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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.
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Introduction

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

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

b) be usedin an MPEG-4 systems environment, if desired,

‘)
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INTERNATIONAL STANDARD ISO/IEC 14496-15:2019(E)

Information technology — Coding of audio-visual
objects —

Part 15:
Carriage of network abstraction layer (NAL) unit
struectured-video-inthe ISO-base-mediafile format—

1 Bdcope

This|document specifies the storage format for streams of video that is structured as NAL uhits, such as
AVC[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 their content
consftitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced doctiment (including any amendments) applies.

ISO/JEC 14496-10:2014, Information technology — Cading of audio-visual objects — Part 1(): Advanced
Videp Coding

ISO/IEC 14496-12:2015, Information technology *— Coding of audio-visual objects — Part §2: ISO base
medla file format

ISO/IEC 23008-2:2017, Information technology — High efficiency coding and media |delivery in
hetefogeneous environments — Part 2~High efficiency video coding

3 Terms, definitions and’abbreviated terms

3.1 | Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 14496-10, ISO/|EC 23008-2
and the following-apply.

3.1.
3D-AVC NAL unit
3D-AVC/VCL NAL unit

NALnit with fypn 21 with ave 3d extension F]ag nqn:\] to 1

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

3.1.2

aggregator

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

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

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

© ISO/IEC 2019 - All rights reserved 1
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Note 2 to entry: The AVC base layer is represented by AVC VCL NAL units and associated non-VCL NAL units.

Note 3 to ent

3.14

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

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

3.1.5

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

3.1.6
complete s
minimal set

3.1.7

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

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 ent
can be seen

eight of the decoded frame after applying the 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 scalability axes, such as resolution), and where every bitstream is a

Dint

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

ructure (3.1.11) using a NAL unit header for extraction of data from other tracks

ry: Extractors contain instructions’on how to extract data from other tracks. Logically an Extr
hs a pointer to data. While reading a track containing Extractors, the Extractor is replaced b

data it is poimting to.

3.1.10
implicit req
reconstruct

3.1.11
in-stream
structure r¢

3.1.12

fonstruction
ion of a stream(ofaccess units from two or more tracks not using extractors

tructure
sidingwithin sample data

7 the

[ the
sing
alid

ders.
acks.

hctor
y the

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

3.1.13

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

MVC NAL unit
MVC VCL NAL unit (3.1.14) and its associated non-VCL NAL units in an MVC streamNote 1 to entry: As

specified in

ISO/IEC 14496-10:2014, Annex H.

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

5:2019(E)

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

VCL NAL units
Note 1 to entry: As specified in ISO/IEC 14496-10.
Note 2 to entry: MVC VCL NAL units do not affect the decoding process of a legacy AVC decoder.

3.1.15
MVC+D depth NAL unit

MVC+D rlnrr\fh VCLNAL unit

NALfunit with type 21 containing a coded slice extension for a depth view component Nokg
As specified in ISO/IEC 14496-10:2014 Annex L.

3.1.16

MVD NAL unit

MVI) VCL NAL unit

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

Note|l to entry: As specified in ISO/IEC 14496-10:2014, Annex [ or J.

3.1.17
NALfunit-like structure

e 1 to entry:

coded with

datajstructure that is similar to NAL units in the sense thatt also has a NAL unit header and a payload,

withf a difference that the payload might not follow the‘start code emulation prevention
requfired for the NAL unit syntax

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

3.1.18
natiyely present
not ihcluded in an aggregator (3.1.2) oran extractor (3.1.9)

Note|l to entry: Data referred to by (herice not included in) an aggregator is considered as natively
included in an aggregator is not considered as natively present.

3.1.19
operating point
<AV( and SVC elementary stream> independently decodable subset of a layered bitstream

Note|l to entry: Each.operating point consists of all the data needed to decode this particular bitstr

Note|2 to enfry: In an SVC stream an operating point represents a particular spatial resoluti
resol{tion, and quality, and can be represented either by (i) specific values of DTQ (dependency_id

and quality/id) or (ii) specific values of P (priority_id) or (iii) combinations of them (e.g. PDTQ). ]
usage ef\priority_id is defined by the application. In an SVC file a track represents one or more ope

mechanism

bresent. Data

bam subset.

bn, temporal
temporal_id
Note that the
ating points.

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

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

set 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 poin
a texture view, a depth view or both.

t can contain

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

output operation point in ISO/IEC 23008-2.

© ISO/IEC 2019 - All rights reserved
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3.1.20

operating point

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

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

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

Within a track tiers can be used to define multiple operating points

Note 3 to en
output views
bitstream su
a texture vie

Note 4 to ent]
output opera

3.1.21

output laye
set of layers
in the set of

Note 1 to ent]

3.1.22
parameter
video paran

Note 1 to ent]
Note 2 to ent]

3.1.23

parameter
elementary
synchronizg

3.1.24
picture uni
set of VCL N

Note 1 to ent]

3.1.25
prefix NAL

[ry: The bitstream subset of an MVC or MVD operating point represents a particular set'oft

at a particular temporal resolution and consists of all the data needed to decode this‘parti
pset. In MVD each target output view in the bitstream subset of an MVD operating pajat.can co
v, a depth view or both.

ry: An operating point is referred to as an operation point in ISO/IEC 14496-10:2014, Annex H
tion point in ISO/IEC 23008-2.

r set
consisting of the layers of one of the specified layer sets (3£1.12), where one or more I
layers are indicated to be output layers

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

set

neter set, sequence parameter set or picture parameter set

ry: As defined in the applicable video standard (e.g. ISO/IEC 14496-10 or ISO/IEC 23008-2).

ry: This term is used to refer to all typ€s of parameter sets.

set elementary stream

bd with the video elementary stream (3.1.40)

t
AL units and-their associated non-VCL NAL units

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

hrget
cular
htain

pr an

yers

stream containing samples made up of only sequence and picture parameter set NAL finits

unit

NAL units with type 14

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

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

3.1.26
reference 1
layer that is

ayer
indicated as possibly needed for decoding of another layer

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

© ISO/IEC 2019 - All rights res
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3.1.27

scalable layer

layer

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

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

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

Note 3 ta entry: SVC uses a “layered” encoder design that results in a hitstream representing “coding layers”. In
somg publications the ‘base layer’ is the first quality layer of a specific coding layer. In some publicatjons 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 layet).

3.1.28

scalable layer
layer
<HEVC, layered HEVC and tiled HEVC elementary stream> set of VCL NAL'Units with the sgme value of
nuh [layer_id and the associated non-VCL NAL units

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

3.1.29
ble layer representation
bitstream subset that is required for decoding the sc¢dlable layer (3.1.27/3.1.28), consisting of the

Note|l to entry: A scalable layer representation is also.heferred to as the representation of the scalable layer.

Note|1 to entry: Any coded\slice that is not included in the tier representation of a sub-picture tief is not to be

VCL NATLyunits with a particular value of Temporalld and the associated non-VCL NAL units

Note|l tolentry: As specified in ISO/IEC 23008-2.

3.1.33
SVC enhancement layer
layer that specifies a part of a scalable bitstream that enhances the video

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

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

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

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

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

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

There can be

3.1.36

NAL units that are not required for decoding this operating point.

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.

3.1.37

temporal layer representation

represent
temporal la

3.1.38

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]

3.1.39
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)

'y: In SVC file format a tier represents one or.1hore 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 thiat)is required for decoding the tier, consisting of the tier itself and all the tie1

which the tier depends

3.1.40

AVC

ions

htext
Ation
f the

ayer.
ibset

PWS.

s on

video elem
elementary

3.1.41

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

video stream

self-contain

3.1.42
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 14496-10:2014, Annex ])

3D-HEVC three-dimensional high efficiency video coding
(refers to ISO/IEC 23008-2:2017, Annex 1)

A3D three-dimensional advanced video coding
(refers to ISO/IEC 14496-10:2014, Annex G)

NOTE 1 The abbreviation A3D is used in terminology related to syntax elements and
structures, whereas the abbreviation 3D-AVC is used otherwise:

AVC advanced video coding
[where contrasted with SVC, MVC, or MVD in this document, this term referg to ISO/
[EC 14496-10, excluding its Annex G (Scalable Video.Coding), Annex H (Multijview Video
Coding), Annex [ (Multiview and Depth Video Coding), and Annex ] (Multivigw and
Depth Video with Enhanced Non-Base View Coding)]

BLA broken link access

CRA clean random access

CTU coding tree unit

HEV[L high efficiency video coding

FF file format

HRD hypothetical reference decoder

IDR instantaneous decoding refresh
IRAR intra randem access point

L-HHEVC layered high efficiency video coding
MV( multiview video coding

(refers to ISO/IEC 14496-10:2014, Annex H)

MV(QD multiview video coding plus depth
(refers to ISO/IEC 14496-10:2014, Annex I)

MVC+D multiview video coding plus depth
(refers to ISO/IEC 14496-10:2014, Annex I)

NOTE 2 The abbreviation MVCD is used in terminology related to syntax elements and
structures, whereas the abbreviation MVC+D is used otherwise.

MV-HEVC multiview high efficiency video coding
(refers to ISO/IEC 23008-2:2017, Annex G)

MVD multiview video coding plus depth
(refers to ISO/IEC 14496-10:2014, Annexes [ and ])

© ISO/IEC 2019 - All rights reserved 7


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

ISO/IEC 14496-15:2019(E)

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

4 General definitions

4.1 Overyiew

The specififations in this clause apply to -all coding systems identified by this document, unless
specifically|over-ridden by definitions in thie'clause for a specific coding system.

Table 1 sunmarizes the correspondenceés between the sets of terminology used in video specifications
and the ISO|base media file format for the AVC file format specified in subclause 4.11 and the HEV( file
format spedified in Clause 8 (it does not appy for all cases for Clauses 6,7 and 9).

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

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

4.2 Elementary stream structure

This document concerns video coding systems that specify a set of network abstraction layer (NAL)
units, which contain different types of data. This subclause specifies the format of the elementary
streams for storing such content.
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ISO/IEC 14496-1

Sample and configuration definition

4.3.1 General

5:2019(E)

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.

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.

4.3.7

The

form
diffe]
infoy
alloy

Whe
som¢
are u

The
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Canonical order and restrictions

blementary stream is stored in the ISO base media file format in a canonical format. T}
at is as neutral as possible so that systems that need to customize the stream for d
rent transport protocols — MPEG-2 Systems, RTP, and so on — should ‘not have

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

n multiple tracks are used to store an elementary stream, as may(be the case for Clause
e tracks may contain canonical streams while others may need to®be processed (e.g., whe

ranonical stream format is an elementary stream that satisfies the following condition

Video data NAL units: In the context of subclause-4.11 or Clause 8, all video data NA
single picture shall be contained within the samplewhose decoding time and composit
hose of the picture.

SEI NAL units: All SEI NAL units shall becontained in the parameter set arrays, or in
wvhose decoding time is at the time, or iminediately precedes the time (with no interveni

be included in the sample containingthat picture and that SEI messages pertaining to a
bictures shall be included in thersample containing the first picture of the sequence to w
message pertains. The orderof"SEI messages within a sample is as defined in the appl
roding standard.

NAL unit order: The sequence of NAL units in an elementary stream and within a si
must be in a valid @ecoding order for those NAL units as specified in the applicable v
standard.

All timinginformationis externaltostream: Picture Timing SEI messagesthatdefine g
br compesition timestamps may be included in the video elementary stream, as thes
containother information than timing, and may be required for conformance checkin
11 timihg information is provided by the information stored in the various sample metz

le canonical
blivery over
to remove

mation from the stream while being free to add to the stream. Furthermore, a canomical format

s 6,7 and 9,
h extractors

sed or when an implicit reconstruction of access units is ne€ded) to produce a canonical stream.

b.

. units for a
on time are

the sample
hg samples),

wvhen the SEI messages come into effect instantaneously. In general, SEI messages for a picture shall

sequence of
hich the SEI
cable video

hgle sample
ideo coding

resentation
e messages
g. However,
data tables,
1 within the

hnd.this information overrides any timing provided in the video layer. Timing provide

video stream 1n this file format should be ignored as 1t may contradict the timing provided by the
file format and may not be correct or consistent within itself.

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

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

4.3.3.1 Definition

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

Access Slice
= Unit = SEI = = NAL Unit
20 Delimiter 20 NAL Unit 20 20 (Redundant (-,
v NAL Unit ] (if present) v ] Coded Picture)™. |
] . ] ] ] .
(if present) (if presefhe/
-

Figure 1 — Example structure of a sample

An access uhit is made up of a set of NAL units. Each NAL unit is represented with a:

— Length:|Indicates the length in bytes of the following NAL unit. Thedength field may be configured
to 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
{
unsigngd int PicturelLength = sample siz&p //Size of Sample from SampleSizeBox

for (iH90; i<PicturelLength; ) // B0 end of the picture

unsilgned int ((DecoderConfigénationRecord.LengthSizeMinusOne+1) *8)
NALUnitLength;
bit (NALUnitLength * 8N \\NALUnit;

i +9 (DecoderConfigurationRecord.LengthSizeMinusOne+l) + NALUnitLength;

4.3.3.3 Se¢mantics

d - — n 2 imdicatrac tha oo d in tha maatching camanla  Apdaeyg
DecoderCon [TOUTraCIONIRCSCoOrT Tarcacts c1C TCCOTCO TIT ciC THTatCITTy Satirprc CIrery eg

AVCpecoderConfigurationRecord in the case of AVC).

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

NALUnit contains a single NAL unit. The syntax of a NAL unit is defined in the appropriate specification

(e.g. ISO/IEC 14496-10) and includes both the one byte NAL header and the variable length encapsulated
byte stream payload.
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4.3.4 Optional boxes in the sample entry

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

4.4 Video track structure

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

a) fhandler_type of vide in the HandlerBox;

b) avideo media header 'vmhd';

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

If there is more than one track representing scalable aspects of a single stream, then they form
alternatives to each other, and the field a1ternate group’ should belused, or the composition system
used should select one of them, as appropriate. See ISO/IEC 14496-12:2015, 8.10.3 for finformative
labelling of why tracks are members of alternate groups.

4.5 | Template fields used

The |SO base media file format defines a number of fields that have default values but that majy be defined
for ufse by specific sub-systems. Tracks containing video data may use the following templatg fields:

a) plternate group inthe TrackHeaderBox (see'subclause 5.4.8 on stream switching).

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

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

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

— 0x20 - the videg Sequence has alpha (gray or colour).

4.6 | Visual width-and height

The width and‘height fields in a visualsampleEntry shall correctly document the maximyim cropped
frane dimehsions in any sample of the video stream that is described by that entry.

The width and height fields do not reflect any changes in size caused by SEI messages such @s pan-scan.
The Visuattramdtimgof SEtmressages suchras parrsscarmr s bothroptiomatamd-termrimat-deperndent.

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

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

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

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

4.8 Sample groups on random access recovery points 'ro11' and random access
points 'ra

o !

This docum
'rap " and
than Clause
equal to 'r
this documsé

The video
recovery pd
SEI messagg
must be dec
complete.

When all ad
can be succ
the recover

ent disallows the presence of sampleToGroupBox with grouping type equal to A rer]
with version greater than 0 in tracks with sample entries specified in this document ¢
| 7. Parsers according to this document shall ignore sampleToGroupBox with drotuping |
11' or 'rap ' and with version greater than 0 in tracks with sample entries specifi
bnt other than Clause 7.

oding system can include the concept of a ‘gradual decoding refresh’ or random agq

. This message is found at the beginning of the random access-and indicates how much
oded subsequent to the access unit at the position of the SEI'message before the recovg

cess units in output order starting from the accessunit at the position of the SEI meg
essfully decoded after random access, i.e. when the‘recovery_frame_cnt syntax eleme
y point SEI message is 0, the random access point/(*rap ‘) sample grouping should be u

This conce
groups. In
distance' |

t of gradual recovery is supported in thélfile format also by using rRol1RecoveryH
rder that the group membership marks the sample containing the SEI message the 'z
constrained to being only positive (ite. a post-roll). In other words, Ro11RecoveryH

" or
ther

type
bd in

cess

int. This may be signalled in the bitstream using a mechanism, such as the recovery point

data
ry is

sage
nt of
sed.

ntry
oll-
ntry

groups can pe used when the value of the recovery_frame_cnt syntax element of the recovery poinit SEI

message is

NOTE T
distances ar

reater than 0.

e roll-group counts samples.in the file format; this does not necessarily match the way th3
represented in the SEI messdge.

t the

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

may
ch is
end

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

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

4.10 On change of sample entry

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

para

meter set ID(s) in a visualSampleEntry.

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

enab

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

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

For {1
the &
scala
one
stred

NOTE

tracK
with
first
a sin
occu

updafing. Alternatively, multiple sample entries can be used for the storage of parameter sets wit

whic

In th
(wheg
vide
file g
or tH
sam]
stre:
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he multi-layer video file formats specified in Clauses 6 and 7, the video decoder. for
itstream output from the file parser is expected to be reset at the first sample jn the b
ble base track (as defined in Clauses 6 and 7) at which the sample entry chapges. Whe
ample entry is used in the base track or scalable base track, random accegsing is enabl
m is encoded and encapsulated in the track as follows:

[he first sample that a sample entry in the base track or scalable base track is associat
bync sample.

Decoding of the set of access units from the first access unit/containing the first sample
rack associated with a sample entry to the last access unit)containing the last sample
[rack associated with the sample entry, inclusive, does notrely on data from any access
han the first access unit in decoding order or data fromrany sample entry associated w
contained in an access unit ealier than the first ac¢ess unit in decoding order.

) When parameter sets are stored other thanin the sample entry, i.e. either in a separate p
,or in the samples in the video track, it is possible'that there are two parameter sets with the sa
the semantics (defined in the applicable vidéo coding standard) that the second occurrence
from that time onwards in the stream. Converting such a stream to a form in which all paramet]
ble sample entry involves more than moving the applicable NAL units into the sample entry; o
'rences will need a new identifier valué;/and the video NAL units that refer to it by identifier

[

h case sample to sample entry as$ociation needs rewriting.

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

arser is expected to'be reset at the first sample in the L-HEVC base track at which the s
e 'oinf' sample/group description entry changes. When more than one sample entr
ble group description entry is used in the L-HEVC base track, random accessing is enabl
im is encedéd and encapsulated in the track as follows:

[he first sample that a sample entry or an 'oinf' sample group description entry in
baSe track is associated with has an IRAP picture (as specified in ISO/IEC 23008-2) a

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

decoding of
ase track or
n more than
ed if a video

ed with is a

in the base
in the base
unit earlier
th a sample

arameter set
me identifier,
replaces the
er sets are in
he of the two
vill also need
h same ID, in

[ype 'oref’
multi-layer

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

hmple entry
Yy Or 'oinf'
ed if a video

the L-HEVC
[ the lowest

avzar t‘f\rw;ad 1 t]r\n tracle

Oy cT cor r e o TrorCIsT

Decoding of the set of access units from the first access unit containing the first sample in the

L-HEVC base track associated with a sample entry or an 'oinf' sample group description entry to
the last access unit containing the last sample in the L-HEVC base track associated with the sample
entryor 'oinf' sample group description 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 or 'oinf' sample
group description entry associated with a sample contained in an access unit ealier than the first
access unit in decoding order.
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4.11 SEI information box

4.11.1 Definition

'seii!

