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Foreword

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

ISO/IEC JTC

1.

The procedllfres used to develop this document and those intended for its further maintenance¢ are
described i the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fo
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ISO/IEC 14496-1

Introduction

5:2017(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 usedin an MPEG-4 systems environment, if desired,

‘)
d)

This
cont
used

be formatted for delivery by a streaming server, using hint tracks, and

nherit all the use cases and features of the ISO Base Media File Format on which M
hre based.

document may be used as a standalone specification; it specifies how NAL unit struc
ent shall be stored in an ISO Base Media File Format compliant format’ However, it
in the context of a specification, such as the MP4 file format, derived from the ISO Bas

Format, that permits the use of NAL unit structured video such as AVC (ISO/IEC 14496-1(

High

The
form
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The
Com
invo

The

The
reas
resp

Atte
pate

Efficiency Video Coding (HEVC, ISO/IEC 23008-2) video.

SO Base Media File Format is becoming increasingly comnioh-as a general-purpose med
at for the exchange of digital media, and its use in this context should accelerate both a
operability.

International Organization for Standardizatien (ISO) and International Elect
mission (IEC) draw attention to the fact that it\is'claimed that compliance with this do
ve the use of a patent.

SO and IEC take no position concerning'the evidence, validity and scope of this patent

holder of this patent right has assur@éd the ISO and IEC that he is willing to negotiate lic
bnable and non-discriminatory terms and conditions with applicants throughout the w
pct, the statement of the holderef this patent right is registered with the ISO and IEC.

htion is drawn to the possibility that some of the elements of this document may be th
ht rights. ISO and IEC shall not be held responsible for identifying any or all such patenf
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INTERNATIONAL STANDARD ISO/IEC 14496-1

5:2017(E)

Information technology — Coding of audio-visual

Inits, such

heir content
applies. For

[2: I1SO base

0: Advanced

delivery in

objects —

Part 15:

Carriage of network abstraction layer (NAL) unit
nvnetiirad v dan +thoa ICN haco mmadia fi1lo formad

Str ULLlUI CU VIUULTU lll bllc 1OV UAdOoU 1I1IIVCUIA 1110 1V 111Idd

1 Bbcope

This|document specifies the storage format for streams of video that is structufed as NAL U

as AYC (ISO/IEC 14496-10) and HEVC (ISO/IEC 23008-2) video streams.

2 Normative references

The [following documents are referred to in the text in such-a.way that some or all of t

consftitutes requirements of this document. For dated references, only the edition cited

undgted references, the latest edition of the referenced doctiment (including any amendments) applies.

ISO/JEC 14496-12:2015, Information technology — Coding of audio-visual objects — Part

media file format

ISO/[EC 14496-10:2014, Information technology ~— Coding of audio-visual objects — Part 1

Videp Coding

ISO/[EC 23008-2:—1, Information technology — High efficiency coding and media

hetefogeneous environments — Part 2+High efficiency video coding

3 Terms, definitions and’abbreviated terms

3.1

For
IS0/

ISO ¢

Terms and definitions

the purposes(of this document, the terms and definitions given in ISO/IEC 1
[EC 23008-2;.and the following apply.

EC Electropedia: available at http://www.electropedia.org/

1496-10 or

Ind IEC. dintain terminological databases for use in standardization at the following addresses:

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

3.11
3D-AVC NAL unit
3D-AVC VCL NAL unit

NAL

Note

unit with type 21 with avc_3d_extension_flag equal to 1

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

1) To be published.

© ISO/IEC 2017 - All rights reserved
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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 1

4496-10:2014, Annex G, Annex H, Annex [, or Annex J)

Note 1 to entry: The AVC base layer is represented by AVC VCL NAL units and associated non-VCL NAL units.

Note 2 to ent]

3.14

AVC NAL unit

AVC VCL NA

3.1.5
AVC VCL NA
NAL unitw

Note 1 to ent]

3.1.6
complete s
minimal set

3.1.7

cropped frame dimensions

width and H
active SPS

3.1.8

extraction
set of opers:
complete bi
complexity
operating p

Note 1 to en
Alternatively]

3.19
extractor
in-stream st

Note 1 to en

ry: The AVC base layer itself can be a temporal scalable bitstream.

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

L unit
th type 1 to 5 (inclusive)

ry: As specified in I[SO/IEC 14496-10.

hibset
of tracks that contain all the information in the original bitstream

eight of the decoded frame after applyingzthe output cropping parameters specified b

path
itions on the original bitstream, each yielding a subset bitstream, ordered such tha
[stream is first in the set,.and the base layer is last, and all the bitstreams are in decres
(along one of the scalahility axes, such as resolution), and where every bitstream is a
Dint

try: An extraction path may be represented by the values of priority_id in the NAL unit hed
an extraction path/can be represented by the run of tiers or by a set of hierarchically dependent tr

ructure (3.1.10) using a NAL unit header for extraction of data from other tracks

yvrExtractors contain instructions on how to extract data from other tracks. Logically, an extr

7 the

[ the
sing
alid

ders.
acks.

ctor

can be seen as a pointer to data. While reading a track containing extractors, the extractor is replaced by the data

itis pointing

3.1.10

to.

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 ent

ry: As specified in ISO/IEC 23008-2.

© ISO/IEC 2017 - All rights res
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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 NAL units

Noted+te nnhr'y- As cpnr‘iﬁ'pr‘ n ]in/”:f‘ 1449610

Note|2 to entry: MVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.
3.1.14

MV({+D depth NAL unit

MV({+D depth VCL NAL unit

NALJunit with type 21 containing a coded slice extension for a depth view,component

Note

3.1.1
MVI
MVI
NAL
MV(

Note

3.1.1
NAL
data
with

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

5

) NAL unit

) VCL NAL unit

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

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

6
tunit-like structure

a difference that the payload might not follow the start code emulation prevention

requlired for the NAL unit syntax

Note

3.1.1
nati
noti

Note
inclu|

3.1.1
opel
inde

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

7
vely present
hcluded in an aggregator (3.1.2) or an extractor (3.1.9)

1 to entry: Data referred to by (hence not included in) an aggregator is considered as natively
ded in an aggregator is not considered as natively present.

8
ating/point
pendently decodable subset of a layered bitstream

coded with

structure that is similar to NAL unitsin the sense that it also has a NAL unit header and a payload,

mechanism

present. Data

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

layer

s 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, temporal_id
and quality_id) or (ii) specific values of P (priority_id) or (iii) combinations of them (e.g. PDTQ). Note that the
usage of priority_id is defined by the application. In an SVC file, a track represents one or more operating points.

With

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

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

3.1.20
parameter|set
video pararpeter set, sequence parameter set, or picture parameter set, as defined\in the appli¢able
video standprd (e.g. ISO/IEC 14496-10 or ISO/IEC 23008-2)

Note 1 to 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 and picture parameter set NAL {inits
synchroniz¢d with the video elementary stream (3.1.38)

3.1.22
picture unit
set of VCL NJAL units and their associated non-VCL NALanits

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

3.1.23
prefix NAL[unit
NAL units with type 14

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

Note 2 to enfry: Prefix NAL units proyvide scalability information about AVC VCL NAL units and filler data) NAL
units. Prefix NAL units do not afféet the decoding process of a legacy AVC decoder. The behaviour of a legacy AVC
file reader ag a response to prefix/NAL units is undefined.

3.1.24
reference lpyer
layer that isjindicated’as possibly needed for decoding of another layer

o

Note 1 to entry{ Asspecified in ISO/IEC 23008-2 and as specified by the 'oinf' sample group defined in 9.6,

3.1.25

scalable layer

layer

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

Note 1 to entry: 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


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

ISO/IEC 14496-15:2017(E)

Note 3 to entry: SVC uses a “layered” encoder design that results in a bitstream representing “codi
some publications, the “base layer” is the first quality layer of a specific coding layer. In some pub

ng layers”. In
lications, 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 values of

nuh_layer_id and the associated non-VCL NAL units

Note 1 to entrv: The non-VCI. NAL units as Qpp{‘ifipd in IQO/IF(‘ 14.496-10

Note|2 to entry: A scalable layer with any of dependency_id, quality_id, and temporal_id not equal 't
the vlideo by one or more scalability levels in at least one direction (temporal, quality or spatial-reso|

Note|3 to entry: SVC uses a “layered” encoder design that results in a bitstream represéenting “codi
somgq publications, the “base layer” is the first quality layer of a specific coding layer In some pub)
basellayer is the scalable layer with the lowest priority. The SVC file format uses t‘scalable layer” o
general way for describing nested bitstreams (using terms like AVC base layer @r'SVC enhancement

3.1.27

scalable layer representation
bitstream subset that is required for decoding the scalable layer.(3/1.25), consisting of the sg
itself and all the scalable layers on which the scalable layer depends

Note|l to entry: A scalable layer representation is also referred to as the representation of the scala

3.1.28
sub-picture
propler subset of coded slices of a layer representation

3.1.29
sub-picture tier
tier 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 tie
referfred to in inter prediction oriinter-layer prediction for decoding of the sub-picture tier.

3.1.30
sub-layer
set of VCL NAL units-with a particular value of Temporalld and the associated non-VCL NAL

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

3.1.31
SVC enhancement layer
layer that'specifies a part of a scalable bitstream that enhances the video

p 0 enhances
ution).

ng layers”. In
lications, the
r “layer” in a
ayer).

alable layer

ble layer.

I is not to be

units

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

units and SEI messages.

Note 2 to entry: Usually, an SVC enhancement layer represents a spatial or coarse-grain scalability
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.
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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.

Note 1 to entry: The term “SVC stream” is referenced by “decoding/accessing the entire stream” in this document.
There may be NAL units that are not required for decoding this operating point.

3.1.34

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

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

Note 2 to entfry: SVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.

3.1.35

temporal layer representation

represent
temporal la

3.1.36

tier

set of opera
on how to a

Note 1 to ent
of ISO/IEC 2
consisting of
word “tier”.

Note 2 to ent]
A tier repres
the entire trd

Note 3 to ent

3.1.37
tier repres

ion of a temporal layer
ver and all lower temporal layers

ing points within a track, providing information‘about the operating points and instruc
Ccess the corresponding bitstream portions (Using maps and groups)

Fy: In SVC file format, a tier represents one qr.1aore scalable layers of an SVC bitstream. In the co

B008-2 video, the term tier is used to represent a part of the interoperability point represent
profile, tier, and level. Readers should 1iot be confused about these two different meanings ¢

ry: The term “tier” is used in SVCfile format to avoid confusion with the frequently used term
bnts a subset of a track and represents an operating point of an SVC bitstream. Tiers in a track s
ck, no matter whether the-track references another track by extractors.

ry: An MVC or MVD tiér represents a particular set of temporal subsets of a particular set of vig

pntation

representation of thextier

bitstream s

lbset that is required for decoding the tier, consisting of the tier itself and all the tie1

which the tier depends

3.1.38

AVC

ions

htext
ation
f the

ayer.
ibset

PWS.

s on

video elementary stream

elementary

3.1.39

stream containing access units made up of NAL units for coded picture data

video stream

self-contain

3.1.40
virtual bas

ed independently decodable video bitstream

eview

AVC compatible representation of an independently coded non-base view

Note 1 to ent

ry: 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)

3D-HEVC  three-dimensional high efficiency video coding (refers to ISO/IEC 23008-2 when the tech-
niques in Annex | are in use)

A3D three-dimensional advanced video coding (refers to ISO/IEC 14496-10 when the tech-
niques in Annex | are in use)

AVC advanced video coding
where contrasted with SVC, MVC, or MVD in this document, thisterm refers tq the main
part of ISO/IEC 14496-10, including none of Annex G, Annex H,\Annex I, and Arjnex ]

BLA broken link access

CRA clean random access

CTU coding tree unit

HEV[ high efficiency video coding

FF file format

HRD, hypothetical reference decoder

IDR instantaneous decoding refresh

IRAR intra random access point

L-HEVC layered high efficieney video coding

MVC multiview video’/coding (refers to ISO/IEC 14496-10 when the techniques in Annex H
are in use)

MVQD multiview video coding plus depth (refers to ISO/IEC 14496-10 when the techniques in
AnpéxIare in use)

MVG+D multiview video coding plus depth (refers to ISO/IEC 14496-10 when the techpiques 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
SEI
SHVC

SPS
STSA
SvC

TSA
VCL
VPS

NOTE1 T
abbreviation

NOTE 2 T
the abbrevia

4 Gener

4.1 Over

The specific
unless spec

Table 1 sum
and the ISO
specified in

Table 1 — Correspohdénce of terms in video and ISO Base Media File Format

stream access point
supplementary enhancement information

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

sequence parameter set

step-wise temporal sub-layer access

I3

in

cp

scatabte video coding {refersto t1SO/1E
use)

#496-t0-whemn the techmiques imATex G ar

temporal sub-layer access
video coding layer
video parameter set

he abbreviation A3D is used in terminology related to syntax elements\and structures, whereg
3D-AVC is used otherwise.

he abbreviation MVCD is used in terminology related to syntax-elements and structures, wh

[ion MVC+D is used otherwise.

al definitions

view

fically over-ridden by definitions in-the clause for a specific coding system.

marizes the correspondences hetween the sets of terminology used in video specifica
Base Media File Format for the AVC file format specified in Clause 5 and the HEVC file fo
Clause 8 (it does not appy:for all cases for Clauses 6, 7, 9, and 10).

Vidéo ISO Base Media File Format
— Movie

Bitstream Track

Access Unit Sample

4.2 Ele

P in

s the

Preas

ations in this clause apply to all coding systems identified by chapters in this specification,

ions
rmat

rvcitrasam ctructura
X ..

JTreuliir Jtraacture

This specification concerns video coding systems that specify a set of Network Abstraction Layer (NAL)
units, which contain different types of data. This subclause specifies the format of the elementary

streams for

storing such content.

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
information from the stream while being free to add to the stream. Furthermore, a canonical format
allows such operations to be performed against a known initial state.

L 7,9, and 10,
h extractors
stream.

Whe
SOmj
are U

n multiple tracks are used to store an elementary stream, as may be the case for Clauses 6
e tracks may contain canonical streams while others may need to be processed (ezg:whe
sed or when an implicit reconstruction of access units is needed) to produce a ¢anonical

The fanonical stream format is an elementary stream that satisfies the followifig condition

5.

Video data NAL units: In the context of Clause 5 or 8, all video data NAL units for a si
bhall be contained within the sample whose decoding time and ¢omposition time are
picture.

hgle picture
those of the

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 samples),
Wwhen the SEI messages come into effect instantaneously;In general, SEI messages for a picture shall
be included in the sample containing that picture and that SEI messages pertaining to a[sequence of
bictures shall be included in the sample containing‘the first picture of the sequence to which the SEI
message pertains. The order of SEI messagesithin a sample is as defined in the applfcable video
coding standard.

hgle sample
ideo coding

NAL unit order: The sequence of NAL:inits in an elementary stream and within a si
bhall be in a valid decoding order fortthose NAL units as specified in the applicable v
standard.

resentation
e messages
g. However,

All timing informationis external to stream: Picture Timing SEI messages thatdefine g
br composition timestamps may be included in the video elementary stream, as thes
Contain other information than timing, and may be required for conformance checkin

4.3.3

h1] timing information«s provided by the information stored in the various sample metz
hnd this information\over-rides any timing provided in the video layer. Timing provide
Video stream in-this file format should be ignored as it may contradict the timing proxv
file format and may not be correct or consistent within itself.

NOTE
e-timing.of a stream at the file format level can invalidate or make inconsistent any embq
nfoymation present within the video stream.

data tables,
1l within the
rided by the

This constraint is imposed due to the fact that post-compression editing, conpbination, or

dded timing

No.start codes: The elementary streams shall not include start codes. As stored, eac

NAL unit is

preceded by a length field as specified in 4.3.3; this enables easy scanning of the sample’s NAL units.

Systems that wish to deliver, from this file format, a stream using start codes will need
the stream to insert those start codes.

Sample format

4.3.3.1 Definition

to reformat

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 configur
be of 1,[2, or 4 bytes.
— NAL Unft: Contains the NAL unit data as specified in the applicable video coding standard.
4.3.3.2 Syntax
aligned(8)|class NALUSample
{
unsignefl int PictureLength = sample size; //Size of Sample frgm“SampleSizeBox
for (i=(p; i<PicturelLength; ) // to end of the picture
{
unsigned int ( (DecoderConfigurationRecord.LengthSizeMinus®One+1) *8)
NALUnitLength;

bit (
i+=
}
}

4.3.3.3 S¢

DecoderC
AVCDecodd

NALUNitL4
of both the

NALUnitLength * 8) NALUnit;

(DecoderConfigurationRecord.LengthSizeMinusOne+l) + NALUnitLength;

Pmantics

nfigurationRecord indicates the record in the matching sample entry
rConfigurationRecord in the gase of AVC).

bngth indicates the size of a NAL unit measured in bytes. The length field includes the
NAL header and the NAL unit:payload but does not include the length field itself.

NALUnit cpntains a single NAL unit-The syntax of a NAL unit is defined in the appropriate specific

(e.g. ISO/IE
byte strean;

[ 14496-10) and inclide’s both the one byte NAL header and the variable length encapsu
payload.

4.3.4 Optional boxes:in the sample entry

Unless oths

rwise_explicitly specified, the optional boxes, including the BitRateBox, in the sa

entry docu
track and a

f

ent, the information for the output bitstream by the file parser reconstructed from|
the tracks this track depends on for decoding.

bd to

(e.g.

size

hition
ated

mple
this

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

c)

and, as

media header 'vmhd’;

defined below, a derivative of the VisualSampleEntry.

A video stream is represented by one or more video tracks in a file.

10
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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:

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

b) template field 'depth'in the VisualSampleEntry to document the presence of alphat

depth takes one of the following values:

— DPx18 - the video sequence is in colour with no alpha;

— Dx28 -the video sequence is in grayscale with no alpha;

— Dx20 - the video sequence has alpha (gray or colour).

4.6 | Visual width and height

The width and height fields in a VisualSampleEntry shall correctly document the cropped frame
dimgnsions of the video stream that is described by thatentry.

The width and height fields do not reflect any changes in size caused by SEI messages such @s pan-scan.
The pisual handling of SEI messages such as pan-s¢an is both optional and terminal-dependent. If the
width or height of the sequence changes, then a new sample entry is needed.

Notd that the visual size in the SPS may be either frame or field size; in the sample entry, it i§ always the
framnie size.

The width and height fields in the tragk header may not be the same as the width and height|fields in the
one pr more VisualSampleEntry in the video track. As specified in the ISO Base Media File Format,
if normalized visual presentation is needed, all the sequences are normalized to the track width and
height for presentation.

4.7 | Decoding time (DTS) and composition time (CTS)

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

If defoding time and composition time differ, the composition time-to-sample 'ctts' tablelis also used
in canjunction with the 'stt+s'table

4.8 Sample groups on random access recovery points 'rol1'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 being only positive (i.e. a postroll). In other words,
RollRecoveryEntry Groups can be used when the value of the recovery_frame_cnt syntax element
of the recovery point SEf message s greater tiramo-

NOTE T
represented

he roll-group counts samples in the file format; this may not match the way that the distarnce
n the SEI message.

S are

Within a stream, it is necessary to mark the beginning of the pre-roll, so that a stream"decoder
start decodjing there. However, in a file, when performing random access, a detetministic sear
desired for fhe closest preceding frame that can be decoded perfectly (either a sync sample, or the
of a pre-rolll).

may
ch is
end

4.9 Hinting

Note that what the hint tracks call “B frames” are actually “disposable” pictures or non-refer
pictures, fof example as defined in ISO/IEC 14496-10.

ence

rack
d.In

Care should|be taken when the structures in Annex A (aggregdtors or extractors) are in use and the t
is hinted. These structures are defined only for use in the.file format and should not be transmitte

particular, §
transmitted
references.

coding stan

hint track that points at an extractor in a video track would cause the extractor itself
(which is probably both incorrect and notthe desired behaviour), not the data the extr:
Hint tracks should normally directly reference NAL units specified in the applicable v
dard.

4.10 On change of sample entry

In this clau
the beginni

A change in|
fieldsina v

For the sing
the bitstrea
entry chang

be, resetting decoding can.be regarded as a similar process as starting the decoding
g of a video stream.

the sample entry is-caused, for example, by a change of the values of the width and h
i sualSampleEnt'ry, as described in 4.6.

le-layer videofile formats specified in Clauses 5 and 8, the video decoder for decodi
Im output-ftom the file parser is expected to be reset at the first sample at which the sa
es. When’more than one sample entry is used in a track, random accessing is enable

video stream isencoded and encapsulated in the track as follows.

The fird

o be
ictor
ideo

from

pight

hg of
mple
1 if a

nt £V 30 o oz Saaan]
TIC O TS a Sy nt-Sarmpres

not associated with the sample entry or data from any other sample entry.

Decoding of samples that a sample entry is associated with does not rely on data from any sample

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.
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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 'oref’
(when present) or the present track (when it contains an 'oinf' sample group). For the multi-layer
video file formats specified in Clause 9, the video decoder for decoding of the bitstream output from the
file parser is expected to be reset at the first sample in the L-HEVC base track at which the sample entry
or the 'oinf' sample group description entry changes. When more than one sample entry or 'oinf'

sam]
stres

5

5.1

The
(MP
fort
the
for v

This
ISO/
Vide
Ann

This
The

AVC elementary streams and sample.définitions

ble group description entry i1s used 1n the L-HEVC base track, random accessing is enabl
im is encoded and encapsulated in the track as follows.

[he first sample that a sample entry or an 'oinf' sample group descriptioncentfy in
base track is associated with has an IRAP picture (as specified in ISO/IEC 23008-2) a
ayer carried in the track.

Decoding of the set of access units from the first access unit containing the first sa
,-HEVC base track associated with a sample entry or an 'oinf' sample group descript
he last access unit containing the last sample in the L-HEVC base track associated with
entry or 'oinf' sample group description entry, inclusive, does'niot rely on data from any
barlier than the first access unit in decoding order or datasfrem any sample entry or 'o;
broup description entry associated with a sample containéd in an access unit ealier t}
hccess unit in decoding order.

General

Advanced Video Coding (AVC) standard, jointly developed by the ITU-T and ISO/IEC
G), offers not only increased coding efficiency and enhanced robustness, but also ma
he systems that use it. To enahlé€the best visibility of, and access to, those features, and
pportunities for the interchange and interoperability of media, Clause 5 defines a sto
ideo streams compressed.using AVC.

clause defines the storage for plain AVC streams, where “plain AVC” refers to the n
[EC 14496-10, exeluding any multi-layer extension of ISO/IEC 14496-10 such as Annex
p Coding), AnnexH (Multiview Video Coding), Annex I (Multiview and Depth Video (
X ] (Multivietw and Depth Video with Enhanced Non-Base View Coding).

clause specifies the elementary stream and sample structure used to store AVC visual

storage of AVC content uses the existing capabilities of the ISO base media file forn

defirres extensions to support the following features of the AVC codec.

bd if a video

the L-HEVC
[ the lowest

mple in the
ion entry to

the sample
y access unit
| nf' sample
lan the first

TC 1/SC 29
ny features
to enhance
rage format

hain part of
G (Scalable
oding), and

content.

hat but also

a) Switching pictures: To enable switching between different coded streams and substitution 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.

© ISO/IEC 2017 - All rights reserved
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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.

Parameter set elementary streams shall not contain video coding related NAL units (i.e. those

NAL units containing video data or signalling video structure), and would normally contain only

sequenge-pat amreter-sets; pi\.ttu tpat afreter-sets-and seqtuencepat ameter-setextensionrNAEHnits.

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

— Video ¢lementary stream with no parameter sets: In this case, sequence and pictare parangeter
set NAI] units shall be stored in the sample entries of this track. Sequence and picture parametdr set
NAL unfits shall not be part of AVC samples within the stream itself.

— Video ¢lementary stream possibly including parameter sets: In this 'edase, the sample gntry
indicat¢s whether the stream may contain parameter sets of given types, in addition to gther
paramdters provided in the sample entry. Sequence and picture parameter set NAL units|may
therefore be part of AVC samples within the stream itself.

— Video ¢lementary stream and parameter set elementary stream: In this case, sequence and
picture[parameter set NAL units shall be transmitted only in the parameter set elementary stream
and shall neither be present in the sample entries nor the AVGsamples of the video elementary strgam.

The types of NAL units that are allowed in each of the video and parameter set elementary streamg are

specified in[Table 2.

Table 2 — NAL Unit typesin elementary Streams
Value of nfal _ Description Video elementary Video elementary |Parameter set
unit_type stream (sample entry| stream (sample elementdry
'avel' or 'ave2') entry 've3' or 'avc4') stream

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

document document this docunjent

1 Coded slice of anen-IDR Yes Yes No
picture
slice_layer without_parti-
tionipgirbsp()

2 Coded'slice data partition Yes Yes No
Acslice_data_partition_a_
layer_rbsp()

3 Coded slice data partition Yes Yes No
B slice_data_partition_b_
layer_rbsp()

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
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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 in the Decoder
Specific Information.

8 Picture parameter set (PPS) No. Yes. Yes
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 No
Delimiter)
access_unit_delimiter_rbsp()

10 End of sequence Yes Yes No
end_of_seq_rbsp()

11 End of stream Yes Yes No
end_of_stream_rbsp()

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

13 Sequence parameter set No. Yes. Yes
extension If parameter set Parameter set 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 |Nofjspecified by
document document this document

19 Coded slice of an auxiliary Yes Yes No
coded picture without par-
titioning
slice_layer_without_parti-
tioning_rbsp()

2023 Reserved Not bpc\,iﬁcd by-this Not bpcuifit:d by-this—TNot specified by
document document this document

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 betweégn

streams

Figure 2 — AVC elementary stream structure

5.3 Sample and configuration definition

5.3.1 General
AVC sample} An AVC sample is an access unit as defined iy ISO/IEC 14496-10:2014, 7.4.1.2.

AVC paramdter set sample: An AVC parameter set sample is a sample in a parameter set stream that ghall
consist of those parameter set NAL units that arefo be considered as if present in the video elemer]tary
stream at the same instant in time.

5.3.2 Canonical order and restrictions

The canoni¢al stream format is annAVC elementary stream that satisfies the following conditions in
addition to the general conditions in 4.3.2.

— Video dpta NAL units (€oded Slice, Coded Slice Data Partition A, Coded Slice Data Partition B, Cpded
Slice Ddta Partition €, Coded Slice IDR Pictures): All slice and data partition NAL units for a s|ngle
picture[shall be contained within the sample whose decoding time and composition time are those
of the pjicture. Each sample shall contain at least one VCL NAL unit of the primary coded pictuile.

— Parameter'sets: If a parameter set elementary stream is used, then the sample in the paranpeter
stream|shall have a decoding time equal or prior to when the parameter set(s) comes into gffect
instantaneously. This means that for a parameter set to be used in a picture it shall be sent prior to
the sample containing that picture or in the sample for that picture.

