indicates if the layer is an output layer or'not. A one indidates an
butput layer.

is alternate outputlayer: This flag when set indicates that this layer can be considered as
hn alternate output layer for this operating point. This flag is set\te’ one if and only if one layer in the
bperating point has its is_outputlayer flag set.

ninPicWidth specifies the least value of the luma width jindicators as defined by the pic_width_in_
uma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

ninPicHeight specifies the least value of the luma‘height indicators as defined by the pic_hejght_in_
uma_samples parameter in ISO/IEC 23008-2 forthie stream of the operating point.

naxPicWidth specifies the greatest value of‘the luma width indicators as defined by the pic|width_
n_luma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

naxPicHeight specifies the greatestvalue of the luma height indicators as defined by the pic Jheight_
n_luma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

naxChromaFormat specifies, the greatest value of the chroma_format indicator as defined by the
rhroma format idc paranieter in ISO/IEC 23008-2 for the stream of the operating point.

naxBitDepthMinug8\specifies the greatest value of the luma and chrom bit depth indicgtors as
lefined by the bit-'dépth luma minus8 and bit_depth_chroma_minus8 parameters, respgctively,
n ISO/IEC 23008-2.fdr the stream of the operating point.

frame raté&._¥nfo flag equal to 0 indicates that no frame rate information is present [for the
bperating point. The value 1 indicates that frame rate information is present for the operating point.

pit wate info flag equal to O indicates that no bitrate information is present for the opgerating
point.‘The value 1 indicates that bitrate information is present for the operating point.

avgFrameRate gives the average frame rate in Units of irames/ (256 s) for the operating point. Value 0
indicates an unspecified average frame rate.

constantFrameRate equal to 1 indicates that the stream of the operating point is of constant frame
rate. Value 2 indicates that the representation of each temporal layer in the stream of the operating
point is of constant frame rate. Value 0 indicates that the stream of the operating point may or may not
be of constant frame rate.

maxBitRate gives the maximum bit rate in bits/second of the stream of the operating point, over any
window of one second.

avgBitRate gives the average bit rate in bits/second of the stream of the operating point.
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max layer count: The count of all unique layers in all of the operating points that relate to this
associated base track.

layerID: nuh_layer._id of a layer for which the all the direct reference layers are given in the following
loopof direct ref layerID.

num_direct ref layers:The number of direct reference layers for the layer with nuh layer id
equal to layerID.

direct ref layerID:nuh layer id ofthe directreference layer.

dimengion identifier: Set to the value of the dimension id field as specified in the NVP§
extensipn 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-HEV( track, including the base track (when coded with HEVC), shall carry a\i¥nf' sample group.

When several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several entries
in the Jample group description box with grouping type 'linf' For more common cases wherg
a singlg VPS is present, it is recommended to use the default sample group mechanism defined if
ISO/IE( 14496-12 and include the Layer Information sample group in the sample table box, rather thary
including it in each track fragment.

The grouping type parameter is not defined for ,the SampleToGroupBox with grouping
type 'linf'".

9.6.3.2| Syntax

class JlayerInfoGroupEntry extends Visual8ampleGroupEntry ('linf')) {
bit|2) reserved = 0;
unsigned int (6) num layers in track;
for|(i=0; i<num layers in track, 1++) |

it (4) reserved = O;

nsigned int (6) layer idy

nsigned int (3) min Tempdralld;

nsigned int (3) max TemporalId;

it (1) reserved = QF

nsigned int (7) @uab”layer presence flags;

}
9.6.3.3| Semantics

num_layerseiif track: The number of layers carried in any sample of this track associated with
this sample group.
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shall be in ascending order of 1ayer id in the loop.
min TemporalId: The minimum TemporallId value for the sub-layers in the layer within the track.
max_ TemporalId: The maximum TemporalId value for the sub-layers in the layer within the track.

sub layer presence flags: Each bit of this field at bit position bitPos in the range of min
TemporalIdtomax TemporalId indicates thatthe sub-layer with TemporalId equal to bitPosis
natively present (when the bit is equal to 1) or present by extractors (when the bit is equal to 0) in the
track. Bits of this field at bit positions less thanmin TemporalId or greater thanmax Temporalld
are unspecified.
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10 Storage of tiled HEVC and L-HEVC video streams

10.1 General

ISO/IEC 23008-2 video provides support for coding of rectangular regions called tiles. HEVC tiles do
not have coding dependencies with other HEVC tiles in the same coded picture but may have coding
dependencies with other HEVC tiles from previous coded pictures or may be independently decoded.
This section defines tools to describe and manipulate tiles, including the following:

— description of HEVC tiles and their temporal coding dependencies with other HEVC tiles;
— track(s) extracting one or several tiles from other track(s);

— track(s) containing only data from one or several HEVC tiles for fast access to artile region over a
network.

A tile region is defined as one or more complete HEVC tiles in one or more comiplete slice segmehts that
hre within the same coded picture and that contain no other HEVC tiles,.The slice segments pf a tile
region may but need not be contiguous in decoding order. A tile region covers a rectangle withouyt holes.
[ile regions within a picture do not overlap with each other.

[ile regions can be described through tile region visual sample group description entries (i.e. injstances
pf TileRegionGroupEntry) withtile region flagequalto 1.

f each sample of a track consists of NAL units of only on€ytile 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-niechanism is used (i.e. when the versioh of the
SampleGroupDescriptionBox of type 'trif' is‘equal to or greater than 2). Otherwise, spmples,
NAL units, and tile regions are associated withveach other through SampleToGroupBoxes |of type
nalm' and grouping type parameter equdl to 'trif' and SampleGroupDescriptiopBox of
'ype nalm'. A TileRegionGroupEntry-déscribes

— atile region, and
— coding dependencies betweenthis tile region and other tile regions.

Fach TileRegionGroupEntty is assigned a unique identifier, called groupID. This identifief can be
1sed to associate NAL unitstina sample to a particular TileRegionGroupEntry.

Positioning and size of tile regions are identified using luma sample coordinates.

When used with movie fragments, TileRegionGroupEntry can be defined for the duratioh of the
movie fragment, by defining a new SampleGroupDescriptionBox in the track fragment box as
efined in ISO/IEC 14496-12:2015, 8.9.4. However, there shall not be any TileRegionGroupEptry in
h track fragment that has the same groupIDasa TileRegionGroupEntry already defined.

bub-tracks can be defined by grouping the different tile regions for this sub-track, fising a
[iTeSubTrackGroupBox in the sub-track definition box.

AL units mapped to a tile region may either be carried in the video track, as usual, or in a separate
track called tile track. Tile tracks are defined for both HEVC and L-HEVC.

10.2 NAL unit map entry

10.2.1 Definition

The NALUMapEntry may be used to assign an identifier, called groupID, to each NAL unit. The
NALUMapEntry, when present, shall be linked to a sample group description providing the semantics
of that groupID. This link shall be provided by setting the grouping type parameter of the
SampleToGroupBox of type 'nalm'to the four-character code of the associated sample grouping type.
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Consequently, a SampleToGroupBox of type 'nalm'shall never use version 0 of the box. It is forbidden
to indicate an associated grouping type for which the sample group description definition does not
provide semantics for groupID.