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

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

Quantity: __One (in the SchemelnformationBox), Zero or one (in a VisualSampleEntry)
The SEI Infprmation box documents the SEIs in a stream. When contained in a VisualSampleHntry
numRequirg¢dSEIs shall be 0. By inspecting the SEI Information box a player will know\whichj SEI
messages it{can assume to be present, and which are deemed necessary by the file auther for cofrect
playback. There might be other SEIs present in the bitstream that are not documented by'this box.
4.11.2 Synitax
aligned(8)|class SeilInformationBox extends Box ('seii') {

unsignefl int (16) numRequiredSEIs;

for (i ¥ 0; 1 < numRequiredSEIs; i++) {

unsigne@l int(16) requiredSEI 1ID;

}

unsignefl int (16) numNotRequiredSEIs;

for (i ¥ 0; 1 < numNotRequiredSEIs; i++) \{

unsigne@l int (16) notrequiredSEI ID;

}
}
4.11.3 Semantics
requiredsef 1D takes on.the value “payloadType” of an SEI message present in the bitstream that is
deemed nedessary by thefile author for correct playback.
notrequirefisET iixtdkes on the value “payloadType” of an SEI message present in the bitstream that is
not deemed|necessary by the file author for correct playback.

4.12 Post-decoder requirements scheme for signalling of SEI

4.12.1 General

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

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

playback and an SEI that is not required for correct playback (but may enhance playback).

The
The
bitst]

5

5.1
1S0/

featyres for the systems that use it. To enable the best visibility ‘of) and access to, those feat

enhd
stor

This

exclyding any multi-layer extension of ISO/IEC 14496-10 such as ISO/IEC 14496-10:2014, A

I and
This
The

defines extensions to support the follewing features of the AVC codec.

d)

f)

AVC elementary streams and sample definitions

SEI messages listed here should be stored either in the bitstream or in the Configuraf
SEI Information box does not contain the actual SEI messages, it only lists thosecthat
ream.

Overview

[EC 14496-10 offers not only increased coding efficiency and ‘¢enhanced robustness, bu

nce the opportunities for the interchange and interoperability of media, subclause 4.]
ige format for video streams compressed using AVC.

clause defines the storage for plain AVC streams, where ‘plain AVC’ refers to ISO/IE
J.
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

bwitching pictures:

o enable switching between different coded streams and substitution of pictures
same stream.

bub-sequences andlayers:

brovides a _strticturing of the dependencies of a group of pictures to provide for a flex
structure(€.g. in terms of temporal scalability and layering).

Parameter sets:

ion Record.
bceur in the

t also many
ures, and to
11 defines a

C 14496-10,
hnexes G, H,

content.

hat but also

within the

ible stream

he*sequence and picture parameter set mechanism decouples the transmission of in

frequently

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.

5.2

Two

Elementary stream structure

types of elementary streams are defined for storing AVC content (see also Figure 2):

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

© ISO/IEC 2019 - All rights reserved
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— Parameter set elementary streams shall not contain video coding related NAL units (i.e. those
NAL units containing video data or signalling video structure), and would normally contain only
sequence parameter sets, picture parameter sets and sequence parameter set extension NAL units.

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

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

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

T

paramdters provided in the sample entry. Sequence and picture parameter set NAL units

TCOorTTT

therefore be part of AVC samples within the stream itself.

Video ¢lementary stream and parameter set elementary stream: In this case, ‘Sequence

may

and

picture[parameter set NAL units shall be transmitted only in the parameter set elementary stream
and shajll neither be present in the sample entries nor the AVC samples of the videg‘elemmentary stream.

The types of NAL units that are allowed in each of the video and parameter set €lementary streamg are
specified in[Table 2.
Table 2 — NAL unit types in elementary streams
Value pf Description Video elementary | Video elementary | Parameter set
nal unit]|type stream (sample stream (sample elementary
entry 'avcl' of entry 'avc3' or stream
"ave2') 'avcd')
0 Unspecified See Annex¥ See Annex F See Annex|F
1 Coded slice of a non-IDR Yes Yes No
picture
slice_layer_without_parti-
tioning_rbsp()
2 Coded slice data partition Yes Yes No
A slice_data_partitionya-
layer_rbsp()
3 Coded slice data partition Yes Yes No
B slice_data.partition_b_
layer_rbsp()
4 Coded shiee data partition Yes Yes No
C slicevdata_partition_c_
layér_rbsp()
5 Coded slice of an IDR Yes Yes No
picture
slice_layer without_partj-
tioning_rbsp()
6 Supplemental enhance- Yes Yes Only ‘declarative’
ment information(SEI) Except for the Except for the SEIs should be
. present
sei_rbsp() sub-sequence, sub-sequence, or lay-
layering or filler SEI | ering SEI messages
messages
7 Sequence parameter set No Yes Yes
(SPS) If parameter set Parameter set
seq_parameter_set_rbsp( | elementary stream is| elementary stream
) not used, SPS shall be| shall not be used
stored in the decoder
specific information

16
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Table 2 (continued)

ISO/IEC 14496-15:2019(E)

Value of Description Video elementary | Video elementary | Parameter set
nal unit type stream (sample stream (sample elementary
entry 'avcl' or entry 'avc3' or stream
'ave2') 'avcd')

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

not used, PPS shall be| shall not be used
stored in the decoder
Specific information

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

10 End of sequence Yes Yes, No
end_of_seq_rbsp()

11 End of stream Yes Yes No
end_of_stream_rbsp()

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

13 Sequence parameter set Ne Yes Yes
extension If parameter set Parameter set
seq_parameter_set_ex- | 1
tension_rbsp() _elementary stream | elementary stream

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

19 Coded sligeef an auxilia- Yes Yes No
ry coded picture without
partitioning
slice,layer without_parti-
tiofning_rbsp()

20...23 Reserved Not specified by this | Not specified by this | Not gpecified by
document document this|document
24 -31 Unspecified See Annex F See Annex F Se¢ Annex F
© ISO/IEC 2019 - All rights reserved 17
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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

(@) Single video elementary stream containing NAL units

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

(b) Synchronized video and parameter sets with arrows denoting synchronization between

5.3 Sample and configuration definition

5.3.1 Ovdrview

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

streams

Figure 2 — AVC elementary stream structure

AVC paranjeter set sample: An AVC parameter set sample is a sample in a parameter set stieam
that shall cgnsist of those parameter set NAL\nits that are to be considered as if present in the yjideo

elementary(stream at the same instant intime.

5.3.2 Canonical order and restrictions

The canoni¢al stream format.istan AVC elementary stream that satisfies the following conditions in

addition to the general condifiohs in 4.3.2:

18

Video data NAL units.(Coded Slice, Coded Slice Data Partition A, Coded Slice Data Partition B, Cpded
Slice Ddta Partition-C, 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 picture.

Parameter sets: If a parameter set elementary stream is used, then the sample in the paraneter
stream shall have a decoding time equal or prior to when the parameter set(s) comes into effect
instantaneously. This means that for a parameter set to be used in a picture it must 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 can be inserted into the video
elementary stream when the file is streamed over a transport that permits such parameter set updates.
When the sample entry name is 'avc3' or 'avc4', then parameter sets can be present both the sample
entries and as part of the samples.

© ISO/IEC 2019 - All rights reserved
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— Parameter set track: A sync sample in a parameter set track indicates that all parameter sets
needed from that (decoding) time forward in the video elementary stream are in that or succeeding
parameter stream samples. Also, there shall be a parameter set sample at each point a parameter
setis updated. Each parameter set sample shall contain exactly the sequence and picture parameter
sets needed to decode the relevant section of the video elementary stream.

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

delivery mechanism defined by the transport layer.

SEL message NAL

units: The order of SEI messages within 2 Qnmp]p is_as

defined in

SO/IEC 14496-10:2014, 7.4.1.2.

Access unit delimiter NAL units: The constraints obeyed by access unit delimiter N/
Hefined in ISO/IEC 14496-10:2014, 7.4.1.2.3.

bub-sequence and layering SEI messages: Sub-sequence or layering SEI messages
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 ds external metadata ¢
n subclause 5.4.7.

Redundant picture: NAL units within a single access unitéhall be ordered in non-decre
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 identifier. Within the same slice group, sl
brdered by their first Macroblock location (first.mb_in_slice in the slice header).

NOTE 3
coded picture within a sample.

Filler data: Video data is naturallyZrepresented 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:stream when the sample entry does not also permit par

AL units are

should not
juence layer
stored AVC
s described

asing order

ire shall be
ices shall be

Slice groups are stored in a canonical order to ease hinting, and to make it easier to find a primary

and should
shall not be
hmeter sets.

NOTE 4  The removal or-addition of Filler Data NAL units, start codes, SEI messages or Filller Data SEI
nessages can change the-bitstream characteristics with respect to conformance with th¢ HRD when
bperating the HRD in EBR mode as specified in ISO/IEC 14496-10:2014, Annex C.

5.3.3 Decoder configuration information

5.3.3.1 AVCdecoder configuration record

5.3.3.1.1~ Definition

This record contains the size of the length field used in each sample to indicate the length of its
contained NAL units as well as the initial parameter sets. This record is externally framed (its size is
supplied by the structure that contains it).

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

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

— aparameter set elementary stream,

— avideo

the

configuration

elementary stream used in conjunction with a parameter set elementary stream,

record shall contain no sequence or picture parameter

(numOfSequenceParameterSets and numOfPictureParameterSets shall both have the value 0).

sets

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

compatibilify shall be valid for all parameter sets of the stream described by this recordy*The [evel

indication s

all indicate a level of capability equal to or greater than the highest level indicated i

the

included paframeter sets; each profile compatibility flag may only be set if all the included parameter

sets set tha
with this ¢
profiles, an
to determi
or the exa
shall be spl
are met.

Explicit ind
and bit dep
in the sequ

flag. The profile indication shall indicate a profile to which the entire stfeam assoc
nfiguration record conforms. If the sequence parameter sets are marked with diffe
the relevant profile compatibility flags are all zero, then the stream'may need examin:
e which profile, if any, the entire stream conforms to. If the entife stream is not exam
ination reveals that there is no profile to which the entire stream.conforms, then the stj

cation can be provided in the AVC Decoder Configuration Record about the chroma fo
th used by the AVC video elementary stream. Thé parameter ‘chroma format idc’ pre
brnice parameter set in AVC specifies the chroma sampling relative to the luma samg

t into two or more sub-streams with separate configuratign)records in which these

ated
rent
nition
ned,
eam
ules

rmat
sent
ling.

Similarly, the parameters ‘vit depth luma minus8’ and\bit depth chroma minus8’ in the sequence

parameter §
format idc
parameter §
different AV
in their VUI

The array

messages 0
An example
stream. NA

definition in future, and readeys should ignore NAL units with reserved values of NAL unit type {

they are prg

NOTE T
backwards-d

When Sequ

et specify the bit depth of the samples of the iima and chroma arrays. The values of chx

ets in a single AVC configuration record: If two sequences differ in any of these values
C configuration records will be needed. If the two sequences differ in color space indica
information, then two different configuration records are also required.

bf sequence parameter setsj-and the array of picture parameter sets, may contain
a ‘declarative’ nature, thdtis, 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
. unit types that are.reserved in ISO/IEC 14496-10 and in this document may acqu

sent in these atrays.

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

bnee Parameter Set Extension NAL units occur in this record with avcprofileIndicd

oma__

bit depth luma mlnus8 and pit _depth chroma mlnus8 shall be identical in all sequence

two
ions

SEI
hole.
tary
ire a
vhen

by of

tion

equal to 66,

7<0r 88, they should be placed in the Sequence Parameter Set Array.
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5.3.3.1.2 Syntax

aligned(8) class AVCDecoderConfigurationRecord {
unsigned int (8) configurationVersion = 1;
unsigned int (8) AVCProfilelIndication;
unsigned int(8) profile compatibility;
unsigned int (8) AVCLevellIndication;
bit (6) reserved = '111111'b;

unsigned int (2) lengthSizeMinusOne;

it (3) reserved = '111'b;

nsigned int (5) numOfSequenceParameterSets;

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

bit (8*sequenceParameterSetlLength) sequenceParameterSetNALUnifty

nsigned int (8) numOfPictureParameterSets;
for (i=0; 1< numOfPictureParameterSets; 1i++) {
unsigned int (16) pictureParameterSetLength;

bit (8*pictureParameterSetlLength) pictureParaméeterSetNALUnit;

1f( AVCProfileIndication != 66 && AVCProfiXéMddication != 77 &&
AVCProfileIndication != 88 )
bit (6) reserved = '111111'b;

unsigned int(2) chroma format;

bit (5) reserved = '11111'b;

unsigned int (3) bit depths luma minus8;

bit (5) reserved = '13¥1'b;

unsigned int (3) bit“depth chroma minus8;

unsigned int (8\numOfSequenceParameterSetExt;

for (i=0; K nmumOfSequenceParameterSetExt; i++) {
unsigned int (16) sequenceParameterSetExtLength;

bit\(8*sequenceParameterSetExtLength) sequenceParameterSetExtNALUnit;

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

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

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

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

numOfSequenceParameterSets indicates the number of SPSs that are used as the initial set of SPSs for

decoding th

e AVC elementary stream.

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

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

numOfPictu
initial set of

picturePar

ISO/IEC 144

picturePar
occur in ord

chroma for

FeParametersSets indicates the number of picture parameter sets (PPSs) that are usedy
PPSs for decoding the AVC elementary stream.

rmeterSetLength indicates the length in bytes of the PPS NAL unit dsydefine
96-10.

hmeterSetNALUnit contains a PPS NAL unit, as specified in ISO/IEC, 14496-10. PPSs
er of ascending parameter set identifier with gaps being allowed.

s the

d in

shall

hat contains the chroma_format indicator as defined by the chfema_format_idc paranpeter

in ISO/IEC 14496-10.

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

bit depth throma 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.38 + bit_depth_chroma_minus8). The valpe of
this field shpll be in the range of 0 to 4, inclusive.

numOfSeque
used for deq

sequencePa

in ISO/IEC 1

sequencePa

5.4 Deriv

54.1 AV(

Conforman
permits thq

iceParameterSetExt indicates the number of Sequence Parameter Set Extensions tha
oding the AVC elementary stream:.

FameterSetExtLength indicatesthe length in bytes of the SPS Extension NAL unit as def
4496-10.

FameterSetExtNALUnit ¢ontains a SPS Extension NAL unit, as specified in ISO/IEC 1449
ration from ISQ base media file format

file type and identification

e withhthis document is indicated by the presence of the brand of a specification
inclusion of AVC content, in the compatible brands list of the FileTypeBox as defing

ISO/IEC 144

[ are

ined

that
bd in

96<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 raveci'.

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

5.4.2.1 Sample entry name and format

5.4.2.1.1 Definition

Sample Entry and Box Types:

‘avcl', 'avc2', 'avce3', 'avcd', 'aveC', 'm4ds’, '"btrt'

5:2019(E)

Container: Sample Description Box ('stsd")

Mangatory—Am=vcr5—=vee S ave s oraver—sampleentry s mamdatory

Quantity: One or more sample entries may be present

An AVC visual sample entry shall contain an AVC Configuration Box, as defined helow. This

AVCD

Ano
of th
Desd

Mulf
that

The

appl
(incl
rese
data
the

The
are 1
file-1
Extr]
cont

coderConfigurationRecord, as defined in 5.3.3.1.

ptional BitRateBox may be present in the AVC visual sample entry to sigtial the bit rate
e AVC video stream. Extension descriptors that should be inserted.into the Element
riptor, when used in MPEG-4, may also be present.

iple sample entries may be used, as permitted by ISO/IEC 14496-12, to indicate secti
use different configurations or parameter sets.

sample entry name 'avcl' or 'ave3' may only be used when the stream to which this s
es is a compliant and AVC stream as viewed by an-AVC decoder operating under the cd

mble NAL units (defined in Annex A) may be present but shall not be used to access tl
that is, the AVC data shall not be contained.in Aggregators (though they may be inclj
ytes referenced by the additional_bytes field) nor referenced by Extractors.

sample entry name 'avc2' or 'avcd'~may only be used when Extractors or Aggregator
equired to be supported, and an_appropriate Toolset is required (for example, as indi
ype brands). This sample entry, type indicates that, in order to form the intended 4
hctors shall be replaced with thie data they are referencing, and Aggregators shall be e
hined NAL Units. Tier grotiping may be present.

includes an

nformation
ary Stream

bns of video

hmple entry
nfiguration

uding profile and level) given in the AVCConfigurationBox. The file format specific striictures that

ne AVC base
hded within

s (Annex A)
ated by the
AVC stream,
kamined for
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5.4.2.1.2 Syntax

// Visual Sequences

class AVCConfigurationBox extends Box('avcC')

AVCDecoderConfigurationRecord()

}

class MPEG4ExtensionDescriptorsBox extends Box ('m4ds')

Descriptor Descr [0

}

{
AVCConfig;

{
255];

class AVCS

AVCConf
MPEG4EX

}
class AVCA

AVCConf
MPEG4EX

5.4.2.1.3

Compressor
the value "
representec

config IS
numOfSequ

Descr iS a dg
in an MPEG
but includes

5.4.3 AV(

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

igurationBox config;

tensionDescriptorsBox (); // optional

SampleEntry () extends VisualSampleEntry (type) {
// type is 'avc2' or 'avcéd'

igurationBox avcconfig;

tensionDescriptorsBox descr; // optional

Semantics

hame in the base class visualsampleEntry indicates the name of the compressor used
012avC Coding” being recommended; the first byte is a count of the remaining bytes,

defined in subclause 5.3.3.. #f* a separate parameter set stream is

enceParameterSets and numOfPictureParameterSets shall both be zero.

scriptor that should be placed ih the Elementarystreambescriptor when this stream is
4 systems context. This dees not include st.configbescriptor Or DecoderConfigDescri
the other descriptors inérder to be placed after the sr.configbescriptor.

parameter set stieam definition

5431 S

5.4.3.1.1

Sample EntkyType:

mple entry"name and format
efinition

'avep'

by \012, which (being octal 12) is 10 (decimal), the number of bytes in the rest of the st]

with
here
ring.

used,

used

ptor,

Container:
Mandatory:

Quantity:

Sample Description Box (*stsd')
Yes

One or more sample entries may be present

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

5.4.3.1.2 Syntax

class AVCParameterSampleEntry ()

24

extends VisualSampleEntry ('avecp') {
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AVCConfigurationBox config;

5.4.3.1.3 Semantics

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

config is defined in subclause 5.3.3. numOfSequenceParameterSets and numOfPictureParameterSets
shall both be zero.