NOTE1 When the sample entry name is 'avcl' or 'avc2', parameter sets are stored either in the sample
entries of the video stream or in the parameter set stream, but never in both. This ensures that it is not necessary
to examine every part of the video elementary stream to find relevant parameter sets. It also avoids dependencies
of indefinite duration between the sample that contains the parameter set definition and the samples that use
it. Storing parameter sets in the sample entries of a video stream provides a simple and static way to supply
parameter sets. Parameter set elementary streams on the other hand are more complex but allow for more
dynamism in the case of updates. Parameter sets 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.

10:2014, 7.4.1.2.

SEI message NAL units: The order of SEI messages within a sample is as defined in ISO/IEC 14496-

NOT
code

NOT
may
CBR

5.3.3

5.3.3

5.3.7
This

lefined in ISO/IEC 14496-10:2014, 7.4.1.2.3.

bub-sequence and layering SEI messages. Sub-sequence or layering SEI tessages
bccur in the AVC elementary stream. Specifically, the sub-sequence information, sub-sec
Characteristics, and sub-sequence characteristics SEI messages should not-occur in the
Video elementary stream. Instead, all such information is stored as external metadata ¢
n5.4.7.

Redundant picture: NAL units within a single access unit shalloe ordered in non-decrg
bf redundant picture count (redundant_pic_cnt).

Blice groups: NAL units within a primary coded picture™or a redundant coded pict
brdered in non-decreasing order of slice group identifiér) Within the same slice group, sl
brdered by their first Macroblock location (first_mbin_slice in the slice header).

i3 Slice groups are stored in a canonical orderto*ease hinting, and to make it easier to fi
] picture within a sample.

Filler data. Video data is naturally represented as variable bit rate in the file format
be filled for transmission if needed. Filler Data NAL units and Filler Data SEI messages
bresent in the file format stored stréam when the sample entry does not also permit par

4 The removal or addition ofifiller Data NAL units, start codes, SEI messages or Filler Data
thange the bit-stream charactgtistics with respect to conformance with the HRD when operatir
mode as specified in ISO/IE€\14496-10:2014, Annex C.

Decoder configuration information
.1 AVC decoder configuration record

.1.1 . Definition

record contains the size of the length field used in each sample to indicate the I

cont

\ccess unit delimiter NAL units: The constraints obeyed by access unit delimiter NAL units are

should not
juence layer
stored AVC
s described

asing order

ire shall be
ices shall be

hd a primary

and should
shall not be
hmeter sets.

bEl messages
g the HRD in

ength of its

hined NAL units as well as the initial parameter sets. This record is externally framed (

ts 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 values for AVCProflleIndlcatlon AVCLevellndlcatlon and the flags that mdlcate profile

included pa
sets set tha
with this c(
profiles, ang
to determi
or the exa

shall be spl
can be met.

Explicit ind
and bit dept
in the sequ
Similarly th
sequence pg
of chroma
identical in|
any of thesq

in color spdce indications in their VUI information,.then two different configuration records are

required.

The array

messages o}
An example
stream. NA

they are prg

NOTE 1 T
backwards-a

When Sequ
indicated fa
they should

rameter sets; each profile compatibility flag may only be set if all the included para
flag. The profile indication shall indicate a profile to which the entire stream assoc
bnfiguration record conforms. If the sequence parameter sets are markedrwith diffe
| the relevant profile compatibility flags are all zero, then the stream may fieed examin:
e which profile, if any, the entire stream conforms to. If the entire stream is not exam
ination reveals that there is no profile to which the entire stream conforms, then the sti
t into two or more sub-streams with separate configuration regerds in which these

cation can be provided in the AVC Decoder Configuration-Record about the chroma fo
h used by the AVC video elementary stream. The parametér*¢chroma format idc'pre
bnce parameter set in AVC specifies the chroma sampling relative to the luma samy]
e parameters 'bit depth luma minus8' and%git depth chroma minus8' if
rameter set specify the bit depth of the samples-of.the luma and chroma arrays. The vz
format idc,bit depth luma minus8'and 'bit depth chroma minus8'sh3

values, two different AVC configuration records will be needed. If the two sequences d

bf sequence parameter sets, and the array of picture parameter sets, may contain
a “declarative” nature, that is,those that provide information about the stream as a w|
of such an SEl is a user-data SEI. Such SEIs may also be placed in a parameter set elemer

sent in these arrays:

his “tolerant” behaviour is designed so that errors are not raised, allowing the possibili
ompatible extensions to these arrays in future specifications.

bnce Parameter Set Extension NAL units occur in this record in profiles other than t
r the array specific to such NAL units (profile_idc not equal to any of 100, 110, 122,
béplaced in the Sequence Parameter Set Array.

nition
ned,
eam
ules

rmat
sent
ling.

the
lues
1l be

all sequence parameter sets in a single AVCiconfiguration record. If two sequences differ in

iffer
also

SEI
hole.
tary

L unit types that are reSeyved in ISO/IEC 14496-10 and in this specification may acqufire a
definition i future, and readers should ignore NAL units with reserved values of NAL unit type v

vhen

ty of

hose
144),

NOTE 2

The profile identified by profile_idc value 144 is deprecated in ISO/IEC 14496-10.

5.3.3.1.2 Syntax

aligned(8)

unsigned int
unsigned int
unsigned int
unsigned int (8)

bit (6)

unsigned int (2)

bit (3)

unsigned int (5)
(i=
unsigned int (16)

for

18

class AVCDecoderConfigurationRecord {

(8) configurationVersion 1;

(8) AVCProfileIndication;

(8) profile compatibility;
AVCLevelIndication;

'111111'b;
lengthSizeMinusOne;

= '111"b;
numOfSequenceParameterSets;
i+4+) |
sequenceParameterSetLength ;

reserved =
reserved
0; i< numOfSequenceParameterSets;
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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;

unsigned int (2) chroma format;

bit (5) reserved = '11111'b;

ulle‘.\:jlle‘l ilLL \3} l)J. L_d\—;}:) Lll_l uma_uu'_uu.bg I

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) sequenceParameterSetEBXtNALUnit;

}
5.3.3.1.3 Semantics

AVCProfileIndication contains the profile code as definedinJSO/IEC 14496-10.

profjile compatibility is a byte defined exactly the same as the byte that occurs hetween the
profjle_IDC and level_IDC in a sequence parameter set (SPS); as defined in ISO/IEC 14496-1(.

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

lengthSizeMinusOne indicates the length inbytes of the NALUnitLength field in ap AVC video
sample or AVC parameter set sample of the assg¢iated stream minus one. For example, a sizg of one byte
is inflicated with a value of 0. The value ofithis field shall be one of 0, 1, or 3 corresponding to a length
encoded with 1, 2, or 4 bytes, respectively:

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

seqglienceParameterSetlength indicates the length in bytes of the SPS NAL unit ag defined in
ISO/JEC 14496-10.

segpenceParamet&rSetNALUnit contains a SPS NAL unit, as specified in ISO/IEC 14496-10. SPSs
shall occur in order‘ef ascending parameter set identifier with gaps being allowed.

numpfPictukEParameterSets indicates the number of picture parameter sets (PPSs) that are used
as the initial'set of PPSs for decoding the AVC elementary stream.

pictureParameterSetLength indicates the length in bytes of the PPS NAL unit ag defined in
1SO/IEE14496-10

pictureParameterSetNALUnit contains a PPS NAL unit, as specified in ISO/IEC 14496-10. PPSs
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.

5.4 Derivation from ISO base media file format

5.4.1 AV(file type and identification

Conformange with this document is indicated by the presence of the brand of a specifi¢ation|that
permits the|inclusion of AVC content, in the compatible brands list of the FileTypeBosvas defingd in
ISO/IEC 14496-12. The file extension normally matches the major brand.

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

Readers confformant to this document should read the file if a suitable brafid.occurs in the compatfible-
brands list.|Other structures and/or track types, defined in specifications other than that identfified
by the branfl, may be present, and these may be ignored by a reader conformant with the specification
identified by the brand.

5.4.2 AV(video stream definition

5.4.2.1 Sample entry name and format

5.4.2.1.1 Pefinition

Sample Entry and Box Types: ‘'avcl','avc2iyVave3’, 'aved’, 'aveC', 'm4ds’, 'btrt’

Container: Sample‘Description Box ('stsd')

Mandatory: An'avcl', 'avc2', 'ave3' or 'avc4d' sample entry is mandatory
Quantity: One or more sample entries may be present

An AVC visyal sample entry-shall contain an AVC Configuration Box, as defined below. This includ¢s an
AVCDecod¢rConfigurationRecord, as defined in 5.3.3.1.

An optiona] BitRateBox may be present in the AVC visual sample entry to signal the bit|rate
informatior] of the AVC video stream. Extension descriptors that should be inserted into the Elemertary
Stream Desgriptor, when used in MPEG-4, may also be present.

Multiple sample entries may be used, as permitted by the ISO Base Media File Format specification, to
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

/

clas

/ Visual Sequences
s AVCConfigurationBox extends Box ('avcC') {

AVCDecoderConfigurationRecord () AVCConfig;

}

class MPEG4ExtensionDescriptorsBox extends Box ('m4ds') {
Descriptor Descr[0 .. 255];

}

clasfs AVCSampleEntry () extends VisualSampleEntry (type) {

5.4.2

Com
used
byte

of thee string.

coni
and

Des
stres
Dec
SLC

5.4.3

5.4.3

5.4.3

Sam

Cont

/ type is 'avcl' or 'avc3'

[VCConfigurationBox config;

PEG4ExtensionDescriptorsBox (); // optional

s AVC2SampleEntry () extends VisualSampleEntry (type) {

/ type is 'avc2' or 'avcd'
[VCConfigurationBox avcconfig;
PEG4ExtensionDescriptorsBox descr; // optional

.1.3 Semantics

bressorname in the base class VisualSampleEntry indicates the name of the
with the value "\012AVC Coding" being recommended;the first byte is a count of th
5, here represented by \012, which (being octal 12) is 10" (decimal), the number of byte

ig is defined in 5.3.3. If a separate parameter set stream is used, numOfSequencePat
numOfPictureParameterSets shall both be zerbo.

cr is a descriptor that should be placed in the ElementaryStreamDescriptorx
im is used in an MPEG-4 systemsscontext. This does not include SLConfigDesa
bderConfigDescriptor, but inclides the other descriptors in order to be place
pnfigDescriptor.

AVC parameter set stream definition
.1 Sample entry hame and format
.1.1 Definition

ble Entry Type: ‘'avcp'

Qinér: Sample Description Box ('stsd")

compressor
e remaining
s in the rest

ameterSets

when this
riptor or
d after the

Man

tatory: Yes

Quantity: One or more sample entries may be present

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

5.4.3.1.2 Syntax

clas
A
}

s AVCParameterSampleEntry () extends VisualSampleEntry ('avcp') {
VCConfigurationBox 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 b

€ Zero.

5.4.3.2 Sample format

5.4.3.2.1 efinition
This subclquse defines the sample format for AVC Parameter set streams. An AVC parametef set
sample contains only one or more sequence, picture parameter set, or sequence ,parameter set
extension NAL units.
5.4.3.2.2 Syntax
aligned(8)|class AVCParameterSample
{
unsigne@l int PictureLength = sample size;
//Size of AVCParameterSample from SampleSizeBox
for (i=p; i<PictureLength; ) // to end of the picture
{
unsign¢d int ( (AVCDecoderConfigurationRecord.LengthSiZeMinusOne+1) *8)
NALUpitLength;
bit (NALUnitLength * 8) NALUnit;
i += (AVCDecoderConfigurationRecord.LengthSizeMinusOne+l) + NALUnitLength;
}
}
5.4.3.2.3 BSemantics
NALUnitL¢ngth indicates the size of a NAL unit measured in bytes. The length field includes thd size
of both the pne byte NAL header and the EBSP payload but does not include the length field itself.
NALUnit cpntains a single NAL unit.(The syntax of a NAL unit is defined in ISO/IEC 14496-10| and
includes both the one byte NAL header and the variable length encapsulated byte stream payload.
5.4.3.3 Trackreference
A track ref¢rence of type ‘dvcp' in the video elementary stream track reference table, referencing
the paramefer set streani, is used to connect from the video elementary stream to the parametefr set
elementary|stream.
5.4.4 Parpmeter sets

This subclause applies when a separate parameter set stream is not used.

Each AVC sample entry, which contains the AVC video stream decoder specific information, includes a
group of SPSs and PPSs. This group of parameter sets functions much like a codebook. Each parameter
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 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.

differences in order to send the appropriate parameter set updates.

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

Systems wishing to send SPS or PPS updates will need to compare the two configurations to find the

is desired, a

Decoders conforming to this specification are required to support both parameter sets stored in

ries, unless

TeTrrerreor 1Y

restricted by another specification using this one.

se arate olementarv streames ac wall 9¢ naramatar caote ctaread in tha AVC camnla ant
ot J ot oo oo — vy e oo pPar o et e o e o5t o r e e e e v oo pe

When the sample entry name is 'avc3' or 'avc4', parameter sets may be present in‘both s
and ps part of samples, and an update of a parameter set by a parameter set of . the same
stor¢d as part of a sample is possible.

5.4. Sync sample

A sample is considered as a sync sample if the video data NAL unifs-in the sample indic
prinfary coded picture contained in the sample is an instantaneous‘décoding refresh (IDR)

When the sample entry name is 'avcl' or 'avc2', all SPSs andPPSs needed to decode thg
NAL|units in the sample of the IDR picture and the following.samples in decode order are ¢
the decoder configuration of the video elementary stream or in a separate parameter set
stream sample.

Whe
a)

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

f the sample is a sync sample, all parametert sets needed for decoding the sample shall
pither in the sample entry or in the sample itself.

b) Dtherwise (the sample is not a syn¢-sample), all parameter sets needed for decoding th
be included either in the sampleyentry or in any of the samples since the previous syn
'he sample itself, inclusive.

rameter set elementary(stream sample is a sync sample if and only if all parameter sets
ssociated video elementary stream from the time of the parameter set sample forward 3
e parameter set stieain, before they are required by the associated video elementary st

Apa
the g
in th

5.4.6¢ Shadow.sync

The
supgorted<as defined in the ISO Base Media File Format. A shadow sync shall indicate a sa

dom-access point as specified in the general requirements and for the specific codir

hmple entry
type that is

nte that the
picture.

video data
ontained in
elementary

be included

b same shall
¢ sample to

required by
re supplied,
ream.

use of the) shadow sync table to indicate alternate encodings of a sample for randonp access are

mple that is
g format in

ara
the I]‘]i‘ack

While the use of shadow sync is supported for backward compatibility reasons, this use is
and use of the mechanisms defined in 5.4.8 is recommended.

5.4.7 Layering and sub-sequences

5.4.7.1 General

deprecated

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.

Layering and sub-sequence information is represented in the file format to allow systems reading the
files to understand the ways in which stream thinning may be achieved without having to examine the

dependency

Layer and s
contain zer
'av1l". This
An accomp
shall, if it e

AVC file shalll contain zero or one instance of a SampleToGroupBox (per track)with a grouping |

equal to 'avy

to sub-sequlences. An accompanying instance of the SampleGroupDesc¥iptionBox with the §

grouping tyj
sub-sequen

5.4.7.2 Sub-sequence description entry

5.4.7.2.1 Pefinition

Group Type} ‘'avss'

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

Quantity: Zero or more

A sub-sequg
is a set of s
sequence if

Structure of EVery sampte.

ub-sequences are represented in the AVC file format as Sample Group. An AVCfile
D or one instance of a SampleToGroupBox (per track) with a grouping type equ
SampleToGroupBox instance represents the assignment of samples in a track to la
hnying instance of the SampleGroupDescriptionBox with the same’grouping
Kists, contain AVCLayerEntry sample group entries describing theayers. Similarl

ss'. This SampleToGroupBox instance represents the assignment of samples in a 1

pe shall, if it exists, contain AVCSubSequenceEntry sample group entries describin
Ces.

amples in a track belonging to the same layer. A sub-sequence depends on another
hnd only if there eXists a sample in the sub-sequence that is directly referentially depen

on some sa
(i.e. refer t

is it dependgent. A sub=sequence can depend on zero or more sub-sequences in the lower layers. A
sequence sHall not‘depend on any other sub-sequence in the same or higher layer.

At most ope{partition of an AVC stream into layers shall exist in the AVC file format;

is, there i

ple in the othér sub-sequence. All samples in a sub-sequence shall directly depend on
other samples within the same sub-sequence or samples in the sub-sequences on w

shall
al to
yers.
type
, an
type
rack
ame
b the

nce description entry is‘asample group entry that describes a sub-sequence. A sub-sequlence

sub-
dent
y on
hich
sub-

that

either zero or one instances of the qnnqﬂp group hoxes (Qamp]ﬁﬁﬁﬁﬂrnnp

RBox,

SampleGroupDescriptionBox) 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)
{

unsigned int (8)
unsigned int (8)
unsigned int (16)

24

class DependencyInfo
subSegDirectionFlag;

layerNumber;
subSequenceldentifier;
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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)
{
unsigned int (7) reserved = 0;
unsigned int (1) accurateStatisticsFlag;
ulle‘.\Jlle}l illL\lUl =3 k_dBJ.LRclLC,
unsigned int (16) avgFrameRate;
}
unhsigned int (8) numReferences;
DependencyInfo dependency[numReferences];
}
}
5.4.7.2.3 Semantics
subfegDirectionFlag, layerNumber  and subSequernceldentifier  wijithin  the
DepgndencyInfo class identify a sub-sequence that is used as‘d reference for this sub-sequence.
Only| direct, not indirect, referential dependencies shall be idéntified. The identified sub-sequence
has pub-sequence identifier equal to subSequenceIdentifier and resides in the layeil having the
layef number equal to layerNumber. If subSegDirect*onFlag is 0, the sub-sequende used as a
refefence for this sub-sequence is the closest sub-sequence among all the candidate sulp-sequences

who
in th
the ¢
pic

sub-

that
mea

sub
lay

dur
Othe

avg
sub-
are ¢

dur

t
sequlence used as a reference for this sub-seguence is the closest sub-sequence among all th

be first picture precedes the first picture of this sub-sequence in decoding order and
e indicated layer and has the indicated sub-séquence identifier; “closest” means th3
andidate sub-sequences the first picture of the referenced sub-sequence is the closesf
re of this sub-sequence in decoding order>1f subSegDirectionFlag is equal to

kequences whose first picture succeeds the first picture of this sub-sequence in decodir
resides in the indicated layer and has the indicated sub-sequence identifier; “closest” h
ning as above.

FequenceIdentifier givesthe identifier for the sub-sequence.
e rNumber gives the layer number to which the sub-sequence belongs.

btionFlag equaltto’ 0 indicates that the duration of the target sub-sequence is ng
rwise, a value of t-indicates that the duration field indicates the duration of this sub

RateFlag-equal to 0 indicates that the average bit rate and the average frame rate ¢
kequence~dre unspecified. Otherwise, a value of 1 indicates that the average rate cha
escribed by the accurateStatisticsFlag, avgBitRate, and avgFrameRate fig

b1 on indicates the duration of the target sub-sequence in clock ticks of a 90 kHz clock.

that resides
t among all
to the first
1, the sub-
e candidate
g order and
s the same

t specified.
sequence.

f the target
racteristics
1ds.

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 (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.

numReferences gives the number of sub-sequences directly referenced in this sub-sequence.
dependency is an array of DependencyInfo structures giving the identifying referenced sub-

sequences.
5.4.7.3 Layer description entry
5.4.7.3.1 Pefinition
Group Typef ‘'avll'
Container: Sample Group Description Box ('sgpd')
Mandatory:{ No
Quantity: Zero or more
A layer sample group entry defines the layer information for all samples in a layer. Layers are numbered
with non-nggative integers. Layers are ordered hierarchically based on their dependency on each other:
A layer having a larger layer number is a higher layer than'a layer having a smaller layer number{ The
layers are qrdered hierarchically based on their dependency on each other so that a layer doe$ not
depend on dny higher layer and may depend on lowérlayers. The lowest layer is numbered as zerd and
other layerdare given consecutive numbers. In other words, layer 0 is independently decodable, pictlures
in layer 1 mpy be predicted from layer 0, pictures in layer 2 may be predicted from layers 0 and 1, eftc.
The groupinjg_type_parameter is not defined for the SampleToGroupBox with grouping type 'avfl 1"
5.4.7.3.2 PSyntax
class AVCLayerEntry() extends\VisualSampleGroupEntry ('avll')
{

unsignefl int (8) layerNumber;

unsigne@ int (7) reserved = 0;

unsignefl int(l) ag¢€urateStatisticsFlag;

unsigne@l int (l1gN%avgBitRate;

unsignefl int (N6)/ avgFrameRate;
}
5.4.7.3.3 BSemantics

layerNumber gives the number of this layer with the base layer being numbered as zero and all
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
is calculated as follows provided that t; # tp: avgFrameRate = round|[C * 256 + (t2 - t1)]. [f t1 = tp,
avgFrameRate shall be 0. Value zero indicates an unspecified frame rate.

5.4.i1 Alternate streams and switching pictures

5.4.8.1 Switching pictures

In tyjpical streaming scenarios, one of the key requirements is to scale the bit Tate of the fompressed
datajin response to changing network conditions. The simplest way to achieve this is to encgde multiple
streams with different bandwidths and quality settings for representative network con{litions. The
server can then switch amongst these pre-coded streams in response-to network conditions. In earlier
stanflards, switching between streams is only possible at I-pictures;’because the pictures|can only be
switfhed when there are no dependencies on prior pictures forreconstruction.

AVC jincludes supports for SP-pictures and Sl-pictures (“switehing pictures”) that allow switching from
one $tream to another while still supporting inter coding of switching pictures. Figure 3 shows how SP
pictures are used to switch between two different bitstreams.

Stream 2 P

(Track 2) 23
S 3

Stream 1

(Track 1) PIE

Figure 3 — Stream switching

In 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.

© ISO/IEC 2017 - All rights reserved 27


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

ISO/IEC 14496-15:2017(E)

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 earlier samples, used for stream switching, while another switch track may contain another
representation as an Sl-picture, used for random access.

5.4.8.2 Alternate group

The ISO Bade Media File Format (but not the version one specification of the MPEG-4 file format, which
is branded ps 'mp41") supports the use of what is called alternate tracks. Each track ¢an optiohally
specify an @lternate group (in the track header box) that groups together alternateencodings of the
same content. Thus, each alternate bit-stream can be stored as a separate track.and related toggther
as alternatd tracks. All the tracks that form a group that may be switched between, but not the tifacks
containing the switching pictures, shall be a member of an alternate grdup with a non-zero group
identifier.

An alternatle group is not needed if there is only one primary traek, with a switching track. [This
switching track may contain SI pictures, or SP pictures for trick modes'or error resilience, which predict
both from ajnd to the same track.

5.4.8.3 Track references

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

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

5.4.8.4 Sample dependency
5.4.8.4.1 Pefinition

Box Type: 'sdep’
Container: | Sample/Table 'stbl’
Mandatory: No

Quantity: Ze€ro or exactly one

This subclause 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 same decoding
time,-it-has-arelative camp]n number of 0 Whether or not this camp]n nvicfc' the camp]n in the source

track that immediately precedes the decoding time of the switching sample has relative sanjple number
-1, the sample before that -2, and so on. Similarly, the sample in the source track that immediately
follos the decoding time of the switching sample has relative sample number +1, the,samplle after that
+2, and so on.
5.4. 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 stfeam, a sub-
sample is defined as one or more contiguous NAL units within a €ample and having the|same value
of thle following fields; RefPicFlag, RedPicFlag and VclNalUnd tFlag. Each sub-sample includes
both] NAL unit(s) and their preceding NAL unit length field(s).-The presence of this box|is optional;
however, if present in a track containing AVC data, it shall have.the semantics defined here.
The pubsample_priority field shall be set to a value in ag¢ordance with the specification of]this field in
ISO/JEC 14496-12.
The [discardable field shall be set to 1 only if this'sample can still be decoded if this sub-sample is
discarded (e.g. the sub-sample consists of an SEI NAL unit, or a redundant coded picture).
The [codec specific parameters field of the Subsample Information box is defined| for AVC as
follops:

uynsigned int (1) RefPicFlag;

unsigned int (1) RedPicFlags

unsigned int (1) VclNalUnitFlag;

bit (29) reserved = 0;
RefpPicFlag equal to 0 indicates that all the NAL units in the sub-sample have nal ref| idc equal
to 0{RefPicFlag equalto 1 indicates that all the NAL units in the sub-sample have nal ref idc
greafer than 0.
RedpPicFlag equalto 0 indicates that all the NAL units in the sub-sample have redundant pic cnt
equdlto 0. RedPtcFlag equal to 1 indicates thatall the NAL units in the sub-sample have r¢dundant
pic| cnt greater than 0.
VclNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are non-VCL} NAL units.
ValueIrindicates-thatall NAL unitsinthe 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 ('schi')
Mandatory:;—Yes{whenthe-SechemetypetsaSEES
Quantity: One

The SEI Infq
and contain|
are not reg
purposes. T
and SEI that

By inspecting the SEI Information box a player will know which SEI messagesthat occur in the bitsti

and whethe

When the c¢ding system is AVC and the restriction is signaled with SEI messages, then the SEI mesq

listed here
Information

5.4.10.2.2

aligned (8)
unsigne
for (i=

unsi
}
unsigne
for (i=
unsi
}
}

5.4.10.2.3

rmation box is contained in the Scheme Information box when the SchemeIype is 'a
s information about the SEI messages present in the AVC stream. Although-the'SEI mess
uired for decoding, the file author may require certain actions for, tendering or (
he box distinguishes between SEI that is required to be understoodfor correct playj
is not required for correct playback (but may enhance playback),

r they are required for rendering.

should be stored either in the bitstream or in the '‘AVC Configuration Record. Theg

box does not contain the actual SEI messages, it afily-lists those that occur in the bitstr
Syntax
class SeiInformationBox extends Box(%seii') {

int (16) numRequiredSEIs;
; 1<numRequiredSEIs; i++)
ned int (16)

{
requiredSEI ID;

int (16) numNotRequiredSEXgy
; 1<numNotRequiredSEIs; N+)
ned int (16)

{
notrequiredSEI ID;

Semantics

required]
is deemed

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

EI ID take$won the value “payloadType” of an SEI message present in the AVC stream|
ecessary by-the file author for correct playback.

SET
ages
ther
back

eam

ages
SEI
pam.

that

eam

6 SVCel

6.1 Gene

ementary stream and sample definitions

ral

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

30
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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.

d) Temporal metadata statements: structures for storing time-aligned information of media samples.

e) AVC compatibility: a provision for storing an SVC bitstream in an AVC compatiblemanngr, such that
he AVC compatible base layer can be used by any plain AVC file format compliant reader.

6.2 | Elementary stream structure

SVC|streams are stored in accordance with 5.2, with the following-definition of an| SVC video

elementary stream:

— An SVC Video Elementary Streams contains all video coding related NAL units (i.e| those NAL
inits containing video data or signalling video structure, pgssibly after resolution of exgractors and
hggregators) and may contain non-video coding related:NAL units such as SEI message$ and access
init delimiter NAL units. Aggregators and extractors, when present, shall not be direct]y output by
file parsers.