In case of HEVC tiling, the SampleToGroupBox of type nalm' describing the tiling of samples shall
have its grouping type parametersetto'trif’

A track shall not contain both a SampleToGroupBox of type nalm' associated with grouping
type parameter equaltoa particular value groupType and SampleToGroupBox of type groupType.
When a-track contains a SampleToGroupBo of type 'malm' associated with grouping type
paramgter groupType, NAL units of the mapped sample are indirectly associated with the samplé
group description of type groupType through the groupID of the NALUMapEntry applicable forthaf
sample{ When a track contains a SampleToGroupBox of type groupType, each sample is directly
mapped to the sample group description of type groupType through the SampleToGroupBox of typd
groupType and all NAL units of the mapped sample are associated with the same groupID-

10.2.2 |Syntax

class NALUMapEntry () extends VisualSampleGroupEntry ('nalm') {
bit|6) reserved = 0;
unsjgned int (1) large size;
unsigned int (1) rle;
if |large size) {
unsjgned int (16) entry count;
} else {
nsigned int(8) entry count;
}
for| (i
if

=1; i<= entry count; i++) {
(rle) {
if (large size) {

unsigned int (16) NALU start number;
} else {

unsigned int (8) NALU start number{
}

nsigned int (16) groupID;
}
10.2.3 |Semantics

large| size indicates whether the number of NAL units entries in the track samples is represented
on 8 bitls or 16 bits.

rle indicates whether run=tength encoding is used (1) to assign groupID to NAL units or not (0).

entry| count specifies the number of entries in the map. Note that when rle is equal to 1, the entry|
count cprrespondste the number of runs where consecutives NAL units are associated with the same
group. When rieds equal to 0,entry count represents the total number of NAL units.

NALU $tdxt number is the 1-based NAL unit index in the sample of the first NAL unit in the currenf
run asspciated with groupID.

grouplD specifies the unique identifier of the group. More information about the group is provided by
the sample group description entry with this groupIDand grouping type equal tothe grouping
type parameter of the SampleToGroupBox of type 'nalm'.

All NAL units aggregated by an aggregator by inclusion or by reference count as a single NAL unit in the
indexing provided by the NALUMapEntry.

When used with movie fragments, new NAL unit maps can be defined for the duration of the movie
fragments, by defining a new SampleGroupDescription box in the track fragment, box as defined
in ISO/IEC 14496-12:2015, 8.9.4.
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10.3 Tile region group entry
10.3.1 Definition

Group Type: 'trif'
Container: SampleGroupDescriptionBox ('sgpd')

Mandatory: No

Quantity: Zero or more

[he TileRegionGroupEntry may be used to describe a tile region. The grouping|type
pbarameter is not defined for the SampleToGroupBox with grouping type 'trif'

10.3.2 Syntax

Class TileRegionGroupEntry () extends VisualSampleGroupEntry ('trif!)

unsigned int (16) grouplID;
unsigned int(l) tile region flag;
if (!tile region flag)
bit (7) reserved = 0;
else {
unsigned int(2) independent idc;
unsigned int (1) full picture;
unsigned int (1) filtering disabled;
unsigned int (1) has dependency list;
bit (2) reserved = 0;
if (!full picture) {
unsigned int (16) horizontal offse®;
unsigned int (16) vertical offsef»
}
unsigned int (16) region width;
unsigned int (16) region height;
if (has dependency list) {
unsigned int (16) dependenfy tile count;
for (i=1; i<= dependenfy,tile count; i++)
unsigned int(16) depéndencyTileGrouplD;

10.3.3 Semantics

jyroupID isaunique‘identifier for the tile region group described by this sample group entry. The value
bf groupID inafile region group entry shall be greater than 0. The value 0 is reserved for a spe¢ial use.

When there~is SampleToGroupBox of type nalm' and grouping type parameter equal to
trif', alSampleGroupDescriptionBox oftype 'trif'shall be present, and the following applies.

— AThe value of grouplD in a tile region group entry shall be equal to the grouplID in one of the|entries
of NALUMapEntry.

— ANAL unit being mapped to groupID 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 may be multiple tile region group entries with the same values of horizontal_offset, vertical
offset,region widthand region_ height, respectively, but with different groupID values, for describing
varying dependencies.

tile region flagequal 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
is provided by subsequent fields in this tile region group entry. The value 0 specifies that the region
covered by the NAL units within a picture and associated with this tile region group entry is not a tile
region, and no further information of the region is provided in this tile region group entry.
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When a multi-layer bitstream is carried in one or more tracks, for any two layers layerA and layerB of
the bitstream, the following constraint applies: When a NAL unit of layerA is associated with a groupID
value gldA for which the corresponding tile region flagis equal to 1, and a NAL unit of layerB is
associated with a groupID value gldB for which the corresponding tile region flagisequalto1,
gldA shall not be equal to gldB.

independent idc specifies the coding dependencies between each tile region associated with this
tile region group entry and other tile regions in the same picture or in reference pictures of the same
layer. Inter-layer dependencies, if any, are indicated by a list of dependencyTileGroupID (when

1 n —. 1 1
haS dt,pcuucup_\/ LLoUIoTudrtu 1j.

This field takes the following values.

— If Independent idc equals 0, the coding dependencies between this tile region and ‘other tilg
reglions in the same picture or in reference pictures of the same layer is either described by a lis
of dependencyTileGroupID (whenhas dependency listisequalto 1) or upknown (wher
hag dependency list isequalto 0).

— If independent idc equals 1, there are no temporal dependencies betweemn this tile region and
theltile regions with different groupID inany reference pictures of the samelayer but there can bg
coding dependencies between this tile region and a tile region with the same grouplID in a reference
picfure of the same layer.

— If independent idc equals 2, there are no coding dependencies‘between this tile region and any
tilgregion in a reference picture of the same layer.

— The value 3 is reserved.

full picture, when set,indicates that each tile region associated with this tile region group entry is
a complete picture, in which case region width and“zegion height shall be set to the width and
height, respectively, of the complete picture, and independent_idc shall be set to 1 or 2.

filterjng disabled, when set, indicates thatfor each tile region associated with this tile regior
group dntry the in-loop filtering operation doésnot require access to pixels adjacent to this tile region
i.e. bit-gxact reconstruction of the tile regign/is possible without decoding the adjacent tiles.

has d¢pendency list, when set to” 1, indicates that dependency tile count and, when
depenglency tile count isgreater than 0, alist of dependencyTileGroupID are present. Wher
setto 0] dependency tile cduht isnotpresentand no dependencyTileGroupID is present.

horiz¢ntal offset and)vertical offset give respectively the horizontal and vertica
offsets |of the top-left pixelJof the rectangular region that is covered by the tiles in each tile regior
associafed with this tile“region group entry, relative to the top-left pixel of the base region, in lumg
sample$. For HEVC and L-HEVC tile tracks as defined in this document, the base region used in thg
TileR¢gionGroUpEntry is the picture to which the tiles in a tile region associated with this tilg
region group entry belongs.

region width and region height give respectively the width and height of the rectangulaj
region thabis covered by the tiles in each tile region associated with this tile region group entry, in lums
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.

dependencyTileGroupID gives the groupID of a tile region (as defined by a
TileRegionGroupEntry) that this tile region depends on. For a particular tile region associated
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with this tile region group entry, the tile regions it depends on may be from the same layer or the
reference layers.