5.4.3.2 Sample format

5.4.3.2.1 Definition

This| subclause defines the sample format for AVC Parameter set streanmsy-An AVC parameter set
sample contains only one or more sequence, picture parameter set, |Qr*sequence parameter set
extepsion NAL units.

5.4.3.2.2 Syntax

aligned(8) class AVCParameterSample
{
nsigned int PicturelLength = sample size;

//Size of AVCParameterSample frgm SampleSizeBox

for (i=0; i<Picturelength; ) // to*erd of the picture

unsigned int ( (AVCDecoderConfigurationRecord.LengthSizeMinusOne+1l) *8)
NALUnitLength;
bit (NALUnitLength * 8) NALUnit;

i += (AVCDecoderConfigurationRecord.LengthSizeMinusOne+1l) + NALUnitLength

5.4.3.2.3 Semantics

NALUhitLengthdndicates the size of a NAL unit measured in bytes. The length field includep the size of
both|the one'byte NAL header and the EBSP payload but does not include the length field itgelf.

NALUphi€-contains a single NAL unit. The syntax of a NAL unit is defined in ISO/IEC 14496-10 and includes

bothlthe one hyfp NAL header and the variable ]pngfh pnrnpcl]]nfpd hyhn stream pny]nnd

5.4.3.3 Trackreference

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

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

Each AVC sample entry, which contains the AVC video stream decoder specific information, includes a
group of SPSs and PPSs. This group of parameter sets functions much like a codebook. Each parameter
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set has an identifier, and each slice references the parameter set it was coded against using the
parameter set's identifier.

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

In the file format each configuration of parameter sets is represented separately. A parameter set

cannot be updated without causing a different sample entry to be used. For example, suppose that
samples 1 to 4 use PPSs identified as 1, 2, 3 and a single SPS identified as 1. At sample 5 a new value
of PPS 2 is required but PPSs 1 and 3 remain unaltered and are used until sample 10. In this case,
the sample entry for samples 1 through 4 is the same and contains the initial values of PPSs 1, 2, 3
and SPS 1. At sample 5 the sample entry must change to a second sample entry, which contains the

update
entry ig

System
differer]

NOTE1 W
set elementa

NOTE2 D
elementary s
specification

When the s
and as part
stored as pa

5.4.5 Sync sample

A sample i

primary codled picture contained in the sample is an-instantaneous decoding refresh (IDR) picture]|

When the s
NAL units i
the decoder

stream samjpple.

When the sd

1. If the sg

eitheri

Otherw
be incld
the san

used for samples 5 through 10.

5 wishing to send SPS or PPS updates will need to compare the two configurationsito fin
ces in order to send the appropriate parameter set updates.

hen several parameter sets are used and parameter set updating is desired, a-8eparate parar
'y stream would be used.

ecoders conforming to this document are required to supportboth paraimeter sets stored in sep
treams as well as parameter sets stored in the AVC sample entrieS{unless restricted by an
using this one.

imple entry name is 'avc3' or 'avc4d', parameter sets may be present in both sample e
of samples, and an update of a parameter set by a parameter set of the same type th
rt of a sample is possible.

considered as a sync sample if the videg“data NAL units in the sample indicate tha

hmple entry name is 'avcl' or 'ayc¢2', all SPSs and PPSs needed to decode the video
1 the sample of the IDR picture@nd the following samples in decode order are contain
configuration of the video.elementary stream or in a separate parameter set elemer

imple entry name is,'4vc3' or 'avc4', the following applies:

mple is a sync sample, all parameter sets needed for decoding the 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 same
ded either in the sample entry or in any of the samples since the previous sync samp
ple itself, inclusive.

mple

1 the

neter

hrate
bther

ntry
at is

[ the

data
bd in
tary

hded

shall
le to

A paramete

set n]nmnnfnry stream cnmp]n isa sync cnmp]n ifand nn]y ifall pnramnfnr sets rnqniw:

d by

the associated video elementary stream from the time of the parameter set sample forward are supplied,
in the parameter set stream, before they are required by the associated video elementary stream.

5.4.6 Shadow sync

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

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

5.4.7.1 Overview

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

The referential dependencies between samples in a stream are structured into layers and sub-sequences.

Sam

ples in higher layers only depend on samples in lower layers. Layers are numbered, and the samples

are grganized such that a sample in layer N has no dependencies on samples in layers great

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

Layedring and sub-sequence information is represented in the file format ta.allow systems
files|to understand the ways in which stream thinning may be achieved without having to §
depgndency structure of every sample.

Laygr and sub-sequences are represented in the AVC file forimat as Sample Group. 4
shall contain zero or one instance of a sampleToGroupBox (pertrack) with a grouping tj
"avlfi'. This sampleToGroupBox instance represents the assignment of samples in a track t
accompanying instance of the SampleGroupDescriptionBox with the same grouping typ
exists, contain avcLayerEntry sample group entries describing the layers. Similarly, an A
contpin zero or one instance of a sampleToGroupBox/(per track) with a grouping type equa
This| sampleToGroupBox instance represents the assignment of samples in a track to sub

br than N.

rtween sub-
ne and only

reading the
bxamine the

An AVC file
pe equal to
o layers. An
e shall, if it
VC file shall
1l to ravss'.
-sequences.

An akccompanying instance of the SampleGroupBescriptionBox with the same grouping type shall, if it

exists, contain AvcsubSequenceEntry sample gtoup entries describing the sub-sequences.

5.4.7.2 Sub-sequence description entry

5.4.7.2.1 Definition

Groyp Type: ‘avss'

Container: Sample Group Description Box ('sgpd')

Manfatory: No

Quantity Zero or more.
Ib-sequence
nother sub-
Y dependent

on some sample in the other sub- sequence All samples in a sub sequence shall directly depend only on
(i.e., refer to) other samples within the same sub-sequence or samples in the sub-sequences on which
is it dependent. A sub-sequence depends on zero or more sub-sequences in the lower layers. A sub-
sequence shall not depend on any other sub-sequence in the same or higher layer.

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

The grouping type parameter is not defined for the samp1leToGroupBox with grouping type 'avss'.
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5.4.7.2.2 Syntax

aligned(8) class DependencyInfo

{
unsigned int (8) subSegDirectionFlag;
unsigned int (8) layerNumber;

unsigned int (16) subSequenceldentifier;

class AVCSpEbSequenceEntry () extends VisualSampleGroupEntry ('avss')

unsigned int (16) subSequenceldentifer;
unsigned int (8) layerNumber;
unsigned int (1) durationFlag;
unsigned int (1) avgRateFlag;
unsigned int (6) reserved = 0;
if (glurationFlag)
uhsigned int (32) duration;

if (gvgRateFlag)

upsigned int (7) reserved = 0;
uphsigned int (1) accurateSgatisticsFlag;
uhsigned int (16) avgBitRate;

upsigned int (16)awgFrameRate;

unsigned ingt8) numReferences;

Depepdencyinfo dependency[numReferences];

5.4.7.2.3 Semantics

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

indicated sub-sequence identifier; ‘closest’ has the same meaning as above.
subSequenceldentifier gives the identifier for the sub-sequence.

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

durationFlag equal to O indicates that the duration of the target sub-sequence is not specified.

fieldindicates the duration ofthic cuh.c
et arcat 8ottt eSO+t

Oth

iy
+

ITrorrcorceco—crroreorr *or ooy

avgRhteFlag equal to 0 indicates that the average bit rate and the average frame rate of the
sequence are unspecified. Otherwise, a value of 1 indicates that the average rate characf
descfribed by the accurateStatisticsFlag, avgBitRate, and avgFrameRate fields.

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

ateStatisticsFlag indicates how reliable the values of avgBikRate and avgFra
ateStatisticsFlag equal to 1 indicates that avgBitRate and (aZygFrameRate are ro
tically correct values. accurateStatisticsFlag equal to.@Q,indicates that avgs
ameRate are estimates and may deviate somewhat from thecorrect values.

accuyl
accuy
stati
avg

avgBlitRate gives the average bit rate in (1000 bits)/secondvof this sub-sequence. All N
this
in all NAL units in the sub-sequence. t; is the decoditig timestamp of the first picture
sequence (in decoding order), and t, is the decodingfimestamp of the last picture of the sy
(in decoding order). Then, the avgBitRate is calctilated as follows provided that t; # t,: a

rourld(B + ((t, - t;) * 1000)). If t; = t,, avgBitRate*shall be 0.

avgFrameRate gives the average frame rate*in units of frames/(256 seconds) of this sub-s
NAL|units of this sub-sequence are taken‘into account in the calculation. The average f1
calcyllated according to the presentatioi’ timestamp of the frame. In the following, C is th
franjes in the sub-sequence. t; is the presentation timestamp of the first picture of the sy
(in decoding order), and t, is the presentation timestamp (in seconds) of the last picture
sequence (in decoding order).»Then, the avgFrameRate is calculated as follows provided

avgHrameRate = round(C * 256 + (t, - t;)). If t; = t,, avgFrameRrate shall be 0. Value zero |
unspecified frame rate.
numRkeferences gives-the number of sub-sequences directly referenced in this sub-sequence,

is anjarray of bependencyInfo structures giving the identifying referenced sub-sequences.

5.4.7.3 Layer description entry

5.4.7.34, Definition

quence.

target sub-
eristics are

meRate are.
inded from
i tRate and

AL units of

ub-sequence are taken into account in the calculation. In the following, B is the number of bits

of the sub-
Ib-sequence
vgBitRate =

bquence. All
ame rate is
b number of
Ib-sequence
of the sub-
that t; # t,:
ndicates an

dependency

Group Type: 'avil'
Container: Sample Group Description Box (*sgpd")
Mandatory: No

Quantity: Zero or more.

A layer sample group entry defines the layer information for all samples in a layer. Layers are numbered
with non-negative integers. Layers are ordered hierarchically based on their dependency on each other:
A layer having a larger layer number is a higher layer than a layer having a smaller layer number. The
layers are ordered hierarchically based on their dependency on each other so that a layer does not
depend on any higher layer and may depend on lower layers. The lowest layer is numbered as zero and
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other layers are given consecutive numbers. In other words, layer 0 is independently decodable, pictures
in layer 1 may be predicted from layer 0, pictures in layer 2 may be predicted from layers 0 and 1, etc.

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

5.4.7.3.2

class AVCLayerEntry ()

{

Syntax

extends VisualSampleGroupEntry ('avll')

unsigneg—+ret8y Faryeriumoer

unsignefl int (7) reserved = 0;

unsignefl int (1) accurateStatisticsFlag;

unsignefl int (16) avgBitRate;

unsignefl int (16) avgFrameRate;
}
5.4.7.3.3 BSemantics
layerNumbe} gives the number of this layer with the base layép being numbered as zero anf all
enhancement layers being numbered as one or higher with consé€cutive numbers.
accurateSthtisticsFlag indicates how reliable the values of avgBitRate and avgFrameRate|are.
accurateStftisticsFlag 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 @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 decogling timestamp. In the following, B is the number of bits in all NAL units in this and lpwer

sub-sequen
layers in thg
sub-sequen
ty #t,:avgB

presentation order, and'ty'is the decoding timestamp of the latest picture in this and |
Ce layers in the presentation order. Then, avgBitRrate is calculated as follows provided
itRate = round(B ++({t5 - t;) * 1000))). If t; = t,, avgBitRate shall be 0. Value zero indicat

unspecified|bit rate.

ce layers. t; is the decoding fimestamp of the first picture in this and lower sub-sequlence

bwer
that
bs an

and

avgFrameRate gives thewaverage frame rate in units of frames/(256 seconds). All NAL units in this

lower sub-sequencedayeérs are taken into account in the calculation. In the following, C is the n
of frames in this and-tower sub-sequence layers. t; is the presentation timestamp of the first pictul
this and lower, sub-sequence layers in presentation order, and t, is the presentation timestamp

u
O'Ee in
the

ber

Rate

latest pictufeifithis and lower sub-sequence layers in the presentation order. Then, the avgFrame
is calculated—as fottows provided that t; # 1,7 avgFrameRate = TOUNA(C 256 + (T, — {J). If [ = ty,
avgFrameRate shall be 0. Value zero indicates an unspecified frame rate.

5.4.8 Alternate streams and switching pictures

5.4.8.1 Switching pictures

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

Stream 2 p

(Track 2) 23
=3

Stream 1

(Track 1) PlE

Figure 3 — Stream switching

In th
from
be id
an a
Swit

e file format, switching pictures are stored in switching“pieture tracks, which are tradks separate
the track that is being switched from and the track being switched to. Switching picture tracks can
entified by the existence of a specific required trackreference in that track. A switching picture is
ternative to the sample in the destination track\that has exactly the same decoding time. If all
Ching pictures are SI pictures, then no furtherinformation is needed.

Ifan

need
(the
swit
used

This
samj
whid
sam|]

y of the pictures in the switching track are.SP'pictures, then two extra pieces of informa
ed. First, the source track that is being.$itched from shall be identified by using a tra

Ching picture on the samples in theSource track may be needed, so that a switching pic
when the pictures on which it depends have been supplied to the decoder.

dependency is represented\by means of an optional extra sample table. There is on
ble in the switching tragksEach entry records the relative sample numbers in the sou
h the switching picture-depends. If this array is empty for a given sample, then thd
ble contains an SI picture. If the dependency box is not present, then only SI-frames shal

tion may be
'k reference

source track may be the same track as the destination track). Second, the dependency of the

ture is only

e entry per
ce track on
t switching
| be present

in thle track.

A s
vide
acce
som
repr

ritching sample may have multiple coded representations with different dependencies. For AVC
b, the multiple representations of a switching sample are stored in different switching tracks (i.e.
5s unit).\Eor example, one switch track might contain a SP-picture representation d¢pendent on
e earlier samples, used for stream switching, while another switch track may contpin another
psentation as an Sl-picture, used for random access.

5.4.8.2 Alternate group

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

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

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

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

5.4.8.4 Sample dependency

5.4.8.4.1 efinition

Box Type: | 'sdep’

Container: | Sample Table 'stb1’
Mandatory:| No

Quantity: Zero or exactly one.

This subclapse defines the dependencies of each switching sample on saniple(s) in the source tfack.
This table i§ only needed in a switching track that has a source (' swfr')tsack dependency.

This box contains the sample dependencies for each switching sample. The dependencies are stpred
in the table| one record for each sample. The size of the table, sarfple count is taken from the sanfple
count in thg 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)o
for (i=pP; i < sample count; i++) {
unsi¢gned int (16) dependency_count;

for [(k=0; k < dependency count; k++) {

0

gned int (16) rélgtive sample number;

5.4.8.4.3 Semantics

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

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

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

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

Th Aiceardn Aald challhacnt 4 1 Al ifrbhic camanlntc el Ao d I sfF+bhic ol el a d d d
C—_—

(e.g.[the sub-sample consists of an SEI NAL unit, or a redundant coded picture).
The fodec specific parameters field of the Subsample Information box is defined for,AVC as follows:
unhsigned int (1) RefPicFlag;
upnsigned int (1) RedPicFlag;
unsigned int (1) VclNalUnitFlag;
bliit (29) reserved = 0;

RefPlicFlag equal to 0 indicates that all the NAL units in thessub-sample have na1 ref idq equal to 0.
RefPlicFlag equal to 1 indicates that all the NAL units in the sub-sample have nal ref idc greater than 0.

RedplicFlag equal to O indicates that all the NAL unitsdnjthe sub-sample have redundant pilc cnt equal
to 0.|rRedPicFlag equal to 1 indicates that all the NAK units in the sub-sample have redundqnt pic cnt
greafer than 0.

VclNplUnitFlag equal to 0 indicates that all\NAL units in the sub-sample are non-VCL NAL junits. Value
1 indicates that all NAL units in the sub-sample are VCL NAL units.

6 JBVC elementary stream and sample definitions

6.1 | Overview

This|clause specifies the'storage format of SVC data. It extends the definitions of the storage format of
AVC |n subclause 4.11(

The file format foristorage of SVC content, as defined in this clause and Annexes A to D, uses|the existing
capapilities of€he ISO base media file format and the plain AVC file format (i.e. the file format specified
in sybclause\4/11). In addition, the following new extensions, among others, to support $VC-specific
featuresare specified.

a) bcalable 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.

© ISO/IEC 2019 - All rights reserved 33


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

ISO/IEC 14496-15:2019(E)

d)

Temporal metadata statements:

structures for storing time-aligned information of media samples.

ideo

NAL
and
cess
it by

e) AVC compatibility:

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

6.2 Elementary stream structure

SVC streanys—are—stored—im—accordance—with 5.72, with—the quuvvius definittonr—of—an—SVE€

elementary|stream:

— An SV( Video Elementary Streams contains all video coding related NAL units (i.e. those
units cdntaining video data or signalling video structure, possibly after resolution ofiextractors
aggregdtors) and may contain non-video coding related NAL units such as SEI messages and a(
unit delimiter NAL units. Aggregators and Extractors, when present, shall not be/directly outp
file pargers.

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

For SVC strgams, Table 2 is updated as follows in Table 3; only entri€s)where the definition for

differs from

AVC, are shown.

Table 3 — NAL unit types in SVC andAVC streams

SvC

Value of Description AVCvideo SVCvideo SVCvideo Parameter
nal_unit| elementary elementary elementary set
type stream stream (sample | stream (sample | element3ry
entry 'avcl', entry 'avc3’, stream
vave2',or 'svel') 'avecd', or
"sve2')

14 Prefix NAL unit Not specified Yes Yes No
in scalable exten-
sion
prefix_nal_unit_
rbsp()

15 Subset sequence Not specified No. Yes. Yes
parameter sef; If parameter set | Parameter set el-
subset_seq_par elementary stream| ementary stream
rameter.set- is not used, Subset | shall not be used.
rbsp( 3 SPS shall be stored

in the Decoder Spe-
cific Information.

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

24-31 Not specified See Annex F See Annex F See Annex F See Annex F
NOTE slice_layer_extension_rbsp was previously called slice_layer_in_scalable_extension_rbsp.

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

presentina

n SVC video elementary stream.

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

6.3

Use of the plain AVC file format

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

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

6.4

Sample and configuration definition

6.4.1

SVC
1S0/

6.4.7

6.4.2
The

6.4.%
Whe

Overview

Sample: An SVC sample consists of the NAL units that belong to an access-unit as
[EC 14496-10:2014, 7.4.1.2 and that are represented by the track.

Canonical order and restrictions

.1 Restrictions
following restrictions apply to SVC data in addition to the requirements in subclause 5.