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

For $VC streams, Table 3 is updated as followsy only entries where the definition for SVC

Hiffers from

AVC,|are shown.
Table 3 — NAL Unit types in SVC and AVC Streams
Valye of nal_| Description AVC video ele- SVC video ele- SVC video ele- | Parameter set el-
unfit_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 séalable ex-
ténsion
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 is not used,| shall not be 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
31 Extractor Not specified Yes Yes No
NOTE slice_layer—extension—rbsp-waspreviouslycalled slicetayerin-scalable—extension—rbsp-
There may [be AVC VCL NAL units, SVC VCL NAL units and other NAL units, i.e. non-VCL NAL ynits,

present in

present in ajn SVC video elementary stream.

An AVC VCL
in ISO/IEC

the scalabil
immediatel
the scalabil

6.3 Used
The SVC file
5.4.7 is defi

6.4 Sample and configuration definition

6.4.1 Ger

SVC Sample
ISO/IEC 144

6.4.2 Can

6.4.2.1 R
The followi

single i
represe

SVC codled slice-NAL units (Coded slices in scalable extension): All SVC coded slice NAL units

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

NAL unit in an SVC video elementary stream conforming to one or morne\ptofiles spec
14496-10:2014, Annex G shall be immediately preceded by a prefix.INAL unit contai

i preceding prefix NAL unit are logically seen as one NAL unit: the prefix NAL unit proy
ty information and the AVC VCL NAL unit provides the NAL unittype and payload.

f the plain AVC file format
format is an extension of the plain AVC file format defined in Clause 5.

hed for use with plain AVC streams. Its use with SVC streams is deprecated.

eral

: An SVC sample consists of, the NAL units that belong to an access unit as defing
96-10:2014, 7.4.1.2 and thatare represented by the track.

onical order and restrietions

pstrictions

ng restrictjons'apply to SVC data in addition to the requirements in 5.3.2.

rtors

ified
ning

ty information for the AVC VCL NAL unit. In this file format, an AVC\VCL NAL unit andl the

rides

d in

for a
ture

istant,in time shall be contained in the sample whose composition time is that of the pic

nted by the access unit. An SVC sample shall contain at least one AVC or SVC VCL NAL ulnit.

32

Prefix NAL units (Prefix NAL unit in scalable extension): Each prefix NAL unitis placed immediately
before the corresponding AVC VCL NAL unit, providing scalability information about the AVC VCL
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
configuration record or as part of samples while a parameter set elementary stream shall not be used.

Sequenece—er—pictare—parameter—sets—are—numbered—in—order—ef—sterage—fyom 1 to
nunpfSequenceParameterSets or numOfPictureParameterSets respectively.”Sdquence and
Pictyire parameter sets stored in this record in a file may be referenced using this 1-based index by the
InifialParameterSetBox.
The SVCDecoderConfigurationRecord is structurally identical to an
AVCpPecoderConfigurationRecord. However, the reserved bits preceding and suc¢eeding the
lengthSizeMinusOne field are re-defined. The syntax is as follows.
alighed (8) class SVCDecoderConfigurationRecord {
unsigned int(8) configurationVersion = 1;
uynhsigned int (8) AVCProfileIndication;
uphsigned int (8) profile compatibility;
unsigned int (8) AVCLevellIndication;
unsigned int (1) complete representation;
bit (5) reserved = '11111'b;
ynsigned int (2) lengthSizeMinusOne;
bliit (1) reserved = '0'b;
unsigned int(7) numOfSequenceParameterSetdy
flor (i=0; i< numOfSequenceParameterSetsgs i++) {
unsigned int (16) sequenceParameterSetLength ;
bit (8*sequenceParameterSetLength)\(s€équenceParameterSetNALUnit;
}
unsigned int (8) numOfPictureParameterSets;
flor (i=0; 1< numOfPictureParamebeérSets; 1i++) {
unsigned int (16) pictureParameterSetLength;
bit (8*pictureParameterSetlength) pictureParameterSetNALUnit;
}
}
The| semantics of the‘\ fields AVCProfileIndication, profile compatibil}lity, and
AVCLevelIndicatiordiffer from the AVCDecoderConfigurationRecord as follows.
The fields AVCProfileIndication, AVCLevelIndication carry the profile and level [indications,
respgctively, indi¢ating the profile and level of the entire scalable stream in this track. They, and the
profile comgatibility field, shall have values such that a conforming SVC decoder is able to
decode bitstteaims conforming to the profile, level and profile compatibility flags indicated |n any of the
sequence-parameter sets or subset sequence parameter sets contained in this record.
The geémdnticsofotherfieldsareasfollows,orareasdefinedforan AVCDecoderConfiguratilonRecord.

complete representation is set on a minimal set of tracks that contain a portion of the original
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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ascending parameter set identifier with gaps being allowed. Any SPS shall occur before all the subset

SPSs, if any.

6.5 Derivation from the ISO base media file format

6.5.1 SVC track structure

A scalable video stream is represented by one or more video tracks in a file. Each track represents one
or more operating points of the scalable stream. A scalable stream may, of course, be further thinned, if

desired.

There is a *-dnimal set of one or more tracks that, when taken together, contain the completé\set of
encoded information. All these tracks shall have the flag "complete representation’set in all
their samplp entries. This group of tracks that form the complete encoded information are|called the
“complete sjibset”.

Let the lowdst operating point be the one of all the operating points represented by DDQ-{dependendy._id,

temporal_id
quality_id, 1
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part of the
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tracks inclyl
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SVC video stream definition

6.5.3.1 Sample entry name and format

6.5.3.1.1 Definition

Sample Entry and Box Types:

'svcl','sve2', 'sveC!, 'seib’

5:2017(E)

Container: Sample Description Box ('stsd')

Mangatory Breoftheavetavee i ave 3 aved svetand svests
tries is mandatory

Quantity: One or more sample entries may be present

If an| SVC elementary stream contains an AVC compatible base layer, then an AVC visual s

(‘av
Box,
docy
layer

the RBrofile, Level, and possibly also parameter sets pertaining to_the‘entire stream contair

com
SvcC

If th
('sv
as d¢

The
have
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valu
the |
refel
ther

Extr]
or's

Whe
base
as in
thos
and

1, 'ave2','ave3’,or'ave4 ') shallbeused. Here, the entry shall contain initially an AVC Ca
possibly followed by an SVC Configuration Box as defined below.|The AVC Config
ments the Profile, Level and Parameter Set information pertaining to the AVC comj
as defined by the AVCDecoderConfigurationRecord. The/SVE Configuration Box

batible enhancement layers as defined by the SVCDecodexCanfigurationRecord, s
[onfigurationBox.

b SVC elementary stream does not contain an AV€ base layer, then an SVC visual s:

fined below. This includes an SVCDecoderConfigurationRecord, as defined in this

lengthSizeMinusOne field in the SVC and AVC configurations in any given sample
the same value.

bs. When it occurs in an AVC or SVE€'sample entry, exactly one URI shall be present, that

enceable, though this is notirequired. File readers may be able to recognize some nj
bby know what stream extraction operations based on priority_id would do.

hctors or aggregators may be used for SVC VCL NAL units in 'avcl', 'ave2', *ave3, 'a
vc2' tracks.

n AVC compatibility is indicated, it may be necessary to indicate an unrealistic level
layer, to accommodate the bit rate of the entire stream, because all the NAL units arg
cluded in\the AVC base layer and hence may be fed to the decoder, which is expecte
b NALwuhit it does not recognize. This case happens when the 'avcl' or 'avce3' sample e
bothAVC and SVC configurations are present.

mple en-

hmple entry
nfiguration
iration Box
batible base
documents
ing the SVC
tored in the

imple entry

1" or 'svc2') shall be used. The SVC visual sample) entry shall contain an SVC Configliration Box,

document.

entry shall

ority assignment URI provides themame (in the URI space) of a method used to assign priority_id

documents

briority_id assignments in the Stream. The URI is treated here as a name only; it should be de-

ethods and

rcd’, 'svel'

for the AVC
considered
1 to discard
ntry is used

Either or both of a ScalabilityInformationSEIBox or SVCConfigurationBox may be present

or 'avc3' sample entry. In this case the AVCSVCSampleEntry definition below applies.

n an '‘avel'

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
not contain but may reference AVC NAL units; Tier
grouping may be present.

'‘avc2'or'aycd' AVC Configuration Only A plain AVC track with AVC NAL units only; extriaqtors
may be present and used to reference AVC NAL.u1lits;
aggregators may be present to contain andyreferephce
AVC NAL units; Tier grouping may be present.

'avc2'or 'aycd' AVC and SVC Configurations An SVC track with both AVC and SVE NAL units; ex
tractors and aggregators may be present; extractprs
may reference both AVC and SVCNAL units; aggre-
gators shall not contain but may reference AVC NAL
units, and may both contain;and reference SVC NAL
units; Tier grouping mayrbe present.

'svcl'or'syc2' SVC Configuration An SVC track without AVC NAL units; extractors shall
be present to refere€nce AVC NAL units (from a differ-
ent track) and may also be used to reference SVC NAL
units; aggregaters may be present to contain and fref-
erence SVE\NAL units; Tier grouping may be pres¢nt.

6.5.3.1.2 fSyntax

class SVCCépnfigurationBox extends Box ('svcC')
SVCDecoglerConfigurationRecord () SVCConfig;
}
class ScalgbilityInformationSEIBox extends/Box ('seib', size)
{
unsignefl int (8*size-64) scalinfoseé&ds
}
class SVCPriorityAssignmentBox extehds Box ('svcP')
{
unsignefl int (8) method count;
string PriorityAssignmentURI [method count];
}
class AVCSYVCSampleEntry() jéxtends AVCSampleEntry ('avcl' or 'avec3d') {
SVCConfigurationBox ‘swucconfig; // optional
ScalabilityInformationSEIBox scalability; // optional
SVCPriofityAssigiinentBox method; // optional
}
class AVC2pVCSampleEntry () extends AVC2SampleEntry('avc2' or 'avcd') {
SVCConfigufationBox svcconfig; // optional
ScalabilieyInformationSEIBox scalability; // optional
SVCPriorityAssignmentBox 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.

6.5.4 SVCvisual width and height

The

unit
entr
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6.5.]
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visual width and height documented in a VisualSampleEntry of a stream containing S
are the cropped frame dimensions of the AVC base layer, if the stream is desctibed

y of type 'avcl', 'avc2', 'avc3'or'avcd'; otherwise they are the croppeddrame di
ded pictures by decoding the entire stream.

b Sync sample

rideo data described by a sample entry of type 'avcl', 'avc2',,(ayc3’, or'avcd’, the
identifies IDR access units for both an AVC decoder, and an SV€.decoder (if any) oper
e bitstream.

rideo data described by a sample entry of type 'svc1', the sync sample table identifies
b in the entire SVC bitstream.

rideo data described by a sample entry of type /sw¢2', the sync sample table identifies
5 in the entire SVC bitstream, and additionally-the following applies.

fthe sample is a sync sample, all parametey; sets needed for decoding that sample shall
bither in the sample entry or in the sample itself.

Dtherwise (the sample is not a sync¢;sample), all parameter sets needed for decoding
bhall be included either in the samiple entry or in any of the samples since the previous
o the sample itself, inclusive,

sync sample table, if present, documents only access units that are IDR access units

compatible base layer.and the layer corresponding to decoding the entire bitstream ¢
rack. In case documenting of layer-specific IDR access units is desired, the stream shoul
parate tracks, e.g. two tracks, one containing the AVC base layer with a sample entry of|
vc3', and the other containing the SVC enhancement layers with a sample entry of tyj
2'. Howeversextractors shall then be used for tracks that are not the scalable base tracl

6.5.6 Shadow sync

A sh

hdow sync box shall not be used for video data described by an 'svcl' or 'svc2' samp

VC VCL NAL
by a sample
mensions of

bync sample
hting on the

IDR access

IDR access

be included

the sample
bync sample

for both the
ontained in
Id be stored
type 'avcl'
be 'svcl' or
K.

le entry. Its

use

6.5.7

or SVC 15 deprecated.

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 -

© ISO/IEC 2017 - All rights reserved

37


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

ISO/IEC 14496-15:2017(E)

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
multiple tracks, e.g. two tracks, one containing the AVC base layer with a sample entry of type 'avcl' or 'avc3’,

and the othe

rcontaining the SVC enhancement ]nyprc with a cnmp]p entry of type 'svzel'or'svc 2!
o]

For video dhta described by a sample entry of type 'svcl' or 'svc?2', the information provided.by the
random accgss recovery sample group and the random access point sample group is true for any yalid
subset of thE entire SVC bitstream.
6.5.9 Defiinition of a sub-sample for SVC
This subclafise extends the definition of a sub-sample for AVC in 5.4.9.
For the use pf the sub-sample information box (of ISO/IEC 14496-12:2015,8.%7) in an SVC stream, a|sub-
sample is defined as one or more contiguous whole NAL units having the same values of the folloving
fields: RefPicFlag, RedPicFlag, VcINalUnitFlag, IdrFlag, Priorityld, Dependencyld, Qualityld, Temporalld,
UseRefBasePicFlag, DiscardableFlag and StoreBaseRepFlag, specified subsequently. Each sub-sample
includes bofh NAL unit(s) and their preceding NAL unit length field(s). The presence of this bpx is
optional; hgwever, if present in a track containing SVC data, it‘shall have the semantics defined hersg.
As required in 5.4.9, the subsample_priority field shall\be set to a value in accordance with the
specificatioh of this field in ISO/IEC 14496-12.
The codec| specific parameters field of the Subsample Information box is defined for SYC as
follows.

unsignedl int (1) RefPicFlag;

unsignefl int (1) RedPicFlag;

unsignefl int (1) VclNalUnitFlag;

bit (6) freserved = 0;

unsigne@l int (1) IdrFlag;

unsignefl int(6) PriorityIld;

bit (1) feserved = 0; //Scorresponding to no_inter layer pred flag

unsigne@l int (3) DependencyId;

unsignefl int (4) QualityId;

unsignefl int (3) Temporalld;

unsigne@ int (1) UseRefBasePicFlag;

unsignefl int (1) DiscardableFlag;

bit (1) feserwed = 0; // corresponding to output flag

unsignefl int (I) StoreBaseRepFlag;

bit (1) freserved = 0;
For an AVC VeENALunitinmanr SYE€context the prefix NALunit shaltbe grouped-with the AVEVEE NAL

unit in the 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.

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

UseRefBasePicFlag 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_pic_flag.

DisfardableFlag indicates the discardable_flag value of the NAL unit$yin 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 boy.

StoreBaseRepFlag indicates the store_base_rep_flag value-of the NAL units in the subfsample. All
the NAL units in the sub-sample shall have the same value of Stere_base_rep_flag.

7 MVC and MVD elementary stream and sample definitions

7.1 | General

This|clause specifies the storage format of MYC data. It extends the definitions of the storage format of
AVC n Clause 5.

The file format for storage of MVC and"MVD content, as defined in this clause and Annex Alto Annex D
uses|the existing capabilities of the'ISO base media file format and the plain AVC file format (i.e. the file
format specified in Clause 5). In;addition, the following new extensions, among others, to sypport MVC-
and MVD-specific features atrespecified.

a) Multiview grouping:\a structuring and grouping mechanism to indicate the associafion of NAL
inits with differént types and hierarchy levels of scalability.

b) Aggregator:icA'structure to enable efficient scalable grouping of NAL units by changing irregular
pbatterns dfNAL 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.

d) 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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that can be independently coded;

an MVD scene).

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

a hybrid, one track containing all views, and one or more single-view tracks each containing a view

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

The MVC and MVD file format allows storage of one or more views into a track, similarly to the support
for SVC in Clause 6. Storage of multiple views per track can be used, e.g. when a content provider wants
to provide a multiview bitstream that is not intended for subsetting or when the bitstream has been
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0of MVC and MVD streams can be supported by a number of structures, including informj

in the samp

structures provided, their names, and a brief description of their functions.

e entry, the media information box, and sample groups. Table 5 provides an overview of the

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 o
contained in a Multiview Group box)

ther (when

Provides information about the bit rate values of the

tibr|Tier Bit Rate Box bitstream subset specified by the multiview group
ProvidesinformationabeuttheprofileJevel, frame
size, discardability, and frame-rate of the bitstream
tiri|Tier Information Box subset specified by the multiviewgroup
Multiview Scene Information Indicates the maximum disparityin a sqene with
vwdi |Box multiple views
Specifies a set of multiview)groups fron] which one
swtc Multiview Group Relation Box |multiview group is dededed and played pt any time
Indicates the relation’of the multiview groups with
Multiview Relation Attribute each other (wheh ¢ontained in a Multiview Group
mvra |Box Relation box)
?vep Sample Entry (Note: varfious codes are used for samplg entries)
Contains-an SEI NAL unit containing only a view
View Scalability Information scalability information SEI message as gpecified in
vsib SEI Message Box ISO/IEC 14496-10:2014, Annex H
Gontains camera parameters that defin¢ the loca-
Extrinsic Camera Parameters. “|tion and orientation of the camera refergnce frame
ecam Box with respect to a known world referencp frame
Contains camera parameters that link the pixel co-
Intrinsic Camera Pardmeters ordinates of an image point with the cojresponding
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 nanje of the
MVCView 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 configuratiop record
and the MVD depth resolution box (for MVD
mvdC MVCD Configuration Box streams only)
Provides the resolution of depth views (for MVD
Sdpr MVD Depth Resolution Box streams only)
Contains an SEI NAL unit containing only an MVCD
MVD Scalability Information view scalability information SEI message as speci-
3sib SEI Message Box fied in ISO/IEC 14496-10:2014, Annex [
sgpd Sample Group Description 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 fejn-

dtrt Decode Re-timing Group Entry |poral layers are discarded
Provides the mapping of NAL units to maltiview
scnm Sample Map Group Entry groups for all samples in the track

The structu
(video infor
information
the media

information
Multiview I

7.3 MVC

MVC and M
MVD video

— An MV
those N
of extra
messag
directly

MVC and M)
For MVC an

res within a sample entry provide information for the decoding or usé of the sanpples
mation) that are associated with that sample entry. Sample groups ptovide time-vaiying
about the track as a whole, assisting (for example) with the extraction of subsefs of
vithin a track. Information in the Multiview Information Box((appearing in the njedia
box) can span several tracks and is descriptive of collections¢of tracks, even though the
hformation Box resides in the track containing the base view of the stream.

and MVD elementary stream structures

VD streams are stored in accordance with 5.2, with'the following definition of an MYC or
blementary stream:

C and MVD Video Elementary Stream contains all video coding related NAL unitq (i.e.
AL units containing video data or signalling video structure, possibly after resolyition
ctors and aggregators) and may contain non-video coding related NAL units such a$ SEI
es and access unit delimiter NAL units. Aggregators and extractors, when present, shall not
output by file parsers.

/D streams may also be stored using associated parameter set streams, when needed.

1 MVD streams, Table 2(issamended by Table 6.
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Table 6 — NAL Unit types in MVC, MVD, and AVC Streams

ISO/IEC 14496-15:2017(E)

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
'mvecd') '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 ngt 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 tied 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{ | Not 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
Therle may be AVC VCLyNAL units, MVC VCL NAL units and other NAL units, i.e. non-VClf NAL units,
present in an MVC video elementary stream. There may be AVC VCL NAL units, MVC VCI} NAL units,
MVD VCL NAL uaits, and non-VCL NAL units present in an MVD video elementary stream. Additionally,
there may be-dggregators or extractors present in an MVC or MVD video elementary strean.
An AVC VEL NAL unit in an MVC or MVD video elementary stream conforming to one or more profiles
spec1f1ed in ISO/IEC 14496 10:2014, Annex H, Annex I or Annex] shall be 1mmed1ately preceded by a
preflx NALunit-In this docu : edia eceding prefix NAL unit

are loglcally seen as one NAL un1t

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
contain a texture view component, a depth view component or both.

7.5.2 Canonical order and restriction

The followipg restrictions apply to MVC and MVD data in addition to the requirements in 5.3.2-

MVC c(
instant
represe

ded slice NAL units (Coded slice extension): All MVC coded slice NAL units for a s
in time shall be contained in the sample whose composition time is ¢hat of the pid
nted by the access unit. An MVC sample shall contain at least one AVC,opMVC VCL NAL

ngle
ture
unit.

time
y the

MVD VLCL NAL units (Coded slice extension): All MVD VCL NAL units for,a single instant in
shall bq contained in the sample whose composition time is that of thé/icture represented b}
access Yinit. An MVD sample shall contain at least one AVC, MVC or MVD VCL NAL unit.

Prefix NAL units: Each prefix NAL unit is placed immediately, before the corresponding AV(Q VCL

NAL unit.

ators/extractors: The order of all NAL units ineluded in an aggregator or referenced |
br is exactly the decoding order as if these NAL:wunits were present in a sample not contai
itors or extractors. After processing the aggregator or the extractor, all NAL units shall
coding order as specified in ISO/IEC 14496:-10.

Aggreg
extract
aggrega
valid deg

Vv an
ning
be in

7.5.3 Dedoder configuration record

7.5.3.1 MVC decoder configuration record

When the AVC decoder configuratienxrecord (as defined in 5.3.3.1) is used for a stream that can be

[ the

interpreted
properties d
the AVC bas|

If the samp

as either an MVC or AVE stream, the AVC decoder configuration record shall reflec
fthe AVC compatibl&base view, e.g. it shall contain only parameter sets needed for deco
e view.

e entry nameis mvcl' or 'mvc2’, a parameter set stream may be used with MVC stre

ding

ams,

as with AV(
record. Oth
the decoder
not be used

hition
both
shall

streams{Jn*that case, parameter sets shall not be included in the decoder configur
brwise.(the sample entry name is 'mvc3' or 'mvc4'), parameter sets may be stored in
configuration record or as part of samples while a parameter set elementary stream

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

The 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 (8) AVCProfileIndication;
unsigned int(8) profile compatibility;
unsigned int (8) AVCLevellIndication;
unsigned int (1) complete representation;
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unsigned int (1)

ISO/IEC 14496-1

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 (8)

£

unsigned int (16) sequenceParameterSetLength ;
bit (8*sequenceParameterSetLength) sequenceParameterSetNALUnit;

numOfPictureParameterSets;
(1i=0; i< numOfPictureParameterSets; i++) {
unsigned int (16) pictureParameterSetLength;
bit (8*pictureParameterSetLength) pictureParameterSetNALUnit;

or

5:2017(E)

}
}
The

AVC

The
resp
bitst]
whe
0, th
the

AVC
deco

sequence parameter sets or subset sequence parameter setsycontained in this record.

The
AVC

com
enco
port
the ¢

exp
depe
How
follo

num
decq

Seq

Seq
1S0/
gaps

semantics of the fields AVCProfileIndication, profile compatibil
LevelIndication differ from the AVCDecoderConfigurationRecord as follows.

fields AVCProfileIndication, AVCLevelIndication carry the profile and level
pctively, indicating the profile and level for the bitstream represented-by this trg
ream that contains all the views of this track and the views required for'decoding of th
rein all the views in this track are the target output views. If AVCLevelIndicatior
e level that applies to the bitstream defined above operating with all the views of this
farget output views is unspecified. AVCProfileIndicati@nyprofile compatib

de bitstreams conforming to the profile, level and profile:Cempatibility flags indicated

semantics of other fields are as follows, or, if not present in the following, are as de
DecoderConfigurationRecord.

plete representation is set on a minimal set of tracks that contain a portion of
ded stream, as defined in 7.6.1. Other tracks may be removed from the file without
on of the original encoded bitstream, and, once the set of tracks has been reduced to o

[icit au track is set on a fback that is “complete”; it is not necessary to determi

ever, subject to the rulesfot the sample entry types, extractors may be present and
wed to gather all the NAL/units needed.

DfSequenceParanmeterSets indicates the number of SPSs and subset SPSs that 4
ding the MVC elementary stream.

lencePapanmeterSetLength indicates the length in bytes of the SPS or subset SPS N

lencePatrameterSetNALUnit contains a SPS or subset SPS NAL unit as s
[EC 14496-10:2014, Annex H. SPSs shall occur in order of ascending parameter set ide

lity, and

indications,
ck, i.e., the
is track and
| is equal to
track being
ility, and

.evelIndication, if non-zero, shall have values such that a conforming_ MVC decodgr is able to

n any of the

fined for an

the original
loss of any
nly those in

omplete subset, any further removal,of a track removes a portion of the encoded information.

he the view

ndencies, nor calculate whether views not present in this track shall be found from other tracks.

need to be
re used for
AL unit.

pecified in
ntifier with

being allowed. Subset SPSs shall occur in order of ascending parameter set identifie

r with gaps

being allowed. Anly SPS shall occur before all the subset SPSs, 1I any.

7.5.3.2 MVD decoder configuration record

The

syntax structure of MvDDecoderConfigurationRecord is exactly the

MVCDecoderConfigurationRecord.

same as

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.

Sequence or picture parameter sets, including subset sequence parameter sets, are numbered in
order of storage from 1 to numOfSequenceParameterSets or numOfPictureParameterSets,

respectively:

using this 1

The
AVCLevel

AVCProfilg
shall have v
profile, leve
sequence pa

The semar
MVCDecod{

numOfSeqg
decoding th

sequencel
contains a
sequencel
or subset S

ascending parameter set identifier with gaps beihg allowed. Subset SPSs shall occur in ords

ascending
SPSs, if any.

7.6 Deriy

7.6.1 MV

An MVC or
or more vie
texture only

semajntics

Sequerce and picture parameter Sets stored i this Tecord i a fite may be Teferg
based index by the InitialParameterSetBox.

of the fields AVCProfileIndication, profile compatibility,
[ndication differ from the MvVCDecoderConfigurationRecords -as foll
bIndication, profile compatibility, and AVCLevelIndicatieh, if non-
alues such that a conforming MVD decoder is able to decode bitstreams“¢onforming t
| and profile compatibility flags indicated in any of the sequence parameter sets or st
rameter sets contained in this record.

tics of other fields are as follows, or, if not present,“are as defined foi
brConfigurationRecord.

lenceParameterSets indicates the number of SPSstand subset SPSs that are use
e MVD elementary stream.

ParameterSetNALUnit, when contained in the MVCD Configuration

SPS or subset SPS NAL unit as specified in ISO/IEC 14496-10:2014, Anng
ParameterSetNALUnit, when contained in the A3D Configuration Box, contains a
PS NAL unit as specified in ISO/IEC 14496-10:2014, Annex ]. SPSs shall occur in ord

arameter set identifier with gaps-being allowed. Any SPS shall occur before all the st

ration from the ISO base media file format

C and MVD track structures

MVD stream is tepresented by one or more video tracks in a file. Each track represents

, depth only or both texture and depth.

There is a
encoded in

{ormation. All these tracks shall have the flag "complete representation” seti

1ced

and
owSs.
7ero,
b the
bset

an

1 for

Box,
x L
SPS
er of
er of
bset

one

ws of the stréam. For a track in a file storing an MVD video stream, the track may contain

inimalsset of one or more tracks that, when taken together, contain the complete s

et of
all

their samplg entries. This group of tracks that form the complete encoded information are calledl the

"complete

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

sour

ce 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 this track
reference indicates that the current track contains the depth view that is associated with a texture
view in the referenced track.