10.4 Tile sub track definition

10.4.1 General

A tile sub track describes one or more tile regions.

An additional descriptive attribute 'ti1le' may be used to indicate the sub track is a spatial|part of
the track.

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 Type: "tstb'
Container: Sub Track Definition box ('strd")
Mandatory: No

Quantity: Zero or one

10.4.2.2 Syntax

bligned (8) class TileSubTrackGroupBox extends FullBox('tstb', 0, 0) {
unsigned int (16) item counts

for(i = 0; i< item count;(ijf+) {

unsigned int (16) tileGrduplD;
}

10.4.2.3 Semantics
[he union of tileGroupIDs in this box describes the sub track defined by this box.
i tem coungceunts the number of tile groups listed in this box.

L1 1eGrdupIDisthe identifier of the tile region group (groupID) contained in this sub track. gfoupID
s defified in TileRegionGroupEntry.

105 HEVC and L-HEVC tile track

10.5.1 General

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 created using
the HEVCTileSampleEntry or LHEVCTileSampleEntry sample description format.

An HEVC or L-HEVC tile track is a video track in which there is a 'tbas' track reference to the HEVC or
L-HEVC track, respectively. This HEVC or L-HEVC track is refered to as the HEVC or L-HEVC tile base
track of the HEVC or L-HEVC tile track, respectively. The sample entry type for an HEVC tile track is
'hvt1" The sample entry type for an L-HEVC tile track is '1ht 1" The use of sample entry types for tile
base tracks is defined in 10.5.5.

© ISO/IEC 2017 - All rights reserved 99


https://standardsiso.com/api/?name=d0346413ed3d2a4ca2f33e0762ae93ae

ISO/IEC 14496-15:2017(E)

A tile track or tile base track shall not include extractors. A tile base track shall not include VCL NAL
units. A tile track shall not carry VCL NAL units belonging to more than one layer.

For any picture unit carried by samples in a tile base track and a number of tile tracks, all the NAL units
that apply to the entire coded picture shall be carried in the tile base track. These NAL units include (but
are not limited to) parameter sets (VPS, SPS, and PPS) as well as EOB and EOS NAL units, when present.
The SampleDescriptionBox of a tile track shall not carry NAL units that apply to any entire coded
picture, either. The NAL units that do not apply to a tile shall not be carried in the tile track containing
that tile. The NAL units that apply to a tile shall be carried in the tile track containing that tile.

NOTE 1| When a NAL unit applies to multiple tiles, these tiles have to be stored in the same tile track.

Atile triack only depends on the tile base track and is independent from any other tile track that ificlkudes
VCL NALL units of the same layer as this tile track.

An HEV[C or L-HEVC sample of a tile track consists of one or more complete tiles in one oranore complete
slice segments.

An HEVC or L-HEVC sample in the tile base track is considered as a sync sample if@and only if the samplg
resultinjg from the merging of the corresponding samples of all tile tracks and the tile base track, as
defined in 10.5.4, is a sync sample as defined for a non tiled HEVC or L-HEVC track, respectively, thaf
has the| sample entry type equal to that in the tile base track and the same”configuration records as
those i} the tile base track.

A samplle stored in a tile track is considered as a sync sample when the respective sample in the tilg
base track is a sync sample.

The SsupSampleInformationBox and sample groupings«defined for regular HEVC or L-HEVC tracks
also apply to HEVC or L-HEVC tile tracks, respectively.

NOTE 2| Many aspects of the tile track can be discovered\by inspecting the base track if they are not explicitly
declared in the tile track; for example, a 'ro11' sample:gtoup.

NOTE 3| An implementation may decide to decode only a subset of the tiles of an HEVC or L-HEVC stream. I
this casg, it may use the dependency informationfin the TileRegionGroupEntry sample group descriptions td
discard pn-needed NAL units.

10.5.2 [Sample entry name and format for HEVC tile tracks
10.5.2.1 Definition

Sample|Entry Type: 'hgel’

Containler: Sample Description Box ('stsd')
Mandatfory: No
Quantitly; Zero or more sample entries may be present

This sample entry describes media samples of an HEVC tile track. The width and height of the
VisualSampleEntry for an HEVC tile track (sample entry type 'hvt1') shall be set to the width
and height of the minimum bounding box enclosing all tile regions contained in the track. The layout
information in the track header (i.e. layer, matrix, width and height) of an HEVC tile track shall be
ignored by file parsers. CleanApertureBox and PixelAspectRatioBox shall not be presentin an
'hvt1' sample description.

10.5.2.2 Syntax

class HEVCTileSampleEntry () extends VisualSampleEntry ('hvtl') {
HEVCTileConfigurationBox config(); // optional
}
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class HEVCTileConfigurationBox extends Box ('hvtC') {
HEVCTileTierLevelConfigurationRecord () HEVCTileTierLevelConfig;
}
aligned (8) class HEVCTileTierLevelConfigurationRecord {
unsigned int (8) configurationVersion = 1;
bit (7) reserved = 0;
unsigned int (1) mcts tier flag;
unsigned int (8) mcts level idc;
bit (8) reserved = 0;
}

0523 Semantics

[he HEVCTileSampleEntry shall not contain any HEVCConfigusatijonBox,
[ HEVCConfigurationBox or MPEG4ExtensionDescriptorsBox; these boxes ‘dare fgund in
the tile base track’s sample description. Other optional boxes may be included. There are uspally as
many entries in the SampleDescriptionBox of an HEVC tile track as there.are entrieq in the
SampleDescriptionBox of the tile base track.

Dptionally, the HEVCTileSampleEntry may contain one HEVCTileTienrlLevelConfigurgationR
ccord, 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
ised with the value "\020HEVC Tile Coding" beingrecommended; the first byte is a count of the
remaining bytes, here represented by \020, which (being octal 20) is 16 (decimal), the number ¢f bytes
n the rest of the string.

ncts tier flag, mcts level idc are set to thélvalues of the fields mcts_tier_flag ang mcts_
evel_idc in the temporal motion-constrained tile séts’ SEI message if the tile region in the tile track
s a temporal motion-constrained tile set as defined in ISO/IEC 23008-2. If the tile region in [the tile
frack is not the same as any of the temporal motion-constrained tile set in the stream or no tgmporal
motion-constrained tile sets SEI message is-present in the stream, an appropriate value accofding 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: '1htT

Container: Sample Description Box ('stsd')
Mandatory: No
Puantity; Zero or more sample entries may be present

['his sample entry describes media samples of an L-HEVC tile track. The width and height of the
JlsualSampleEntry for an L-HEVC tile track (sample entry type '1htl ) shall be set to the width

The 1ayout information in the track header (i.e. layer, matrlx, w1dth and height) ofan L HEVC t11e
track shall be ignored by file parsers. CleanApertureBox and PixelAspectRatioBox shall not be
presentin an 'lht1'sample description.

10.5.3.2 Syntax

class LHEVCTileSampleEntry() extends VisualSampleEntry ('lhtl') {
}
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10.5.3.3 Semantics

The LHEVCTileSampleEntry shall not  contain any LHEVCConfigurationBox,
HEVCConfigurationBox or 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 SampleDescriptionBox of an L-HEVC tile track as there are entries in the
SampleDescriptionBox of the tile base track.