BVC coded slice NAL units (Coded slices in scalable extension): All SVC coded slice NA
bingle instant in time shall be contained in the sample whose composition time is that o
Fepresented by the access unit. An SVC sample shathcontain at least one AVC or SVC VCI

Prefix NAL units (Prefix NAL unitin scalable extension): Each prefix NAL unitis placed i
before the corresponding AVC VCL NAL unit;providing scalability information about t
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 refer
Extractor is exactly the decodihg’order as if these NAL units were presentin a sample n

n valid decoding order @s;specified in ISO/IEC 14496-10.

.2 Decoder configuration record

n the decoder ‘eonfiguration record defined in subclause 5.3.3.1 is used for a stresz

be i

terpreted-as-either an SVC or AVC stream, the AVC decoder configuration record |

the propertiesyof the AVC compatible base layer, e.g. it shall contain only parameter sets
decdding the AVC base layer.

0
hggregators or extractors. After processing the Aggregator or the Extractor, all NAL u:t

defined in

3.2.

. units for a
Fthe picture
. NAL unit.

mmediately
he AVC VCL

enced by an
containing
its must be

m that can
hall reflect
needed for

If thpssample entry name is 'svc1', a parameter set stream may be used with SVC strea

s, as with

AVC streams, in Wiich case, parameter sets snall not be inciuded in the decoder contiguration 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.

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

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

unsigned int (l) complete representation;

bit (5) feserved = "I1II111'b;

unsignefl int (2) lengthSizeMinusOne;

bit (1) ¥feserved = '0'b;

unsignefl int (7) numOfSequenceParameterSets;

for (i=p; i< numOfSequenceParameterSets; i++) {

unsigned int (16) sequenceParameterSetLength ;

bit (B*sequenceParameterSetlLength) sequenceParameterSetNALUnit;

unsignefl int (8) numOfPictureParameterSets;
for (i=0; 1< numOfPictureParameterSets; i++) {

unsigned int (16) pictureParameterSetLengti}

bit (B*pictureParameterSetlength) pictlUreParameterSetNALUnit;

}

The semantics of the fields avcprotileIndication, profile compatibility, and AVCLevelIndicaltion

differ from the avcbecoderconfigutrationRecord as follows:

The fields |avcProfileIndig¢ation, AvVCLevelIndication carry the profile and level indicatfons,
respectively, indicating the profile and level of the entire scalable stream in this track. They, andl the
profile compatibili€i field, shall have values such that an SVC decoder supporting these values is
able to decqde bitstreams conforming to the profile, level and profile compatibility flags indicated in

any of the sequente parameter sets or subset sequence parameter sets contained in this record.

The semantjics'of other fields are as follows, or are as defined for an AvcbecoderconfigurationRecdrd:

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

the encoded information.

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

range of 0 to 64, inclusive.

— SequenceParameterSetLength indicates the length in bytes of the SPS or subset SPS NAL unit.
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SequenceParameterSetNALUnit contains a SPS or subset SPS NAL unit. SPSs shall occur in order

of ascending parameter set identifier with gaps being allowed. Subset SPSs shall occur in order
of ascending parameter set identifier with gaps being allowed. Any SPS shall occur before all the

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

6.5.1 SVC track structure

TP PO U C AdldUICT C () AdldUICT C y, U Uu gy

Thetle is a minimal set of one or more tracks that, when taken together, contain the con
encoded information. All these tracks shall have the flag “complete representation” sef]
sample entries. This group of tracks that form the complete encoded information are
“conjplete subset”.

Let the lowest operating point be the one of all the operating points represented by DTQ (d
id, t¢mporal_id and quality_id) combinations that has the least values’of dependency_id,

and guality_id, respectively. The track that has the flag “completelrepresentation” set a
the Ipwest operating point shall be nominated as the ‘scalable base track’. All the other tra
part|of the same scalable encoded information shall be linked-to this base track by mearn
refefence of type 'sbas' (scalable base). The complete encoded information can be retaing
tracks included in the “complete subset” are retained; all other tracks shall represent sub
(i.e. the same media data) or re-orderings of the complete subset.

NOTE1 An alternate group can also include completely independent bitstreams, as well a
operating points of the same bitstream. The SVC tracksin the alternate group shall be examined to s
scalaple base tracks are identified.

NOT
low-1

2
esolution, low-frame-rate base layer»and a high resolution enhancement layer, and a hig
enhaphcement layer, but missing the datayfor high resolution high frame-rate). However, such a scalal
is ty][;cally a non-conforming bitstream.

All t
base

he tracks sharing the same scalable base track shall share the same timescale as {
track.

6.5.2 Data sharingand extraction

Diffe
a)
b)

rent tracksymay logically share data. This sharing can take one of the following two for
[he sample data is copied (i.e., the same media data is present) in different tracks.

[liere may be instructions on how to perform this copy at the time that the file is read.

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

resents one
r thinned, if

plete set of
in all their
called the

ependency_
femporal_id
nd contains
cks that are
s of a track
td when the
sets, copies

5 alternative
ee how many

“A scalable bitstream” can requite¢ more than one track to represent it (consider a sfream with a

h frame-rate
ble bitstream

he scalable

ms:

For the second case, Extractors (defined in A.3) are used.
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6.5.3 SVCvideo stream definition

6.5.3.1 Sample entry name and format

6.5.3.1.1 Definition

Sample Entry and Box Types:

Container:

'svcl', "svc2', 'sveC', 'seib!

Sample Description Box ('stsd')

Mandatory:

Quantity:

If an SVC ¢
entry ('avc
AVC Config
Configurati
AVC compat
Box docum
containing f
stored in th

If the SVC ¢
(' svcl' or'
as defined b

The length

ray £l
oneortre aver S, Tavez S Taves S, aved

'svel',and 'svc2' sample entries is mandatory.
One or more sample entries may be present

lementary stream contains an AVC compatible base layer, then an @V€ visual sa
1', 'avc2', 'avc3', or 'avc4') shall be used. Here, the entry shall \Contain initiall
iration Box, possibly followed by an SVC Configuration Box as_defined below. The
bn Box documents the Profile, Level and Parameter Set information pertaining tg
ible base layer as defined by the avcbecoderconfigurationReesrd. The SVC Configur
bnts the Profile, Level, and possibly also parameter sets pertaining to the entire sti
he SVC compatible enhancement layers as defined by the.5vcbecoderconfigurationRe
e SVCConfigurationBox.

lementary stream does not contain an AVC basé¢ layer, then an SVC visual sample €
svc2') shall be used. The SVC visual sample entty shall contain an SVC Configuration
elow. This includes an svcbecoderConfiguratienRecord, as defined in this document.

bizeMinusOne field in the SVC and AVC getifigurations in any given sample entry shall

the same value.

A priority a
values. Whg
the priority

5signment URI provides the name\(in the URI space) of a method used to assign priori
n it occurs in an AVC or SVC samiple entry, exactly one URI shall be present, that docun
| id assignments in the stream:. The URI is treated here as a name only; it should b¢

referencealfle, though this is not required. File readers may be able to recognize some methods

thereby kndqw what stream extraction operations based on priority_id would do.

Extractors ¢r aggregators may be used for SVC VCL NAL unitsin 'avci’, 'avc2', 'ave3’, 'avcd', 's
or 'svc2' trjacks.

NOTE When AVC cemipatibility is indicated, it can be necessary to indicate an unrealistic level fo

AVC base lay]
included in t
it does not re
configuratio

er, to accomnmodate the bit rate of the entire stream, because all the NAL units are consider
he AVC.base layer and hence can be fed to the decoder, which is expected to discard those NAI

ls'are present.

mple

[y an

AVC
the
nition
eam
rord,

ntry
Box,

have

ty_id
ents
b de-
and

fvel!

I the
bd as
unit

cognize. This case happens when the 'avcl' or 'avc3' sample entry is used and both AVC andl SVC

Either or both of a ScalabilitylnformationSEIBox or SVCConfigurationBox may be present in an 'avc1'
or 'avc3' sample entry. In this case the AVCSVCSampleEntry definition below applies.

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

Table 4 shows for a video track all the possible uses of sample entries, configurations and the SVC tools

(excluding t
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imed 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 'ave3'!

AVC Configuration Only

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

'avcl'or 'ave3!

AVC and SVC Configurations

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

'avc2' or 'aved!' AVC Configuration Only

A plain AVC track with AVC NAL units only;
Extractors may be present and used to reference AVC

NAL units; Aggregators may be present t

contain

and reference AVC NAL units; Tier groupi
present.

ng may be

av

2'or 'avc4d'

AVC and SVC Configurations An SVC track with both AVC and SVCNAL

Extractors may reference heth AVC and S

units;

Extractors and aggregators maybe presept;

VC NAL

units; Aggregators shall not'eontain but may refer-
ence AVC NAL units, and\may both contain and refer-
ence SVC NAL units; Fiér grouping may bg present.

"svgl' or 'svc2' SVC Configuration

An SVC track without AVC NAL units; Extfactors shall
be present to reference AVC NAL units (frpm a differ-
ent track) and)may also be used to refererjce SVC NAL
units; Aggrégators may be present to confain and ref-

erence SVC NAL units; Tier grouping may|be present.

6.5.3.1.2 Syntax

clasfs SVCConfigurationBox extends Box ('svcC9

S[VCDecoderConfigurationRecord () SVCGonfig;

{

clasls ScalabilityInformationSEIBex extends Box('seib', size)

{
uynsigned int (8*size-64)" scalinfosei;

}

class SVCPriorifiyAssignmentBox extends Box ('svcP')

{
unsigned int (8) method count;
strimgPriorityAssigmmentiRItmetirod—courts

}

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

}

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

}

// Use this if the track is NOT AVC compatible

class SVCSampleEntry () extends VisualSampleEntry ('svcl' or 'svc2') {

SVCConffgurationBox svcconfigy;

MPEG4ExfensionDescriptorsBox descr; // optional

ScalabilityInformationSEIBox scalability; // optional

SVCPriofityAssignmentBox method; // optional
}
6.5.3.1.3 Semantics
When the §ample entry is ‘svcil' or 'svc2', Compressorname in the€)base class visualsampleHntry
indicates th;f name of the compressor used, with the value “\012svc*coding” being recommended (\012
is 10, the lepgth of the string “SVC coding” in bytes).
scalinfose} contains an SEI NAL unit containing only a scalability information SEI message as spedified
in ISO/IEC 14496-10:2014, Annex G. The 'size’ field of the.container box ScalabilitylnformationSHIBox
shall not belequal to 0 or 1.
method coufpt provides a count of the number of folowing URIs. This field shall take the value 1 jn an
tavel', 'av¢2', 'ave3', 'aved!', 'svel' OF 'svc2A sample entry.
PriorityAshignmentURI provides a unique name of the method used to assign priority_id values. In the
case of absgnce of this box, the priority assignment method is unknown.
6.5.4 SV(visual width and height
The visual yvidth and height documented in a VisualSampleEntry of a stream containing SVC VCL{NAL
unit are thg cropped frame dimensions of the AVC base layer, if the stream is described by a sample
entry of type 'avcl', 'ac2’, 'ave3' or 'avc4'; otherwise they are the cropped frame dimensions of
decoded pidtures by décoding the entire stream.
6.5.5 Sync sample
For video datadescribhed hy a cnmp]p entry of type 'avel!' t'ayc2' 'aye3' Qr ‘aved! the sync sa 'np]e

table identifies IDR access units for both an AVC decoder, and an SVC decoder (if any) operating on the
entire bitstream.

For video data described by a sample entry of type 'svc1', the sync sample table identifies IDR access

units in the

entire SVC bitstream.

For video data described by a sample entry of type 'svc2', the sync sample table identifies IDR access

units in the

entire SVC bitstream, and additionally the following applies:

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

NOTE The sync sample table, if present, documents only access units that are IDR access units for both the

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

6.5.6

Yall 3
SIIdUOW SyIIC

A shpadow sync box shall not be used for video data described by an 'svci' or 'svc2!(Samy
use for SVC is deprecated.

le entry. Its

y

6.5.7 Independent and disposable samples box

If the
be t4

(pos|

samp)

P SampleDependencyTypeBox is used in a track that is both AVC and SVC\¢ompatible, then|care should
ken that the information provided by this box is true no matter what valid subset of the SVC data
5ibly only the AVC data) is used. The ‘unknown’ values (value0of the fields sample Hepends on,

e is depended on,and sample has redundancy) may be needed if the information vafies.

6.5. Sample groups on random access recovery points.' ro11' and random access pgints 'rap '

For yideo data described by a sample entry of type 'awei®, 'avc2', 'ave3' or 'avcd', the rafjdom access

recoyery sample group and the random access poifit Sample group identify random acce
poinks and random access points, respectively, fortboth an AVC decoder, and an SVC deca
operjting on the entire bitstream.

NOT If the random access recovery points.or the random access points for the AVC decoder]
decofler operating on the entire bitstream are not all aligned, the random access recovery pointg

Ss recovery
der (if any)

and the SVC
table or the

randpm access point table, respectively, will'not document all of them. In this case, the stream can be stored in

mult]ple tracks, e.g. two tracks, one containing the AVC base layer with a sample entry of type 'avc]' or 'avc3’,
and the other containing the SVC enhancement layers with a sample entry of type 'svcl' or 'svc2 .
For yideo data described by-a-sample entry of type 'svci' or 'svc2’, the information proyided by the

random access recovery sample group and the random access point sample group is true fpr any valid

subskt of the entire SVG.bitstream.

6.5.9 Definition of a sub-sample for SVC

eam, a sub-

UseRefBasePlcFlag, DlscardableFlag and StoreBaseRepFlag, spec1f1ed subsequently 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 SVC data, it shall have the semantics defined here.

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

The codec_specific parameters field of the Subsample Information box is defined for SVC as follows:

unsigned int (1) RefPicFlag;
unsigned int (1) RedPicFlag;
unsigned int (1) VclNalUnitFlag;
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bit (6) reserved = 0;

unsigned int (1) IdrFlag;

unsigned int (6) PriorityId;

bit (1) reserved = 0; // corresponding to no_inter layer pred flag
unsigned int (3) Dependencyld;

unsigned int (4) QualityId;

unsignefl int (3) Temporalld;

unsignefl int (1) UseRefBasePicFlag;

unsignefl int (1) DiscardableFlag;

bit (1) feserved = 0; // corresponding to output flag
unsignefl int (1) StoreBaseRepFlag;

bit (1) freserved = 0;

For an AVC YCL NAL unit in an SVC context, the prefix NAL unit shall be'grouped with the AVC VCL|NAL
unit in the fame sub-sample, and its fields values apply to the AVC VCL-NAL unit.

RefPicFlag|equal to O indicates that all the NAL units in the Sub-sample have nal_ref_idc equal fto 0.
RefPicFlaglequal to 1 indicates that all the NAL units in the siib*sample have nal_ref_idc greater thpan 0.

RedPicFlaglequal to O indicates that all the NAL units in the sub-sample have redundant_pic_cnt dqual
to 0. Redridrlag equal to 1 indicates that all the NAL-units in the sub-sample have redundant_pi¢_cnt
greater thanp 0.

VclNalUnitFlag equal to O indicates that all NAL units in the sub-sample are non-VCL NAL units. Yalue
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.

PriorityId|indicates the priority_ id value of the NAL units in the sub-sample. All the NAL units if the
sub-sample(shall have the samevalue of priority_id.

NoInterLay¢rPredFlag indieates the no_inter_layer_pred_flag of the NAL units in the sub-sampl¢. All
the NAL units in the sub=sample shall have the same value of no_inter_layer_pred_flag.

Dependency[d indicates the dependency_id value of the NAL units in the sub-sample. All the NAL finits
in the sub-spmplejshall have the same dependency_id value.

dicatac tha aviolieey oA yoln AfF+bhn NTAT amatc 30 +hn ol conanln ATl 4l n NTAT it c o

QualltyId 1 TOTCTO T S—tItT \.1uu11\._y Ha—Vvarde-oetr—the-rA—HhiesHttae-SHo STTITPTCTIXIT CIIC TN X IT HHRHESH the

sub-sample shall have the same quality_id value.

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

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

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

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

7 MVC and MVD elementary stream and sample definitions

7.1 Overview

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

The File format for storage of MVC and MVD content, as defined in this clause and Annexes|A to D uses
the e¢xisting capabilities of the ISO base media file format and the plain AVC file format|(i.e. the file
format specified in subclause 4.11). In addition, the following new extensions, among-otherg, to support
MVG and MVD-specific features are specified.

a) Multiview grouping:

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

b) Aggregator:

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

c¢) Extractor:

h structure to enable efficient extraction of NAL units from other tracks than the ong¢ containing
he media data.

d) [lemporal metadata statements:
structures for storing time-aligned iriformation of media samples.
e) AVC compatibility:

h provision for storing ansMVC 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 pupport for MVCor"MVD includes a number of tools, and there are various ‘models’ pf how they
might be used. In particular, an MVC or MVD stream can be placed in tracks in a number of Ways, among
whidh are the following:

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

2. eachview, including both texture views and depth views when both are present, in it§ own track,
abelled in the sample entries;

3. ahybrid, one track containing all views, and one or more single-view tracks each containing a view
that can be independently coded;

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

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

The MVC and MVD file format allows storage of one or more views into a track, similarly to the support
for SVC in Clause 6. Storage of multiple views per track can be used, e.g., when a content provider wants
to provide a multiview bitstream that is not intended for subsetting or when the bitstream has been
created for a few pre-defined sets of output views (such as 1, 2, 5, or 9 views) where tracks can be created
accordingly. If more than one view is stored in a track and there are several tracks (more than one)
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representing the MVC or MVD bitstream, the use of the sample grouping mechanism is recommended.
The sample grouping mechanism is used to define tiers identifying the views present in the track and to
extract required NAL units for certain operating points conveniently. The sample grouping mechanism
is usually used with aggregators to form regular NAL unit patterns within samples. Thus, SVC-like
sample grouping, aggregators, and view definitions for sample groups are specified for MVC or MVD.

The Multiview Information box ('mvci') is specified to indicate information that applies to more than
one view, such as the target output views in one or more Multiview Group boxes. Characteristics (such as
camera parameters) of the respective bitstream subset can also be indicated within the Multiview Group
box using the Multiview Relation Attributes box ('mvra'), which is similar to the Track Selection box.

A player shyg
more track
to that oper
may differ;

views can H
output view
the Multivig

Cmvra'}

When an M
that contai
passing the
by a track,
sample. If th
track for ea
subclause 7]
associated 3

7.2 Over

The storage
in the samp

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

NOTE E
containment

T

for example, the number of simultaneously displayed views and the optimal anglé€ betv

that provide the data for the desired operating point, preferring a track that is)sp¥
ating point over tracks that also contain other data. The display characteristics'of pla

e different. In order to guide a player for selection of output views, alternative grou
s and the common and differentiating characteristics between them canbe indicated
w Group Relation box ('swtc'), which also includes the Multiview Relation Attributeg

data in multiple tracks, the player must reconstruct MVC\or MVD access units b¢
to the MVC or MVD decoder. An MVC or MVD operating pgint may be explicitly represe
.e,, an access unit is reconstructed simply by resolving.all"extractors and aggregators
e number of operating points is large, it may be space-donsuming and impractical to cre
'h operating point. In such a case, MVC or MVD access.units are reconstructed as specifi
6.2. The MVC or MVD Decoder Configuration record contains a field indicating whethe
amples use explicit or implicit access unit reconstruction (see the explicit_au_track fiel

view of MVC or MVD storage

of MVC and MVD streams can be supported by a number of structures, including informj
e entry, the media information bex, and sample groups. Table 5 provides an overview o

ich group of rows startingwith an entry in the left column (e.g. 'minf', '2vc?') docum
structure within that container; the higher level containment is not shown.