If a track containing a part of an MVC or MVD bitstream is removed from a file, care should be taken

to reg
refer

7.6.2

In o}

output views may need to be determined first, by examining the MultiviewGroup box (7]

Mult
is a
deliy

If th{
equd

The
refel
Dep¢

If se
perfi

q

An
arra

outline of the procedure to form a ¢onforming access unit.

TMOVE aISU those tracks that comtaim sca T anmd Shas track Teferences to the Tenmoyy
ences to the multiview groups that include the removed track.

Reconstruction of an access unit

der to reconstruct an access unit from samples of one or more MVC prMVD tracks

iview Group Relation box (7.7.4). The explicit au track flag equal to 1 states th
Complete operating point; nonetheless, the track should be examined to determine v
ered by this track are the output views.

 target output views are not exactly represented by any track'marked with explicit |
1to 1 in the MVC decoder configuration record, access units are reconstructed as folloy

views that are required for decoding the determined target output views can be con
ence view identifiers included in the View Identifier box, the 'scal’ track referen|
ndency boxes.

veral tracks contain data for the accessqunit, the alignment of respective samples
brmed on decoding time, i.e. using the titne-to-sample table only without considering e

hging their NAL units in an order conforming to ISO/IEC 14496-10. The following order

All parameter set NAL uhits (from the associated parameter set tracks and from the
blementary stream tracks).

All SEI NAL units-(from the associated parameter set tracks and from the associated
stream tracks).

View compohénts in ascending order of view order index value.

Within-aview component, if both texture and depth are present, then the texture view
brecedes the depth view component.

d track and

, the target
7.3) and the
ht this track
vhich views

lau_track
vs.

rluded from
ces, or Tier

in tracks is
it lists.

ccess unit is reconstructed from@he respective samples in the required tracks and tiers by

provides an

associated

elementary

component

NALumitswithimatexture or deptiT view COIMpPOITENt are i1 teir appeararice oraer witli
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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: 'icam'

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

mvdl’, mvd2', 'mvd3', 'mvd4’,

'a3dl’, 'a3d2', 'a3d3’, 'a3d4’)

Mandatory:{ No

Quantity: Zero or more

This subclalise specifies intrinsic camera parameters that link the pixél goordinates of an image point
with the cofresponding coordinates in the camera reference frame.-AZSpecification of focal lengtH and
parameters|related to the geometric distortion due to camera optic$.is given in ISO/IEC 14496-10:2014,
Annex H.

7.6.3.1.1.2 | Syntax

class IntrjnsicCameraParametersBox extends FullBox ('icam', version=0, flags) {
unsignefl int (6) reserved=0;

unsigne@l int (10) ref view id;

unsignefl int (32) prec focal _length;

unsigne@l int(32) prec principal pointy

unsigne@l int (32) prec skew factor;

unsigne@l int (8) exponent focal lerigth x;
)

signed jnt (64) mantissa focal lewngth x;
unsignefl int (8) exponent focainkength y;
signed jnt (64) mantissa focal Jlength y;
unsigne@l int (8) exponent principal point x;
signed jnt (64) mantissa $pkincipal point x;
unsigne@l int (8) exponeht) principal point vy;
signed jnt(64) manti§sa principal point y;
unsigne@l int (8) exponent skew factor;
signed jnt (64) maéhbissa skew factor;

}
7.6.3.1.1.3 | 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_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 0 to 31,
inclusive.

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

mantissa focal length x specifies the mantissa part of the focal length of the i-th camera in the
horizontal direction.

exp
The
futu

man

man
dire

exp
dire
The

anu

man
dire

exp
ske
ITU-

man

The
as fo

Each

nent focal length y specifies the exponent part of the focal length in the vertic
alue of exponent_focal_length_y shall be in the range of 0 to 62, inclusive. The value®3'is
e use by ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspecified f¢

fissa focal length y specifies the mantissa part of the focal length-nr the vertic

fissa principal point x specifies the mantissa part of the prin¢ipal point in th
Ction.

bnent principal point y specifies the exponent part eftthe principal point in
rtion. The value of exponent principal point y shathbe in the range of 0 to 6
Ualue 63 is reserved for future use by ITU-T | ISO/IEC. Decgders shall treat the value 63 3
hspecified principal point.

fissa principal point y specifies the mantiSsa part of the principal point in
Ction.

bnent skew factor specifies the exporient part of the skew factor. The value of ¢
I | ISO/IEC. Decoders shall treat the valie 63 as indicating an unspecified skew factor.

Fissa skew factor specifies thé‘mantissa part of the skew factor.

ntrinsic matrix A for the cameéra’associated to the view indicated by ref view idis

llows:
foealLengthX skewFactor principalPointX
0 focalLengthY principalPointY
0 0 1

X corrlputed as follows.

component of the intrinsic matrix is obtained from the variables specified in Table 7 as

n] direction.
reserved for
cal length.

h] direction.

b horizontal

the vertical
2, inclusive.
s indicating

the vertical

bxponent

i factor shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future use by

represented

the variable

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 xtrinsic-camera-parameters-box

7.6.3.1.2.1 | Definition

Box Type: 'ecam’

Container: | Sample Entry ('avcl', 'avc2', 'avc3', ‘'avcéd',

mvcl', mvc2', mve3', 'mvcd’,
'mvdl', 'mvd2', 'mvd3', 'mvd4d’,
'a3dl’, 'a3d2', 'a3d3’, 'a3d4’)
Mandatory:{ No
Quantity: Zero or more

This subcla
camera refg
camera par
Annex H.

The extrins

rence frame with respect to a known world reference frame. A specification of extr
hmeters including translation vector androtation matrix is given in ISO/IEC 14496-10:2

ic camera parameters are specifiéd according to a right-handed coordinate system,

1se specifies extrinsic camera parameters that define the location and orientation of the

insic
014,

here
ft corner of the image is the origin, i.e., the (0, 0) coordinate, with the other cornersv(\]f the

the upper Ig

image havinng non-negative coordinates./With these specifications, a 3-dimensional world point, WP=[x

y z] is mappled to a 2-dimensional camiera point, cP = [u v 1], according to Formula (1):
s*cP=A*R1*(wP-T) (@)}

where A depotes the intrinsic camera parameter matrix that can be indicated by an intrinsic camera

parameters|box (see 7.6:3:1.1), R-1 denotes the inverse of the rotation matrix R, T denotes the translation

vector, and § (a scalaryalue) is an arbitrary scale factor chosen to make the third coordinate of cP gqual

to 1. The elgments’efA, R, T are determined according the syntax elements signalled in this box and as

specified bglow

7.6.3.1.2.2 Syntax

class ExtrinsicCameraParametersBox extends FullBox
unsigned int (6)
unsigned int (10)

('ecam', version=0, flags) {
reserved=0;

ref view id;

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

for
for

unsigned int (8)

(3=1;

J++) |
k<=3; k++)

/* row */
{ /* column */
exponent r[j][k];

Jj<=3;
(k=1;

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 ]

[Kk]

as given by 2prec_rotation_param, The value of prec_rotation param shall be in the range of 0

to 31, inclusive.

prec_translation param specifies the exponent of the maximum allowable truncation error for

t[j]
of 0

exp
of e

hs given by 2prec_translation_param, The value of prec  translation param shall Be jn the range
o0 31, inclusive.

pnent _r[j] [k] specifies the exponent part of (j, k) component of the rotation' matrik. The value
rponent r[Jj] [k] shall be in the range of 0 to 62, inclusive. The value 63 is reserved for future

use Iy ITU-T | ISO/IEC. Decoders shall treat the value 63 as indicating an unspécified rotatipn matrix.

man

exp
of e
ITU

man

The

The

Each

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

bnent_t [J] specifies the exponent part of the j-th componentefthe translation vectdr. The value
fponent_t [J] shall bein the range of 0 to 62, inclusive. Thewalue 63 is reserved for fiture use by
['| ISO/IEC. Decoders shall treat the value 63 as indicatinganrunspecified translation vector.

Fissa t[j] specifies the mantissa part of the j-th component of the translation vectar.
Fotation matrix R is represented as follows:
rE[O][0] rE[O][1] rE[0][2]
rE[1][0] ~@E[1][1] rE[1][2]
rE[2][Q) © rE[2][1] rE[2][2]

franslation vector T is represented as follows:
tE[O0]
tE[1]
tE[2]

component of the rotation matrix and the translation vector is obtained from the variables

spec

ified in Table 8 as the variable x computed as follows.

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

If e is equal to 0, x = 2-(30+v) * nn, 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’,
mvdl', 'mvd2', 'mvd3', 'mvd4’,
a3dl’, ‘a3dZ2, 'a3d3, ‘a3d4’)or MultiviewGroupkntry
Mandatory:| Yes (for sample entries and the primary group definition in Multiview Group entries]
Quantity: Exactly one (for sample entries and the primary group definition in Multiview Group
entries)
Zero for non-primary group definitions in Multiview Group entries
When inclufled in a sample entry, this box indicates the views included in(the track. When incl

in a Multivi
indicates th
maximum |
in a sample
views requi
indicates, fd

ew Group entry, this box indicates the views included in the feSpective tier. This box
e view order index for each listed view. Additionally, the box includes the minimum|
alues of temporal_id included in the track or tier when the)View Identifier box is incl
entry or Multiview Group entry, respectively. Moreover, the box indicates the refere
Ired for decoding the views included in the track or tier.--Moreover, for MVD streams, th¢
r each of the view included in the track, the presence of texture and/or depth in the {

and in the stream.
7.6.3.1.3.2 | Syntax
class View[dentifierBox extends FullBox ('vwidd", version=0, flags)
{
unsigne@ int (2) reservedb6 = 0;
unsigne@l int(3) min temporal id;
unsigne@l int(3) max temporal id;
unsigneg@l int (16) num views;
for (i=pP; i<num views; 1i++) #
unsigned int (6) reservedlss 05
unsigned int (10) view_id[i];
unsigned int (6) resexved2 = 0;
unsi¢gned int (10) vdew order index;
unsigned int (1) texture in stream[1]
unsigned int (1) texture in track[i];
unsi¢gned int (I)~'depth in stream([i];
unsigned int (1) depth in track[i];
unsigned_Snd (2) base_v1ew_type,
unsi@gned\ Int (10) num ref views;
for [(30&70; J < num ref views; j++) {

u

unsigned int (2)
unsigned int (10)

}
7.6.3.1.3.3

ded
also
and
1ded
nced
b box
rack

LTOTL C\J.‘S - Uy
dependent component idc[i][]];
ref view id[i][3];

. e [ [
TSTgITCec TIrc =/

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 sample
entry or Multiview Group entry, respectively.

texfure in stream[i] equal to 1 indicates that the texture view for the view wijth yiew_id[i] is
present in the stream. The value indicates that the texture view for the view with(wiew id[i] is not
present in the stream.

texfure in track[i] equal to 1 indicates that the texture view for the view with yiew_id[i] is
present in the track. The value indicates that the texture view for the view with view_id[i] is|not present
in the track. When texture in stream[i] is equal to 0, the value pf'texture in|track[i]
shall be equal to 0.

depth in stream[i] equalto 1indicates that the depth view for‘the view with view_id[[i] is present
in the stream. The value indicates that the depth view for the view'with view_id[i] is not prjesent in the
streqm. When texture in stream[i] is equal to 0, the value of depth in stream|i] shall be
equdl to 1.

depth in track[i] equal to 1 indicates that the dépth view for the view with view_id[}] is present
e track. The value indicates that the depth view/for the view with view_id[i] is not present in the
. When depth _in stream[i] is equal to-0, the value of depth_in_track[i] shall bg equal to 0.
texture in track[i] isequalto 0, thevalue of depth_in_trackl[i] shall be equal {o 1.

~view typeindicates whether the view is a base view (virtual or not). It takes the folloyving values:
0 indicates that the view is neither a hase view nor virtual base view.

1 shall be used to label the non-virtual base view of the MVC bitstream.
2 is 3 reserved value and shall ot be used.

3 indlicates that the viewswith view_id[i] is a virtual base view. The respective independently coded
non-pase view with yiew_id[i] resides in another track. When base view type is eqyal to 3, the
subsequent num_ref_yiews shall be equal to 0.

num| ref viéws indicates the number of views that may be directly or indirectly referenced by the
view with wiew_id[i].

depgndert component idc[i][]J] indicates how the texture view and depth view of the j-th
refefence view are required for decoding the view with view id[i]. If the value is equal td 0, only the
texture view of the reference view is required. If the value is equal to 1, only the depth view of the
reference view is required. If the value is equal to 2, both texture view and depth view of the reference
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.
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7632 M

VC and MVD sample entry definitions

7.6.3.2.1 Definition

Sample Entry and Box Types:

mvcd’,
'mvd4’,

'a3d4’

mve3’,
'mvd3’,

'a3d3’,

mve?2’,
mvd?2’,

'a3d2’,

mvcl’,
'mvdl’,

'a3dl’,

Container:
Mandatory:
Quantity:

When pres¢
pertaining {
When preseg
pertaining

present, thg
pertaining

When presq
pertaining {

For the AVC
entry docu
mvcl!, 'mv
'a3dl’,'a3d
frame dime
Futhermorg
the depth_y
dimensions

The lengt
entry shall |

A priority a
values. Whe
the priorityj
contain an

neither for |

The URI is t

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

nt, the AVC Configuration Box documents the Profile, Level, and possiblyralso parameter
o the AVC compatible base view as defined by the AVCDecoderConfigurationRec
nt, the MVC Configuration Box documents the Profile, Level and Parameter Set inform
o the entire MVC stream as defined by the MVCDecoderCaiffigurationRecord. V
e MVCD Configuration Box documents the Profile, Level and Parameter Set inform
to the entire MVC+D stream as defined by the MVDDéadderConfigurationRec
nt, the A3D Configuration Box documents the Profile, Level and Parameter Set inform4
o the entire 3D-AVC stream as defined by the MVDDgcoderConfigurationRecord.

sample entries 'avcl', 'avc2', 'ave3' and 'avc4)) the width and height fields in the sa

2", 'mvc3’, and 'mvc4', and for the MVD *sample entries 'mvdl’, 'mvd2', 'mvd3’, 'm
2','a3d3',and 'a3d4’, the width and heightfields in the sample entry document the cro
nsions achieved by decoding any single texture view of the entire MVC or MVD str
, for MVD sample entries 'mvdl’, 'myd2’, mvd3', 'mvd4’, 'a3dl’, 'a3d2’, 'a3d3’, and 'a
vidth and depth_height in the MVDDepthResolutionBox document the cropped fi
achieved by decoding any single)depth view of the entire MVD stream.

nSizeMinusOne field inthe AVC, MVC, MVCD, and A3D configurations in any given sa
nave the same value.

signment URI provides the name (in the URI space) of a method used to assign priori
n it occurs in awr AVC or MVC sample entry, exactly one URI shall be present, that docun

MVCViewPriorityAssignmentBox (and consequently priority assignment URI can be
MVC+D streams nor for 3D-AVC streams).

reated here as a name only; it should be de-referenceable, though this is not required

readers ma)

sets
ord.
ition
Vhen
ition
ord.
ition

mple

ment the cropped frame dimensions of the AVC base layer. For the MVC sample enfries

rd4’,
bped
pam.
3d4',
ame

mple

ty_id
ents

| id assignmentsin the entire AVC or MVC stream. An MVCD or A3D sample entry shall not

used

File

F'bé-able to recognize some methods and thereby know what stream extraction opera

ions

based on pr

lority_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.

'‘avec2'or'aved'

AVC Configuration Only

A plain AVC track with AVC NAL units only; extrac-

torsmav be nresent: agoregators mav be
J r 4 (=]=] [=] 4

present to

contain and reference AVC NAL units;/Tig
may be present.

r grouping

avdl'or'avc3'

AVC and MVC Configurations

An MVC track with both AVC and MVC N4
aggregators and extractors shallnot be
grouping may be present.

AL units;
resent; Tier

"aviE2'or'aved'

AVC and MVC Configurations

An MVC track with bothhAVC NAL units apnd MVC

NAL units; extractorsimay be present an
reference both AVC annd MVC NAL units;
may be presentto-eontain and reference
and MVC NALunits; Tier grouping may bj

1 used to
\ggregators
both AVC

e present.

mvdl' or 'mve3'

MVC Configuration Only

An MVC traek without AVC NAL units; ag
may be present to contain and reference
unitsy Tier grouping may be present.

pregators
MVC NAL

mvd2'or ‘mvca'

MVC Configuration Only

An‘MVC track without AVC NAL units; ex
may be present and used to reference M\

units; aggregators may be present to contain and

reference MVC NAL units; Tier grouping
present.

fractors
'C NAL

may be

'avdl'or ‘ave3' AVC, MV(C, and MVCD.Cenfigu- |An MVC+D track with AVC, MVC and MV({+D depth
rations NAL units; aggregators and extractors shall not be
present; Tier grouping may be present.
'mvdl'or mve3’ MVC and MVGD Configurations |An MVC+D track without AVC NAL units put with

MVC and MVC+D depth NAL units; aggre
tier grouping may be present.

bators and

mvd2' or 'mvc4'

MVC and MVCD Configurations

An MVC+D track without AVC NAL units
MVC and MVC+D depth NAL units; extrad
gators and tier grouping may be present.

but with
tors, aggre-

'mvdl’ or 'mvd3'

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL
aggregators and tier grouping may be pr

units only;
bsent.

'mvd2' or 'mv,dd4*

MVCD Configuration Only

An MVC+D track with MVC+D depth NAL
extractors, aggregators and tier groupin
present.

units only;
b may be

avdltor'avc3'

AVC, MV(C, MVCD, and A3D Con-

A 3D-AVC track with AVC, MVC, MVC+D d

epth, and

figurations

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

be present.

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

If MVCD Configuration were not present in this
example, the track would not contain or refer to
MVC+D depth NAL units.

'mvdl’ or 'myd3’ MVCD and A3D Configurations |A 3D-AVC track without AVC or MVC NAL units but
with MVC+D depth NAL units and 3D-AVC NAK\uhits;
aggregators and tier grouping may be present.

'mvd2' or 'myd4’ MVCD and A3D Configurations |A 3D-AVC track without AVC or MVC NAL units bfit
with MVC+D depth NAL units and 3D:AVC NAL uhits;
extractors, aggregators and tier grouping may bg¢
present.

'a3dl'or'a}d3’ A3D Configuration Only A 3D-AVC track with 3D-AVC NAL units only; aggre-
gators and tier grouping may'be present.

'a3d2' or 'a}d4’ A3D Configuration Only A 3D-AVC track with 3D~AVC NAL units only; extrac-
tors, aggregators and\ti€r grouping may be presgnt.

7.6.3.2.2 Syntax
class MVCCépnfigurationBox extends Box ('mvcC') {
MVCDecoflerConfigurationRecord () MVCConfig;
}
class ViewpcalabilityInformationSEIBox extends Box\Mvsib', size)
{
unsignefl int (8*size-64) mvcscalinfosei;
}
class MVDD¢pthResolutionBox extends Box ('3dpr')
{
unsigne@l int (16) depth width;
unsigne@l int (16) depth height;
/* The following 5 fields are colleatively optional; they are either all present or all
absent. When grid pos num views {g.hot present, the for loop is not present, equivalenf to
grid pos num views equal to 0. (These fields may be present or absent whenever the box if
present (e}g., in MVCDConfigurationBox or A3DConfigurationBox). */
unsignefl int(16) depth ho¥wmult minusl; // optional
unsignefl int(16) depth(¥e¢r mult minusl; // optional
unsignefl int(4) depti RWor rsh; // optional
unsignefl int (4) depth ver rsh; // optional
unsignefl int (16),¢g¥3id pos num views; // optional
for(i =|0; i <ygiid pos num vies; 1i++) {
bit (p) resdrwed=0;
unsi¢gned~int (10) grid pos view id[i];
signgddint (16) grid pos x[grid pos view id[i]];
signgd\¥nt (16) grid pos yl[grid pos view id[i]];
}
}
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', size)
{
unsigned int (8*size-64) mvdscalinfosei;
}
class AVCMVCSampleEntry () extends AVCSampleEntry ('avcl' or 'ave3d') {

ViewScalabilityInformationSEIBox scalability;

56
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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
ViewIdentifierBox view identifiers; // optional
MVCConfigurationBox mvcconfig; // optional
7C‘”’J‘.CWPLJ‘_UJ_J‘.L ADDJ‘.\JLUHClLLBU J‘.CW_LJLJ‘.ULJ‘_L_Y_J.HCL}.IUL‘{, UL)LJI_UILQ]_
ntrinsicCameraParametersBox intrinsic camera params; // optional
xtrinsicCameraParametersBox extrinsic camera params // optional
VCDConfigurationBox mvcdconfig; // optional
VDScalabilityInformationSEIBox mvdscalinfosei; // optional
3DConfigurationBox a3dconfig; // optional

=l e e B

~
~
(@)

se this if the track is NOT AVC compatible

clasls MVCSampleEntry () extends VisualSampleEntry ('mvcl', 'mvc2',
hvc3', or 'mvcd') {

VCConfigurationBox mvcconfig; // mandatory
iewScalabilityInformationSEIBox scalability; // optionadl
iewIdentifierBox view identifiers; // mandatory
PEG4ExtensionDescriptorsBox descr; // optional
VCViewPriorityAssignmentBox view priority method; V///optional
ntrinsicCameraParametersBox intrinsic camera pardms; // optional
ktrinsicCameraParametersBox extrinsic camera parems // optional
VCDConfigurationBox mvcdconfig; // optional
VDScalabilityInformationSEIBox mvdscalinfo8e¥; // optional
3DConfigurationBox a3dconfig; // optional

PREOHHE IR

clasjs MVCDSampleEntry () extends VisualSampleEntry ('mvdl', 'mvd2',
'mvd3', or 'mvd4') {

MVCDConfigurationBox mvcdconfig; // mandatory
MvDScalabilityInformationSEIBox mvdscalinfosei; // optional
ViewIdentifierBox view identifiers$’ // mandatory
MPEG4ExtensionDescriptorsBox deéscr; // optional IntrinsicCameraParametersBox
intrfinsic camera params; // optiénal

EktrinsicCameraParametersBbx extrinsic camera params // optional
ABRDConfigurationBox a3dconflg; // optional

clas|s A3DSampleEntry (), éxtends VisualSampleEntry ('a3dl', 'a3d2',
'h3d3', or 'a3d4d'R\

ARDConfigurationBox *a3dconfig; // mandatory
MvDScalabilitylnformationSEIBox mvdscalinfosei; // optional
ViewIdentifierBox view identifiers; // mandatory
MPEG4Extep8ienDescriptorsBox descr; // optional IntrinsicCameraParametersBox
intrfinsic_c@mera params; // optional

Ektrinshc€ameraParametersBox extrinsic camera params // optional

7.6.3.2.3 Semantics

When the sample entry is mvcl', 'mvc2’, 'mvc3', or 'mvc4d', Compressorname in the base 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 'a3dl’, '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

todepth hor mult minusl,depth hor rsh, depth ver mult minusl,anddepth ver rsh.

In MVC+D bitstreams, the depth sampling information SEI message carries information corresponding

NOTE 2 d
in a texture
ver mult |
componentr

view component relative to the width of the luma sample in a depth view component, de
inusl and depth ver rsh specify the ratio of the height of the luma sample in a téxture
blative to the height of the luma sample in a depth view component.

bpth hor mult minusland depth hor rsh specify the ratio of the width of the luma salmple

)th_
view

grid pos|num views specifies the number of views for which grid pos view) id[i], ggid
pos x[grld pos view id[i]] andgrid pos yl[grid pos view id[i]\kare present.
grid pos|view id[i] specifies aview_id value of a texture view.

grid pos|x

relative to {

view id[}

grid in text
value of a 4
equal to 0.

NOTE
grid pos

g

the same names in ISO/IEC 14496-10:2014, Annex J. InnMVC+D bitstreams, the depth sampling informatio
yer

message car
mult minu

mvdDepth}

to which thle sample entry applies. When not present, the width and height of the coded depth

componenty

mvcscalif
message ag
ViewScalab

mvdscalif
SEI messag
MVDScalab

[grid pos view id[i]] specifies a horizontal offset\6f a depth sampling
he luma texture sampling grid in texture luma sample ynits. grid pos y[grid {
11 specifies a vertical offset of a depth sampling grid relative to the luma texture sam
ure luma sample units. When no value of grid posCview id[i] is equal to a vig
exture view, grid pos x[view id] and gridi¢os y[view id] are inferred f{

rid_pos_num_views,grid_pos_view_id[i],grid_pos_x[grid_pos_view_id[i]]
7 [grid pos view id[i]] are specified identically to the semantics of the syntax elements

Fies information corresponding to depth hor mult minusl, depth hor rsh, depth
51, and depth _ver rsh.

es contains the width and height of the coded depth view components in the sti

are inferred to be the same’as the width and height of the coded texture view compon

fosei contains am SEI NAL unit containing only a view scalability information
specified in ISO/IEC 14496-10:2014, Annex H. The “size” field of the container
lityInformationSEIBox shall not be equal to 0 or 1.

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

7.6.4 Synic sample

grid
os

bling
w_id
0 be

and
with
h SEI

eam
view
ents.

SEI
box

ition
box

A sync sample identifies the presence of an IDR access unit of the MVC or MVD bitstream for any sample
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
MVC 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

infor

If th
then
of th
0 of {
may

7.6.7
Whe

Whe

tier_

7.7

mation varies.

e SampleDependencyTypeBox is used in a track that is compatible to all of AVE, MV
care should be taken that the information provided by this box is true no mattérwhat
e MVD data (possibly only the AVC data or only the MVC data) is used. The “unknown” v|
he fields sample depends on,sample is depended on,and sample has re
be needed if the information varies.

[ Sample groups on random access recovery points 'rol1'.and random access p¢

n version 0 of the SampleToGroupBox is used, the following applies.

For video data described by a sample entry of type 'af%cl’, 'avc2', 'avc3' or ‘avcd’,
hccess recovery sample group and the random access'point sample group identify rar
recovery points and random access points, respeetively, for all of an AVC decoder, an M
[if any), and an MVD decoder (if any) operating 61 the entire bitstream.

NOTE If the random access recovery points.er the random access points for the AVC deco

‘ecovery points table or the random access.point table, respectively, will not document all of
fase, the stream can be stored in multiplertracks, e.g. two tracks, one containing the AVC basd
bample entry of type 'avcl' or 'avc3i@and the other containing other layers with an MVC or
bntry type.

For video data described byvan MVC sample entry type, the information provided by
hccess recovery sample group and the random access point sample group is true for any
bf the entire MVC bitstream.

For video data deScribed by an MVD sample entry type, the information provided by
hccess recovery.sample group and the random access point sample group is true for any
bf in the entire\MVD bitstream.

n version 1 of the SampleToGroupBox is used, the grouping type parameter §
d valteof the layer(s) or view(s) that are refreshed in the associated sample.