Compressorname in the base class VisualSampleEntry indicates the name of the compressor used with
the value “\n')')l “-HEVC Tile Fnﬂlhrr hnlhg rnrnmmnndnr] the first hvfn is a2 count of the rnmnlnlng

bytes, Here represented by \022, wh1ch (being octal 22) is 18 (dec1mal) the number of bytes in the rest
of the sfring.

10.5.4 |Bitstream reconstruction from tile base and tile tracks

Since extractors cannot be used in a tile base track, a tile base track shall indicate the’tile ordering
using a|'sabt' track reference to the tile tracks. The 'sabt' track reference may only be used to refer td
tile tra¢ks from a tile base track. When the 'sabt' track reference is present in a-track, the samples of
this tragk shall not use aggregators.

The bit$tream is reconstructed as follows.

a) Fora tile base track and a number of tile tracks carrying VCL NALAinits of one layer, a picture unif
is f]rstly reconstructed to consist of the following NAL units in the order listed:

1) | if the picture unit corresponds to a sample that is the fif'st sample of a set of samples associated
with a sample entry, the parameter sets and SEI NALhits contained in the sample entry;

2) | NAL units in the sample of the tile base track;
3) | NAL units in the samples of the tile tracks in-the order of the 'sabt' track references.
Thén the following steps apply, in the orderlisted, for the above-reconstructed picture unit.

4) | If there is one or more than one EQS'NAL unit present, an EOS NAL unit is placed at the end of
the picture unit and any other EOS*'NAL unit is removed.

5) | If there is one or more than 'oné EOB NAL unit present, one EOB NAL unit is placed at the end of
the picture unit; any othér)EOB NAL unit is removed.

b) If o]Llly one layer is involyed; the reconstructed picture unit is the access unit. Otherwise, the access
unit is reconstructed.from all the picture units of the involved layers as specified in 9.5.2.2.

c) Finplly, the bitstream is reconstructed from the reconstructed access units as specified in 9.5.2.2.
NOTE Picture~umnits, access units, and bitstreams reconstructed as above may not be conforming td

[SO/IEC[23008-2:For example, for a picture unit reconstructed as above, some VCL NAL units covering some tiles
of the picture‘may be missing due to that the regions represented by those tiles are not need by the application.

1 i £ IS D | - 1
10.5.5 Sdlllplc CIU Y IIdIIICS 101 UIT UdST U dlRS

When no NAL unit is included in a sample in a tile base track (i.e. all the NAL units are in the tile tracks),
the size of the sample may be 0, and the sample documents the timing and other sample properties of
the sample.

The sample entry names of a tile base track and the corresponding tile tracks shall be one of the rows
in Table 12.
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Table 12 — 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 track corresponding tile track
hvc2 hvtl
hev2 hvtl
1lhvl lhtl
lhel 1htl
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A.2 Aggregators

A2.1

This subclause desgribes aggregators, which enable NALU-map-group entries to be consistent ang

repetiti

Aggreg

For stoi

Annex A
(normative)

In-stream structures

htors and extractors are file format internal structures enabling efficient grouping of NAI/unitg
ction of NAL units from other tracks.

htors and extractors use a syntax that is similar to the NAL unit syntax butidees not follow
't code emulation prevention mechanism required for the NAL unit syntax’as specified in
14496-10 or ISO/IEC 23008-2. These NAL-unit-like structures are seep-as'NAL units in the
of the sample structure. While accessing a sample, aggregators shall ‘be removed (leaving
ntained or referenced NAL units) and extractors shall be replaced by the data they reference
htors and extractors shall not be output by file parsers.

tructures use NAL unit types reserved for the application/transport layer by ISO/IEC 14496-1(
EC 23008-2.

The following is from ISO/IEC 14496-10:

NAL unit types 0 and 24..31 may be used as determined by-the application. No decoding process for thesg
f nal_unit_type is specified in this Recommendation | liternational Standard.”

The following is from ISO/IEC 23008-2:
NAL unit types in the range of UNSPEC48.1UNSPEC63 may be used as determined by the application. N
b process for these values of nal_unit_type\is specified in this Specification. Since different applications
e these NAL unit types for different purposes, particular care shall be exercised in the design of encoders

erate NAL units with these nal_unit-type values, and in the design of decoders that interpret the conten
nits with these nal_unit_type values”

Definition

ve. (See Arinex B).
htors dre'used to group NAL units belonging to the same sample.

age 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+D depth
VCL NAL units, or 3D-AVC VCL NAL units, but with a different value of NAL unit type.

— If the sample entry contains the MVCD Configuration Box or the A3D Configuration Box, the NAL

uni

theader of the aggregator follows the syntax of the NAL unit header for the NAL unit of nal_unit_

type equal to 21. Otherwise, the NAL unit header of the aggregator follows the syntax of the NAL

uni

t header for the NAL unit of nal_unit_type equal to 20.

— If the sample entry contains the SVC Configuration Box and the svc_extension_flag of the NAL 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.
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— 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
2, which has the same syntax for plain HEVC and layered HEVC. An ISO/IEC 23008-2 aggregat

23008-
or shall

not aggregate NAL units belonging to more than one picture unit (where picture unit is defined in

SQ/IEC 23008-2)

Aggregators can both aggregate, by inclusion, NAL units within them (within the size indic
their length) and also aggregate, by reference, NAL units that follow them (within the @rea in
by the additional_bytes field within them). When the stream is scanned by a file reader that d
support aggregators, only the included NAL units are seen as “within” the aggregator. This

['his also permits such a file reader not to skip NAL units but let them remain in<stream when {
hggregated by reference.

Aggregators can be used to group base layer or base view NAL units. If these aggregators are us
avcl', 'hvel', or 'hevl' track then an aggregator shall not use inclusion but reference of base
base view NAL units (the length of the aggregator includes only its héader and the NAL units ref
py the aggregator are specified by additional bytes).

When the aggregator is referenced by either an extractor¢with data_length equal to zero, or b
sample group, the aggregator is treated as aggregating bioth'the included and referenced bytes.

An aggregator may include or reference extractorsiAn extractor may extract from aggregat
hggregator shall not include or reference anothei’aggregator directly; however, an aggregat
nclude or reference an extractor that referencesan aggregator.

An aggregator shall not be empty, i.e. it shallinclude or reference to at least one NAL unit.
When scanning the stream,

n) if the aggregator is unrecognized (e.g. by an AVC or HEVC reader or decoder), it is easily di
with its included content,

p) if the aggregator is notneeded (i.e. it belongs to an undesired layer), it and its contents
inclusion and referénce are easily discarded (using its length and additional_bytes fields), a

[) if the aggregat6oris needed, its header is easily discarded and its contents retained.
An aggregatords)Stored within a sample like any other NAL unit.

All NAL unitsSremain in decoding order within an aggregator.