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

e or
cific
yers
veen
bs of
with
box

/C or MVD bitstream is represented by multiple tracks and a player uses an operating point

h

pfore
nted
of a
ate a
bd in
I the
).

ition
f the

ent a

Box name Brief description

minf

Media Information Box

Multiview Information Box

Specifies a multiview group for the
views of the multiview video stream

that

mveg Multiview Group Box are output

buff |Buffering Information Box multiview group

Contains the buffering information of
the bitstream subset specified by the

tiers of the respective multiview gro

mvra |Multiview Relation Attribute Box Multiview Group box)

Indicates the relation of the tracks or

with each other (when contained in a

up

tibr |Tier Bit Rate Box by the multiview group

Provides information about the bit rate
values of the bitstream subset specified
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Box name

Brief description

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

tiri |Tier Information Box ified by the multiview group
Indicates the maximum disparity in a
vwdi |Multiview Scene Information Box scene with multiple views
Specifies a set of multiview groups from
which one multiview group is decoded
swtc Multiview Group Relation Box and played at any time
Indicates the relation of\the multiview
groups with each otHer (whejn contained
mvra |Multiview Relation Attribute Box in a Multiview Group Relatiop box)
(Note: various(codes are use(l for sample
?2vd? Sample Entry entries)
Containg att SEI NAL unit cornjtaining
only a-view scalability information SEI
View Scalability Information SEI message as specified in ISO/]EC 14496-
vsib Message Box 102014 Annex H
€ontains camera parameterq that define
the location and orientation pf the cam-
era reference frame with respect to a
ecam Extrinsic Camera Parametef’s Box |known world reference framje
Contains camera parameterq that link
the pixel coordinates of an ithage point
with the corresponding coordinates in
icam Intrinsic Camera Parameters Box the camera reference frame
Indicates the views included|in the track
vwid View Identifier Box (when included in a sample entry)
Provides a URI containing a inique
name of the method used to @ssign
content_priority_id values fof the View
mvcP MVC View Priority Assignment Box |Priority sample grouping
mvcC MVC Configuration Box
Contains the MVD decoder configuration
record and the MVD depth r¢solution
mvdC MVCD Configuration Box box (for MVD streams only)
Provides the resolution of dejpth
3dpr MVD Depth Resolution Box views (for MVD streams onlyf)
Contains an SEI NAL unit conjtaining
only an MVCD view scalabilify informa-
MVD Scalability Information SEI tion SEI message as specified in ISO/
3sib Message Box IEC 14496-10:2014 Annex |
sgpd Sample Group Description Box
mvif Multiview Group Entry Contains the following boxes
Contains the buffer information of the
buff Buffering Information Box tier
Identifies the tiers that the current tier
ldep Tier Dependency Box is dependent on
Contains parameter sets needed for
decoding this tier and all the tiers it
svip Initial Parameter Sets Box depends on
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Table 5 (continued)

Box name

Brief description

Reports the minimum and maximum
priority_id of the NAL units mapped to
this tier

svpr Priority Range Box

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

Provides information about the profile,

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

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

Indicates the views included-in‘the tier

(when included in a Multiview Group
vwid View Identifier Box entry,)

Provides adjusted decoding times when

dtft Decode Re-timing Group Entry high temporal layefts are discarded
Provides the(mapping of NAL units t
multiview gfoups for all samples in the
scim Sample Map Group Entry track

The structu
(video infor
information
the media
information
Multiview |

7.3 MVC

MVC and M
MVC or MV]

— An MV
those N
of extra
messag
directly

MVC and M)
For MVC an

and MVD elementary stream structures

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

1 MV D-streams, Table 2 is amended by Table 6.

res within a sample entry provide information for thesdecoding or use of the sanpples
mation) that are associated with that sample entry. Sample groups provide time-vaiying
about the track as a whole, assisting (for example) with the extraction of subsefs of
vithin a track. Information in the Multiview dhformation Box (appearing in the mjedia
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.

/D streams are stored in accordance with subclause 5.2, with the following definition pf an
D video elementary stream:

C and MVD Video Elemeéntary Stream contains all video coding related NAL unitq (i.e.
AL units containing video data or signalling video structure, possibly after resolyition
lctors and aggregators) and may contain non-video coding related NAL units such a$ SEI
es and access unitdelimiter NAL units. Aggregators and Extractors, when present, shall not
output by file parsers.
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There may be AVC VCL NAL units, MVC VCL NAL units and other NAL units, i.e. non-VCL NAL units,
present in an MVC video elementary stream. There may be AVC VCL NAL units, MVC VCL NAL units,
MVD VCL NAL units, and non-VCL NAL units present in an MVD video elementary stream. Additionally,
there may be Aggregators or Extractors present in an MVC or MVD video elementary stream.

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

7.4 Use of the plain AVC file format

The MVC or{MVD file format is an extension of the plain AVC file format defined in subclause 4.14:
Subclause 3.4.7 is defined for use with plain AVC streams. Its use with MVC and MVD .Streams is
deprecated

7.5 Sample and configuration definition

7.5.1 Ovdrview

MVC Samgpgle: 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 mofe view components as defined in
ISO/IEC 14496-10:2014, Annexes I and ] and the associatéd )non-VCL NAL units, where each yiew
component nay contain a texture view component, a depth iew component or both.

7.5.2 Carnonical order and restriction
The following restrictions apply to MVC and MVD.data in addition to the requirements in subclause §.3.2.

— MVC cqded slice NAL units (Coded slice extension): All MVC coded slice NAL units for a s|ngle
instant|in time shall be contained in\the sample whose composition time is that of the pidture
repres¢gnted by the access unit. AndMVC sample shall contain at least one AVC or MVC VCL NAL junit.

— MVD VLCL NAL units (Coded slice extension): All MVD VCL NAL units for a single instant in [time
shall bg contained in the sample whose composition time is that of the picture represented by the
access Yinit. An MVD saniple 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 uniit.

in vahd decodlng order as spec1f1ed in ISO/IEC 14496 10

7.5.3 Decoder configuration record

7.5.3.1 MVC decoder configuration record

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

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

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

The MvCDecoderConfigurationRecord is structurally identical to an AvcDecoderConfigurationRecord.
However, the reserved bits preceding and succeeding the 1engthsizeMinusone field are re-defined. The
syntpxisas fottows:

alighed (8) class MVCDecoderConfigurationRecord {

unsigned int(8) configurationVersion = 1;

)

hsigned int (8) AVCProfileIndication;

o

nsigned int(8) profile compatibility;

o

nsigned int (8) AVCLevelIndication;

)

nsigned int (1) complete representation;

)

nsigned int (1) explicit au track;

blit (4) reserved = '1111'b;

o

nsigned int (2) lengthSizeMinusOne;

biit (1) reserved = '0'b;

)

nsigned int (7) numOfSequenceParameterSets;
flor (i=0; i< numOfSequenceParameterSets; i++) {
unsigned int (16) sequenceParameterSetLength ;

bit (8*sequenceParameterSetLength) sequenceParameterSetNALUnit;

)

hsigned int (8)*numOfPictureParameterSets;
flbr (i=0;~4< numOfPictureParameterSets; i++) {

ynsigned int (16) pictureParameterSetLength;

bit (8*pictureParameterSetTiength) pictureParameterSetNATUNnIt ;

}

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

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

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

complete representation is set on a minimal set of tracks that contain a portion of the original
encoded stream, as defined in subclause 7.6.1. 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
informgtiom:

view
ther
heed

explicit au track is set on a track that is ‘complete’; it is not necessary to determine the

dependpncies, nor calculate whether views not present in this track should be found from d
tracks. However, subject to the rules for the sample entry types, extractors may be present and

to be followed to gather all the NAL units needed.

quenceParametersSets indicates the number of SPSs and subset SRSS that are used for
g the MVC elementary stream.

numOf Sq
decodir

SequendeParameterSetLength indicates the length in bytes of the SPS\af.subset SPS NAL unit.

1 in
ifier
with

eParameterSetNALUnit contains a SPS or subset SPS™ NAL unit as specifie
ISO/IE( 14496-10:2014, Annex H. SPSs shall occur in order of<ascending parameter set iden
with gaps being allowed. Subset SPSs shall occur in order ofascending parameter set identifier
gaps bejing allowed. Any SPS shall occur before all the sulsset SPSs, if any.

Sequen

7.5.3.2 D decoder configuration record

The syntpx structure of is exactly the same| as

MVDDecoderConfigurationRecord

MVCDecoder

When the A
can be inten
of the AVC (¢
base view.

When the M
can be intel
properties d
e.g.itmay c

If the sample entry fiame is 'mvdl’', 'mvd2', 'a3dl', or 'a3d2’', a parameter set stream may be used
s, as'with AVC and MVC streams. In that case, parameter sets shall not be included in the

MVD strear
decoder cor

fonfigurationRecord.

VC decoder configuration record-(as defined in subclause 5.3.3.1) is used for a stream
preted as an MVD stream, thesAVC decoder configuration record shall reflect the prope
ompatible base view, e.g. it\thay contain only parameter sets needed for decoding the

VC decoder configuration record (as defined in subclause 7.5.3.1) is used for a stream
preted as an MV,€-or MVD stream, the MVC decoder configuration record shall reflec
fthe MVC compatible bitstream subset (i.e. the bitstream subset with only the texture vig
bntain only parameter sets needed for decoding the MVC compatible bitstream subset.

figuration record. Otherwise (the sample entry name is 'mvd3', 'mvd4’, 'a3d3"' or 'a3

that
rties
AVC

that
t the
EWS),

with

H4'),

parameter

ets’may be stored in both the decoder configuration record or as part of samples wh

ile a

parameter set elementary stream shall not be used.

Sequence or picture parameter sets, including subset sequence parameter sets, are numbered in
OrderOfStOFagefrOHI1'U)numOfSequenceParameterSets OrnumOfPictureParameterSets,respecﬁvebﬁ
Sequence and picture parameter sets stored in this record in a file may be referenced using this 1-based
index by the InitialParameterSetBox.

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

MVCDecoderConfigurationRecord:

numOfSequenceParameterSets indicates the number of SPSs and subset SPSs that a
decoding the MVD elementary stream.

sequenceParameterSetNALUnit, when contained in the MVCD Configuration Box, conta
subset SPS NAL unit as specified in ISO/IEC 14496-10:2014, AnneXx I. sequenceParameter

re used for

ins a SPS or
SetNALUnit,

when contained in the A3D Configuration Box, contains a SPS or subset SPS NAL unit as specified

in ISO/IEC 14496-10:2014, Annex ]J. SPSs shall occur in order of ascending parameter s

et identifier

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

paps being attowed Ay SPSstattoccurbeforeatt thesubset SPSs; if any-

7.6 | Derivation from the ISO base media file format

7.6.1 MVC and MVD track structures

An M
or m
textiire only, depth only or both texture and depth.

[VC or MVD stream is represented by one or more video tracks in a file;Each track rep

Thery
enco
sam|]

e is a minimal set of one or more tracks that, when taken together, contain the con
ded information. All these tracks shall have the flag “cofplete representation” sef
ble entries. This group of tracks that form the complete encoded information are
plete subset”.

frack that has the flag “complete representatidn” Setand contains NAL units of the bas
oral_id equal to 0 shall be nominated as the ‘base view track’. All the other tracks tha

. For MVD streams, all thetracks containing the texture view and the depth view of
shall share the same timeseale. Note that the texture view and the depth view of a par

prediction referencg, a’track reference of type 'scal' shall be included in the track refe
sourge track for inter-view prediction.

For MVD stp€ams, if a depth view is stored in a different track than the track containing
view assoeciated with the depth view, a track reference of type 'deps' shall be included
contpining'the depth view, referring to the track containing the texture view. The presence

resents one

ore views of the stream. For a track in a file storing an MVD video 'stream, the track fnay contain

plete set of
in all their
called the

e view with
[ are part of
sbas' (view

. The complete encoded information can‘be retained when the tracks included in thle “complete

data) or re-

alable base
h particular
ticular view

1 inter-view
rring to the

the texture
n the track
pf this track
h a texture

refefencé indicates that the current track contains the depth view that is associated wit

view in the referenced track.
NOTE If a track containing a part of an MVC or MVD bitstream is removed from a file, care shoul

remove also those tracks that contain 'scal’ and 'sbas' track references to the removed track and refe
multiview groups that include the removed track.

7.6.2 Reconstruction of an access unit

d be taken to
rences to the

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

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

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

An access unit is reconstructed from the respective samples in the required tracks and tiers by

arranging t

hoir NAL unitsin an arder conformina +o ISO/IEC 1449610 Dunlicate conies of NAL 1
e oS O e o O TR OO I =14 To— Do prreate- o preS O

nits,

when presq
provides an

— All par
elemen

— All SEI
stream

— View c(

— Within
precedg

— NALun

nt, need to be removed in order to conform to ISO/IEC 14496-10. The following’d
outline of the procedure to form a conforming access unit:

hmeter set NAL units (from the associated parameter set tracks and from,the assoc
ary stream tracks).

NAL units (from the associated parameter set tracks and from the associated elemer
tracks).

mponents in ascending order of view order index value.

A view component, if both texture and depth are present,then the texture view compo
s the depth view component.

ts within a texture or depth view component are in théir appearance order within the sa

7.6.3 Sample entry

7.6.3.1 B
7.6.3.1.1
7.6.3.1.1.1

Box Type:

Container:

Mandatory:

pxes for sample entry

Intrinsic camera parameters box

Definition

'icam'

Sample Entry (Tavci', 'avc2', 'avc3', 'avca',
Jmvcl', 'mvc2', 'mvc3', 'mvcd',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', 'a3d4')

No

Quantity:

rder

ated

tary

nent

nple.

ZEro or more

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

Annex H.
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7.6.3.1.1.2 Syntax

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

unsigned int (32) prec focal length;

unsigned int(32) prec principal point;

unsigned int (32) prec skew factor;

unsigned int (8) exponent focal length x;
igned int (64) mantissa focal length x;
nsigned int (8) exponent focal length y;

igned int (64) mantissa focal length y;

nsigned int (8) exponent principal point x;
$igned int (64) mantissa principal point x;
nsigned int (8) exponent principal point y;
$igned int (64) mantissa principal point y;
nsigned int (8) exponent skew factor;
igned int (64) mantissa skew factor;

7.6.3.1.1.3 Semantics
resefrved this field shall be equal to zero.

ref [view id indicates the view_id identifying a view for which intrinsic camera pardmeters are
indiqated in this Intrinsic Camera Parameters Box.

prec| focal length specifies the exponent of the maximum allowable truncation errof for focal_
length_x and focal_length_y as givemrpy 2-prec_focal_length The value of prec focal length shall be in the
rangle of 0 to 31, inclusive.

preqd| principal point specifies the exponent of the maximum allowable truncation error far principal_
poinf_x and principal_pairit._y as given by 2-prec_principal_point The value of prec_principal|point shall
be ir] the range of 0 to.3%;\inclusive.

prec| skew factox specifies the exponent of the maximum allowable truncation error for skpw factor as
given by 2prec_skewifactor The value of prec skew factor shall be in the range of 0 to 31, inclyisive.

expohent fotal length x specifies the exponent part of the focal length in the horizontal difection. The
valug of éxponent focal length x shall be in the range of 0 to 62, inclusive. The value 63 is reserved for
futurese 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.

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

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

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

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

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

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

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

The intrinsic matrix A for the camera associated to the view indicated by ref view idisrepresented as
follows:

focalLengthX skewFactor principalPointX
0 focalLengthY principalPointY
0 0 1

Each compgnent of the intrinsic matrix is obtained from the variables specified in Table 7 as the varjable
x computed|as follows.

If0<e463,x=231%*(1+n+2v), withv=max(0,e +p - 31) (0

If e is edual to 0, x = 2-30+v) * n_with v = max(0, p - 30) (2)

Tablle 7 — Association between camera parameter variables and syntax elements

X e n p

focdlLengthX exponent_focal_length_x mantissa_focal_length_x prec_focal_length

focglLengthY exponent_focal_length\y. mantissa_focal_length_y prec_focal_length

prindipalPointX | exponent_principal.point_x | mantissa_principal_point_x | prec_principal_point

prindipalPointY | exponent_principal-point_y | mantissa_principal_point_y | prec_principal_point

skg¢wFactor exponent_Skew_factor mantissa_skew_factor prec_skew_factor

7.6.3.1.2 Extrinsic cameraparameters box
7.6.3.1.2.1 | Definition

Box Type: | 'ecam

Container: Sample Entry (' avcl', 'avec2', 'avc3', 'avc4d',
Vel ', mveZ', mvc3'T, Tmvcad',
'mvdl', 'mvd2', 'mvd3', 'mvd4',
'a3dl', 'a3d2', 'a3d3', ‘a3d4')

Mandatory: No
Quantity: Zero or more

This subclause specifies extrinsic camera parameters that define the location and orientation of the
camera reference frame with respect to a known world reference frame. A specification of extrinsic
camera parameters including translation vector and rotation matrix is given in ISO/IEC 14496-10:2014,
Annex H.
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The extrinsic camera parameters are specified according to a right-handed coordinate system, where
the upper left corner of the image is the origin, i.e., the (0, 0) coordinate, with the other corners of
the image having non-negative coordinates. With these specifications, a 3-dimensional world point,
wP=[xy z] is mapped to a 2-dimensional camera point, cP = [u v 1], according to:

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

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

parameters box (see subclause 7.6.3.1.1), Rl denotes the inverse of the rotation matrix R, T denotes the

translation vector, and s (a scalar value) is an arbitrary scale factor chosen to make the third coordinate

Of CF caualtal Tho elomonte af A R T aro dotormined accardinatho cuntav olomontc c‘in’n’)lled ln thls
equal-to-1—The-elements-of Farede

A R-T-are-determined-accordin gthes yatax-elementssi an
box &and as specified below.