C, and MVD,
valid subset
alues (value
Hundancy)

yints 'rap'

the random
dom access
VC decoder

der, the MVC

lecoder, and the MVD decoder operating on(the entire bitstream are not all aligned, the random access

them. In this
layer with a
MVD sample

the random
valid subset

the random
valid subset

pecifies the
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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:
Container:
Mandatory:

Quantity:

mvci'
Media Information Box (‘minf")
No

Zero or one

Located in {
this box con

7.7.2.2 Sy

aligned (8)
extends

}
7.7.3 Mu

7.73.1 D

Box Type:
Container:
Mandatory:
Quantity:

This box sp
output view
a track mat
the Multivig
view or sor
entry_type
view_id bas

When entryj
this box is a
contained v

Decoding of

he Media Information Box of the base view track indicated by the 'sbas' track réfer
tains Multiview Group boxes, and Multiview Group Relation boxes.

mtax

class MultiviewInformationBox
FullBox ('mvci', version 0,

flags) {

tiview group box

efinition

mvcg'

Multiview Information box ('mvci')
No

Zero or one

pcifies a multiview group for the-wiews of the MVC or MVD stream that are output. Tz
s can be indicated on the basis-of track_id, tier_id, or view_id. When the views includ
Ch an operating point, it is recommended to use track_id (i.e., entry_type equal to 0) w
bw Group box. When multiview sample grouping is in use, and tiers cover more than
e tiers contain a temporal subset of the bitstream, it is recommended to use tier_id
bqual to 1) within the-Multiview Group box. Otherwise, it is recommended to use one @
ed indications (i.€., entry_type equal to 2 or 3).

| type is equalto 0 or 1, the following applies. Each view in a track or tier that is includ
target output view, and if a track or tier included in this box contains multiple views, a
iews aretarget output views.

the output views may require decoding of other views that are not target output views

ence,

irget
bd in
thin
one
(i.e.,
f the

bd in
I the

The

views that

re rpqnirpd for dpr‘nding but are not target output views can be concluded from refen

ence

view identifiers included in the View Identifier box, the 'scal’ track references, or from the Tier
Dependency box.

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

ignored.

7.7.3.2 Syntax

aligned(8)

class MultiviewGroupBox extends FullBox('mvcg', version = 0, flags) {

unsigned int(32) multiview group id;

unsigned int (16)
reserved
for (i=0; i<num entries;

bit (8)

60

num entries;
0;

i++)

{
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unsigned int(8) entry type;

if (entry type == 0)
unsigned int (32) track id;
else if (entry type == 1) {

unsigned int (32) track id;
unsigned int (16) tier id;
}
else if (entry type == 2) {
bit (6) reservedl = 0;
unsigned int (10) output view id;
}
else if (entry type == 3) {
bit (6) reserved2 = 0;
Ull Jl_k_dllcd Jl_lllL,\lU} DLclJ. L_ iCW_id,
unsigned int (16) view count;

}

ierInfoBox subset stream info; // optional
ultiviewRelationAttributeBox relation attributes; // optional
ierBitRateBox subset stream bit rate; // optional

ufferingBox subset stream buffering; // optional
ultiviewSceneInfoBox multiview scene info; // optional

2 W2 3

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

num| entries is the number of tracks (entry type 0), tiers(entry type 1), target output yiews (entry
type|2), or continuous sets of target output views (entrydtype 3) included in this multiview group.

entfry type specifies how the target output views are indicated. The following values|of entry
typg are specified:

— P -all the views included in an indicated t¥dck are target output views;
— L - the view(s) of an indicated tier within an indicated track are target output views;
— P - the view with view_id equal to output_view_id is a target output view;

— B - the views having view_id'within the range of start_view_id to (start_view_id + view_count - 1),
nclusive, are target outputviews.

tragk idindicates a track containing target output views.
tief idindicates@ tier within a track where all views within the tier are target output vipws.
output view)id indicates aview_id of a target output view.

staft view id indicates the first view_id in a range of contiguous values of view_id all being target

output views.
vie i i Tew i i iews.

track idindicates 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
between any spatially adjacent output views in any access unit.

7.74 Mu
7741 D

Box Type:
Container:
Mandatory:
Quantity:

This box sp
any time. T}
groups and
can be used
views. The
suitable for

7.7.42 Sy

aligned(8)
unsigne
for (i=
unsi
Multivi

}

7.7.4.3 S¢
num entr]
multiviey

relation]|

tiview group relation box

pfinition

'swtc'

Multiview Information box ('mvci')
No

Zero or more

pcifies a set of multiview groups from which one multiview group is decoded and play
e given relation attributes specify which features are~common in all associated multi
which factors make the multiview groups differfyom each other. The relation attril
to select a suitable set of multiview groups for playback, e.g. based on the number of oy
differentiating attributes can be used to select which multiview group within the 3
the player, e.g. based on the required level for’decoding.

mtax

class MultiviewGroupRelationBax ()
int (32) num entries;
i<num entries; 1i++)

extends FullBox('swtc', version = 0, flags

’

ned int(32) multiview group id;
bwRelationAttributeBoX ,selation attributes;
*mantics

| e s indicatesithe’'number of associated multiview groups.
I _group~4d is the identifier of an associated multiview group.

| attTributes indicate the relations between the associated multiview groups.

bd at
view
utes
tput
et is

7.7.5 Mu

tiview relation attribute box

7.7.5.1 Definition

Box Type:
Container:
Mandatory:

Quantity:

62

mvra'
MultiviewGroupBox or MultiviewGroupRelationBox
No in MultiviewGroupBox, Yes in MultiviewGroupRelationBox

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
views of the multiview group. When Multiview Relation Attribute box is included in a Multiview Group
Relation box, a common attribute indicates a characteristic that is common for the indicated multiview
s or for the respective target output views in each one of the indicated multiview groups, whereas

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

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

7.7.3.2 Syntax

aligphed(8) class MultiviewRelationAttribudeBox
elktends FullBox ('mvra', version = 0f)lags) {
biit (16) reservedl = 0;

unsigned int (16) num common attriibutes;

flor (i=0; i<num common attributes; i++) {
unsigned int (32) common attribute;
unsigned int (32) commonfvalue;

}

bit (16) reserved2 = 0¢

uphsigned int (16) num.differentiating attributes;
flor (i=0; i<num dififerentiating attributes; i++)

unsigned int732) differentiating attribute;

7.7.%.3 Semantics

compon attribute and differentiating attribute are selected from the [list below.
Attributes that can be used as a differentiating attribute are associated with a distinguishing pointer to
the field or information.
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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  profileIndication is the profile suf-
corresponding to the multiview group. The ficient for decoding the bitstream
attribute paints ta the prnfilp]ndir‘nfinn field subset rnrrpcpnndihg toallindi-
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 suff-
corresponding to the multiview group. The ficient for decoding the bitstream
attribute points to the levellndication field of subset.corresponding to all indi-
the subset_stream_info element of the Multiv- cated.thultiview groups, or 0 if|the
iew Group box. level is unspecified.

Bitrate bitr' This attribute shall not be included in the unsigned int (32) bitrafe;
Multiview Group box.

levelIndicatfion;

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 tlfat would be contained

in the avgBitRate field of the subset_stream_

bit_rate element'ef the Multiview Group box,

if it were present.

1

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

Multiyi r . .
ultiyiew Group box integer part;

When included 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 ynits
in second rounded to the closest
integer using the Round functipn
specified in ISO/IEC 14496-10.

Number of Hvws' Number of target output views indicatedin  unsigned int (32) num vikws;
output views the Multiview Group Box ('"mvcg')

bit (16) reserved = 0;

num_views indicates the number
If this attribute is included in 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).

If this attribute is included in the Multiview
Group box and used as a common attribute,

the INtrinsic camera parameters of the target
output views are identical. If this attribute is
included in the 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 identieak If
this attribute is included in the Multiview
Group Relation box and used as@.differentiat-
ing attribute, the intrinsic cariera parameters
of the respective target output views differ at

least partly.
Extrfinsic 'ecam’ The extrinsic cameraparameters are stored  Unspecified.
camepra pa- in'avcl', 'avc2'y(avc3', 'avcid’,

rampters 'mvel’, 'mve2y3tmve3’, ‘mvcd’,
'mvdl’, 'mvd2', 'mvd3’, 'mvd4d’,
'a3dl’, '&3d2', '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 arvactangylay Ao gaymaant diffac

Can O reCeatgarar ot oo c e T oo

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 Attribute Pointer and semantics

Inline view 'i1vi' If used as a common attribute, the associated
array 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:

0: the views are in the same hori-

Rectangulay 'rtvi' If used as a commeon attribute, the associated
view array cameras form a rectangular shape and are
regularly spaced along the orthogonal coordi-
nate axes:

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

Zontal location
1: the views are ordered-left-tp-
right
2: the views are ondered righttto-
left

3: the order of:the views is un
defined, or]eft and right are nd
well-defined.

ot

vextical order indicates the
vértical order of the views:

0: the views are in the same verti-
cal location

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

2: theviews are ordered top-tp-
bottom

3: the order of the views is unfle-
fined, or top and bottom are nd
well-defined.

t

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 rectgn-
gular array.

The views are indicated in ragter
scan order in the Multiview

Craoyn hay

Planar view ‘'plvi' If used as a common attribute, the associated
array 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.

66
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Unspecified.
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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.

Spherical 'spvi' If used as a common attribute, the associated

ISO/IEC 14496-15:2017(E)

common_value syntax and semantics

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

horizontal order;
unsigned int (2)

vertical order;

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

Unspecified.

. 1 3 1 c c 3
ViewdarT dy CAITIETdS dIT'e 100dLet UIT ULIE SUTTdce U1 a SPIICTE.

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

Geommetry 'geom’ If used as a differentiating attribute, indicates
that the views or groups of views belong

to different view arrangements (e.g. inlitie,
planar, etc.)

7.7.6 Multiview scene info box

7.7.6.1 Definition

Box [lype: 'vwdi'

Contjainer: Multiview Group box{'mvcg')
Manfatory: No

Quantity: Zero or one

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

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

bit (6) reServedl|= 0;
unsigned, Int (10) |left
view_ @dy
bity(®) reserved2|= 0;
unsigned int (10) [right
view 1id;

Unspecified.

An optional Multiview S¢ene Info Box includes the maximum disparity between the adjacent views of
the 1lespective multiview group. This information can be used for processing the multiview] video prior

to regndering on a 3D-display.

NOT A Multiview Scene Information SEI message, as specified in MVC H.12.1.5, can indicate the maximum
dispqrity between any adjacent views in the bitstream. Thus, the Multiview Scene Info Box reprefents similar
informatiomnias carried in the Multiview Scene Information SEI message but is limited to a certain set of views

rathdr than'concerns all the views in the bitstream.

The Multiview Scene Info Box shall not be present for multiview groups associated with cameras that
do not form a one-dimensional arrangement, such as a line or an arc of an ellipse.

7.7.6.2 Syntax

class MultiviewSceneInfoBox extends Box

{

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.

© ISO/IEC 2017 - All rights reserved

67


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

ISO/IEC 14496-15:2017(E)

7.7.7 MVC view priority assignment box

7.7.7.1 Definition

Box Type: mvcP'

Container: Sample Entry (‘avcl', 'avc2', 'avc3', ‘'avcd’,
mvecl', mvc2', 'mvc3', 'mvciéd’,
mvdl', 'mvd2', 'mvd3', 'mvd4')

Mandatory]{ No

Quantity: Zero or one

A priority 3
priority val
be de-refer
and thereby
priority val

7.7.7.2 Sy

class MVCV
{
unsigne
string

}
7.7.7.3 S¢

method ¢
Priorityi

priority]|
assignment

8 HEVC

ssignment URI provides the name (in the URI space) of a method used to assign co

tent

ies in the View Priority sample grouping. The URI is treated here as a nathe only; it should
bnceable, though this is not required. File readers may be able to recognize some methods
¥ know what stream extraction or selection of output views based.6n particular comtent

les would do.

'mtax
| cwPriorityAssignmentBox extends Box ('mvcP')

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

tmantics
unt provides a count of the number offollowing URIs.

\ssignmentURI provides a unique name of the method used to assign conte
| 1d values in View Priority sample groupings. In the case of absence of this box, the pri
method is unknown.

elementary streams and sample definitions

8.1 General

The High
ISO/IEC JTd

Efficiency) Video Coding (HEVC) standard, jointly developed by the ITU-T
111/SC29 (MPEG), offers not only increased coding efficiency and enhanced robust

but also m
features, a

{

y features for the systems that use it. To enable the best visibility of, and access to, 4
to'enhance the opportunities for the interchange and interoperability of media.

nt
brity

and
hess,
hose

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

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

Parameter sets: The video, sequence and picture parameter set mechanism decouples the

transmission of infrequently changing information from the transmission of coded block data. Each
slice containing the coded block data references the picture parameter set containing its decoding
parameters. In turn, the picture parameter set references a sequence parameter set that contains
sequence level 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).
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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.

8.2 rEfementary stream structare ]

In Clause 8, a video stream is represented by one video track in a file.
Twoltypes of elementary streams are defined for storing HEVC content:

— Video Elementary Stream that does not contain any parameter sets; alljparameter setfs are stored
n a sample entry or sample entries;

— Video and Parameter set elementary stream that may contain parameter sets, and mpy also have
barameter 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 uhit violating
the WAL unit syntax and constraints as specified by ISO/IEG 23008-2, neither NAL units nqr NAL-unit-
like structures with types in the range of 48 to 63, inclusive;shall be included in the output|bitstream.

NOTE In ISO/IEC 23008-2, NAL unit types in the range‘of 48 to 63, inclusive, are specified as funspecified”
and Were left for use by systems specifications such as<this specification.

8.3 | Sample and configuration definition

8.3.1 General
HEV[ 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 flternatively
according to Clause 9 or 10.

8.3.2 Canonical order and restrictions

The ranonical stream format is an HEVC elementary stream that satisfies the following cpnditions in
addifion to thé.geheral conditions in 4.3.2.

— Accessiunit delimiter NAL units: The constraints obeyed by access unit delimiter NAL units are
Hefirted 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 sample for that picture. For a video stream that a particular 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

The removal 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 mode as

specified in ISO/IEC 23008-2:—, Annex C.

8.3.3 Dedoder configuration information

8.3.3.1 HEVC decoder configuration record

8.3.3.1.1

This subclalise specifies the decoder configuration information for ISO/IEC 23008-2 video content

This record|contains the size of the length field used in each sample to indicate‘the length of its conta

NAL units

(its size shall be supplied by the structure that contains it).

This record|
Incompatib
attempt to ¢

Compatible
code. Readd
understand

The values
general f
general |
depth lug
are activate
sets” in the

The val

The tie
tier ind

The pr
associa

efinition

well as the parameter sets, if stored in the sample entry. This record is externally fra

contains a version field. This version of the specification defines version 1 of this re

lecode this record or the streams to which it applies if the version number is unrecogni

extensions to this record will extend it and will not change the configuration vei
rs should be prepared to ignore unrecogfiised data beyond the definition of the data

for general profile space, general tier flag, general profile ]
rofile compatibility flags, general constraint indicator fl3
level idc, min spatial”segmentation idc, chroma format idc, K

ha minus8 and bit depfli chroma minus8 shall be valid for all parameter sets

following sentencesn this paragraph). Specifically, the following restrictions apply.
e of general profile space inall the parameter sets shall be identical.

"indication'general tier flag shall indicate a tier equal to or greater than the hig
cated in-all the parameter sets.

pfile indication general profile idc shall indicate a profile to which the sti
fe@with this configuration record conforms.

ined
med

rord.

e changes to the record will be indicated by a change of version number. Readers shalll not

zed.

rsion
they

dc,
gs,
it
that

d when the stream described by this record is decoded (referred to as “all the paranpeter

hest

eam

If the sequence parameter sets are marked with different profiles, then the stream may need
examination to determine which profile, if any, the entire stream conforms to. If the entire stream is
not examined, or the examination reveals that there is no profile to which the entire stream conforms,
then the entire stream shall be split into two or more sub-streams with separate configuration records
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 a level of spatial segmentation
equal to or less than the lowest level of spatial segmentation indicated in all the parameter sets.

The value of chroma format idc inall the parameter sets shall be identical.
The value of bit depth luma minus8 inall the parameter sets shall be identical.

The value 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 chroma
format and bit depth as well as other important format information used by the HEVC video elementary
stream. Each type of such information shall be identical in all parameter sets, if present, in a single
HEV[ configuration record. If two sequences differ in any type of such information/two different
HEV[ sample entries shall be used. If the two sequences differ in color space indications |n their VUI

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

Theyje is a set of arrays to carry initialization NAL units. The NAL unit types are restricted to
indigate SPS, PPS, VPS, prefix SEI, and suffix SEI NAL units only. NAL unit types that arereserved in
ISO/[EC 23008-2 and in this specification may acquire a definition in future/and readers should ignore

arrays with reserved or unpermitted values of NAL unit type.

NOTE This “tolerant” behaviour is designed so that errors are uef raised, allowing the possibility of

backjvards-compatible extensions to these arrays in future specifications.

It is fecommended that the arrays be in the order VPS, SPS, PPS; prefix SEI, suffix SEI.

When general non packed constraint flag (bit3 of the 6-byte general_constraint_indicator_
flagqd) is equal to 0 and some of the samples referrinig/to this sample entry represent frame-packed
content and any of the default display windows specified by the active SPSs for the samples(referring to
this pample entry covers more than one constituent frame of the frame-packed content, thg techniques
described in ISO/IEC 14496-12:2015, 8.15 (“Post-decoder requirements on media”) using|the scheme
type “stvi” shall be used. In this case, the &tereo scheme in the Stereo Video Box should be setto 1,

to indicate that the frame packing schemewsed in HEVC is the same as in AVC.

&
w
Lo

V)

=

-
Q

.3.1.2 Syntax

hed (8) class HEVCDecodeXConfigurationRecord {
hsigned int (8) configyrationVersion = 1;

nsigned int (2) general profile space;

nsigned int (1) general tier flag;

nsigned int (5) @eheral profile idc;

nsigned int (32),“general profile compatibility flags;
nsigned int(48) general constraint indicator flags;
nsigned iaBt8) general level idc;

it (4) resérved = '1111'b;

nsigned\dnt (12) min spatial segmentation idc;

it (6 \réeserved = '111111'b;

hsignéd int (2) parallelismType;

Ht8.0) reserved = '111111'b;

unsigned 1nt(Z) chroma format idc;

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 (16) avgFrameRate;

unsigned int(2) constantFrameRate;

unsigned int (3) numTemporallayers;
(
(

oc o c oo oo o o o o

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

unsigned int (16)
bit (8*nalUnitLength)

}

(i=0; i< numNalus; i++) {
nalUnitLength;
nalUnit;

8.3.3.1.3 Semantics

general profile space, general tier flag,
compatibility flags,
min spatial segmentation idc,

general constraint indicator flags, general level
chroma format idc, bit depth luma minus8

general profile idc, general profile

idc,
and

bit depth_chroma minus8 contain the mat(‘hmg values for the fields opnpml _profile_space,

general_tier|
the 6 bytes
min_spatial
minus8 as d

parallel]
by min sp
greater tha
based para
supports ti

1

flag, general_profile_idc, general_profile_ compatlblhty flag[ i ]forlfrom 0to 31, inClusive,
starting with the byte containing the general_progressive_source_flag, general-level_idc,

| segmentation_idc, chroma_format_idc, bit_depth_luma_minus8 and bit_depth. chr
efined in ISO/IEC 23008-2, for the stream to which this configuration record dpplies.

| smType indicates the type of parallelism that is used to meet the reStrictions imp
htial segmentation idc when the value of min spatial segmentation i
0.Value 1 indicates that the stream to which this configuration recofd applies supports
el decoding. Value 2 indicates that the stream to which this configuration record ap
e based parallel decoding. Value 3 indicates that the streanizte” which this configurd

record app

that the stream supports mixed types of parallel decoding or thatthe parallelism type is unkn
The values gbove can be inferred by the fields tiles enabled flagand entropy coding sy

ies supports entropy coding synchronization based parallel ‘decoding. Value 0 indi

ma_

osed
Hc is
slice
plies
nition
rates
bwn.
nc

enabled flag as defined in ISO/IEC 23008-2. Specifically: ifithe fields tiles enabled flagland
entropy ¢oding sync enabled flag are both equal te\0)in all PPSs that are activated when the
stream to which this configuration record applies is decodéd, then parallelismType can be set tol 1. If

the field tifles enabled flag is equal to 1 in all PP§s’that are activated when the stream to W

this config
coding s

this configuration record applies is decoded, themparallelismType can be set to 3. If none of the abd

true (or if it

avgFramel
configurati

constanth

is of consta
is of constal

numTempo]
applies is f
temporal sy
that the str
temporally

ration record applies is decoded, then parallelismType can be set to 2. If the field ent rd
nc_enabled flag is equal to 1 in alkRPSs that are activated when the stream to W

is unknown which of them is true}\tHen parallelismType should be set to 0.

ate gives the average frame“tate in units of frames/(256 s), for the stream to which
n record applies. Value 0 indicates an unspecified average frame rate.

rameRate equal to 1 indicates that the stream to which this configuration record ap
it frame rate. Value 2\indicates that the representation of each temporal layer in the st1
it frame rate. Valtig 0 indicates that the stream may or may not be of constant frame ra

FallLayers.greater than 1 indicates that the stream to which this configuration re

b-layer 'or'sub-layer in ISO/IEC 23008-2) is equal to numTemporalLayers. Value 1 indi
bamyisinot temporally scalable. Value 0 indicates that it is unknown whether the strez
scalable.

hich
Py_
hich
ve is

this

plies
eam
fe.

cord

emporally./scalable and the contained number of temporal layers (also referred to as

rates
m is

temporalIdNested equal to 1 indicates that all SPSs that are activated when the stream to
which this configuration record applies is decoded have sps_temporal_id_nesting_flag as defined in
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, that is, those that provide information about the stream as a whole.
An example of such an SEI could be a user-data SEI.

nal

nal

8.4

8.4.1

8.4.]

8.4.]

Sam
Cont]

Man

Quantity: One or more sample entries may be present

An H
an H

An (
infor
Elen

Mult
indiq

Whe
be a
(incl

UnitLength indicates the length in bytes of the NAL unit.

Unit contains an SPS, PPS, VPS or declarative SEI NAL unit, as specified in ISO/IEC23(

Derivation from ISO base media file format
HEVC video stream definition

.1 Sample entry name and format

.1.1 Definition

ple Entry and Box Types: 'hvcl', 'hevl', 'hvceg'
ainer: Sample Table Box (‘stbl')

Hatory: An 'hvcl'or 'hévl' sample entry is mandatory

EVC visual sample entry shall contain an HEVC Configuration Box, as defined below. T
FVCDecoderConfigurationRecord, as defined in 8.3.3.1.

ptional BitRateBox may be present in the HEVC visual sample entry to signal
mation of the HEVC video stream. Extension descriptors that should be insert
entary Stream Descriptor, when used in MPEG-4, may also be present.

iple sample entries may be used, as permitted by the ISO Base Media File Format sped
ate sections.of video that use different configurations or parameter sets.

n the sample entry name is 'hvcl' or 'hevl’, the stream to which this sample entry ¢
compliant and HEVC stream as viewed by an HEVC decoder operating under the cq
udingprofile, tier, and level) given in the HEVCConfigurationBox.

08-2.

his includes

the bit rate
bd into the

ification, to

pplies shall
nfiguration

When the sample entry name is 'hvcl', the default and mandatory value of array completeness
is 1 for arrays of all types of parameter sets, and 0 for all other arrays. When the sample entry name is
'hev1l', the default value of array completenessis 0 forall arrays.

8.4.1.1.2 Syntax

clas
H

}

clas
H
M

s HEVCConfigurationBox extends Box('hvcC') {
EVCDecoderConfigurationRecord () HEVCConfig;

s HEVCSampleEntry () extends VisualSampleEntry ('hvcl' or 'hevl') {
EVCConfigurationBox config;
PEG4ExtensionDescriptorsBox (); // optional
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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

This subclause applies to a particular type of parameter sets (VPSs, SPSs, or PPSs) when the particular
type of parameter sets is included in the sample entry.

Each HEVC

a group of §
codebook. H
against usir

In the file fa
applicable 5
sample entr

Systems wi
differences

It is recomij
the parame

Decoders ¢
the sample
specificatio

8.4.3 Synlc sample

An HEVC s3
coded pictu
Random Ac

NOTE In
a particular|

When the s4

If the sa
eitheri

Otherw
shall bd

he particular type of parameter sets. This group of parameter sets functions much I
ach parameter set has an identifier, and each slice references the parameter set itwas c
g the parameter set’s identifier.

rmat each configuration of parameter sets is represented separately. When the value g
rray completeness is 1, aparameter set cannot be updated without causing a diffg
y to be used.

hing to send parameter set updates will need to compare the twe’configurations to fin
in order to send the appropriate parameter set updates.

hended that when several parameter sets are used and‘parameter set updating is des
fer sets are included in the samples of the stream.

bnforming to this specification are required €@ Support both parameter sets store
b as well as parameter sets stored in the sample entries, unless restricted by and
h using this one.

mple is considered as a sync sample if the VCL NAL units in the sample indicate tha
re contained in the sample islah Instantaneous Decoding Refresh (IDR) picture, a (
fess (CRA) picture, or a Broken Link Access (BLA) picture.

the context of L-HEVC fileformat specified in Clause 9, the signalling of sync samples that con
base layer picture mayibe-different from the signalling of sync samples here for the same pictui

imple entry name-is 'hev1’, the following applies.

mple is a syne sample, all parameter sets needed for decoding that sample shall be incl
h the sample entry or in the sample itself.

ise (the sample is not a sync sample), all parameter sets needed for decoding the sa
iicluded either in the sample entry or in any of the samples since the previous sync sa

bample entry, which contains the HEVC video stream decoder specific information, incl|udes

ke a
bded

f the
rent

1 the

ired,

d in

ther

t the
lean

rerns

®

ided

mple
mple

to thes

ampleitself, inctusive:

For signalling of various types of random access points, the following 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.

random access points, i.e. those that contain non-intra coded slices.

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

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.
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— 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

8.4.4.1 General

samples of a specific type. If a sample group is given for a specific type of sync sample,then all samples
(if ay) containing that type of sync sample are marked by the group. If the group is‘absent|(there is no
sample to group mapping for that type), it is unknown which samples contain a syn€sample pf that type.

Syn}samples in HEVC may be of various types. These sample groups may be used to idéentfify the sync

8.4.4.2 Sync sample sample group entry
8.4.4.2.1 Definition

Groyp Types: 'sync'

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

Quantity: Zero or more

A syhc sample sample group entry identifies samples containing a sync sample of a speciffic type. The
grofiping type parameter is not defined for the SampleToGroupBox with grouping type 'sync'.

8.4.4.2.2 Syntax

class SyncSampleEntry () extends“VisualSampleGroupEntry ('sync')
{

o

it (2) reserved = 0;
nsigned int (6) NAL unit type;

=)

}
8.4.4.2.3 Semantics

NAL[unit tygpeshall be atype thatidentifies a valid sync sample (e.g. IDR).