\.2.2~Syntax

hted by
dicated
oes not
bermits

such a file reader to skip a whole set of un-needed NAL units when they are aggregated by influsion.

hey are

bd in an
ayer or
brenced

y a Map

ors. An
or may

bcarded

both by
nd

L1ass aligned(8) Aggregator (AggregatorSize) {

NALUnitHeader () ;
unsigned int i = sizeof (NALUnitHeader());
unsigned int ((lengthSizeMinusOne+1) *8)
additional bytes;
i += lengthSizeMinusOne+l;
while (i<AggregatorSize) {
unsigned int ((lengthSizeMinusOne+1) *8)
NALUnitLength;
unsigned int (NALUnitLength*8) NALUnit;
i += NALUnitLength+lengthSizeMinusOne+1;
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NOTE The syntax of aggregators may not follow the NAL unit syntax and the NAL unit constraints specified
in ISO/IEC 14496-10 or ISO/IEC 23008-2. For example, there may exist 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

The value of the variable AggregatorSize is equal to the size of the aggregator, and the function sizeof(X)
returnsthe size of the field X in hytes

NALUn} tHeader (): the first four bytes of SVC, MVC, and MVC+D depth VCL NAL units, or the firs{
three bytes of 3D-AVC NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.

nal upit type shall be setto 30 for ISO/IEC 14496-10 video and 48 for ISO/IEC 23008-2 video.

For an gggregator including or referencing SVC NAL units, the following shall apply.

forbig¢iden zero bitand reserved three 2bits shall be setas specified-in ISO/IEC 14496-10
Other fields (nal ref idc, idr flag, ©priority id, no_intedr  layer pred flag,
depenglency id, quality id, temporal id, use ref base pid flag, discardable
flag, anld output flag) shall be set as specified in A.4.

For an gggregator including or referencing MVC or MVC+D depth NAL units, the following shall apply.
forbiflden zero bitand reserved one bit shall be setds’specified in ISO/IEC 14496-10.

Other flields (nal ref idc, non idr flag, priord¥y id, view id, temporal id,
anchof pic flag,and inter view flag) shall be set.&s specified in A.5.

For an gggregator including or referencing 3D-AVC NAL units, the following shall apply.
forbiflden zero bitand reserved three 2bits shall be setas specified in ISO/IEC 14496-10

Other flields (nal ref idc, view id¥; depth flag, non idr flag, temporal id,
anchot pic flag, and inter view~flag) shall be setas specified in A.6.

For an gggregator including or referencing ISO/IEC 23008-2 NAL units, the following shall apply.
forbidlden zero bit shall bgsetas specified in ISO/IEC 23008-2.
Other flelds (nuh_layer cidrand nuh temporal id plusl) shall be setas specified in A.8.

additjonal bytesgmFhe number of bytes following this aggregator that should be considered ajf
aggregdted when tHis-dggregator is referenced by an extractor with data_length equal to zero or May
sample|group.

NALUnj] tLength: Specifies the size, in bytes, of the NAL unit following. The size of this field is specified
with thp 2engthSizeMinusOne field.

NALUnit: a NAL unit as 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.

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.
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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 references. Those bytes shall not contain extractors; an extractor shall not reference, directly or
indirectly, another extractor.

The track that is referenced may contain extractors even though the data that is referenced by the
extractor shall not.

An extractor contains an instruction to extract data from another track, which is linked to the track in
which the extractor resides hy means of a track reference of type 'scal’

['he bytes copied shall be one of the following:

) one entire NAL unit; note that when an aggregator is referenced, both the included-and ref¢renced
bytes are copied;

b) more than one entire NAL unit.
n both cases the bytes extracted start with a valid length field and a NAL unit header.

[he bytes are copied only from the single identified sample in the\track referenced throjigh the
ndicated 'scal’ track reference. The alignment is on decoding time)i.e. using the time-to-sampjle table
bnly, followed by a counted offset in sample number. Extractors‘are a media-level concept anfl hence
hpply 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.3.2 Syntax

flass aligned(8) Extractor () {

NALUnitHeader () ;

unsigned int (8) track ref index;

signed int (8) sample offset;

unsigned int ((lengthSizeMinusOne+1 )%8)
data offset;

unsigned int ((lengthSizeMinusOnetl) *8)
data length;

NOTE The syntax of extractorsiumay not follow the NAL unit syntax and the NAL unit constraints specified in
SO/IEC 14496-10. For exampletthere may exist three continuous bytes equal to a value in the range of 03000000
0 0x000010, inclusive. Thisrspecifiation disallows the presence of extractors in a video bitstream output from
barsing a file, therefore formal non-compliance with the video specifications is immaterial as they will hever be
bresented to a video deeeder.

A.3.3 Semanties

NALUnitHeader (): the first four bytes of SVC, MVC and MVC+D depth VCL NAL units, or the first
'hree bytes‘of 3D-AVC NAL units.

hal Umit type shall be setto 31 for ISO/IEC 14496-10 video.

Foran extractor referencing SVC NAL units, the following shall apply.

forbidden zero bit and reserved three 2bits shallbe 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) shall be set as specified in A.4.

For an extractor referencing MVC or MVC+D depth NAL units, the following shall apply.
forbidden zero bitand reserved one bit shall be setas specified in ISO/IEC 14496-10.

Other fields (nal ref idc, non idr flag, priority id, view id, temporal id,
anchor pic flag,and inter view flag) shall be setas specified in A.5.
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For an extractor referencing 3D-AVC NAL units, the following shall apply.
forbidden zero bitand reserved three 2bits shall be setas specified in ISO/IEC 14496-10.

Other fields (nal ref idc, view idx, depth flag, non idr flag, temporal id,
anchor pic flag,and inter view flag) shall be setas specified in A.6.

track ref index specifies the index of the track reference of type 'scal’ to use to find the track
from which to extract data. The sample in that track from which data is extracted is temporally aligned
or nearest preceding in the media decoding timeline, i.e. using the time-to-sample table only, adjusted by
an offs¢t specified by sample_offset with the sample containing the extractor. The first track referencg
has the|index value 1; the value 0 is reserved.

sampl¢ offset gives the relative index of the sample in the linked track that shall be used-as the
source pf information. Sample 0 (zero) is the sample with the same, or the closest preceding, decoding
time compared to the decoding time of the sample containing the extractor; sample 1 (ene) is the nex{
sample| sample -1 (minus 1) is the previous sample, and so on.

data_ ¢ffset: The offset of the first byte within the reference sample to copy. If the extraction starts
with thie first byte of data in that sample, the offset takes the value 0. The offset shall reference the
beginning of a NAL unit length field.

data_ Jength: The number of bytes to copy. If this field takes the alde 0, then the entire singlg
referenfed NAL unit is copied (i.e. the length to copy is taken from the length field referenced by thg
data offset, augmented by the additional_bytes field in the case of aggregators).

NOTE If the two tracks use different lengthSizeMinusOnewvalues, then the extracted data will need 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 extension. The
NAL unlits extracted by an extractor or aggregated by an aggregator are all those NAL units that are
referenfed or included by recursively inspecting the contents of aggregators or extractors.