7.6.3.1.2.2 Syntax

clag$s ExtrinsicCameraParametersBox extends FullBox ('ecam', version=0, flags) {

nsigned int (6) reserved=0;

nsigned int (10) ref view id;

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

for (j=1; 3<=3; j++) { /* row */

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

}

unsigned int (8) exponent t[jl«

signed  int(64) mantissa t[jdy

7.6.3.1.2.3 Semantics
resefrved this field shall be equal to zero.

ref [view id indicates’the view_id identifying a view for which intrinsic camera pardmeters are
indigated in this Ihtrinsic Camera Parameters Box.

prec| rotatidn param specifies the exponent of the maximum allowable truncation error for r[j ][ k] as
given by 2@recrotation_param The value of prec_rotation param shall be in the range of 0 to 3[1, inclusive.

prec| t¥anslation param specifies the exponent of the maximum allowable truncation erfor for t[ j ]
as given by ZPTeC-UANSIAIOparaiT—The value of prec_ translation param shall be in the range of 0 to 31,
inclusive.

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

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

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

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

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

The translation vector T is represented as follows:

tE[0]

Each comp

IfO<ed

tE[1]
tE[2]

nent of the rotation matrix and the translation vector is obtained from ‘the variab
specified in[Table 8 as the variable x computed as follows.

63,x = 2631 * (1 + n + 2Y), with v=max(0, e + p - 31)

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

Tablle 8 — Association between camera parameter variables and syntax elements

les

(3)

(4)

X e n p
rE[j][|k] exponent_r[j][ k] mantissa_r[j][ k] prec_rotation_paran
tE[j|l exponent_t[j ] mantissa_t[j ] prec_translation_param
7.6.3.1.3 |View identifier box
7.6.3.1.3.1 | Definition
Box Type: [ 'vwid'
Container: | Sample Entry (‘awcl, 'avc2', 'ave3', 'avcd',
'Mvcl', 'mvc2', 'mvc3', 'mvcéd',
'mvdl', 'mvd2', 'mvd3', 'mvdd’',
'a3dl', 'a3d2', 'a3d3', 'a3d4')
or MultiviewGroupEntry
Mandatory:| YesS (for sample entries and the primary group definition in Multiview Group entries)
Quantity: L Exaectly one for sample entriesand the primary aroup definitionin Multiview Group
entries)

Zero for non-primary group definitions in Multiview Group entries

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

and in the st

56
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7.6.3.1.3.2 Syntax

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

unsigned int (2) reservedo = 0;
unsigned int (3) min temporal id;
unsigned int (3) max_ temporal id;
uynsigned 1nt (16) num views;

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

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

unsigned int (10) view order index;

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

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

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

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

unsigned int (2) base view type:

unsigned int (10) num ref viewsy

for (3 = 0; j < num ref views; J++) {
unsigned int (4) reserved5 = 0;
unsigned int (2) dependent component idc[i] []j];
unsigned imeEN10) ref view id[i][]];

7.6.3.1.3.3 Semantics

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

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

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

entry or Mu

Itiview Group entry, respectively.

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

the stream.

texture in track[i] equal to 1 indicates that the texture view for the view with view_id[i] is present
in the 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 of texture in track([i] shall be equal to 0.

depth in s
the stream.
stream. Wh

depth in t
the track. T
track. Wher

texture in
base_view_{
— 0Oindica
1 shall

21isare

3 indic4d
non-ba

The value indicates that the depth view for the view with view_id[i] is not present
eN texture in stream([i] is equal to 0, the value of depth in stream[i] shall be equal

ack[i] equal to 1 indicates that the depth view for the view with view d{i| is prese

depth_in stream[i] is equal to 0, the value of depth_in_track[i] shall.be equal to 0. V
| track[i] is equal to O, the value of depth_in_track[i] shall be equal to 1.

ype indicates whether the view is a base view (virtual or not).[ttakes the following va
tes that the view is neither a base view nor virtual base view.

be used to label the non-virtual base view of the MVC bitstream.

served value and shall not be used.

tes that the view with view_id[i] is a virtual base view. The respective independently c
e view with view_id[i] resides in anothep,track. When base view type is equal to 3

subseqilient num_ref_views shall be equal to 0.

num ref vi
with view_i

dependent
view are re
of the referg
required. If
The value o

ref view 1
referenced

id[i]. If a vi
id[i][j]. Whg
referenced 1

bws indicates the number of views:-tlvat may be directly or indirectly referenced by the

H[i].

bomponent _idc[i][j] indicates how the texture view and depth view of the j-th refer
quired for decoding the yiew with view_id[i]. If the value is equal to 0, only the texture
bnce view is required. If'the value is equal to 1, only the depth view of the reference vi¢

F 3 is reserved.

[i]1 (3] indicates the view identifier of the j-th view that may be directly or indir
by the viet-with view_id[i], i.e., that may be required for decoding of the view with v
bw is required for decoding the view with view_id[i], it shall be listed as one of ref_v
n the View Identifier box is included in a sample entry, it is recommended to indicat
Fiewsfor both anchor and non-anchor access units in the same sample entry.

Fream[i] equal to 1 indicates that the depth view for the view with view_id[i] is prese“k:
i

tin
the
to 1.

nt in

he value indicates that the depth view for the view with view_id[i] istnot present inp the

Vhen

lues:

bded
the

view

ence
view
bW IS

the value is equal to'2, both texture view and depth view of the reference view are requjired.

ectly
iew_
iew_
b the
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7.6.3.2 MVC and MVD sample entry definitions
7.6.3.2.1 Definition

Sample Entry and Box Types:

5:2019(E)

'mvecl', 'mvc2', 'mvec3', 'mvcd',

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

'a3dl', 'a3d2', 'a3d3', 'a3d4’
Container: Sample Description Box (*stsd")
Manfatory: One of the above listed sample entries is mandatory
Quantity: One or more sample entries may be present
When present, the AVC Configuration Box documents the Profile, Level, and(possibly als¢ parameter
sets [pertaining to the AVC compatible base view as defined by the avcpetoderconfiguraftionRecord.
Whein present, the MVC Configuration Box documents the Profile, Level and Parameter Set jnformation
pertpining to the entire MVC stream as defined by the vvcpecoderconfigurationrRecord. When present,
the MVCD Configuration Box documents the Profile, Level and Parameter Set information pertaining to
the ¢ntire MVC+D stream as defined by the MvDDecoderconfigurationRecord. When presdgnt, the A3D

Confliguration Box documents the Profile, Level and Parameter’Sgt information pertaining {
3D-AVC stream as defined by the MvDDecoderConfigurationkecord.

For

samj]
entr
'mvd
the (
stre:
'a3d]
dime

the AVC sample entries 'avcl', 'avc2', 'ave3' alild 'avc4', the width and height f
ble entry document the cropped frame dimensjons of the AVC base layer. For the )
es 'mvcl', 'mve2’, 'mve3’, and 'mvcs4', and for the MVD sample entries 'mvdil’', 'mv
41, 'a3dl’, 'a3d2', 'a3d3’', and 'a3d4’, the width and height fields in the sample entr
ropped frame dimensions achieved by deeoding any single texture view of the entire N
im. Futhermore, for MVD sample entries-"mvdi', 'mvd2"', 'mvd3’, 'mvd4', 'a3dl’, 'a3d2",
11, the depth_width and depth_height'in the MvbDepthresolutionBox document the crg
nsions achieved by decoding any.siigle depth view of the entire MVD stream.

The
entr

lengthsizeMinusone field in the AVC, MVC, MVCD, and A3D configurations in any g
y shall have the same value(

A pr
valugs. When it occurs in'an AVC or MVC sample entry, exactly one URI shall be present, that
the priority_id assignments in the entire AVC or MVC stream. An MVCD or A3D sample ent
contpin an MVCViewPriorityAssignmentBox (and consequently priority assignment URI
neither for MVE+D'streams nor for 3D-AVC streams).

The
rea
bas

URI is_treated here as a name only; it should be de-referenceable, though this is not re
s may be able to recognize some methods and thereby know what stream extractior

o the entire

ields in the
IVC sample
H2 ', 'mvd3’,
y document
1VC or MVD
'a3d3', and
pped frame

ven sample

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

documents
ry shall not
ran be used

quired. File
operations

r
?,F otvpriority_id would do.

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

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

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

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

Sample entry name

With configuration records

Meaning

'avcl' or 'ave3'!

AVC Configuration Only

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

tave2!

or

'avcd'

AVC Configuration Only

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

torsmav be present: Aggregators mav be present to
4 r ’ [=1=] [=] 4 r

contain and reference AVC NAL units; Tier grauping
may be present.

tavel'

'Bvc3!

AVC and MVC Configurations

An MVC track with both AVC and MVC NAL-units}
Aggregators and Extractors shall notbe’present

tave2!'

or

'hvcd'!'

AVC and MVC Configurations

An MVC track with both AVC NAL units and MVC
NAL units; Extractors may be present and used to
reference both AVC and MV(C NAL units; Aggregdtors
may be present to contain-and reference both AYC
and MVC NAL units; Tier'grouping may be present.

'mvcl'

or

MVC Configuration Only

An MVC track witheut AVC NAL units; Aggregatdrs
may be present tg.coentain and reference MVC NAL
units; Tier grouping may be present.

'mvc2'

"lvcd!

MVC Configuration Only

An MVC trackwithout AVC NAL units; Extractors$
may be présent and used to reference MVC NAL
units;Aggregators may be present to contain anf
reference MVC NAL units; Tier grouping may be
present.

tavel'

or

'Bve3!

AV(C, MVC, and MVCD Configu-
rations

An MVC+D track with AVC, MVC and MVC+D depth
NAL units; Aggregators and extractors shall notfpe
present; Tier grouping may be present.

'mvcl'

'"Inive 3!

MVC and MVCD Configurations

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

'mvc2'

or

"fnved !

MVC and MVGD\Gonfigurations

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

'mvdl'

"favd3!

MVCD.Configuration Only

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

'mvd2'

or

'mvd4’

MVCD Configuration Only

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

'avcl'

'hved\

AVC, MVC, MVCD, and A3D Con-
figurations

A 3D-AVC track with AVC, MVC, MVC+D depth, and
3D-AVC NAL units; Aggregators and extractors shall

not be present; Tier grouping may be present.

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

'mvcl'

'mvc3!

MVC, MVCD, and A3D Configu-
rations

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

If MVCD Configuration were not present in this
example, the track would not contain or refer to
MVC+D depth NAL units.
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Table 9 (continued)

Sample entry name | With configuration records

Meaning

'mvc2' or 'mvc4d' MVC, MVCD, and A3D Configu-

rations

A 3D-AVC track without AVC NAL units but with
MVC, MVC+D depth NAL units, and 3D-AVC NAL

units; Extractors, aggregators and tier grouping may

be present.

If MVCD Configuration were not present

in this

example, the track would not contain or refer to

MVC+D depth NAL units.

'mv

1' or 'mvd3'! MVCD and A3D Configurations

A 3D-AVC track without AVC or MVC NA

with MVC+D depth NAL units and 3D-AV|
Aggregators and tier grouping may.be.pr

esent.

units but
C NAL units;

'mv

2'or 'mvd4' MVCD and A3D Configurations

A 3D-AVC track without AVC or, MVE NAL
with MVC+D depth NAL units.and 3D-AV]
Extractors, aggregators and tiér groupin|
present.

g may be

units but
C NAL units;

'a3

1'or 'a3d3" A3D Configuration Only

A 3D-AVC track with 3D“AVC NAL units o
gators and tier grouping may be present

nly; Aggre-

'a3

2'or 'a3d4’ A3D Configuration Only

A 3D-AVC trackwith 3D-AVC NAL units o
tors, aggregators and tier grouping may

nly; Extrac-
be present.

7.6.3.2.2 Syntax

claf

clags ViewScalabilityInformationSEIBQx extends Box('vsib', size)
{

nsigned int (8*size-64) mvcscalinfosei;
}
clags MVDDepthResolutionBex extends Box ('3dpr')
{

nsigned int (¥6)~depth width;

nsigned int\(l6) depth height;
/* The follewdtig 5 fields are collectively optional; they are either all presen
abs¢nt. When/grid pos num views 1is not present, the for loop is not present, eq
to ¢rid pes num views equal to 0. These fields may be present or absent wheneve
is pregsent (e.g., in MVCDConfigurationBox or A3DConfigurationBox). */

s MVCConfigurationBox extends Box ('mvcCl\)

NVCDecoderConfigurationRecord () MVCConfig;

hxn ignaﬁl int (1) Anp%h hor myult minyg ‘I,-

r or all
ivalent

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

unsigned int (4) depth hor rsh; // optional
unsigned int (4) depth ver rsh; // optional

unsigned int(16) grid pos num views; // optional

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

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

}
class MVCDConfigurationBox extends Box ('mvdC') {
MvDDecoderConfigurationRecord MvDConfig;

MVDDepthResolutionBox mvdDepthRes; //Optional

}
class A3DCopnfigurationBox extends Box('a3dC') {
MVDDecoderConfigurationRecord MVDConfig;
MVDDepthResolutionBox mvdDepthRes; //Optional
}
class MVDScplabilityInformationSEIBox extends Box ('3sib',
{
unsigned| int (8*size-64) mvdscalinfosei;
}
class AVCMVLSampleEntry () extends AVCSampleEntry ('avcl'

ViewScalpbilityInformationSEIBox scalability; // optional (§\

ViewIden|tifierBox view identifiers; // optional

MVCConfipgurationBox mvcconfig; // optional

MVCViewPriorityAssignmentBox view priority method; <§}/ optional

IntrinsifcCameraParametersBox intrinsic_camera_ params;
ExtrinsiCameraParametersBox extrinsic_camerazﬁg}ams;
MVCDConffigurationBox mvcdconfig; // optiona <§\

MVDScalapilityInformationSEIBox mvdscaliﬁ?bsei; //

A3DConfifgurationBox a3dconfig; // opé;bnal

} &

class AVC2MVCSampleEntry () extends(é}tZSampleEntry ('avc2' or 'avcd') {

ViewScalpbilityInformation$S Box scalability; // optional

ViewIdenftifierBox vie ntifiers; // optional
MVCConfipurationBox m&E;bnfiq; // optional MVCViewPriorityAssignmentBox
view priprity meth optional

IntrinsicCameraR:E? etersBox intrinsic camera params;

size) b‘b‘

or 'avc3' )\®
N
O

// optional

// optional

optional

// optional

ExtrinsifgCam rametersBox extrinsic camera params // optional
MVCDCon fli ionBox mvcdconfig; // optional
MVDScalabITityINIoIMatlonokEIBOX mvdscalliniosel; optlionarl
A3DConfigurationBox a3dconfig; // optional

}

// Use this if the track is NOT AVC compatible

class MVCSampleEntry () extends VisualSampleEntry ('mvcl', 'mvc2',

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

ViewScalabilityInformationSEIBox scalability; // optional

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

ExtrinsicCameraParametersBox extrinsic camera params // optional

MVCDConfigurationBox mvcdconfig; // optional

WrBScatab Tty ImformetTonSETBo mvasTarITItoSe TS optToTaT
A3DConfigurationBox a3dconfig; // optional

}

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

'mvd3', or 'mvd4d I
NVCDConfigurationBox mvcdconfig; // mandatory

NvVDScalabilityInformationSEIBox mvdscalinfosei; // optional

YiewIdentifierBox view identifiers; // mandatory
NPEG4ExtensionDescriptorsBox descr; // optional
ntrinsicCameraParametersBox intrinsic camera params; // optional

ExtrinsicCameraParametersBox extrinsic camera, params // optional

A3DConfigurationBox a3dconfig; // optionalk

clags A3DSampleEntry () extends VisualSamplebhtry ('a3dl', 'a3d2',
'a3d3', or 'a3d4d') {
A3DConfigurationBox a3dconfig; Y/ mandatory

NvVDScalabilityInformationSEIBox\~“mvdscalinfosei; // optional

YiewIdentifierBox view idenfiifiers; // mandatory
YPEG4ExtensionDescriptorgBox descr; // optional
ntrinsicCameraParametegrsBox intrinsic camera params; // optional

ExtrinsicCameraParametersBox extrinsic camera params // optional

7.6.3.2.3 Semantics

When the_sample entry is 'mvcl', 'mvc2', 'mvc3', Or 'mvc4', Compressorname in the| base class
VisuplSdmpleEntry indicates the name of the compressor used, with the value “\012mMvc cdding” being
recomiiended (\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 'a3dil', 'a3d2', 'a3d3', or 'a3d4', Compressorname in the base class
VisualSampleEntry indicates the name of the compressor used, with the value “\012a3D coding” being
recommended (\012 is 10, the length of the string “A3D coding” in bytes).

depth width and depth height give the values of the width and height, respectively, of cropped frame
dimensions of the coded depth view components, in pixels, in the stream to which the sample entry
containing the MVDDepthResolutionBox() is included applies.
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depth hor mult minusl, depth hor rsh, depth ver mult minusl, and depth ver rsh are specified
identically to the semantics of the syntax elements with the same names in ISO/IEC 14496-10:2014,
Annex ]. When not present, depth hor mult minusl and depth ver mult minusl are inferred to be
equal to 1, and depth_hor_rsh and depth _ver rsh are inferred to be equal to 0.

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

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

relative to t

height of the luma sample in a depth view component

grid pos_n
pos_view i

grid pos v

grid pos_x
luma textuy
a vertical o
sample unif
grid pos x

NOTE g
pos_ylgrid
names in IS(
carries infor
and depth v

mvdDepthRe
the sample
are inferred

mvcscalinf
message ay
ViewScalab

mvdscalinf
message ay
MVDScalab

im_views specifies the number of views for which grid pos view id[i], grid pos'x[g
[i11 and grid pos_ylgrid pos view id[i]] are present.

i ew 1d[i] specifies a view_id value of a texture view.

[grid pos view id[i]] specifies a horizontal offset of a depth sampling.grid relative t
e sampling grid in texture luma sample units. grid_pos_y[grid_pos’view_id[i]] speq
ffset of a depth sampling grid relative to the luma texture sampling grid in texture
s. When no value of grid pos view id[i] is equal to a view{id value of a texture Y
[view id] and grid pos y[view id] are inferred to be equalte"0.

Fid pos num views, grid pos view id[i], grid pos x[g¢id pos view id[i]] and g
| pos _view id[i]] are specified identically to the semanticsof the syntax elements with the
/1EC 14496-10:2014, Annex J. In MVC+D bitstreams, the/depth sampling information SEI me
mation corresponding to depth hor mult minusd,\depth hor rsh, depth ver mult mi
er rsh.

5 contains the width and height of the coded 'depth view components in the stream to w
entry applies. When not present, the widthi'and height of the coded depth view compor
to be the same as the width and height of the coded texture view components.

sei contains an SEI NAL unif\*containing only a view scalability information
specified in ISO/IEC 14496¢<10:2014 Annex H. The ’size’ field of the container
lityInformationSEIBox shalllnot be equal to 0 or 1.

sei contains an SEI \NAL unit containing only a MVCD scalability information
specified in ISO/AECG 14496-10:2014 Annex 1. The ’size’ field of the container
lityInformationSEIBox shall not be equal to 0 or 1.