8.4.3 Temporal scalability sample grouping

8.4.%.1 General

An HEVC video track may contain zero or one instance of a SampleToGroupBox with a grouping
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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8.4.5.2 Temporal layer sample group entry

8.4.5.2.1 Definition

Group Types: 'tscl'
Container: Sample Group Description Box ('sgpd')
Mandatory: No
Quantity: Zero or more
A temporal| layer sample group entry defines the temporal layer information for all samples|in a
temporal lafyer. Temporal layers are numbered with non-negative integers, and each temporal layer is
associated fith a particular value of TemporalId as defined in ISO/IEC 23008-2. A témporal layer
associated yith a TemporalId value greater than 0 depends on all temporal layers associated with
lower TemdoralId values. A temporal layer representation, also referred to as the representgtion
of a temportal layer, associated with a particular TemporalId value consists efiall temporal ldyers
associated yvith TemporalId values less than or equal to the given TemporalTd value.
The grouging type parameter is not defined for the SampleTdéGroupBox with grouping
type 'tscl]
8.4.5.2.2 Syntax
class TempprallayerEntry () extends VisualSampleGroupEntxy ('tscl')
{

unsignefl int (8) temporallayerId;

unsignel int (2) tlprofile space;

unsigneg@l int (1) tltier flag;

unsignefl int (5) tlprofile idc;

unsigne@l int (32) tlprofile compatibility flags;

unsignefl int (48) tlconstraint indicatordflags;

unsigne@l int(8) tllevel idc;

unsignefl int (16) tlMaxBitRate;

unsignefl int (16) tlAvgBitRate;

unsignefl int (8) tlConstantFrameReate;

unsignefl int (16) tlAvgFrameRakay;
}
8.4.5.2.3 Semantics
temporallayerId gives the ID of this temporal layer. For all samples that are members of]| this
sample gropp, the VCL.NAL units shall have Temporalld, as defined in ISO/IEC 23008-2, equjl to
temporallayerId.
tlprofile| space, tltier flag, tlprofile idc, tlprofile compatibility flags,
tlconstrgifyt”’indicator flags,and tllevel idc contain the values of general_profile_space,
genera]_tier_ﬂ:\g, gpnprq]_prnfi]p_idr} gnnnra]_prnfi]p_rnmpnfihi]ify_ﬂqg[ i ] forifrom 0 to 31 inclusive,

the 6 bytes starting with the byte containing the general_progressive_source_flag, and general_level
idc, respectively, for the representation of the temporal layer identified by temporallLayerId.

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
temporal 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 with a grouping

type

'tsas'. This SampleToGroupBox instance represents the marking of samples as temporal

sub-layer access points. An accompanying instance of the SampleGroupDescriptionBox with the same

8.4.

ro mwminctunoa chall b rrncnnt
g ]11-’“‘6 ty pPe-Star e Ppreseht

.2 Temporal sub-layer access sample group entry

8.4.6.2.1 General

Groyp Types: 'tsas'

Container: Sample Group Description Box ('sgpd')

Manfatory: No

Quantity: Zero or one

This|sample group is used to mark temporal sub-layer-access (TSA) samples. The group]

par

hmeter is not defined for the SampleToGroupBox with grouping type 'tsas’.

8.4.6.2.2 Syntax

clas
{
}

8.4."
8.4.7

AnH
'sts

s TemporalSublLayerEntry() extends,VisualSampleGroupEntry ('tsas')

[ Step-wise temporal layer.access sample grouping

.1 General

EVC video track may:contain zero or one instance of a SampleToGroupBox with a groug
b'. This SampleToGroupBox instance represents the marking of samples as step-wi

sub-
gro

Wh
tem

ayer access points. An accompanying instance of the SampleGroupDescriptionBox wi
ing type shall be present.

temporalIdNested in the applicable sample entry is equal to 1, the quantity (
oralsub-layer access sample group entry shall be zero.

lng type

ing type
se temporal
th the same

f step-wise

ral tayer sample groupemntry

8.4.7.2.1 Definition

Group Types: 'stsa'

Cont

ainer: 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

class StepwiseTemporallayerEntry ()

{
}

Syntax

extends VisualSampleGroupEntry ('stsa')

8.4.8 Definition of a sub-sample for HEVC

For the use of the SubSampleInformationBox (ISO/IEC 14496-12:2015, 8.7.7) in an HEVC stream,
a sub-sample is defined on the basis of the value of the flags field of the sub-sample information box
as specified below. The presence of this box is optional; however, if present in a track containing HEVC
data, the 'codec_specific parameters'field in the box shall have the semantics defined here.

flags speci
0: NAL-unit
1: Decoding

2: Tile-base
if any, of the

NOTE1 T
defined in Cl

3: CTU-row

associated on-VCL NAL units, if any, of the VCL NAL unit(s) containing the CTU row or contains o1

more non-Vj
sync_enable

4: Slice-bas
or more slig
contains on

5: Picture-H
NAL units.

Other value|

The subsamn
ISO/IEC 144

The discard
discarded (¢

ies the type of sub-sample information given in this box as follows.
based sub-samples. A sub-sample contains one or more contiguous NAL units.
runit-based sub-samples. A sub-sample contains exactly one decoding unit.

 sub-samples. A sub-sample either contains one tile and the associatednon-VCL NAL
VCL NAL unit(s) containing the tile, or contains one or more non-VGL'NAL units.

huse 10) can only be used for a set of tiles that are enclosed in one.enmore complete slice segm

Lbased sub-samples. A sub-sample either contains one\GTU row within a slice ang

CL NAL units. This type of sub-sample informationshall not be used when entropy_coc
d_flagis equal to 0.

bd sub-samples. A sub-sample either contains one slice (where each slice may contain
e segments, each of which is a NAL unit)and the associated non-VCL NAL units, if an
b or more non-VCL NAL units.

ased sub-samples. A sub-sample-contains one coded picture and the associated non

5 of flags are reserved.

ple_priority field shall be'set to a value in accordance with the specification of this fie
96-12.

able field shall-be’set to 1 only if this sample can still be decoded if this sub-samp
.g. the sub-sample consists of an SEI NAL unit).

nits,

le-based sub-samples can be used to address individual tiles within@slice, whereas tile regions (as

bnts.

the
e or
ling_

one
y, or

-VCL

Id in

le is

o be

[EVC

When the first byte-ef.a NAL unit is included in a sub-sample, the preceding length field shall alg
included in the samesub-sample.
The codec| §gecific parameters field of the SubSampleInformationBox is defined for K
as follows:
if (flags == 0) {
unsigned int (1) SubLayerRefNalUnitFlag;
unsigned int (1) RapNalUnitFlag;
unsigned int (1) VclNalUnitFlag;
bit (29) reserved = 0;
} else if (flags == 1)
bit (32) reserved = 0;
else 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;
} else 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
units of a sub-layer non-reference picture as specified in ISO/IEC 23008-2. Value 1 indicates that
all NAL units in the sub-sample are VCI. NAIL units of a sub-layer reference picture as specified in

ISO/[EC 23008-2.

NalUnitFlag equal to 0 indicates that none of the NAL units in the sub-sample Ras 1
e equal to IDR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W,RADL, }

Rap
typg

lal unit
LA N LP,

RSV

IRAP VCL22, or RSV _IRAP VCL23 as specified in ISO/IEC 23008-2. Value 1 indic

htes that all

NAL|units in the sub-sample have nal _unit type equal to IDR_ W RADLE;IDR N LH, CRA NUT,
BLA|W LP, BLA W RADL, BLA N LP, RSV _IRAP VCL22, or RSV IRAP VCL23 as §pecified in
ISO/JEC 23008-2.

Vel
Valu

vcl

both|

NalUnitFlag equal to 0 indicates that all NAL units in the:Sub-sample are non-VCL
e 1 indicates that all NAL units in the sub-sample are VCL NAL units.

idc indicates whether the sub-sample contains VideoiCoding Layer (VCL) data, non-)
as follows.

D: The sub-sample contains VCL data and does not 'eontain non-VCL data.
|: The sub-sample contains no VCL data and.eontains non-VCL data.

P: The sub-sample may contain both V€[+and non-VCL data, which shall be associate
bther. For example, a sub-sample may:¢ontain a decoding unit information SEI message
the set of NAL units associated witlidhe SEI message.

B: Reserved

| min luma ctb indicates‘the unitof ctb xand ctb vy, specified as follows:
D: 8 luma samples;

|: 16 luma samples;

D :

32 luma saniples;

NAL units.

VCL data, or

d with each
followed by

— B: 64 luma/samples.
ctb| xspecifies the 0-based coordinate of the right-most luma samples of the tile associated with the
sub-ganiple when flags isequalto?2andvecl idcisequalto1 or? inunitsderived from 1og2 min

luma ctb as specified above.

ctb_y specifies the 0-based coordinate the bottom-most luma samples of the tile associated with 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 allowp for file format samples that are used only for reference and not output (e.g. a non-displpyed
reference pjcture in video). When any such non-output sample is present in a track, the file)shalll be
constrained as follows.

a) Anon-dutput sample shall be given a composition time that is outside the time-range of the sangples
that arg output.

b) An edit|list shall be used to exclude the composition times of the non-output samples.
c¢) When the track includes a CompositionOffsetBox ('ctts'),

1) vergion 1 of the CompositionOffsetBox shall be used,

2) the|value of sample_offset shall be set equal to -231 for ea¢h'non-output sample,

3) the[CompositionToDecodeBox (‘cs1g') should be contained in the SampleTableBox ('stbl') of
theltrack, and

4) when the CompositionToDecodeBox is¢, present for the track, the value| of
lesstDecodeToDisplayDelta field incghe box shall be equal to the smallest composfition
offfet in the CompositionOffsetBox excluding the sample offset values for non-oytput
samples.

NOTE Thus, leastDecodeToDisplayDelta is greater than -231,

9 Layered HEVC elementary stream and sample definitions

9.1 General

This clause [specifies the:storage format of coded video data of layered HEVC (L-HEVC), which includes
all the layefed HEVG extensions that use the same layered design specified in ISO/IEC 23008:—,
Annex F. These layered HEVC extensions include SHVC, MV-HEVC, and 3D-HEVC. This clause|also
specifies thp stdrage of temporal sub-layers of a layer in more than one track. This clause extend} the
definitions pfithe storage format of HEVC in Clause 8.

The file format as defined in this clause and Annex A uses the existing capabilities of the ISO base
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.

80 © ISO/IEC 2017 - All rights reserved


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

ISO/IEC 14496-15:2017(E)

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).

9.2 | Overview of L-HEVC storage

The pupport for L-HEVC includes a number of tools, and there are various “models” of how they might
be uged. In particular, an L-HEVC stream can be placed in tracks in a number of ways, among which are
the fpllowing:

a) all the layers in one track;
b) each layer or sub-layer in its own track;

c) fthe expected operating points each in a track (e.g. the HEVC(base, a stereo pair, a multiyiew scene).

The L-HEVC file format allows storage of one or more layers:into a track. Storage of multiple layers per
track can be used. For example, when a content provider wants to provide a multi-layer bitistream that
is ndt intended for subsetting, or when the bitstreand has been created for a few pre-defiined sets of
output layers where each layer corresponds to a view/ (such as 1, 2, 5, or 9 views), tracks can be created
accofdingly.

When an L-HEVC bitstream is represented by'‘multiple tracks and a player uses an operating point for
whidh the layers are stored in multiple tracks, the player shall reconstruct L-HEVC access tinits before
passjng them to the L-HEVC decoder. An~L-HEVC operating point may be explicitly represented by a
track, i.e. each sample in the track contains an access unit, where some or all NAL units df the access
unitmay be contained in or referred.to by extractors and aggregators. If the number of operpting points
is large, it may be space-consumifig and impractical to create a track for each operating poipt. In such a

The storage of L-HEVC bitstreams is supported by structures such as the sample entry, Operpting Points
Infofmation (‘oinf')~sample group, and Layer Information ('1inf') sample group. The structures
withlin a sample entryprovide information for the decoding or use of the samples, in thig case coded
videp i ion i i . i i tion sample
group records(information about operating points such as the layers and sub-layers thaf constitute

an operatmg pomt in accordance w1th its capabllltles 1dent1fy the tracks that contam the relevant
layers and sub-layers needed to decode the chosen operating point, and efficiently extract them.

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. Aggregators and extractors, when present, shall not be directly
output by file parsers.

9.4 Sam[lle and configuration definition

9.4.1 General

An L-HEVC|sample consists of the picture units that are within an L-HEVC access’/unit and thaf are
represented by the track. A sample in an 'hvcl' or 'hevl' track with the L-HEVC configuration |s an
L-HEVC sa;lple, while a sample in an '"hvcl' or 'hevl' track without the L-HEVC configuration is npt an
L-HEVC sample. Throughout Clause 9, unless mentioned otherwise, an access-tinit refers to an L-HEVC
access unit and is as defined in ISO/IEC 23008-2:—, Annex F.

9.4.2 Carnonical order and restrictions
The followipg restrictions apply to L-HEVC data in addition to.the requirements in 8.3.2.

— VCL NAL units: All VCL NAL units within one access:untit and belonging to the layers represented
by a track shall be contained in the sample and thesample shall not contain NAL units of any qther
access finit. After resolution of extractors and aggregators, when present, an L-HEVC sample ghall
containlan integer number of picture units. Thepicture units in an L-HEVC sample shall be storgd in
their dgcoding order.

— Aggregators and extractors: Each aggregator is allowed to aggregate NAL units belonging ta one
picturefunit only. The order of all NALunits included in an aggregator or in a resolved extractor is
exactly[the decoding order as if these:NAL units were present in a sample not containing aggregators
or extrhctors. After processing the aggregator or the extractor, all NAL units shall be in yalid
decoding order as specified in ISO/IEC 23008-2.

— Carriage of external-cadec coded base layer track: An external-codec (e.g. AVC) coded base layer
shall alyvays be carried.in a track of its own, and shall consist of samples as specified in the extgrnal
codec f]le format (esgythe AVC file format as specified in Clause 5).

9.4.3 Dedoder-configuration record

coder conflguratlon record defmed in8.3.3.1 3 1is used for a stream that can be 1nterpr

compatible base layer, and should contaln only parameter sets needed for decodlng 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;

}

}

The semantics of the fields that are common to LHEVCDecoderConfigurationRecord
and HEVCDecoderConfigurationRecord remain unchanged. If the track containing
LHEVCDecoderConfigurationRecordhasa'scal' track reference, the semantics of the|fields apply
to thie output bitstream resulting from the explicit reconstruction process. Otherwise, if thefre is at least
one pperating point for which the highest output layer is natively present in the track, the Jemantics of
the flields apply to all (implicitly reconstructed) output bitstreams of the operatingpoints for which the
highpst sub-layer of the highest output layer is natively present in the track. Otherwise, the semantics

of the fields apply to all sub-layers natively present in the track.

For ¢ach auxiliary picture layer included in the track, it is recommended.to include, within nalUnit, an
SEI NAL unit containing a declarative SEI message, such as the depth representation information SEI
mesgage for depth auxiliary picture layers, specifying characteristics,of the auxiliary pictuye layer.

9.5 | Derivation from the ISO base media file format and the HEVC file format (Clause 8)
9.5.1 L-HEVC track structure

An [f-HEVC stream is represented by one or more\yideo tracks in a file. Each track repregents one or
mor¢ layers or sub-layers of the coded bitstreani

Ther

enco

con
“conf

e is a minimal set of one or more traeks' that, when taken together, contain the con
ded information. This group of tracks:that forms the complete encoded information 1
plete subset”. The complete encoded information can be retained when the tracks inc
plete subset” are retained; all pther tracks shall represent subsets or copies (throughl

plete set of
s called the
uded in the
extractors)

of the complete subset.

Allt blete subset

tracl

racks of the complete subset shall be indicated with a track group of type 'cstg' (com
x grouping).

For 4
the
that

ach valid pair of nuh_layer_id and Temporalld among all the coded pictures of an L-HEV(. bitstream,
omplete subset_shall include one and only one track in which the '1inf' sample group indicates
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 withouf the need to

pars¢ aggregators and extractors.

For annli-HEVC bitstream with an external base layer (i.e. when an active VPS of the bifstream has
vps_base_layer_internal_flag equal to 0 and vps_base_layer_available_flag equal to 1), the base layer is
always assigned one track of its own. A track containing an external base layer for an L-HEVC bitstream
shall not be a part of the 'cstg' track group of the tracks of that L-HEVC bitstream.

If an L-HEVC bitstream has an external base layer, the track containing the external base layer is
nominated as the base track. Otherwise, the track with the lowest temporal sub-layer (the VCL NAL units
of which have Temporalld equal to 0) of the base layer natively present is nominated as the base track.

All the 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

carried in tH
sub-layers o
reconstructi

Different tr

In order to
the target o

NOTE2 P
from operat
relevant laye
in the layer i

If several t
performed
considering

When an L-
such that if]
access unit

If the track
track refere
extractors g
point; this n

Otherwise,
tracks accot

9.5.2.2 In

In the impli
reference la
When recor
greater tha

hen only the entire base laver carried in the base track is plaved or when only certain sub-la

yers,

e base track, of the base layer are played, and the base track natively contains all the réq
the base layer as identified by the HEVCDecoderConfigurationRecord of the base.tracl
bn processes of this clause are unnecessary.

hcks may logically share data through the use of extractors (defined in A.7).

Feconstruct an access unit from samples of multiple tracks carrying an;L*HEVC bitstr|
itput layers and the operating point they belong to may need to be determined first.

ayers can conclude the layers that are required for decoding the determined target output 1
ng point list included in the Operating Points Information sample, group. Tracks that carr
s for an operating point can be obtained by following the 'orefl track references and inform,
(formation sample group.

racks contain data for the access unit, the alignment’of respective samples in trac
based on the sample decoding times, i.e. using the time-to-sample table only wit
edit lists.

HEVC stream is represented by multiple tracks, the decoding times of the samples sha
the tracks were combined into a single-stream ordered by increasing decoding time
brder would be correct as specified in ISO/IEC 23008-2.

containing the highest sub-layer of'the highest layer of a desired operating point has 's
nces, all access units of the track for that operating point are reconstructed by solvin
nd aggregators in the samples of that track, and the result is the bitstream of the oper;
econstruction process is reférred to as explicit reconstruction.

a sequence of access units is reconstructed from the respective samples in the requ
ding to the implicit¥econstruction process as described in 9.5.2.2.

hplicit reconstruction

Cit recoristruction, the required tracks are selected based on the layers they carry and
[yers,asindicated by the Operating Points Information and Layer Information sample grq
strueting a bitstream containing a sub-layer for which the VCL NAL units have Tempo
h 0,7all lower sub-layers (i.e. those for which the VCL NAL units have smaller Tempor

lired
(, the

gam,

hyers
y the
ation

Ks is
hout

11 be
, the

cal
b the
ting

lired

their

ups.
ralld

hlld)

within the same layer are also included in the resulting bitstream and the required tracks are selected
accordingly.

Each access unit is reconstructed as described below, the reconstructed access units are placed into the
L-HEVC bitstream in increasing order of decoding time, and the duplicates of end of bitstream (EOB) and
end of sequence (EOS) NAL units are removed from the L-HEVC bitstream, as described further below.

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 order of the

deco

ding time.

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 bitstream and
that belong to different sub-layers stored in multiple tracks, there may be more than one of the tracks
containing an EOS NAL unit in the respective samples. In this case, only one of the EOS NAL units

shal
reco
of th
of sy
NAL
unit

Sinc

hstructed bitstream, placed after all NAL units, except the EOB NAL unit (when presen
ese access units, and other EOS NAL units are discarded. Similarly, there may,be)m
ch tracks containing an EOB NAL unit in the respective samples. In this case;only on¢
units shall be kept in the final reconstructed bitstream, placed at the end of the'last of 1
5, and other EOB NAL units are discarded.

requfired tracks for an operating point, a selection may need to be made among the set of tr

carr

The
still
reco
are (

NOTE

inde;
High
pars
deco
the h
nott

y the particular layer or sub-layer.

collectively carry some layers or sub-layers that do not belong to the target operatin
hstructed bitstream for the target operating point should not contain the layers or suh
arried in the final required tracks but do not belong<to the target operating point.

Some L-HEVC decoder implementations take as.input a bitstream as well as the target ou
and the highest Temporalld value of the target operating point, which correspond to the Targ

[

br can contain layers or sub-layers that do wot’belong to the target operating point, because 4
ers are capable of removing the layers not included in the target output layer set and the sub-1
ighest Temporalld value. Some other L-HEVC decoder implementations input a bitstream thg
b contain any other layers and sub-layers than those included in the target operating point. In
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e a particular layer or sub-layer may be represented by more than onetrack, when figuring out the

hcks that all

final required tracks, after selection among the tracks carrying a same layer or sub-layer, may

b point. The
-layers that

tput layer set
etOlsldx and

pstTid variables in ISO/IEC 23008-2:—, F.8, respectively. In this case, the bitstream reconstructled by the file

hese L-HEVC
hyers beyond
t is required
this case the

file pprser needs to ensure that the recghstucted bitstream does not contain any other layers and sup-layers than

thos¢ included in the target operating point.

9.5.3 L-HEVC video stream definition

9.5.3.1 Sample entry name and format

9.5.3.1.1 Definition

Sample Entry and Box Types: 'hvc2', 'hev2', 'lhvl', 'lhel', 'LhvC'

Contfainér: Sample Description Box ('stsd')

Mandatory: An'hvcl', 'hevl', 'hvc2', 'hev2', 'lhvl' or'lhel'sample entry
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 is 1 for
arrays of all types of parameter sets, and 0 for all other arrays. When the sample entry name is '1hel’,
the default value of array_completeness is O for all arrays.

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
defined as the one with the same decoding time as that of this particular sample.

— For an 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.ofjthe given lpyer,
where the initial sample is either the given sample’s temporally collocatéd-sample, when the
tenjporally 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 tracks-carrying reference layers of the
given layer, possibly by using extractors.

— For a ngn-IRAP picture of a given sample, track and layer, each parameter set needed for decqding
that pidture 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 lpyer,
where the initial sample is either the given sample’s temporally collocated sample, when the
tenjporally collocated sample containsan IRAP picture of the reference layer, or the preyious
sample that contains an IRAP pictube of the reference layer;

— any of the samples in the givefitrack since the previous sample containing an IRAP pictufe in
the[given layer to the giverisample itself, inclusive, possibly by using extractors;

— when present, any of the'samples in a track carrying a reference layer of the given layer gince
the| temporally collocated sample of the previous sample containing an IRAP picture if the
given layer to the temporally collocated sample of the given sample, inclusive, possibly by ysing
extfractors.

For an HEV( or L-HEVC bitstream carried in more than one track, when the sample entry name of the
base track if 'hvcil’ or 'hvc?2', the sample entry name of other tracks carrying the same bitstream ghall
be 'hvc2' of I 1', and when the sample entry name of the base track is 'hev1' or 'hev?2', the sample
entry name of Other tracks carrying the same bitstream snall be hevZ or 1hel.

NOTE 2 The above constraint mandates convenient random access to be enabled and indicated for either all
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 base track shall still have the same value, but that value does not have to be equal to the
lengthSizeMinusOne field for the AVC track.

Whe
base]
as in
thos
entr
L-HE
only
the 1
than
Rath
in H

An L
case

Tabl
L-HE

n HEVC compatibility is indicated, it may be necessary to indicate a high enough levélf
layer to accommodate the bit rate of the entire bitstream, because all the NAL units are
cluded in the HEVC base layer and hence may be fed to the decoder, which is expecte
e NAL unititdoes notrecognize. This case happens when the 'hvcl', 'hevl', 'nve2', or 'h

VC configuration is present, on the contrary, the optimal level for thefHEVC track is {
accommodates the bit rate of the base layer bitstream. In this case, caution should b
rofile, tier and level (PTL) in the VPS base (i.e. the first PTL structure in a VPS) might
the PTL of the base layer that should be included in the HEVGDecoderConfigurat i
er, the PTL information in the first PTL structure in the VPS-eXtension is what should
[VCDecoderConfigurationRecord.

HEVCConfigurationBox may be presentin an 'hvcl', 'mevl', 'hvc2', or 'hev2' sample e
the HEVCLHVCSampleEntry definition below applies.

b 10 shows for a video track all the possible“uses of sample entries, configuratic
VC tools.

Table 10 — Use of sample entries for HEVC and L-HEVC tracks

br the HEVC
considered
1 to discard
bv2' sample

y is used and both HEVC and L-HEVC configurations are present. Howeveriwhen only an HEVC and

he one that
b taken that
be “greater”

onRecord.
be included

ntry. In this

ns and the

sampple entry name

with configurationrecords |meaning

'hvd

1'or 'hevl' HEVC Configuration Only A plain HEVC track without NAL units with
id greater than 0; extractors and aggregato

be present.

nuh_layer_
s shall not

'hvd

An L-HEVC track with both NAL units with
id equal to 0 and NAL units with nuh_layer |
than 0; extractors and aggregators shall no

1'or 'hevl' HEVC and L-HEVC Configura-

tions

huh_layer_
id greater
be present.

'hvdg

2'or 'hev?2' HEVC Configuration Only A plain HEVC track without NAL units with
id greater than 0; extractors may be presen
to reference NAL units; aggregators may be

contain and reference NAL units.

nuh_layer_
[ and used
present to

'hvd

An L-HEVC track with both NAL units with
id equal to 0 and NAL units with nuh_layer |
than 0; extractors and aggregators mav be

2'or'hev2' HEVC and L-HEVC Configura-

tions

huh_layer_
id greater

present;

extractors may reference any NAL units; aggregators
may both contain and reference any NAL units.

'Thvl','lhel’

L-HEVC Configuration Only An L-HEVC track with NAL units with nuh_l

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.

ayer_id

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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9.5.3.1.2

class LHEVCConfigurationBox extends Box ('lhvC")
LHEVCDecoderConfigurationRecord ()

}

class HEVCLHVCSampleEntry ()

Syntax

{
LHEVCConfig;

extends HEVCSampleEntry () {

LHEVCConfigurationBox lhvcconfig;

}

// Use this if track is not HEVC compatible

class LHEVCSampleEntry ()

extends VisualSampleEntry ('lhvl', or 'lhel') {

LHEVCConfigurationBox lhvcconfig;

MPEG4ExtensionDescriptorsBox

}

(); // optional

9.5.3.1.3

When the s
indicates th
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config
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nted by the track.

ise, if the samplé éntry type is 'hvc2' or 'hev2' and the track contains extractors,
ple of the track/shall contain an IRAP picture in all layers represented by the track e
or throughsextraction.

ise, if the.sample entry type is '"hvc?2' or 'hev2', and the track does not contain extrad
a sub-layer with Temporalld equal to 0 for one or more layers, and does not contai
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Otherwise, if the sample entry typeis 'hvc?2','hev2','1Thv1' or '1hel'and the track does not contain
extractors, contains a sub-layer with Temporalld equal to O 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 'hvc?2', 'hev2', '1hvl', or '1hel’, 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.
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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.

NOTE 1

sync

sample definition of ISO/IEC 14496-12 and hence it is recommended they not be present.

The presence of RASL pictures that would be needed for output is not strictly in conformance with the

9.5.6
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Independent and disposable samples box

should be taken that the information provided by this box is true no matterywhat val
,-HEVC data (possibly only the HEVC data) is used. The “unknown” values\(value 0
ple depends on, sample is depended on, and sample has-redundanc
ed if the information varies.