The fields nal ref idc, idr flagy/ priority id, temporal id, no inter layer |
pred flag, dependency id,_S%quality id, temporal id, use ref base pic flag,
discafdable flag, output(flag, use ref base pic flag,and no _inter layer pred |
flag shall take the following values.

nal re¢f idc shall be séttothe highest value of the field in all the extracted or aggregated NAL units
idr flag shall be setd€0 the highest value of the field in all the extracted or aggregated NAL units.

priorjty id,tefporal id, dependency id,and quality id shall be setto the lowest values
of the fields, respectively, in all the extracted or aggregated NAL units.

discafdéable flag shall be set to 1 if and only if all the extracted or aggregated NAL units have thg
discatdable flagsetto 1, and setto 0 otherwise.

output flag should be set to 1 if at least one of the aggregated or extracted NAL units has this flag set
to 1, and otherwise set to 0.

use ref base pic flag shall be set to 1 if and only if at least one of the extracted or aggregated
VCL 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 theno_inter layer pred flagsetto 1, and setto 0 otherwise.
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If the set of extracted or aggregated NAL units is empty, then each of these fields takes a value
conformant with the mapped tier description.

NOTE1 Aggregators could group NAL units with different scalability information.

NOTE 2  Aggregators could be used to group NAL units belonging to a level of scalability that may not be
signalled by the NAL unit header SVC extension (e.g. NAL units belonging to a region of interest). The description
of such aggregators may be done with the tier description and the NAL unit map groups. In this, case more than
one aggregator with the same scalability information may occur in one sample.

OTE 3 If multiple scalable tracks reference the same media data, then an aggregator should grgup NAL
inits with identical scalability information only. This ensures that the resulting pattern can be accessed by each
bf the tracks.

NOTE 4  If no NAL unit of a particular layer exists in an access unit then an empty aggregator (in which the
ength of the aggregator includes only the header, and additional_bytes is zero) may 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 extensiofir The NAL units extracted by
hn extractor or aggregated by an aggregator are all those NAL units(that are referenced or incliided by
recursively inspecting the contents of aggregators or extractors.

[he fields nal ref idc, non idr flag, priority id, view id, temporgl id,
anchor pic flag, and inter view flag shall take thefollowing values.

nal ref idc shall be setto the highest value of the field in all the aggregated or extracted NAL units.
hon idr flag shall be set to the lowest value of the field in all the aggregated or extracted NAL units.

priority id and temporal_id shall be set ta the lowest values of the fields, respectively, inj all the
hggregated or extracted NAL units.

7iew id shall be set to the view_id valueé of the VCL NAL unit with the lowest view order inde¥ among
1] the aggregated or extracted VCL NAL units.

anchor pic flagand inter “Wiew flag shall be set to the highest value of the fields, respg¢ctively,
n all the aggregated or extracted VCL NAL units.

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 dll those
NAL units that are referenced or included by recursively inspecting the contents of aggregators or
pxtractorsyAll the aggregated or extracted VCL NAL units shall have nal unit type equal td 21 and
hve 3eéxtension flagequal to 1.

[he fields nal ref idc,view idx,depth flag,non idr flag, temporal id,anchog pic

il and o o 3 £1 chall+olrathn £l i sl ng
oo, ot TIrcch TOW Trag Strall CanCTtrCTOITO VY I v artuacSe

nal ref idc shallbe setto the highestvalue 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 or extracted 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 flagshall be setto the lowestvalue of the field in all the aggregated or extracted VCL NAL units.

temporal idshallbe setto the lowestvalue of the field in all the aggregated or extracted VCL NAL units.
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anchor pic flagand inter view flag shall be set to the highest value of the fields, respectively,
in all the aggregated or extracted VCL NAL units.

A.7 Extractors for HEVC and L-HEVC tracks

A.7.1 Definition

This subclause describes extractors for HEVC and L-HEVC tracks. Extractors enable compact formation

1 +l ot oot NTAT et data bes oo o
Of trackstratextract ALttt aata Dy TCTCTCIICES

An extrjactor contains one or more constructors. The following constructors are specified:
a) asdmple constructor extracts, by reference, NAL unit data from a sample of another track;
b) an |n-line constructor includes NAL unit data.

An aggregator may include or reference extractors. An extractor may reference aggregators. When ar
extractpr is processed by a file reader that requires it, the extractor is logicallyreplaced by the bytes
resulting when resolving the contained constructors in their appearance order

The bytes referred to by a sample constructor shall not contain extraetors; an extractor shall no
referenge, directly or indirectly, another extractor.

The trdck that is referenced may contain extractors even though<the data that is referenced by the
extractpr shall not.

An extrjactor may contain one or more constructors for extracting data from the current track or from
anothef track that is linked to the track in which the extractor resides by means of a track reference of
type 's¢al’.

The bytes of a resolved extractor shall be one of thefollowing:

a) ong entire NAL unit; note that when an aggregator is referenced, both the included and referenced
bytles are copied;

b) mofe than one entire NAL unit.
In both|cases, the bytes of the resolved extractor start with a valid length field and a NAL unit header.

The byfes of a sample constructor are copied only from the single identified sample in the track
referenred through the indicated 'scal’ track reference. The alignment is on decoding time, i.e. using
the timp-to-sample table‘enly, followed by a counted offset in sample number. Extractors are a media
level concept and henee,apply to the destination track before any edit list is considered. (However, ong
would gormally expeetthat the edit lists in the two tracks would be identical).

A.7.2 [Syntax

class 4ligned(8) Extractor () {
NALUnitHeader () ;
do

unsigned int (8) constructor type;
if ( constructor type == )_
SampleConstructor () ;
else if( constructor type == 2 )
InlineConstructor () ;
} while( !'EndOfNALUnit () )
}
NOTE The syntax of extractors may not follow the NAL unit syntax and the NAL unit constraints specified in
ISO/IEC 23008-2. For example, there may exist 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.
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A.7.3 Semantics
NALUnitHeader (): The first two bytes of [ISO/IEC 23008-2 NAL units.

nal unit type shall be set to 49 for ISO/IEC 23008-2 video. forbidden zero bit shall be setas
specified in ISO/IEC 23008-2. Other fields (nuh_layer idand nuh temporal id plusl)shall be
set as specified in A.8.

constructor type specifies the constructor that follows. SampleConstructor and
nlineConstructor correspond to constructor tvpe equal to 0 and 2, respectively. Other
Palues of constructor type are reserved.

FndOfNALUnit () is a function that returns 0 (false) when more data follows in this exfractor;
ptherwise it returns 1 (true).

A.7.4 Sample constructor

\.7.4.1 Syntax

Flass aligned(8) SampleConstructor () {
unsigned int (8) track ref index;
signed int (8) sample offset;
unsigned int ((lengthSizeMinusOne+1) *8)
data offset;

unsigned int ((lengthSizeMinusOne+1) *8)
data length;

A.7.4.2 Semantics
Frack ref index:asspecifiedin A.3.3.
sample offset:as specified in A.3.3.

Hata offset: The offset of the first byte within the reference sample to copy. If the extractiop starts
ith the first byte of data in that sarmple, the offset takes the value 0.

Hata length: The number of bytes to copy. If this field takes the value 0, data offset shall refer
[0 the the beginning of a NAL unit length field and the entire single referenced NAL unit i copied
i.e. the length to copy is takeén from the length field referenced by data offset, augmented by the
hdditional_bytes field inthe case of aggregators).