7.6.4 Sy

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

For video dpta‘described by a sample entry of type 'mvc3', 'mvcd', 'mvd3', 'mvd4’', 'a3d3', Or 'a

c sample

rid

b the
ifies
uma
riew,

rid
same
bsage
husl,

hich
ents

SEI
box

SEI
box

mple

pd4d "',

the following applies:

1.

either in the sample entry or in the sample itself.

If the sample is a sync sample, all parameter sets needed for decoding that sample shall be included

Otherwise (the sample is not sync sample), all parameter sets needed for decoding the sample shall

be included either in the sample entry or in any of the samples since the previous sync sample to
the sample itself, inclusive.

7.6.5 Shadow sync

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

ISO/IEC 14496-1

Independent and disposable samples box

5:2019(E)

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

If the sampleDependencyTypeBox is used in a track that is compatible to all of AVC, MVC, and MVD, then
care should be taken that the information provided by this box is true no matter what valid subset of
the MVD data (possibly only the AVC data or only the MVC data) is used. The ‘unknown’ values (value 0
of the fields sample depends on, sample is depended on, and sampleihasiredundancy) may be needed

ifth

7.6.7
Whe

Whe
valu

7.7

7.7.1

The
elem

mrormation vdries.

[ Sample groups on random access recovery points 'roll' and random access-poil

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

For video data described by a sample entry of type 'avcl', 'avc2', 'at¢3' or 'avcd',
hccess recovery sample group and the random access point sample,group identify rar
recovery points and random access points, respectively, for all ofan AVC decoder, an M
[if any), and an MVD decoder (if any) operating on the entire bitstream.

NOTE If the random access recovery points or the randomraecess 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 multiple tracks, e.g. twe tracks, one containing the AVC basd
sample entry of type 'avcl!' or 'avce3', and the other‘containing other layers with an MVC or
bntry type.

For video data described by an MVC samplésentry type, the information provided by
hccess recovery sample group and the randem 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 afid the random access point sample group is true for any
bf in the entire MVD bitstream.

n version 1 of the samplé¢ToGroupBox is used, the grouping type parameter specifie
b of the layer(s) or view(s) that are refreshed in the associated sample.

MVC specific information boxes

Overview

following boxes specify information that relate to more than one output view of an M
entary stream. As any subset of views of an MVC or MVD elementary stream can bg

Nts '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

b the tier_id

IVC or MVD
chosen for

out
sepa

ut; theimformationrcarried i these boxes s ot recessarity specifictoany trackamd tht
rately. 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 t
box contain

7.7.2.2 Sy

aligned (8)

extends

7.7.3 Mu
7731 D

Box Type:
Container:
Mandatory:
Quantity:

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

When entry
this box is

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

mtax

class MultiviewInformationBox

0, {

FullBox ('mvci', version

flags)

tiview group box
pfinition
'mvcg’

Multiview Information box ('mvci')
No
Zero or more

pcifies a multiview group-for the views 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 o
bd indications (i.e., entry_type equal to 2 or 3).

| type is equal to 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

this

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

bd in
I the

contained vl

leWws are. fargpt‘ nnfpnf Views.

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

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

aligned(8)

class MultiviewGroupBox extends FullBox ('mvcg',

unsigned int (32) multiview group id;

unsigned int (16)
bit (8) reserved = 0;
for (1=0;

unsigned int (8)

if (entry type ==

i<num entries;

num_entries;

i++) |

entry type;

ISO/IEC 14496-15:2019(E)

version = 0, flags) {

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

unsigned int (10)

track id;
1) |

track id;

tier id;

== 2) {

= 0;

output view id;

}
else if == 3) {

0;

(entry type

bit (6) reserved2

unsigned int (10) start view id;

unsigned int (16) view count;

TierInfoBox subset stream info; // optional
NultiviewRelationAttributeBox ™relation attributes;
TierBitRateBox subset stream bit rate; // optional
BufferingBox subset stxeam buffering; // optional

NultiviewSceneInfoBox multiview scene info;

7.7.3.3 Semantics

multliview gfoup id provides a unique identifier for the multiview group within the file.

num_fnt£ies is the number of tracks (entry type 0), tiers (entry type 1), target output views|

2),0

Fcantinuous sets of target output views (entry type 3) included in this multiview group.

// optional

// optional

(entry type

entry type specifies how the target output views are indicated. The following values of entry_type are

specified:

inclusive, are target output views

track_idindicates a track containing target output views.

© ISO/IEC 2019 - All rights reserved

0 - all the views included in an indicated track are target output views
1 - the view(s) of an indicated tier within an indicated track are target output views
2 - the view with view_id equal to output_view_id is a target output view

3 - the views having view_id within the range of start_view_id to (start_view_id + view_count - 1),
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tier idind

icates a tier within a track where all views within the tier are target output views.

output view idindicates a view_id of a target output view.

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

view count
track idin

tier idind

indicates the number of contiguous values of view_id all being target output views.
dicates a track.

icates a tier within a track.

subset str
output view

relation a
attribute, a
cameras ha
at least one
the others ¢
spacing.

subset str

indicated oyitput views and the views they depend on. The values of tiérBaseBitRate, tierMaxBit

and tieravq

subset str
the indicatg
output view

multiview

any spatiall
7.74 Mu
7.741 D

Box Type:
Container:
Mandatory:
Quantity:

This box sp

am_info indicates the characteristics of the bitstream subset containing the indic
s and the views they depend on.

Ltributes indicate the relations between output views. If 'ecam' is used\as a com
1 the output views are associated with extrinsic camera parameters indicating tha
ve identical rotation and constant spacing. If 'ecan' is used as a differentiating attri
output view is associated with extrinsic camera parameters with different rotation

r the output views are associated with extrinsic camera parameters not having a conj

bam bit rate indicates the bit rate statistics of the bitstream subset containing

BitRate within the TierBitRateBox are unspecified.

tam buffering indicates the HRD parameters thatapply to the bitstream subset contali
d output views and the views they depend..omn and operating with the indicated t3
S.

kcene info contains the maximum disparity in units of integer pixel resolution bety
y adjacent output views in any accessunit.

tiview group relation box
pfinition
'swtc'

Multiview Infogmation box ('mvci)
No

Zero-or more

ated

mon
C the
hute,
from
tant

the

Rate,

ning
irget

veen

bd at

peifiés a set of multiview groups from which one multiview group is decoded and play

any time. T

he given relation attributes specify which features are common In all associated multiview

groups and which factors make the multiview groups differ from each other. The relation attributes can
be used to select a suitable set of multiview groups for playback, e.g., based on the number of output
views. The differentiating attributes can be used to select which multiview group within the set is

suitable for
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the player, e.g., based on the required level for decoding.

© ISO/IEC 2019 - All rights res

erved


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

ISO/IEC 14496-15:2019(E)

7.7.4.2 Syntax

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

MultiviewRelationAttributeBox relation attributes;

7.7.43~ Semantics
num_fntries indicates the number of associated multiview groups.
multfiview group id isthe identifier of an associated multiview group.

relation attributes indicate the relations between the associated multiviewygroups.
7.7.3 Multiview relation attribute box
7.7.3.1 Definition

Box Type: ‘mvra’

Contjainer:  MultiviewGroupBox or MultiviewGroupReélationBox
Manfatory: No in MultiviewGroupBox, Yes in MultiviewGroupRelationBox
Quantity: Zero or One in MultiviewGroupBax

One in MultiviewGroupRelationBox

When the Multiview Relation Attribute box is contained in a Multiview Group box, it indicates the
relatfion of the output views of therespective multiview group with each other. When the Multiview
Relafion 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 attributesf{ 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
diffegrentiating attribute indicates a characteristic that differs in at least one of one of the t3rget output
views of the multiview group. When Multiview Relation Attribute box is included in a Mult{view Group
Relation bex,d common attribute indicates a characteristic that is common for the indicated multiview
groups,or for the respective target output views in each one of the indicated multiview groups, whereas
a di]%}irentiating attribute indicates a characteristic that differs in at least one of the indicated multiview
groups or at least one of the respective target output views in the indicated multiview groups.

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

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

© ISO/IEC 2019 - All rights reserved 69
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7.7.5.2 Syntax

aligned(8) class MultiviewRelationAttributeBox

extends FullBox('mvra', version = 0, flags) {
bit (16) reservedl = 0;
unsigned int (16) num common attributes;

for (i=0; i<num common attributes; i++) {

unsi¢ned 1nt (32) common attribute;

unsi¢gned int (32) common value;

}
bit (16) | reserved2 = 0;

unsignefl int (16) num differentiating attributes;
for (i=pP; i<num differentiating attributes; i++)

unsi¢gned int(32) differentiating attribute;

7.7.5.3 Seémantics

common_att
can be used
informatior].

common_val

common atf{ribute and are specified in the table below.

70

Fibute and differentiating attribute aresSelected from the list below. Attributes|that
as a differentiating attribute are associated with a distinguishing pointer to the fie|d or

Le specifies the value for the comiion attribute. Its syntax and semantics depend on the
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Name Attribute Pointer and semantics common_value syntax and semantics
Profile ‘pril! This attribute shall not be included  bit (24) reserved = 0;
in the Multiview Group box. unsigned int (8)
When included in the Multiview profitefndication;
Group Relation box, the attribute profilelndication is the profile
refers to the profile required for sufficient for decoding the
decoding the bitstream subset bitstream subset corresponding to
corresponding to the multiview all
group. The attribute points to indicated multiview groups.
the profilelndication field of the
subset_stream_info element of the
Multiview Group box.
Levdl 'levl! This attribute shall not be included bit (24) resbxted = 0
in the Multiview Group box. unsigned (mt (8)
When included in the Multiview tevelIfireations
Group Relation box, the attribute profilelndication is the Jevel
refers to the level required for sufficient for decoding the
decoding the bitstream subset bitstream subset corregponding to
Corresponding to the multiview all indicated multiVieW groups, or 0
group. The attribute points to the if the level is unspecified.
levellndication field of the
subset_stream_info elemefit of the
Multiview Group box.
Bitrgte 'bitr! This attribute shallnot be included  unsigned int (32) bitfate;
in the Multiview Group box. bitrate indicates the average
When includedin the Multiview bit rate in bits per second of the
Group Relation box, the attribute bitstream subset required for
refers to.the total size of bitstream  decoding the multiview group. The
subsetbequired for decoding of the  bitrate may be rounded up.
multiview group divided by the
duration in the track header box.
The attribute points to the
avgBitRate field of the
subset_stream_bit_rate element
of the Multiview Group box, if
present, or a value that would be
contained in the avgBitRate field
of the subset_stream_bit_rate ele-
ment of the Multiview Group box, if
it were present.
Frame rate 'frar’ This attribute shall not be included

in the Multiview Group box.

When included in the Multiview
Group Relation box, the attribute
refers the number of samples in
the track divided by duration in
the track header box.

© ISO/IEC 2019 - All rights reserved

unsigned int (16) integer part;
bit (16) reserved = 0;

integer_part shall be equal to the
output rate of decoded access units
in second rounded to the closest
integer using the Round function
specified in ISO/IEC 14496-10.

71


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

ISO/IEC 14496-15:2019(E)

Number of
output views

Intrinsic

'nvws'

'icam'

Number of target output views unsigned int (32)
indicated in the Multiview Group
BOX('mvcg')

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

The intrinsic camera parame- Unspecified.

camera
parameters

Extrinsic

'ecam'

ters are stored In 'avcl', 'avc2’,
"ave3', 'aved', 'mvel’, 'mvc2’,
'mvc3', 'mvcd', 'mvdl', 'l’anZ’,
"mvd3', 'mvd4', 'a3dl’, 'a3d?2’,
'a3d3', or 'a3d4' Sample Entry (in
Sample entry box of media track).

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

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

T]'\n extrinsic cameraparame Uncnanifinr‘

camera
parameters

72
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ters are stored in 'avcl’, 'ave2?,
"ave3', 'aved', 'mvel', 'mvc2’,
'mvc3', 'mvcd', 'mvdl', 'deZ',
"mvd3', 'mvd4', 'a3dl’, 'a3d2’,
'a3d3', or 'a3d4' Sample Entry (in
Sample entry box of media track).
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num views;

num_views indicates the number of
views in the multiview group.
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If this attribute is included in the
Multiview Group box and used as

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

is included in the Multiview Group

bosvanduced-acadiffarantiating
a5t

ISO/IEC 14496-15:2019(E)

Inlin
arra

e view

'ilvi!

DoKX T o ST TCTeTIIeratrg

attribute, the rotation or the dis-
tance of adjacent cameras in linear,
elliptical, or rectangular arrange-
ment differs.

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

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

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

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

order;
unsigned int (2) vertjcal order;

horizontal order
indicates the horizpntal
order of the views:

0: the views are in the same
horizontal locatidqn

© ISO/IEC 2019 - All rights reserved

1: the views are ordered left-
to-right

2: the views are ordered right-
to-left

3: the order of the views is un-

defined, or left and right are
not well-defined.

73


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

ISO/IEC 14496-15:2019(E)

vertical order
indicates the vertical
order of the views:

0: theviews are in the same
vertical location

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

2:  the views are ordered top-

to-bottom

3:  the order of the views is
undefined, or top-anid botitom
are not well-defined.

Rectangulap 'rtvi’ If used as a common attribute, the =~ unsigned int (R8) row view_
view array associated cameras form a rec- count; 0 e 1o
tangular shape and are regularly coorane int(1e) col view
spaced along the orthogonal coor- X
dinate axes. rOw view count
When included in a Multiview spec1f1e§ the number
Group box, the attribute shall be a of rows in the
common attribute. rectangular array.
col view count specifies the
number of columns in the rectian-
gular array.
The views are indicated in raster
scan order in the Multiview Grpup
box.
Planar view| 'Plvi’ If used as.a cemmon attribute, Unspecified.
array the associated cameras are locat-
ed on(a plane, but may be irregu-
lagly spaced.
When included in a Multiview
Group box, the attribute shall be a
common attribute.
Elliptical "elwi{ If used as a common attribute, the  bit (28) reserved = 0;
view array associated cameras are located on ~ unsigned int(2) horizontal |
the arc of an ellipse. order;
. _ — un ighnrl int (2) eritical oyder;
When included in a Multiview _ _ T
Group box, the attribute shallbea  The semantics are identical to
common attribute. those for the Inline view array.
74 © ISO/IEC 2019 - All rights reserved
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Spherical "spvi' If used as a common attribute, the Unspecified.
view array associated cameras are located on
the surface of a sphere.

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

5:2019(E)

Stereo view 'stvi’ If used as a common attribute, the bit (6) reservedl = 0;
array associated cameras are a pair of unsigned int(10) left view id;
views suitable for stereo viewing. bit (6) reserved2 = 0;

X X . Tnsigned Inc(io) rig
When included in a Multiview

Group box, the attribute shall be a
common attribute.

Geometry 'geom' If used as a differentiating attrib- Unspecified.
ute, indicates that the views or

groups of views belong to different

view arrangements (e.g. inline,

planar, etc.)

7.7.6 Multiview scene info box
7.7.6.1 Definition

Box [[ype: ~ 'vwdi'
Contfainer:  Multiview Group box ('mvcg')

Manfatory: No

Quantity: Zero or one

An optional Multiview Scene Info Box includes the maximum disparity between the adjac
the fespective multiview groupl This information can be used for processing the multiview
to rendering on a 3D display.

NOT A Multiview Scene Information SEI message, as specified in MVC H.12.1.5, can indicate t
dispqrity between any'‘adjacent views in the bitstream. Thus, the Multiview Scene Info Box repre
information as carried/in the Multiview Scene Information SEI message but is limited to a certain
rathgr than concerns all the views in the bitstream.

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

t_view_id;

bnt views of
video prior

he maximum
sents similar
set of views

hmeras that

7.7.6:2—Symtax
class MultiviewSceneInfoBox extends Box ('vwdi')

{

unsigned int (8) max disparity;

© ISO/IEC 2019 - All rights reserved
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7.7.6.3 Semantics

max_disparity specifies the maximum disparity in units of integer luma samples between the spatially
adjacent view components (within an access unit) in this multiview group. This information can be
used for processing the multiview video prior to rendering on a 3D display.

7.7.7 MVC view priority assignment box

7.7.7.1 Definition

Yooz oDV

Box Type:

Container:

Mandatory:
Quantity:

A priority 3
priority val
be de-referg

and thereby
priority val

7.7.7.2 Sy
class MVCV

{
unsigne

string

7.7.7.3 S¢

method cou

PriorityAs
values in Vi

Sample Entry ('avcil', 'avc2’', 'avc3', 'avcd',
'mvcl', 'mvc2', 'mvc3', 'mvc4d’,
'mvdl','mvd2‘,‘mvd3','mvd4')

No

Zero or one

1es in the View Priority sample grouping. The URI is treated here as a name only; it sh
bnceable, though this is not required. File readers may beable to recognize some met

les would do.

mtax
l ewPriorityAssignmentBox extends Box (bmvcP')
int (8) method count;

PriorityAssignmentURI [method count];

tmantics
ht provides ateount of the number of following URIs.

kignmentURT provides a unique name of the method used to assign content priorit
ew Priority sample groupings. In the case of absence of this box, the priority assigni

method is u

8 HEVCe

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

ould
hods

¥ know what stream extraction or selection of outputiviews based on particular comtent

y id
ment

Inknown.

lementary streams and sample definitions

8.1 Overview

The High Efficiency Video Coding (HEVC) standard, jointly developed by the ITU-T and ISO/IEC JTC 1/
SC 29/WG 11 (MPEG), offers not only increased coding efficiency and enhanced robustness, but also
many features for the systems that use it. To enable the best visibility of, and access to, those features,

and to enha

This clause

76

nce the opportunities for the interchange and interoperability of media.

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

© ISO/IEC 2019 - All rights res

erved


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

ISO/IEC 14496-15:2019(E)

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

a)

This|document includes the following tools for supporting of HEVC contents:

a)

b)

8.2

In this clause, a video stream is representéd by one video track in a file.

Two

8.3

8.3.1 Overview

HEV['sample: An HEVC sample is an access unit as defined in ISO/IEC 23008-2:2017, 3.1.

Parameter sets:

The video, sequence and picture parameter set mechanism decouples the tran

smission 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

3DV externsiorns):

[emporal scalability sample grouping:

nierarchy levels of temporal scalability.
[emporal sub-layer access sample grouping:

h structuring and grouping mechanism to indicate the identification of access units
bub-layer access (TSA) samples.

btep-wise temporal sub-layer access sample grouping:

emporal sub-layer access (STSA) samples.

Elementary stream structure

types of elementary streams are defined for storing HEVC content:

n a sample entry or sample entries;

Video and Parameter set elementary stream that may contain parameter sets, and m
barameter sets stored in their sample entry or sample entries.

Sample and configuration definition

h structuring and grouping mechanism to indicate the association of access units with different

hs temporal

h structuring and grouping mechanism to indicate)the identification of access units gs step-wise

Video Elementary Stream-that does not contain any parameter sets; all parameter setjs are stored

ay also have

NOTE2 Some HEVC streams as defined in ISO/IEC 23008-2 include data that can be stored
according to Clause 9.