[ Stream access point sample group

fovide information of all SAPs, the SAP sample group 'sap' specified in ISO/IEC 14496-

semantics of layer id method idc equalto 0 is specified in ISO/IEC 14496-12. W}
nethod idc isequalto 1, each bitin the field target_layers represents a layer carried
e this field is only 28 bits in length, the indication-ef.SAPs in a track is constrained to

layers. Each bit of this field starting from the least/significant bit (LSB) shall be mappe
hyer id values signalled in the Layer Inforthation sample group ('1inf') associatg
ple, in ascending order of 1layer id values:

pxample, if a track carries layer with layer id values 4, 10, and 29, then the lay
ped to the least significant bit, the 1a¥er id 10 is mapped to the second least signifig
layer id 29 maps to the third least significant bit. A value of one in the bit signals
ble the mapped layer has a picture that is a SAP. In the previous example Table 11 gives
Fer specific SAP information.

e 11 — Bit pattern for'the target_layer field of the 'sap' sample grouping for an e
case described above

Bit pattern of target layers (LSB layer idvalues (among 4, 10,
right most bit) 29) of SAPs
000000000000000000000010 {10}
000000000000000000000100 {29}
000000000000000000000101 {29, 4}

by OAD coann 1 1

e SampleDependencyTypeBox is used in a track that is both HEVC and L-HEVC.compatible, then
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extractors are used in a track, the SAPs of those layers referred to by extractors are also documented.
The SAP documentation shall be consistent for any given layer.

9.5.8 The'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

When a 'roll', 'rap), or 'sync' sample group concerns a predicted layer, it indicates characteristics

that apply 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 'lhel’
tracks natively containing more than one layer or natively containing one layer but not its lowest
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Cified in 8.4.9 is not always applicable when multiple layers are involved. If what is speg
hot be followed, then the composition time of a sample shall be set as if the sample wel
ble (i.e. at least one picture of the sample is output). If the decoding of a sample results
ctures, the presentation of the sample is omitted'and the duration of the previous samj

that the following samples have correct composition timing.

VC specific structures
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" inter-layer prediction from the external base layer to a track containing L-HEVC samples.
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ayer

9.6.1.2 Syntax
aligned(8) class LhvcExternalBaselLayerInfo () 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
layer (i.e. the track referred to by the 'sbas' track reference). The decoded picture resulting from
the decoding of the associated sample in the track containing the base layer is the associated decoded
pict i i ; = equal to 0
specifies that the associated sample has the same, or the closest preceding, decodingtime compared
to the decoding time of the current sample; sample_offset equal to 1 specifies that)the associated
sample is the next sample relative to the associated sample derived for samplesoffset] equal to 0;
sample offset equal to -1 specifies that the associated sample is the previous'sample rejative to the
assogiated sample derived for sample_offset equal to 0, and so on.

9.6. The operating points information sample group

9.6.2.1 Definition

App
and
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this

ications are informed about the different operating pointSprovided by a given L-HEV|
heir constitution by using the Operating Points Information sample group ('oinf"). Eag
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n
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For
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a trjck TN that has an 'ore f*track reference to the track Tk that carries the 'oinf' sampl

,-HEVC bit stream, and the dimension identifiers that relate to any particular layer

13bility type.

dll tracks of an L-HEVC bitstream, therg shall be only one track among this set that carri
ble group. Except the track that carfies the 'oinf' sample group, all tracks of an L-HEV

1l have a track reference of type 'oref' to the track that carries the 'oinf' sample group.

iny particular sample in a particular track, the temporally collocated sample in anot
ed as the one with the sarme decoding time as that of this particular sample. For each s

o applies.

f there is a teniperally collocated sample Sy in the track T, then the sample SN is assq
he same 'oinf* sample group entry as the sample Sk.

Dtherwise, the sample SN is associated with the same 'oinf'sample group entry as th
samplesiin the track Tk that precede the sample SN in decoding time.

en'several VPSs are referenced by an L-HEVC bitstream, it may be needed to include sey

for a given

bsan 'oinf'
C bitstream

her track is
ample SN in
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in the sample group description box with grouping type 'oinf’. For more common cases where
a single VPS is present, it is recommended to use the default sample group mechanism defined in
ISO/IEC 14496-12 and include the 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; l<num_operatlng points) {
unsigned int (16) output layer set idx;
unsigned int (8) max temporal id;
(8

unsi¢gned int (1) frame rate info flag
unsi@gned int (1) bit rate info flag

if (frame rate info flag) {

upsigned int (16) avgFrameRate;

bit (6) reserved = 0;

uhsigned int (2) constantFrameRate;

unsigned int(8) layer count;
for j*u, _J T= CJ__k,uuuL, J"r'r; t
upsigned int(8) ptl idx;
upsigned int (6) layer id;
upsigned int (1) is outputlayer;
upsigned int(l) is alternate outputlayer;
}
unsi¢gned int (16) minPicWidth;
unsi¢gned int (16) minPicHeight;
unsi¢gned int (16) maxPicWidth;
unsigned int (16) maxPicHeight;
unsi¢ggned int (2) maxChromaFormat;
unsigned int (3) maxBitDepthMinus8;
bit (L) reserved = 0;
)
)

if ()lt rate info _flag) |
151gned 1nt(32) maxBitRate;
uhsigned int (32) avgBitRate;

o

}
unsigne@l int(8) max layer count;
for (i=pP; i<max layer count; i++) {
unsi¢gned int (8) layerID;
unsi¢gned int(8) num direct ref-layers;
for [(J=0; j<num direct refw sdavers; j++) {
uhsigned int (8) dlrect_refilayerID;

for [(7=0; j<16; Jj++) «f
i (scalablllty mask & (1 << j))
unsigned int (8) dimension identifier;

}
}
class OpergtingRointsInformation extends VisualSampleGroupEntry ('oinf') {
OperatipgPointsRecord 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.

ptl_idx: Signals the one-based index of the listed profile, level, and tier flags for a layer with identifier
equdl to layer_id. When the value of pt1 idx equals zero for a layer, that layer shall be assumed to
have no profile, level, and tier signalled and that layer shall not be an output layer or.a\layer that is a
dire¢t or indirect reference layer of any output layer of the operating point.

laygr id:providesthenuh layer idvalues for the layers of the operating point.

is putputlayer: A flag that indicates if the layer is an output layer lor'not. A one ipdicates an
output layer.

is plternate outputlayer: This flag when set indicates that this layer can be copsidered as
an alternate output layer for this operating point. This flag is set,to one if and only if one|layer in the
operjating point has its is_outputlayer flag set.

minPicWidth specifies the least value of the luma width indicators as defined by the pic_width_in_
lum3_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

minPicHeight specifies the least value of the lumatheight indicators as defined by the pi¢_height_in_
lumg_samples parameter in ISO/IEC 23008-2 for.the stream of the operating point.

maxPicWidth specifies the greatest value;¢fthe luma width indicators as defined by the pic_width_
in_lyma_samples parameter in ISO/IEC 23Q08-2 for the stream of the operating point.

maxPicHeight specifies the greatestvalue of the luma height indicators as defined by the pic_height_
in_lyma_samples parameter in ISO/ALEC 23008-2 for the stream of the operating point.

max{hromaFormat specifies-the greatest value of the chroma_format indicator as defined by the
chrpma format idc paranieter in ISO/IEC 23008-2 for the stream of the operating poin.

maxPBitDepthMinus8i specifies the greatest value of the luma and chrom bit depth indicators as
defined by the bit/depth luma minus8 and bit_depth_chroma_minus8 parameters, flespectively,
in ISP/IEC 2300842 for the stream of the operating point.

frape rateyinfo flag equal to O indicates that no frame rate information is pregent for the
operjating point. The value 1 indicates that frame rate information is present for the operating point.

bit[d{dte info flag equal to 0 indicates that no bitrate information is present for the operating
point-The value timdicates that bitrate informmation s present for the operating point:

avgFrameRate gives the average frame rate in units of frames/(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.

_identifier: Set to the value of the dimension id field as specified in the VPS
ntax as defined in ISO/IEC 23008-2.

dimensio
extension sy

9.6.3 Thge layer information sample group

9.6.3.1 De¢finition

The list of 13
L-HEVC tra

When sever

yers and sub layers a track carries is signalled in the Layer Informatjon‘sample group. H

al VPSs are referenced by an L-HEVC bitstream, it may be needed to include several

k, including the base track (when coded with HEVC), shall carry a’'1inf' sample grouy.

very

e‘;ljtries
here
d in
than

in the samp
a single VP
ISO/IEC 144
including it

le group description box with grouping type 'linf/zKer more common cases
S is present, it is recommended to use the default sample group mechanism define
96-12 and include the Layer Information sample group'in the sample table box, rather
in each track fragment.

The groug ping
type 'linf|.

ing type parameter is not defined for the SampleToGroupBox with grou

9.6.3.2 Syntax

class LayefrInfoGroupEntry extends VisualSdMpleGroupEntry ('linf')) {

bit (2) freserved = 0;
unsigne@l int (6) num layers in track;
for (i=pP; i<num layers in trackpli++) {
bit (§) reserved = 0;
unsi¢gned int (6) layer id;
unsi¢gned int (3) min Temporalld;
unsigned int (3) max <l&€mporalld;
bit (L) reserved = 0f
unsi¢gned int (7) $ub layer presence flags;
}
}
9.6.3.3 S¢mantics

num laye] with

this sample

rs(in_track: The number of layers carried in any sample of this track associated
oroup

layer id: nuh layer id ofthelayer carried in the associated samples. The instances of this field
shall be in ascending order of 1layer 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;

Atil
are \

rack(s) extracting one or several tiles from other track(s);

‘rack(s) containing only data from one or several HEVC tiles for fast access to atile r¢
hetwork.

e region is defined as one or more complete HEVC tiles in one or more coniplete slice se
vithin the same coded picture and that contain no other HEVC tiles. The slice segme

region may but need not be contiguous in decoding order. A tile region covers a rectangle w
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Tile
of T

If ea
"tri
"tri
Sam
NAL
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Fegions within a picture do not overlap with each other.

Fegions can be described through tile region visual sample group’description entries (i
leRegionGroupEntry)withtile region flagequalto'l.

ch sample of a track consists of NAL units of only one tile region, SampleToGroup
f' can be used to associate samples to the tile region, but this SampleToGroupH
f' can be omitted if the default sample groupingmechanism is used (i.e. when the v¢
bleGroupDescriptionBox of type 'triflsds‘equal to or greater than 2). Otherwi
units, and tile regions are associated with-each other through SampleToGroupBo
m' and grouping type parameter equal to 'trif' and SampleGroupDescripf
'nalm'. ATileRegionGroupEntry déscribes

h tile region, and
roding dependencies betweensthis tile region and other tile regions.

TileRegionGroupEntxy is assigned a unique identifier, called groupID. This iden
to associate NAL units'in’a sample to a particular TileRegionGroupEntry.

ioning and size oftile regions are identified using luma sample coordinates.

n used with movie fragments, TileRegionGroupEntry can be defined for the dur
e fragment,;"by defining a new SampleGroupDescriptionBox in the track fragy
ed in ISO/IEC 14496-12:2015, 8.9.4. However, there shall not be any TileRegionGro

a track fragment that has the same groupIDasa TileRegionGroupEntry already defin

Sub-tracks can be defined by grouping the different tile regions for this sub-tra
Til€SUbTTrackGroupBoxX 1N the sub-track definition box.

bgion over a

bments that
nts of a tile
thout holes.

e. instances

Box of type
ox of type
rsion of the
e, samples,
kes of type
rionBox of

tifier can be

ation of the
nent box as
LpEntry in
ed.

'k, using a

NAL 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 SampleToGroupBox of type malm' associated with grouping type
parameter groupType, NAL units of the mapped sample are indirectly associated with the sample

group descyiptiomof type grouptype through the group D of the RaTUMapETtry appticabte for that
sample. WHen a track contains a SampleToGroupBox of type groupType, each sample is)dirgctly
mapped to the sample group description of type groupType through the SampleToGroupBex of type
groupType 4nd all NAL units of the mapped sample are associated with the same groupID.
10.2.2 Syntax
class NALUMapEntry () extends VisualSampleGroupEntry ('nalm') {
bit (6) fFeserved = 0;
unsigne@l int (1) large size;
unsignefl int (1) rle;
if (large size) |
unsigne@l int (16) entry count;
} else
unsi¢gned int(8) entry count;
}
for (i=]; i<= entry count; i++) {
if (rle) {
if (large size) {
unsigned int (16) NALU start number;
}lelse {
unsigned int (8) NALU start numbei;
}
}
unsigned int (16) grouplID;
}
}
10.2.3 Semantics
large size indicates whether the number of NAL units entries in the track samples is represented
on 8 bits or (16 bits.
rle indicates whether ran-length encoding is used (1) to assign groupID to NAL units or not (0).
entry coynt specifjes the number of entries in the map. Note that when rle is equal to 1, the eptry_
count corresponds-to the number of runs where consecutives NAL units are associated with the game
group. Whep rle/is equal to 0, entry count represents the total number of NAL units.

NALU start number is the I-based NAL unit index in the sampie of the 1irst NAL unit in the current
run associated 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

The |[TileRegionGroupEntry may be used to describe a tile region. The grduping type
parpmeter is not defined for the SampleToGroupBox with grouping type 'trif'

10.3{2 Syntax

clasp TileRegionGroupEntry () extends VisualSampleGroupEntry ('trif\?)

o

nsigned int (16) grouplD;
nsigned int(l) tile region flag;
f (!tile region flag)
bit (7) reserved = 0;
ellse {
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 offsefy
unsigned int (16) vertical offsefs

-

nsigned int (16) region width;

nsigned int (16) region height;

f (has dependency list) {

unsigned int (16) dependenCy tile count;

for (i=1; i<= dependengy_ tile count; i++)
unsigned int (16) dépendencyTileGrouplD;

eooo -

}
10.3|.3 Semantics

gronipID is auniqueidentifier for the tile region group described by this sample group entrjy. The value
of groupID ina tile region group entry shall be greater than 0. The value 0 is reserved for a|special use.

When theresisS SampleToGroupBox of type malm' and grouping type parametgr equal to
'"trilf' alSampleGroupDescriptionBox of type 'trif' shall be present, and the following applies.

iad) 1 £ 1N 4l - b 1 111 1 4 41 1D . o h 3
— TIevame or groupro ira thie Tegion group entry sitair oecqtar to tiic groupro rone o 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
has dependency listisequalto1).

This field t

kesthe foltowing vatues:

- tile
h list
vhen

If inde
regions
of depg
has_dj

pendent idc equals 0, the coding dependencies between this tile region and(othe
in the same picture or in reference pictures of the same layer is either described by

ndencyTileGroupID (whenhas dependency 1listisequalto 1) or unknown (V
bpendency list isequalto 0).

and
nbe
ence

If indg
the tile
coding
picture

pendent idc equals 1, there are no temporal dependencies betweén this tile region
regions with different groupID inany reference pictures of the same layer but there c:
lependencies between this tile region and a tile region with the same grouplD in a refer
of the same layer.

If inde
tile reg

pendent idc equals 2, there are no coding dependenciesbetween this tile region ang
on in a reference picture of the same layer.

| any

The valpe 3 is reserved.

full pict
a complete
height, resp|

filtering]|
group entry
i.e. bit-exact

has depei
dependen
setto 0, dey

horizont

rure, when set, indicates that each tile regioniassociated with this tile region group ent
picture, in which case region width and®egion height shall be set to the width
ectively, of the complete picture, and indepéndent_idc shall be set to 1 or 2.

| disabled, when set, indicates that'for each tile region associated with this tile rq
the in-loop filtering operation doésnot require access to pixels adjacent to this tile re
reconstruction of the tile region is possible without decoding the adjacent tiles.

wdency list, when set (o 1, indicates that dependency tile count and, |
by _tile count isgreater than 0, alist of dependencyTileGroupID are present. V]

b1l offset and _wertical offset give respectively the horizontal and ver

offsets of the top-left pixel-6f the rectangular region that is covered by the tiles in each tile rq

associated

vith this tile-region group entry, relative to the top-left pixel of the base region, in

endency tile count is not presentand no dependencyTileGroupID is present.

ry is
and

gion
oion,

vhen
Vhen

tical
gion
uma

samples. For HEVC aatid L-HEVC tile tracks as defined in this document, the base region used in the

TileRegi
region grou

region w

nGreupEntry is the picture to which the tiles in a tile region associated with thi
entry belongs.

b tile

sular

region that is covered by the tiles in each tile region associated with this tile region group entry, in luma
samples.

NOTE 2  For L-HEVC streams using spatial scalability and tiling on both the base and enhancement layers,
when each layer is carried in its own track, the TileRegionGroupEntry sample descriptions of the base layer
will give coordinates expressed in luma samples of the base layer, while the TileRegionGroupEntry sample
descriptions of an enhancement layer will give coordinates expressed in luma samples of the enhancement layer.

dependency tile count indicates the number of tile regions each tile region associated with this
tile region group entry depends on.

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 'tile' may be used to indicate the sub track is a spatial part of
the track

Name Attribute Description

Tilirlg '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 [ype: "tstb'
Container: Sub Track Definition box ('strd")
Manfatory: No

Quantity: Zero or one

10.4/2.2 Syntax

alighed(8) class TileSubTrackGroupBox extends FullBox('tstb', 0, 0) {
uphsigned int (16) item county

flor(i = 0; i< item count;<i++) {

unsigned int (16) tileGpouplD;

}
}

10.4.2.3 Semantics
The pnion of tileGroupIDs in this box describes the sub track defined by this box.
itep coungrounts the number of tile groups listed in this box.

tileGroupIDistheidentifier of the tile region group (groupID) contained in this sub track. groupID
is deffinéd in TileRegionGroupEntry.

10.5 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.
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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.

NOTE1 When a NAL unit applies to multiple tiles, these tiles have to be stored in the same tile track.

bnly depends on the tile base track and is independent from any other tile track that inclludes
its of the same layer as this tile track.

Atile track
VCL NAL un

An HEVC or
slice segme

L-HEVC sample of a tile track consists of one or more complete tiles in one or;nore complete

nts.

An HEVC or
resulting fr
defined in 1

L-HEVC sample in the tile base track is considered as a sync sample ifiand only if the sa
pm the merging of the corresponding samples of all tile tracks and\the tile base trac
0.5.4, is a sync sample as defined for a non tiled HEVC or L-HEV.Cjtrack, respectively,

mple
k, as
that

has the sanjple entry type equal to that in the tile base track and the same’ configuration records as
those in the]tile base track.

A sample stored in a tile track is considered as a sync sample when ‘the respective sample in th¢ tile
base track if a sync sample.

The SubSa acks

also apply t

npleInformationBox and sample groupingsdefined for regular HEVC or L-HEVC ty
b HEVC or L-HEVC tile tracks, respectively.

NOTE2 M
declaredin t

any aspects of the tile track can be discoveredby inspecting the base track if they are not expllicitly
he tile track; for example, a 'rol1' sample group.

NOTE3  Ap implementation may decide to decode only a subset of the tiles of an HEVC or L-HEVC stream. In

this case, it npay use the dependency informationin the TileRegionGroupEntry sample group descriptidns to
discard un-npeded NAL units.

10.5.2 Sample entry name and fermat for HEVC tile tracks

10.5.2.1 Definition

Sample Entry Type: 'hatl'

Container: Sample Description Box ('stsd')
Mandatory: No

Quantity: 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;

}
10.5.2.3 Semantics

II 7

[nal Loll 4 Lo IITAY 7N
J 3 B ST VA N e iy S11dIl ITUU CUIItdIIr 11 VOO

The
LHEYVCConfigurationBox or MPEG4ExtensionDescriptorsBox; these boxes, ar

1O 1T £5
TresamprernItry any OISt

leDescriptionBox of the tile base track.

ipnally, the HEVCTileSampleEntry may contain one HEVCTileTig¥rlLevelConfig
d, used to indicate the tier and level information in the case the tiléxr'egion in this ti
jon-constrained tile or tile set.

ressorname in the base class VisualSampleEntry indiCates the name of the

with the value "\020HEVC Tile Coding" beingrecomimended; the first byte is a

ining bytes, here represented by \020, which (being octal20) is 16 (decimal), the num
rest of the string.

_tier flag, mcts level idc are set to th€ yalues of the fields mcts_tier_flag

emporal motion-constrained tile set as defined in ISO/IEC 23008-2. If the tile regio
is not the same as any of the temporal motion-constrained tile set in the stream or |
jon-constrained tile sets SEI message is‘present in the stream, an appropriate value g
mporal motion-constrained tile sets.SEI as defined in ISO/IEC 23008-2 shall be set.

.3 Sample entry name and format for L-HEVC tile tracks

10.5.3.1 Definition

Sam "Lhtl!

Con Sample Description Box ('stsd')

Man

Qua

No

Zero or more sample entries may be present

5:2017(E)

ationBox,
e found in

b usually as
tries in the

jurationR

le track is a

compressor
count of the
ber of bytes

and mcts_

idc in the temporal motion-constrained tile.sets SEI message if the tile region in the tile track

h in the tile
o temporal
ccording to

This| saniple entry describes media samples of an L-HEVC tile track. The width and he

i ght of the

VisualSampleEntry for an L-HEVC tile track (sample entry type '1ht1') shall be set t

o the width

and height of the minimum bounding box enclosing all tile regions of all layers contained in the track.

The layout information in the track header (i.e. layer, matrix, width and height) of an
track shall be ignored by file parsers. CleanApertureBox and PixelAspectRatioBox
presentin an 'lht1'sample description.

10.5.3.2 Syntax

class LHEVCTileSampleEntry ()
}

extends VisualSampleEntry ('lhtl') {

© ISO/IEC 2017 - All rights reserved
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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 “\022L-HEVC Tile Coding” being recommended; the first byte is a count of the remaining
bytes, here represented by \022, which (being octal 22) is 18 (decimal), the number of bytes in the rest
of the string:

10.5.4 Bitstream reconstruction from tile base and tile tracks

Since extra¢tors cannot be used in a tile base track, a tile base track shall indicate the tile ord¢ring
using a 'saljt’ track reference to the tile tracks. The 'sabt' track reference may only-be used to refer to
tile tracks from a tile base track. When the 'sabt' track reference is present in a track, the samples of
this track shall not use aggregators.

The bitstreqdm is reconstructed as follows.

a) For atile base track and a number of tile tracks carrying VCL NAL units of one layer, a picture{unit
is firstly reconstructed to consist of the following NAL units intheorder listed:

1) ifthe picture unit corresponds to a sample that is the fitst sample of a set of samples assocjated
with a sample entry, the parameter sets and SEI NALunits 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.
Then 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 epd of
the|picture unit and any other EOS'NAL unit is removed.

5) Ifthere is one or more thamone EOB NAL unit present, one EOB NAL unit is placed at the end of
the|picture unit; any other EOB NAL unit is removed.

b) Ifonly ¢ne layer is involved, the reconstructed picture unit is the access unit. Otherwise, the agcess
unit is feconstructed from all the picture units of the involved layers as specified in 9.5.2.2.

c) Finally,[the bitstream is reconstructed from the reconstructed access units as specified in 9.5.R.2.

NOTE Plcture urits, access units, and bitstreams reconstructed as above may not be conforming to
ISO/IEC 23018-2. Eor example, for a picture unit reconstructed as above, some VCL NAL units covering som%ltiles
of the pictur¢ may be missing due to that the regions represented by those tiles are not need by the applicatjon.

10.5.5 Sample entry names for tile base tracks

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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Annex A
(normative)

In-stream structures

A.1 General

Aggregator

Aggregator

b and extractors use a syntax that is similar to the NAL unit syntax but de€s not fa

the start c

ISO/IEC 14496-10 or ISO/IEC 23008-2. These NAL-unit-like structures are seen 'as”"NAL units i
context of the sample structure. While accessing a sample, aggregators shall ‘be removed (leg

their contai
Aggregator

These struc

or ISO/IEC ?
NOTE1 T

“NOTE NAL
values of nal

NOTE2 T

“NOTE 1 NAL unit types in the range of UNSPEC48..UNSPEC63 may be used as determined by the applicatio|
cess for these values of nal_unit_type\is specified in this Specification. Since different applications

decoding prd
might use the
that generatg
of NAL units

A.2 Aggr

de emulation prevention mechanism required for the NAL unit syntag as specifie

ed or referenced NAL units) and extractors shall be replaced by the data they refer
b and extractors shall not be output by file parsers.

tures use NAL unit types reserved for the application/transport layer by ISO/IEC 1449
3008-2.

he following is from ISO/IEC 14496-10:

unit types 0 and 24..31 may be used as determined.by.the application. No decoding process for
lunit_type is specified in this Recommendation | Jnternational Standard.”

he following is from ISO/IEC 23008-2:

bse NAL unit types for different purposes, particular care shall be exercised in the design of enc
NAL units with these nal_unit ,type values, and in the design of decoders that interpret the co
with these nal_unit_type values.”

egators

A21 D

e:[|nition
This subclajuse deseribes aggregators, which enable NALU-map-group entries to be consistent

repetitive. (

Aggregator

See Anhex B).

b dre-used to group NAL units belonging to the same sample.

b and extractors are file format internal structures enabling efficient grouping of NAL \|mits
or extraction of NAL units from other tracks.

llow
d in
1 the
ving
bnce.

6-10

hese

n. No

ders
htent

and

For storage

of ISO/IEC 14496-10 video, the following rules apply.

— Aggregators use the same NAL unit header as SVC VCL NAL units, MVC VCL NAL units, MVC+D depth

VCL NA

L 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
unit header 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
unit 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 23008-
2, which has the same syntax for plain HEVC and layered HEVC. An ISO/IEC 23008-2 aggregator shall
not aggregate NAL units belonging to more than one picture unit (where picture unit is defined in
ISO/IEC 23008-2).