NOTE If the two'tracks use different 1engthSizeMinusOne values, then the extracted data will peed re-
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) InlineConstructor ()
TS TgTEd Tt tS—tergti;

unsigned int (8) inline data[length];

}
A.7.5.2 Semantics

length: the number of bytes that belong to the InlineConstructor following this field. The value
of length shall be greater than 0. The value of Llength equal to 0 is reserved.

inline data: the data bytes to be returned when resolving the in-line constructor.
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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. 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.

The fields nuh layer idandnuh temporal id plusl shall be setas follows.

nuh layer idshallbe setto thelowestvalue of the field in all the aggregated or extracted NAL units.

nuh t¢mporal id plusl shall be set to the lowest value of the field in all the aggregated o1
extractpd NAL units.
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Annex B
(normative)

SVC, MV(C, and MVD sample group and sub-track definition

B.1 General

the SVC, MVC, or MVD stream and to ease obtaining information of subsets of the stream and exf
bf any of the subsets.

f views from the same MVC or MVD bitstream are stored in multiple MVC ot>MVD tracks and
more of these tracks contain multiple views, sample group entries and ;map groups can be
'hese tracks containing multiple views.

[here are a number of boxes, defined below, which may occur in the\sample group description,

Hach Scalable Group Entry or Multiview Group Entry docuinents a subset of the SVC strean;
MVC or MVD stream, respectively. Each of the subsets is associated with a tier and may contai

Multiview Group Entries, respectively.

bampleGroupDescriptionBox of grouping typeisc¢if' or 'mvif', respectively. Only one of those
s the primary definition of the tier.

[hough the Scalable and Multiview Grgup Entries are contained in the SampleGroupDescript

there may not be a SampleToGroup box of the grouping type 'scif' or 'mvif', unless it happen|
broup does, in fact, describe @ whole sample. Even if a SampleToGroup box of the grouping typd
br 'mvif'is present, the information is not needed for extraction of NAL units of tiers; instead, {
broups shall always document the “pattern” of NAL units within the samples and provide the N4
fo-tier mapping inforfmation that may be needed for extraction of NAL units.

A multiview graup' specifies an MVC or MVD operating point and is therefore associated W
farget output,views of the MVC or MVD operating point. The Multiview Group box (7.7.3), is
specify a multiview group. Many of the boxes used to characterize SVC, MVC, and MVD tiers §
1sed to.characterize MVC or MVD operating points and can therefore be contained in the My
(roup Box too.
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the Scalable Group Entry for an SVC stream or the Multiview Group-Entry for an MVC or MVD stiream.
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more operating points. A grouping type of 'scif’ or 'myvif'is used to define Scalable Group Entries or

For each tier, there may be more than one Scatable Group Entry or Multiview Group Entry in the

entries

on box,

fhe grouping is not a true sample grouping as each sample may be associated with more than ong tier, as
rhese groups are used to describe.sections of the samples, the NAL units. As a result, it is possiple that
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B.2 Definition

B.2.1 Tier information box
B.2.1.1 Definition

Box Type: 'tiri'

Containex: Qr‘a]ab]nCrnuanny or ]\/lu]h"nnur(‘rnuppnfry or Mu]thﬁurCrnupan

Mandatjory: Yes
Quantity: Zero or One // depends on primary_definition

The tief information box provides information about the profile, level, frame size, diseardability, and
frame-ijate of a covered bitstream subset. If the Tier Information box is included in,a’Scalable Grouy
entry of a Multiview Group entry, the covered bitstream subset consists of the tier and tiers it depends;
upon. If the Tier Information box is included in a Multiview Group box, the coyéred bitstream subset
consist$ of the target output views of the multiview group and all the views required for decoding thg
target qutput views.

B.2.1.2| Syntax

class TierInfoBox extends Box('tiri'){ //Mandatory Box
unsigned int (16) tierID;
unsigned int (8) profileIndication;
unsjigned 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;
bit|4) reserved = 0;

unsigned int(1l6) frameRat;

}
B.2.1.3| Semantics

tierIDgives the identifier 0fthe tier, when the Tier Information box is included a Scalable Group entry
or a Multiview Group entry. Otherwise, the semantics of tierID are unspecified, and in this case
tierID shall be setto-the reserved value 0.

profil¢Indication contains the profile_idc as defined in ISO/IEC 14496-10, when the paramete;
applies|to the covered bitstream subset.

profil¢ conpatibility is a byte defined exactly the same as the byte that occurs between thg
profile_[idesand level_idc in a sequence parameter set or a subset sequence parameter set, as defined in
[SO/IECT#2496-102014, ANINeXesS G, H or I, 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 levelIndication is equal to 0 for an MVC or MVD stream, the level that applies to the covered
bitstream subset and 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
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bitstream subset, and, for MVC or MVD, operating with the target output views as specified in the

semantics of levelIndication, is compatible.

visualWidth gives the value of the width of the coded picture (of an SVC stream), coded sub-
picture (of an SVC stream), or coded view component (of an MVC or MVD stream) in luma pixels of

the representation of this tier in the stream or any view component of the covered bitstream
A coded sub-picture consists of a proper subset of coded slices of a coded picture. A tier may

subset.
consist

of only sub-pictures. In this case, 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 asfol
A\VC bitstream is encoded using two slice groups. The first slice group includes the macroblocks repres
Fegion-of-interest and is coded without referring to slices in the other slice group for inter predic¢tion ove
hccess units. The slices of the first slice group in each access unit then form a sub-picture andvaysub-pic
Fan be specified to include all the sub-pictures over all the access units.

7isualHeight gives the value of the height of the coded picture (of an SVE-stream), cod
picture (of an SVC stream), or coded view component (of an MVC or MVD stream) in luma pixel

H1iscardable 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_vi
(for MVC or MVD) equal to 0.

01 this tier contains both NAL units with discardable_flag (for SVC) equal to 1 or inter_view,
(for MVC or MVD) equal to 0 and discardable_flag.(for SVC) equal to O or inter_view_flag
MVC or MVD) equal to 1.

03 all NAL units in this tier are with discardable_flag (for SVC) equal to 1 or inter_view_flag
MVC or MVD) equal to O.

ronstantFrameRate specifies if the frame rate of this tier is constant. A value of 0 denote;
fonstant frame rate, a value of 1 denotes a constant frame rate and a value of 2 denotes that
Clear whether the frame rate is constant. A value of 3 is reserved.

FrameRate gives the frame rate when the bitstream corresponding to this tier and all th
fiers that this tier dependston is decoded in frames per second rounded to the closest integd
the Round function specified in ISO/IEC 14496-10. If constantFrameRate has a value of 0 o

the constant frame~tate. frameRate equal to 0 indicates an unspecified frame rate. For SVC s
lecoded frames, complementary field pairs and non-paired fields are regarded as frames when d
the value of frameRate. For MVC or MVD treams, decoded view components of any single vi
hre regardedqas frames when deriving the value of frameRate, regardless of the total numbg
Views, sinee(all output views are required to have simultaneous view components.