Aggre

e-indicated by

theiy length) and also aggregate by reference NAL umts that follow them (w1th1n the Ar¢a indicated

by the additional_bytes field within them). When the stream is scanned by a file reader that does not
support aggregators, only the included NAL units are seen as “within” the aggregator. This permits
such| a file reader to skip a whole set of un-needed NAL units when they are aggregated hHy inclusion.
This|also permits such a file reader not to skip NAL units but let them remainGn‘stream when they are
aggregated by reference.
Aggtegators can be used to group base layer or base view NAL units. If thése aggregators arje used in an
'avc|l’, 'hvel', or 'hevl' track then an aggregator shall not use inclusion but reference of hjase layer or
base|view NAL units (the length of the aggregator includes only itstheader and the NAL unit$ referenced
by the aggregator are specified by additional bytes).
Whein the aggregator is referenced by either an extractor with data_length equal to zero, pr by a Map
sample group, the aggregator is treated as aggregating both the included and referenced byjtes.
An dggregator may include or reference extractor$«’An extractor may extract from aggiregators. An
aggregator shall not include or reference anothervaggregator directly; however, an aggiegator may
inclyde or reference an extractor that references'an aggregator.
An aggregator shall not be empty, i.e. it shall'ihclude or reference to at least one NAL unit.
When scanning the stream,
a) |f the aggregator is unrecognized (e.g. by an AVC or HEVC reader or decoder), it is easily discarded
ith its included content,
b) If the aggregator is not fieeded (i.e. it belongs to an undesired layer), it and its contents both by
nclusion and reference are easily discarded (using its length and additional_bytes fields), and

c) [Ifthe aggregator.is needed, its header is easily discarded and its contents retained.
An aggregatords-stored within a sample like any other NAL unit.
All NAL units remain in decoding order within an aggregator.
A.2.2~Syntax
class aligned(8) Aggregator (AggregatorSize) {

NALUnitHeader () ;

unsigned int i = sizeof (NALUnitHeader());

unsigned int ((lengthSizeMinusOne+1) *8)

i

additional bytes;
+= lengthSizeMinusOne+1;

while (i<AggregatorSize) {

unsigned int ((lengthSizeMinusOne+1) *8)
NALUnitLength;

unsigned int (NALUnitLength*8) NALUnit;

i += NALUnitLength+lengthSizeMinusOne+1;

© ISO/IEC 2017 - All rights reserved
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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 a

s 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)

returns the

NALUnitH

size of the field X in bytes.

ader () the first four hyfnc of Q\/(‘, MV(" and MV C+D prfh VCL NAI units or the

first

three bytes
nal unit|
For an aggr
forbidder

Other field
dependen
flag, and ou

For an aggr
forbidder

Other fields
anchor pj

For an aggr
forbidder

Other field
anchor pj

For an aggr
forbiddet
Other fields

addition
aggregated

sample groyp.

of 3D-AVC NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.

| t ype shall be set to 30 for ISO/IEC 14496-10 video and 48 for ISO/IEC 23008-2video.
poator including or referencing SVC NAL units, the following shall apply.

\ zero bitand reserved three 2bits shall be setas specified in1SO/IEC 1449
5 (nal ref idc, idr flag, priority id, no inger layer pred f
'y id, gquality id, temporal id, use ref base gikc¢’ flag, discardak
tput flag) shall be set as specified in A.4.

pgator including or referencing MVC or MVC+D depth NALwnits, the following shall apg
\ zero bitand reserved one bit shall be setasspecified in ISO/IEC 14496-10.

(nal ref idc, non idr flag, prioAity id, view_ id,
| c flag,and inter view flag) shall be setas specified in A.5.

poator including or referencing 3D-AVC NAY units, the following shall apply.
\ zero bitand reserved threel*2bits shall be setas specified in ISO/IEC 1449

b (nal ref idc, view idx, depth flag, non_ idr flag,
L c flag, and inter view flag) shall be setas specified in A.6.

poator including or referehcing ISO/IEC 23008-2 NAL units, the following shall apply.
\ zero bit shallbesetas specified in ISO/IEC 23008-2.
(nuh layer (fdand nuh temporal id plusl)shall be setas specified in A.8.

1 bytegnThe number of bytes following this aggregator that should be considerg
when tlis)aggregator is referenced by an extractor with data_length equal to zero or

temporal |

temporal |

le

o

y.

id,

10.

id,

d as
Map

NALUNnitLg

ngth: Specifies the size, in bytes, of the NAL unit following. The size of this field is spec

ified

with the 1e

ngthSizeMinusOne 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, by means of a track reference of type 'scal’.

The hutoo coniad challho ano aftho follawing:
Py c et o P oot o S O S Ot T O oy i 5T

T

a) pne entire NAL unit; note that when an aggregator is referenced, both the included and referenced
bytes are copied;

b) more than one entire NAL unit.
In bgth cases the bytes extracted start with a valid length field and a NAL unit’header.

The |bytes are copied only from the single identified sample in the track referenced hrough the
indigated 'scal’ track reference. The alignment is on decoding time}4,e. using the time-to-gample table
only] followed by a counted offset in sample number. Extractors-are a media-level concepft and hence
apply to the destination track before any edit list is considered.(However, one would normally expect
thatthe edit lists in the two tracks would be identical).

A.3.2 Syntax

clasls aligned(8) Extractor () {

NRLUnitHeader () ;

unsigned int (8) track ref index;

sfigned int (8) sample offset;

unhsigned int ((lengthSizeMinusOne+1) *8)
data offset;

upnsigned int ((lengthSizeMinusOngaitl) *8)

data length;

}

NOTE The syntax of extractors fitay not follow the NAL unit syntax and the NAL unit constraintf specified in

ISO/]EC 14496-10. For example;there may exist three continuous bytes equal to a value in the range|of 0x000000

to 0)1000010, 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

pres¢nted to a video decoder.

A.3.3 Semantics

NALPnitHeader (): the first four bytes of SVC, MVC and MVC+D depth VCL NAL units,|or the first
threg bytes.of 3D-AVC NAL units.

nall it type shall be setto 31 for ISO/IEC 14496-10 video.

For an extractor referencing SVC NAL units, the following shall apply.
forbidden zero bit and reserved three 2bits shall be setas specified in ISO/IEC 14496-10.

Other fields (nal ref idc, idr flag, ©priority id, no_ inter layer pred flag,
dependency id, quality id, temporal id, use ref base pic flag, discardable
flag,and output flag) 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 offset specified by sample_offset with the sample containing the extractor. The first track reference

has the indgx~valuet-the value O-isreserved-

sample offset gives the relative index of the sample in the linked track that shall be used a$ the
source of igﬁzormation. Sample 0 (zero) is the sample with the same, or the closest precedig, decdding
time compalred to the decoding time of the sample containing the extractor; sample 1 (pne€)'is the[next
sample, sanjple -1 (minus 1) is the previous sample, and so on.

data_ offget: The offset of the first byte within the reference sample to copy. If the extraction sfarts
with the figst byte of data in that sample, the offset takes the value 0. The offset shall referencg the
beginning of a NAL unit length field.

data_ length: The number of bytes to copy. If this field takes the alue 0, then the entire single
referenced NAL unit is copied (i.e. the length to copy is taken from.the length field referenced by the
data offset, pugmented by the additional_bytes field in the case of aggregators).

NOTE Iflthe two tracks use different lengthSizeMinusOnesvalues, then the extracted data will nedd re-
formatting t¢ conform to the destination track’s length field size:

A.4 NAL unit header values for SVC

Both extradtors and aggregators use NAL unit headers with the NAL unit header SVC extension] The
NAL units gxtracted by an extractor or aggregated by an aggregator are all those NAL units thaf are
referenced ¢r included by recursively inspecting the contents of aggregators or extractors.

The fields pal ref idc, idr flagy~ priority id, temporal id, no_ inter layer
pred flag) dependency id, (guality id, temporal id, use ref base pic flag,
discardalple flag, output flag, use ref base pic flag,and no inter layer pped
flag shall tgke the following values.

nal ref jdc shall be setto the highest value of the field in all the extracted or aggregated NAL ynits.
idr flag shall be setdb-the highest value of the field in all the extracted or aggregated NAL units.

priority|id, tfemporal id, dependency id,and quality id shall be set to the lowest values
of the fields| respectively, in all the extracted or aggregated NAL units.

discardable flag shall be setto T if and only if all the extracted or aggregated NAL units have the
discardable 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.

NOTE 3  If multiple scalable tracks reference the same media data, then an aggregator should group NAL
units with identical scalability information only. This ensures that the resulting pattern can be accessed by each
of the tracks.

NOTE4 If no NAL unit of a particular layer exists in an access unit then an empty aggregator (in which the

length of the aggregator includes only the header, and additional_bytes is zero) may exist,

A5

Both aggregators and extractors use the NAL unit header MVC extension. The NAL units ¢
an extractor or aggregated by an aggregator are all those NAL unitgs that are referenced or
recufrsively inspecting the contents of aggregators or extractors.

NAL unit header values for MVC and MVC+D depth NAL units

xtracted by
included by

The
anc

fields nal ref idc, non idr flag, priority id, view id,
hor pic flag, and inter view flag shall take thefellowing values.

temporal id,

nal| ref idc shall be setto the highest value of the field in all the aggregated or extracted NAL units.

non| idr flag shall be set to the lowest value of the field in all the aggregated or extracted NAL units.

pri y, in all the

aggrn

brity id and temporal_id shall be set 9 the lowest values of the fields, respective
egated or extracted NAL units.

viey id shall be set to the view_id valite of the VCL NAL unit with the lowest view order i
all the aggregated or extracted VCL NAL units.

hdex among

anc espectively,

in al

nor pic flagand inters¥view flag shall be set to the highest value of the fields, 1
the aggregated or extracted VCL NAL units.

A.6| NAL unit header values for 3D-AVC NAL units

Both
10:2
NAL
extr

aggregators and extractors use the NAL unit header 3D-AVC extension specified in ISO
D14, Annex/}-The NAL units extracted by an extractor or aggregated by an aggregator :
units that are referenced or included by recursively inspecting the contents of agg
hctors,All the aggregated or extracted VCL NAL units shall have nal unit type equ

IEC 14496-
hre all those
regators or
al to 21 and

avec| 3@ extension flagequalto 1.

The fields nal ref idc,view idx,depth flag,non idr flag, temporal id,anchor pic_
flag,and inter view flag shall take the following values.

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
of tracks that extract NAL unit data by reference.

An extract
a) asample constructor extracts, by reference, NAL unit data from a sample of another track;
b) anin-life constructor includes NAL unit data.
An aggregator may include or reference extractors. An extractor may reference aggregators. Whgn an
extractor is| processed by a file reader that requires it, the extractor is logically replaced by the hytes
resulting when resolving the contained constructors in their appearance order.
The bytes feferred to by a sample constructor shall not contain extractors; an extractor shall not
reference, dlirectly or indirectly, another extractor.
The track that is referenced may contain extractors even though.thé data that is referenced by the
extractor shall not.
An extractor may contain one or more constructors for extracting data from the current track or from
another tragk that is linked to the track in which the extractor resides by means of a track referenice of
type 'scal’
The bytes of a resolved extractor shall be one of thefollowing:
a) one entjre NAL unit; note that when an aggregator is referenced, both the included and referepced
bytes ate copied;

b) more tHan one entire NAL unit.
In both casgs, the bytes of the resolved extractor start with a valid length field and a NAL unit headler.
The bytes ¢f a sample constfuctor are copied only from the single identified sample in the frack
referenced fhrough the indicated 'scal’ track reference. The alignment is on decoding time, i.e. ysing
the time-to{sample tablewonly, followed by a counted offset in sample number. Extractors are a media-
level concefjt and hence apply to the destination track before any edit list is considered. (However] one
would nornjally expect that the edit lists in the two tracks would be identical).
A.7.2 Syr1tax
class aligned(8) Extractor () {

NALUnitHeader () ;

do {

unsigned int (8)
if ( constructor type ==

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
InlineConstructor correspond to constructor type equal to 0 and 2, respectively. Other
values of constructor type are reserved.

EndpfNALUnit () is a function that returns 0 (false) when more data follows in thif extractor;
othefrwise it returns 1 (true).

A.7.4 Sample constructor

A.7.4.1 Syntax

clasls aligned(8) SampleConstructor () {
unsigned int (8) track ref index;

sfigned int (8) sample offset;

upnsigned int ((lengthSizeMinusOne+1) *8)
data offset;

unsigned int ((lengthSizeMinusOne+1) *8)
dhta length;

}

A.7.4.2 Semantics
tragk ref index:as specifiedinA.3.3.
sample offset:asspecified in A.3.3.

datp offset: The offset of the first byte within the reference sample to copy. If the extrdction starts
withfthe first byte of data in that sample, the offset takes the value 0.

datg length: The number of bytes to copy. If this field takes the value 0, data offset shall refer
to the the beginning of a NAL unit length field and the entire single referenced NAL unit is copied
(i.e. the length to copy is taken from the length field referenced by data offset, augmgnted by the
addifional_bytes field in the case of aggregators).

NOTE If the twoltracks use different 1lengthSizeMinusOne values, then the extracted data jwill need re-
formptting to confotun to the destination track’s length field size.

A.7.5 In-line constructor

A.7.5:2</Syntax

class aligned(8) InlineConstructor () {
unsigned int (8) length;
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 temporal id plusl shall be set to the lowest value of the field in all the aggregated or
extracted NALunits
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B.2 Definition
B.2.1 Tier information box
B.2.1.1 Definition
Box Type: 'tiri'

Container:  ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox

AVS
ITS

Mandatory:

Quantity: Zero or One // depends on primary_definition

The tier infi
frame-rate
entry ora M
upon. If the

brmation box provides information about the profile, level, frame size, discatdability,
bf a covered bitstream subset. If the Tier Information box is included in-a-Scalable G
ultiview Group entry, the covered bitstream subset consists of the tier,and tiers it dep
Tier Information box is included in a Multiview Group box, the covéred bitstream st

and
roup
ends
bset

consists of the target output views of the multiview group and all the views required for decodin
target outpyit views.

b the

B.2.1.2 Syntax

class Tier
unsigne
unsigne
unsigne
unsigne
bit (8)

[nfoBox extends Box('tiri'){ //Mandatory Box
int (16) tierID;

int (8) profileIndication;

int (8) profile compatibility;

int (8) levelIndication;

reserved = 0;

int (16)
int (16)

visualWidth;
visualHeight;

unsigne
unsigne

int (2) discardable;

int (2) constantFrameRate;
reserved = 0;

int (16) frameRat;

unsigne
unsigne
bit (4)

unsigne

}

B.2.1.3 Sdmantics

tierIDgiv
or a Multiv
tierID shd

es the identifier-of the tier, when the Tier Information box is included a Scalable Group ¢
ew Group entry/ Otherwise, the semantics of tierID are unspecified, and in this
111 be set to-the reserved value 0.

ntry
Case,

profileIndlication contains the profile_idc as defined in ISO/IEC 14496-10, when the paranjeter
applies to the cavered bitstream subset.

rofile C(/mﬂ"\'i—-: halat+szic o huta dafinod ovactly tha camao ¢ tho huto that accnire hotwoed the
P oo To+== 15—yt e a—exdcttry—tie-—Saihed5—tie—oyte—+tridt—o8cedi-S—uesweet

profile_idc and level_idc in a sequence parameter set or a subset sequence parameter set, as defined in
ISO/IEC 14496-10:2014, Annexes 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 subset.
A coded sub-picture consists of a proper subset of coded slices of a coded picture. A tier may consist
of only sub-pictures. In this 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 as follows. An

AVC s H pa [ | H 4= 1. Lanh} £ el H 1 a 41 1] 1 a t‘
ITSTreanT s eircoaca USHIg TWO SIICe groups T Ne T St SHce grotpmeraaes tire MactrooTrocKs 11}31‘6561‘1 ng a

regign-of-interest and is coded without referring to slices in the other slice group for inter prediction over all the
accegs units. The slices of the first slice group in each access unit then form a sub-picture anda su
can He specified to include all the sub-pictures over all the access units.

-picture tier

vishalHeight gives the value of the height of the coded picture (of an SVC stream),|coded sub-
pictyre (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 sybset.

disfardable 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 intgr_view_flag
(for MVC or MVD) equal to 0.

01| this tier contains both NAL units with discardable.flag (for SVC) equal to 1 or inter_yiew_flag
(for MVC or MVD) equal to 0 and discardable_flag)(for SVC) equal to 0 or inter_view_{lag (for
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 (for
MVC or MVD) equal to O.

conptantFrameRate specifies if the frame rate of this tier is constant. A value of 0 denotes a non-
consftant frame rate, a value of 1 denotes a constant frame rate and a value of 2 denotes that it is not
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 the lower
tierd that this tier dependsfon’is decoded in frames per second rounded to the closest irfjteger using
the Round function specified in ISO/IEC 14496-10. If constantFrameRate has a value of 0 or 2 then
frameRate gives the average frame rate. If constantFrameRate has a value of 1 then frameRate gives
the donstant frameaté. frameRate equal to 0 indicates an unspecified frame rate. For SVC streams,
decdded frames, cemplementary field pairs and non-paired fields are regarded as frames when deriving
the yalue of frameRate. For MVC or MVD treams, decoded view components of any single view only
are fegarded as frames when deriving the value of frameRate, regardless of the total number of the
views, sin¢eall output views are required to have simultaneous view components.

B.2.2  Tier bit rate box

B.2.2.1 Definition

Box Type: 'tibr'

Container:  ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox

Mandatory: No

Quantity: Zero or One

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

© ISO/IEC 2017 - All rights reserved 115


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

ISO/IEC 14496-15:2017(E)

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.

— For MVC or MVD streams, the lowest long-term average bit rate that this tier could deliver is equal
to the long-term average bit rate of the tier, when all NAL units of the tier are considered.

— Tthe lopg-term average bit rate of the tier; all NAL units of the tier are considered.
— The makimum, or peak, bit rate of the tier; all NAL units of the tier are considered.

When inclufled in a Multiview Group box, the tier bit rate box provides information about the bit|rate
values of thg covered bitstream subset consisting of the target output views indicated'by the multiyiew
group and dll the views required for decoding of the target output views. The maximum and long-ferm
average bit rate for the covered bitstream subset are provided.

B.2.2.2 Syntax

class TierBPitRateBox extends Box ('tibr') {
unsignefl int (32) baseBitRate;
unsignefl int (32) maxBitRate;
unsignefl int (32) avgBitRate;

unsignefl int (32) tierBaseBitRate;

unsignefl int (32) tierMaxBitRate;

unsignefl int (32) tierAvgBitRate;
}

B.2.2.3 Sdmantics

baseBitRgte gives the lowest long-term average bit rate in bits/second of the stream made fron{ this
tier and the|lower tiers this tier depends on-over the entire stream.

For SVC strpams, baseBitRate is.derived as follows. Let maxDid be the greatest dependency_if for
all NAL unifts of the tier, and minQid be the least quality_id for all NAL units of the tier and hdving
dependencyj id equal to maxDid{The NAL units that are taken into account when calculating this bif rate
value are aq follows: 1) all NAT;units of the tier except for those having dependency_id equal to majxDid
and quality|id greater thai minQid; 2) all NAL units of the lower tiers the current tier depends on.

For MVC or MVD stredms, baseBitRate shall be equal to avgBitRate.

maxBitRate givesithe maximum bit rate in bits/second of the stream containing all NAL unit mapped
to this tier gnd 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 unit
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 Type: 'svpr'

C t 3 C labklals ot W, U R ral | RS
On AI1ITT . JLdAdIdUITUTL UbllJLJllLl _y Ul IVIUILIVITVVUI UulJLallLl y
Manfatory: Yes

Quantity: Exactly One
NOTE This box was previously called SVCPriorityRangeBox.

This|box reports the minimum and maximum priority_id of the NAL units mapped to this tipr.

B.2.3.2 Syntax

clasls PriorityRangeBox extends Box ('svpr') {
bit (2) reservedl = 0;

uphsigned int (6) min priorityId;

blit (2) reserved2 = 0;

unsigned int (6) max priorityId;

B.2.3.3 Semantics
min[priority id, min priority id\take the minimum or maximum value of th¢ priority_id

synthx element that is present in the NALswuinit header extension of the SVC, MVC or MVC+I} depth NAL
unit$ mapped to the tier. For AVC streaiis’this takes the value that is, or would be, in the preflix NAL unit.

B.2.f¢ SVC dependency range

B.2.4.1 Definition

Box ypes:  'svdr'
Contfainer:  ScalableGroupEntry

Manfatory: (_Yes

Quantity: Exactly One

This box reports the minimum and maximum dependency_id of the NAL units mapped to this tier.

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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min quality id;
max_dependency id;
max temporal id;

= 0;

max_ quaity id;

unsigned int (4)
unsigned int (3)
unsigned int (3)
bit (6) reserved
unsigned int (4)

}
B.2.4.3 Semantics
min dependency id, max dependency id take the minimum or maximum value of the

dependency id syntax element that is present in the scalable extension NAL unit header defined in
the SVC video specification of the NAL units mapped to the tier. For AVC streams this takes the value

thatis, or wauld be, in the prefix NAL unit (note: this value is zera)
min temp¢ral id, max temporal id take the minimum or value of the temporal id\syntax
element thalt is present in the scalable extension NAL unit header defined in the SVC video spgeification
of the NAL yinits mapped to the tier having dependency_id equal to min dependency,¥d* and nfax
dependen¢y id respectively. For AVC streams this takes the value that is, or would be; in the pfefix
NAL unit.
min quallty id, max quality id take the minimum or value of the quality_id syntax element
that is pregent in the scalable extension NAL unit header defined in the, SVC video specificatign of
the NAL unlits mapped to the tier having dependency_id equal to min dépendency id and nax
dependen¢y id respectively. For AVC streams this takes the value tifat\is, or would be, in the pfefix
NAL unit.
B.2.5 Initial parameter sets box
B.2.5.1 Definition
Box Type: | 'svip'
Container: | ScalableGroupEntry or MultiviewGroupEntry
Mandatory: No
Quantity: Zero or One
The initial parameter sets box documents which parameter sets are needed for decoding this tieff and
all the lowef tiers it depends on.
B.2.5.2 Syntax
class InitjalParametetSetBox extends Box ('svip') {

unsigne@l int (8 .8ps_id count;

for (i=pP; i< 'sps_id count; i++)

unsigngdsdnt (8) SPS index;
unsigne@i™\iwt (8) pps_id count;
for (i=0; i< pps_id count; 1i+7)

unsigned 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.

118 © ISO/IEC 2017 - All rights reserved


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

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviated terms
	3.1 Terms and definitions
	3.2 Abbreviated terms
	4 General definitions
	4.1 Overview
	4.2 Elementary stream structure
	4.3 Sample and configuration definition
	4.3.1 General
	4.3.2 Canonical order and restrictions
	4.3.3 Sample format
	4.3.4 Optional boxes in the sample entry
	4.4 Video track structure
	4.5 Template fields used
	4.6 Visual width and height
	4.7 Decoding time (DTS) and composition time (CTS)
	4.8 Sample groups on random access recovery points ʹrollʹ and random access points ʹrapʹ
	4.9 Hinting
	4.10 On change of sample entry
	5 AVC elementary streams and sample definitions
	5.1 General
	5.2 Elementary stream structure
	5.3 Sample and configuration definition
	5.3.1 General
	5.3.2 Canonical order and restrictions
	5.3.3 Decoder configuration information
	5.4 Derivation from ISO base media file format
	5.4.1 AVC file type and identification
	5.4.2 AVC video stream definition
	5.4.3 AVC parameter set stream definition
	5.4.4 Parameter sets
	5.4.5 Sync sample
	5.4.6 Shadow sync
	5.4.7 Layering and sub-sequences
	5.4.8 Alternate streams and switching pictures
	5.4.9 Definition of a sub-sample for AVC
	5.4.10 Post-decoder requirements scheme for signalling of SEI for AVC
	6 SVC elementary stream and sample definitions
	6.1 General
	6.2 Elementary stream structure
	6.3 Use of the plain AVC file format
	6.4 Sample and configuration definition
	6.4.1 General
	6.4.2 Canonical order and restrictions
	6.5 Derivation from the ISO base media file format
	6.5.1 SVC track structure
	6.5.2 Data sharing and extraction
	6.5.3 SVC video stream definition
	6.5.4 SVC visual width and height
	6.5.5 Sync sample
	6.5.6 Shadow sync
	6.5.7 Independent and disposable samples box
	6.5.8 Sample groups on random access recovery points ʹrollʹ and random access points ʹrapʹ
	6.5.9 Definition of a sub-sample for SVC
	7 MVC and MVD elementary stream and sample definitions
	7.1 General
	7.2 Overview of MVC or MVD Storage
	7.3 MVC and MVD elementary stream structures
	7.4 Use of the plain AVC file format
	7.5 Sample and configuration definition
	7.5.1 General
	7.5.2 Canonical order and restriction
	7.5.3 Decoder configuration record
	7.6 Derivation from the ISO base media file format
	7.6.1 MVC and MVD track structures
	7.6.2 Reconstruction of an access unit
	7.6.3 Sample entry
	7.6.4 Sync sample
	7.6.5 Shadow sync
	7.6.6 Independent and disposable samples box
	7.6.7 Sample groups on random access recovery points ʹrollʹ and random access points ʹrapʹ
	7.7 MVC specific information boxes
	7.7.1 General
	7.7.2 Multiview information box
	7.7.3 Multiview group box
	7.7.4 Multiview group relation box
	7.7.5 Multiview relation attribute box
	7.7.6 Multiview scene info box
	7.7.7 MVC view priority assignment box
	8 HEVC elementary streams and sample definitions
	8.1 General
	8.2 Elementary stream structure
	8.3 Sample and configuration definition
	8.3.1 General
	8.3.2 Canonical order and restrictions
	8.3.3 Decoder configuration information
	8.4 Derivation from ISO base media file format
	8.4.1 HEVC video stream definition
	8.4.2 Parameter sets in sample entry
	8.4.3 Sync sample
	8.4.4 Sync sample sample grouping
	8.4.5 Temporal scalability sample grouping
	8.4.6 Temporal sub-layer access sample grouping
	8.4.7 Step-wise temporal layer access sample grouping
	8.4.8 Definition of a sub-sample for HEVC
	8.4.9 Handling non-output samples
	9 Layered HEVC elementary stream and sample definitions
	9.1 General
	9.2 Overview of L-HEVC storage
	9.3 L-HEVC elementary stream structure
	9.4 Sample and configuration definition
	9.4.1 General
	9.4.2 Canonical order and restrictions
	9.4.3 Decoder configuration record
	9.5 Derivation from the ISO base media file format and the HEVC file format (Clause 8)
	9.5.1 L-HEVC track structure
	9.5.2 Data sharing and reconstruction of an L-HEVC bitstream
	9.5.3 L-HEVC video stream definition
	9.5.4 L-HEVC visual width and height
	9.5.5 Sync sample
	9.5.6 Independent and disposable samples box
	9.5.7 Stream access point sample group
	9.5.8 The ʹrollʹ, ʹrapʹ, ʹsyncʹ, ʹtsasʹ and ʹstsaʹ sample groups
	9.5.9 Definition of a sub-sample for L-HEVC
	9.5.10 Handling non-output samples
	9.6 L-HEVC specific structures
	9.6.1 External base layer sample group
	9.6.2 The operating points information sample group
	9.6.3 The layer information sample group
	10 Storage of tiled HEVC and L-HEVC video streams
	10.1 General
	10.2 NAL unit map entry
	10.2.1 Definition
	10.2.2 Syntax
	10.2.3 Semantics
	10.3 Tile region group entry
	10.3.1 Definition
	10.3.2 Syntax
	10.3.3 Semantics
	10.4 Tile sub track definition
	10.4.1 General
	10.4.2 TileSubTrackGroupBox
	10.5 HEVC and L-HEVC tile track
	10.5.1 General
	10.5.2 Sample entry name and format for HEVC tile tracks
	10.5.3 Sample entry name and format for L-HEVC tile tracks
	10.5.4 Bitstream reconstruction from tile base and tile tracks
	10.5.5 Sample entry names for tile base tracks
	Annex A (normative)  In-stream structures
	Annex B (normative)  SVC, MVC, and MVD sample group and sub-track definitions
	Annex C (normative)  Temporal metadata support
	Annex D (normative)  File format toolsets and brands
	Annex E (normative)  Sub-parameters for the MIME type “codecs” parameter