B.2:2Tier bit rate box

representation of this tier in the stream or any view component of the covéred bitstream subset.

ows. An
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b1 all the
fure tier
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bw_flag
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‘'rameRate gives the average frame rate. If constantFrameRate has a value of 1 then frameRalte gives

treams,
eriving
ew only
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B.2.2.1 Definition

Box Type: 'tibr'
Container:  ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox
Mandatory: No

Quantity: Zero or One

When included in a Scalable Group entry or a Multiview Group entry, the tier bit rate box provides
information about the bit rate values of a tier. Two sets of information are provided: for the tier
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representation, including all the tiers on which the current tier depends, and for the tier alone. Similarly,
for each set of information, the following values are supplied.

— For SVC streams, the lowest long-term average bit rate that this tier could deliver. Let maxDid be
the greatest dependency_id for all NAL units of the tier, and minQid be the least quality_id for all the
NAL units of the tier and having dependency_id equal to maxDid. The following NAL units of this tier
are not considered in calculating this bit rate value: those having dependency_id equal to maxDid
and quality_id greater than minQid.

to fhe 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 units of the tier are considered.
— The¢ maximum, or peak, bit rate of the tier; all NAL units of the tier are considered.

When ipcluded in a Multiview Group box, the tier bit rate box provides information abgut the bit ratg
values ¢f the covered bitstream subset consisting of the target output views indicatedby the multiview
group dnd all the views required for decoding of the target output views. The maximum and long-ternj
averagg bit rate for the covered bitstream subset are provided.

B.2.2.2| Syntax

class TierBitRateBox extends Box ('tibr') {
unsigned int (32) baseBitRate;
unsigned int (32) maxBitRate;
unsigned int (32) avgBitRate;

unsigned int (32) tierBaseBitRate;

unsigned int (32) tierMaxBitRate;

unsjigned int (32) tierAvgBitRate;
}

B.2.2.3| Semantics

baseB] tRate gives the lowest long-term ayerage bit rate in bits/second of the stream made from this
tier and the lower tiers this tier depends en-éver the entire stream.

For SV( streams, baseBitRate isderived as follows. Let maxDid be the greatest dependency_id fof
all NAL units of the tier, and minQid be the least quality_id for all NAL units of the tier and having
dependpncy_id equal to maxDid-The NAL units that are taken into account when calculating this bit rate
value ate as follows: 1) all NAL inits of the tier except for those having dependency_id equal to maxDid
and qudlity_id greater thawminQid; 2) all NAL units of the lower tiers the current tier depends on.

For MVL or MVD stredms, baseBitRate shall be equal to avgBitRate.

maxBifRate givegthe maximum bit rate in bits/second of the stream containing all NAL unit mapped
to this gier and the lower tiers this tier depends on, over any window of one second. All NAL units in this
tier and the lower tiers this tier depends on are taken into account.

avgBitRate gives the long-term average bit rate in bits/second of the stream containing all NAL uni
mapped to this tier and the lower tiers this tier depends on, averaged over the entire stream. All NAL
units in this tier and the lower tiers this tier depends on are taken into account.

tierBaseBitRate gives the lowest long-term average bit rate in bits/second of the stream made
from only this tier over the entire stream. For SVC streams, the set of NAL units that are taken into
account when calculating this bit rate value is the same as for baseBitRate but excluding all NAL units
of the lower tiers this tier depends on. For MVC or MVD streams, tierBaseBitRate shall be equal to
tierAvgBitRate.

tierMaxBitRate gives the maximum bit rate in bits/second that is provided by only this tier over
any window of one second. All NAL units mapped to this tier are taken into account. All NAL units of the
lower tiers this tier depends on are not considered.
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tierAvgBitRate - gives the long-term average bit rate in bits/second that is provided by only this
tier, averaged over the entire stream. All NAL units mapped to this tier are taken into account. All NAL
units of the lower tiers this tier depends on are not considered.

B.2.3 Priority range

B.2.3.1 Definition

Box Tupe: 'supny!
r T

Container:  ScalableGroupEntry or MultiviewGroupEntry
Mandatory: Yes

Duantity: Exactly One
NOTE This box was previously called SVCPriorityRangeBox.

['his box reports the minimum and maximum priority_id of the NAL units mapped to this tier.

B.2.3.2 Syntax

Flass PriorityRangeBox extends Box ('svpr') {
bit (2) reservedl = 0;

unsigned int (6) min priorityId;

bit (2) reserved2 = 0;

unsigned int (6) max priorityId;

B.2.3.3 Semantics
nin priority id, min priority idjtake the minimum or maximum value of the priprity_id

syntax element that is present in the NAL-unit header extension of the SVC, MVC or MVC+D depth NAL
Inits 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

Quantitys Exactly One

[his\box reports the minimum and maximum dependency_id of the NAL units mapped to this tigr.

The field min_temporal_id reports the minimum value of temporal_id of the NAL units in the tier having
dependency_id equal to min_dependency_id, Similarly the field min_quality_id reports the minimum
quality_id of those NAL units. The fields max_temporal_id and max_quality_id similarly report on
the maximum values of the respective fields in those NAL units having dependency_id equal to max_
dependency_id.

B.2.4.2 Syntax

class SVCDependencyRangeBox extends Box('svop') {
unsigned int (3) min dependency id;
unsigned int(3) min temporal id;
bit (6) reserved = 0;
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unsigned int(4) min quality id;
unsigned int (3) max dependency id;
unsigned int (3) max temporal id;
bit (6) reserved = 0;

unsigned int(4) max quaity 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 SV( video specification of the NAL units mapped to the tier. For AVC streams this takes the valug
that is, pr would be, in the prefix NAL unit (note: this value is zero).

min té¢mporal id, max temporal id take the minimum or value of the temporal ¥d syntay
element that is present in the scalable extension NAL unit header defined in the SVC video specificatior
of the NAL units mapped to the tier having dependency_id equal to min dependency @ and max
depenglency id respectively. For AVC streams this takes the value that is, or would be; in the prefiy
NAL unfit.

min gpality id, max quality id take the minimum or value of the quality_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
depenglency id respectively. For AVC streams this takes the value that'is, or would be, in the prefiy
NAL unjit.

B.2.5 |Initial parameter sets box
B.2.5.1| Definition

Box Type:  'svip'

Contairler:  ScalableGroupEntry or MultiviewGroupEntry
Mandatjory: No

Quantity: Zero or One

The initial parameter sets box decuiments which parameter sets are needed for decoding this tier and
all the lpwer tiers it depends on.

B.2.5.2| Syntax

class InitialParametegrSetBox extends Box ('svip') {
unsjigned int (8)<sps_id count;
for|(i=0; igndps_id count; i++)

nsigned Wnt (8) SPS index;

unsigned{int (8) pps id count;

for | (i=Q, i< pps_id count; i++)

n€idgned int (8) PPS index;

}
B.2.5.3 Semantics

sps_1id count,pps_id count gives the number of entries in the following tables.

SPS indexspecifies thatthe SPS or subset SPSwith thisindex is needed for decoding this tier and all the
lower tiers it depends on. These are 1-based indices into the arrays in SVCDecoderConfigurationRecord,
MVCDecoderConfigurationRecord, or MVDDecoderConfigurationRecord.

PPS index specifies that the PPS with this index is needed for decoding this tier and all the lower
tiers it depends on. These are 1-based indices into the arrays in SVCDecoderConfigurationRecord,
MVCDecoderConfigurationRecord, or MVDDecoderConfigurationRecord.
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