8.3.2 Canonical order and restrictions

alternatively

The canonical stream format is an HEVC elementary stream that satisfies the following conditions in
addition to the general conditions in subclause 4.3.2:

Access unit delimiter NAL units: The constraints obeyed by access unit delimiter NAL units are

defined in ISO/IEC 23008-2.

Parameter sets: A parameter set to be used in a picture must be sent prior to the sample containing
that picture or in the sample for that picture. For a video stream that a particular sample entry
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applies to, the video parameter set, sequence parameter sets, and picture parameter sets, shall be
stored only in the sample entry when the sample entry name is 'hvc1', and may be stored in the
sample entry and the samples when the sample entry name is 'hevi'.

NOTE1 Storing parameter sets in the sample entries of a video stream provides a simple and static way
to supply parameter sets. Storing parameters in samples on the other hand is more complex but allows
for more dynamism in the case of parameter set updates (a particular parameter set’s content is changed
but using the same ID) and in the case of adding additional parameter sets. A decoder initializes with the
parameter sets in the sample entry, and then updates using the parameter sets as they occur in the stream,
starting from any sample marked as a sync sample. Such updating can replace parameter sets with a new
definition using the same identifier. Each time the sample entry changes, the decoder re-initializes with the

parame

er sets included in the sample entry.

SEI me
prescri

Filler d
be fille
be pres
paramg

NOTE 2
messagd
operatiy

8.3.3 De(

8331 H

8.3.3.1.1
This subclat

This record
NAL units a
(its sizeis s

This record
changes to
decode this

Compatible
code. Readd
understand

The values

ksages: SEI messages of declarative nature may be stored in the sample entry; there
btion about removing such SEI messages from the samples.

ata. Video data is naturally represented as variable bit rate in the file format and sh

ent in the file format stored stream when the sample entry does not also’permit in-sti
ter sets.

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

s can change the bitstream characteristics with respect to cenformance with the HRD Y
g the HRD in CBR mode as specified in ISO/IEC 23008-2:2017, AnneX C.

oder configuration information
EVC decoder configuration record

Definition
ise specifies the decoder configuration information for ISO/IEC 23008-2 video content

contains the size of the length fieldused in each sample to indicate the length of its cont4
s well as the parameter sets, if.stored in the sample entry. This record is externally fr3
ipplied by the structure thatcontains it).

the record will be idicated by a change of version number. Readers shall not attem
record or the stréams to which it applies if the version number is unrecognised.

extensions to. this record will extend it and will not change the configuration vel
rs shoulddbeprepared to ignore unrecognised data beyond the definition of the data

for general profile space, general tier flag, general profile idc, geneg

s n

whe

ine
me

bt t

the

ral
min

profile co

pavibility flags, general constraint indicator flags, general level idc,

spatial segmentation idc,

chroma format idc, ©bit depth luma minus8 and bit depth chr

oma

(o]

ould
| for transmission if needed. Filler Data NAL units and Filler Data SEI meéssages shall not
eam

n SEI

n

d
d

contains a version field. This document defines version 1 of this record. Incompdtible

(0]

rsion

y

minuss shall be valid for all parameter sets that are activated when the stream described by this
record is decoded (referred to as "all the parameter sets" in the following sentences in this paragraph).

Specifically,

the following restrictions apply:

The value of general profile space in all the parameter sets shall be identical.

indicated in all the parameter sets.

with this configuration record conforms.

78

The tier indication general tier flag shall indicate a tier equal to or greater than the highest tier

The profile indication general profile idc shall indicate a profile to which the stream associated
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NOTE 1

If the sequence parameter sets are marked with different profiles, then the stream could need

examination to determine which profile, if any, the entire stream conforms to. If the entire stream is not

examined, or the examination reveals that there is no profile to which the entire stream co

nforms, then

the entire stream shall be split into two or more sub-streams with separate configuration records in which

these rules can be met.

Eachbitin general profile compatibility flags may only be setifall the parameter sets set that bit.

Each bitin general constraint indicator flags may only be setifall 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.

[he min spatial segmentation idc indication shall indicate a level of spatial segmen

['he value of chroma format idc in all the parameter sets shall be identical.
[he value of bit depth luma minuss8 in all the parameter sets shall be identical.

[he value of bit depth chroma minus8 in all the parameter sets shallbe identical.

Expljcit indication is provided in the HEVC Decoder Configuration{Record about the chr

and
stre:
HEV
HEV
infoi

Ther
indid
1SO/
arra

NOT
back

Itis

bit depth as well as other important format information(used by the HEVC video

C sample entries shall be used. If the two sequences$ differ in color space indications
mation, then two different HEVC sample entries are also required.

e is a set of arrays to carry initialization.NAL units. The NAL unit types are r
ate SPS, PPS, VPS, prefix SEI, and suffix SERNAL units only. NAL unit types that are
[EC 23008-2 and in this document may.a¢quire a definition in future, and readers sh
s with reserved or unpermitted values of NAL unit type.

2
wards-compatible extensions to these arrays in future specifications.

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

When general non packed constraint flag (bit 3 of the 6-byte general_constraint_indica

equa
any

entr
ISO/

1 to 0 and some of the samples referring to this sample entry represent frame-packed
bf the default display windows specified by the active SPSs for the samples referring to
y covers more than one constituent frame of the frame-packed content, the techniques

[EC 14496-12:2015, 8.15 using the scheme type “stvi” shall be used. In this case, the ste¢

in thie Stereo/Video Box should be set to 1, to indicate that the frame packing scheme used in

Sam

8.3.3

aligned(8)

b as inAVC.

.12 Syntax

o or less than the lowest level of spatial segmentation indicated in all the parameter sg

im. Each type of such information shall be identical in dlbparameter sets, if present
C configuration record. If two sequences differ in any, type of such information, two different

fation equal
ts.

pma format
elementary
in a single

n their VUI
bstricted to

reserved in
ould ignore

This ‘tolerant’ behaviour is .designed so that errors are not raised, allowing the possibility of

tor_flags) is
content and
this sample
lescribed in
reo scheme

HEVC is the

class HEVCDecoderConfigurationRecord {

unsigned int (8) configurationVersion 1;

unsigned int (2) general profile space;

unsigned int(l) general tier flag;

unsigned int (5) general profile idc;

unsigned int(32) general profile compatibility flags;
unsigned int (48) general constraint indicator flags;
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unsigned int (8) general level idc;

bit (4) reserved = '1111'b;

unsigned int(12) min spatial segmentation idc;
bit (6) reserved = '111111'b;

unsigned int (2) parallelismType;

bit (6) reserved = '111111'b;

unsigne int (£) chroma format 1dc;
bit (5) freserved = '11111'b;
unsigne@d int(3) bit depth luma minus8;
bit (5) fFeserved = '11111'b;
unsigne@l int(3) bit depth chroma minus8;
unsignefl int (16) avgFrameRate;
unsignefl int (2) constantFrameRate;
unsignefl int (3) numTemporallayers;
unsignefl int(1l) temporallIdNested;
unsignefl int (2) lengthSizeMinusOne;
unsignefl int (8) numOfArrays;
for (3=p; Jj < numOfArrays; Jj++) {
unsi¢gned int(l) array completeness?
bit (L) reserved = 0;
unsi¢ned int (6) NAL unit ‘&ype;
unsigned int (16) numNalus;
for [(i=0; i< numNalus; i++) {
upsigned ant (16) nalUnitLength;

bit (8*nalUnitLength) nalUnit;

8.3.3.1.3 Semantics

general profile space, general tier flag, general profile idc, general profile
compatibility flags, general constraint indicator flags, general level idc, min_ spatial
segmentation idc, chroma format idc, bit depth luma minus8 and bit depth chroma minus8
contain the matching values for the fields general_profile_space, general_tier_flag, general_profile_
idc, general_profile_compatibility_flag[ i ] for i from 0 to 31, inclusive, the 6 bytes starting with the
byte containing the general_progressive_source_flag, general_level_idc, min_spatial_segmentation_
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idc, chroma_format_idc, bit_depth_luma_minus8 and bit_depth_chroma_minus8 as defined in
ISO/IEC 23008-2, for the stream to which this configuration record applies.

parallelismType indicates the type of parallelism that is used to meet the restrictions imposed by min_
spatial segmentation idc when the value of min spatial segmentation idc is greater than 0. Value
1 indicates that the stream to which this configuration record applies supports slice based parallel
decoding. Value 2 indicates that the stream to which this configuration record applies supports tile
based parallel decoding. Value 3 indicates that the stream to which this configuration record applies
supports entropy coding synchronization based parallel decoding. Value 0 indicates that the stream
supports mixed types of parallel decoding or that the parallelism type is unknown. The values above
can be inferred by the fields tiles enabled flag and entropy coding sync enabled flag as defined

in IS /IEC 23008-2. Specmcally: 1f the fields tiles enabled flag and entropy coding sy
flag|are both equal to 0 in all PPSs that are activated when the stream to which this, ed
recofd applies is decoded, then parallelismType can be set to 1. If the field ti1e3‘\énay
equdl to 1 in all PPSs that are activated when the stream to which this configutation re
is dgcoded, then parallelismType can be set to 2. If the field entropy coding,sync enaj

equdl to 1 in all PPSs that are activated when the stream to which this configiiration recoy

decdded, then parallelismType can be set to 3. If none of the above is true (or'if it is unknoy

mporallayers greater than 1 indicates that the stream to which this configuration re
porally scalable and the contained number of temporal layers (also referred to §

temppralIdNested equal to 1 indicates that all SPSs that are activated when the strea
this | configuration record applies-"is decoded have sps_temporal_id_nesting_flag as
ISO/[EC 23008-2 equal to 1 and temporal sub-layer up-switching to any higher temporal I
perfprmed at any sample. Value 0 indicates that the conditions above are not or may not be

lengfthSizeMinusOne plushl indicates the length in bytes of the NaLUnitLength field in an
sample in the stream_to which this configuration record applies. For example, a size of
indigated with a yalue of 0. The value of this field shall be one of 0, 1, or 3 corresponding
encoded with 1,2;'0r 4 bytes, respectively.

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

c _enabled
nfiguration
led flag is
ord applies
led flag is
d applies is
wn which of

dm to which

applies is of
stream is of
rate.

cord applies
s temporal
tes that the

i§ temporally

m to which
defined in
ayer can be
met.

HEVC video
one byte is
to a length

type may be in the stream; the default and permltted Values are constralned 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.

nalUnitLength indicates the length in bytes of the NAL unit.

nalunit contains an SPS, PPS, VPS or declarative SEI NAL unit, as specified in ISO/IEC 23008-2.
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8.4 Derivation from ISO base media file format

8.4.1 HEVC video stream definition

8.4.1.1 Sample entry name and format

8.4.1.1.1 Definition

Sample Entry and Box Types:

"hvel', 'hevl', 'hveC'

Container:
Mandatory:
Quantity:

An HEVC vi
dn HEVCDecd

An optional
of the HEV(
Descriptor,

Multiple sample entries may be used, as permitted by ISO/IEC 14496-12, to indicate sections of y

that use dif

When the s
be a compli
(including g

When the s:
arrays of al
the default

8.4.1.1.2

class HEVC
HEVCDec

}

class HEVC

HEVCCon

Sample Table Box (*stb1')
An 'hvcl' or 'hevl' sample entry is mandatory

One or more sample entries may be present

derConfigurationRecord, as defined in subclause 8.3.3.1.

BitRateBox may be presentin the HEVC visual sample entry to signal the bit rate informj:
video stream. Extension descriptors that should be inserted irnto the Elementary Sti
ivhen used in MPEG-4, may also be present.

erent configurations or parameter sets.

hmple entry name is 'hvcl' or 'hevl', the stream to which this sample entry applies
ant and HEVC stream as viewed by an HEVE-\decoder operating under the configury
rofile, tier, and level) given in the HEVCCongi gurationBox.

imple entry name is 'hvcl’, the default and mandatory value of array completeness is
types of parameter sets, and 0 for all'other arrays. When the sample entry name is 'n
halue of array completeness is O for all arrays.

Syntax

{

fonfigurationBox extends Box ('hvcC')

derConfiguratipnRecord () HEVCConfig;

bampleENLYY () extends VisualSampleEntry ('hvcl' or 'hevl') {

FiguradtionBox config;

tual sample entry shall contain an HEVC Configuration Box, as definedbelow. This includes

ition
eam

ideo

shall
ition

1 for

bvl',

MPEG4Ex

8.4.1.1.3

CENSTONDESCIIptorsBox () optIonat

Semantics

Compressorname in the base class visualsampleEntry indicates the name of the compressor used with

the value "\

013HEVC Coding" being recommended (\013 is 11, the length of the string in bytes).

HEVCDecoderConfigurationRecord is defined in subclause 8.3.3.

82
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8.4.2 Parameter sets in sample entry

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

Each HEVC sample entry, which contains the HEVC video stream decoder specific information, includes
a group of the particular type of parameter sets. This group of parameter sets functions much like a
codebook. Each parameter set has an identifier, and each slice references the parameter set it was coded
against using the parameter set's identifier.

In the file format each conflguratlon of parameter sets is represented separately When the value of

ront canmatrbha s Aot d aath o oo

g a different

the annlisahla <1 ata
Jppricapre—array uumt.uc teressiS T paraeter-Sec€a

sample entry to be used.

Systems wishing to send parameter set updates will need to compare the two configuation|

differences in order to send the appropriate parameter set updates.

NOTE1 Itisrecommended that when several parameter sets are used and parameter set updati

the parameter sets are included in the samples of the stream.

NOTE 2 Decoders conforming to this document are required to support hoth parameter sets
sampjles as well as parameter sets stored in the sample entries, unless restricted by another specif]

this ¢ne.

8.4.3 Syncsample

A syjnc sample in 'hvel' and 'hevi' tracks shall contain VCL NAL units indicating tha
picture with nuh_layer_id equal to 0 in the sample is@n“Instantaneous Decoding Refresh (1

IO T oCopTatct W oHt€adSHr

s to find the

hg is desired,

tored in the
ication using

L the coded
DR) picture,

a Clgan Random Access (CRA) picture, or a BrokenLink Access (BLA) picture. When the cdded picture
with nuh_layer_id equal to 0 in a sync sample is"a-BLA or CRA picture, there shall be no RASL pictures
assofiated with that BLA or CRA picture.

Former versions of this document allowed'the presence of RASL pictures associated with sync samples,
althgugh this is not in conformance with ISO/IEC 14496-12. When RASL pictures are assqdciated with
a synhc sample, tools that inspect only file-format structures might reach incorrect conclusions about

the dependencies in the bitstream. RASL pictures can be signalled in the file format as lead
in the samplebependencyTypeBex) and BLA and CRA pictures with RASL pictures can be si
SAP jof type 3, using the SAR_sample group or using the RAP sample group. For older files

Ing pictures
bnalled as a
conforming

to previous version of the specification, when performing random access into this track, or after a
discontinuous edit, the flag HandleCraAsBlaFlag can be set for the HEVC decoder. For environments
where HEVC file processors need information that sync samples are not associated with RASL pictures,
the hrand 'nras¢,‘as defined in Annex D.5, may be used to indicate compliance to this and later versions

of thiis document.

NOTE Iothe context of L-HEVC file format specified in Clause 9, the signalling of sync samples tfhat concerns
a parfticular' base layer picture may be different from the signalling of sync samples here for the sanje picture.

Table TU indicates the mapping between HEVC VCL NAL unit types, ISOBMFF sync sample status and

SAP types as documented in ISOBMFF.

Table 10 — Mapping of sync sample status and SAP types to NAL unit type

NAL Unit Type ISOBMFF sync DASH SAP type
sample status
IDR_N_LP true 1
IDR_W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (if the IRAP has no associated RADL pictures)
BLA_N_LP true 1
(*1) see above discussion on sync samples and leading HEVC pictures
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Table 10 (continued)

NAL Unit Type ISOBMFF sync DASH SAP type
sample status
BLA_W_RADL true 2 (if the IRAP has associated RADL pictures)
1 (if the IRAP has no associated RADL pictures)
BLA_W_LP false (*1) 3 (if the IRAP has associated RASL pictures)
true 2 (if the IRAP has no associated RASL pictures but has associated
RADL pictures)
true 1 (if the IRAP has no associated leading pictures)
CRA false 71) 3 (if the TRAP has associated RASL pictures]
true 2 (if the IRAP has no associated RASL pictures but has assogciated
RADL pictures)
true 1 (if the IRAP has no associated leading pictures)

(*1) see abowv

b discussion on sync samples and leading HEVC pictures

When the s4

If the sa
eitheri

Otherw
shall bd
to thes

For signalling of various types of random access points, the{éllowing guidelines are recommended:

The syn
unless
preseng

The ' rg
randon

The us{
informd
IDR, CR

The us

In the conte
group in IS¢
ISO/IEC 23(

imple entry name is 'hev1', the following applies:

mple is a sync 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
included either in the sample entry or in any of the saniples since the previous sync sa
hmple itself, inclusive.

c sample table (and the equivalent flag in movie fragments) shall be used in an HEVC t
hll samples are sync samples. Note that &back fragment random access box refers t¢
e of signalled sync samples in a movie fragment.

11' sample group is recommended-to'be used only for gradual decoding refresh (GDR) b
access points, i.e. those that coatain non-intra coded slices.

b of the 'rap
ition on leading samples-associated with the random access points or the picture types
A, or BLA) of the randem access points.

h

xt of this €lause, the leading samples, defined as part of the definition of the 'rap ' sa
/IEC 14496-12, contain Random Access Skipped Leading (RASL) access units as defin
08-2:

' or 'sync! Sample group is optional, depending on the need of either

1Ided
mple
mple
rack

the

hsed

the
(e.g.

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.

mple
bd in

8.4.4 Syr

csamplesample grouping

8.4.4.1 Overview

Sync samples in HEVC may be of various types. These sample groups may be used to identify the sync
samples of a specific type. If a sample group is given for a specific type of sync sample, then all samples
(if any) containing that type of sync sample are marked by the group. If the group is absent (there is no
sample to group mapping for that type), it is unknown which samples contain a sync sample of that type.
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8.4.4.2 Sync sample sample group entry

8.4.4.2.1 Definition

Group Types: 'sync'

Container: Sample Group Description Box (' sgpd')

Mandatory: No

Quantity: Zero or more

A sy

grou

8.4.4
clas|

{

8.4.4

NAL |
8.4.5

8.4.1
An H

'tsc
layer
instd
Tem

Ther
sam|]
shal

hc sample sample group entry identifies samples containing a sync sample of a specif
bing type parameter is not defined for the sampleToGroupBox with grouping type-’syn

}.2.2  Syntax

s SyncSampleEntry () extends VisualSampleGroupEntry ('sync')

bit (2) reserved = 0;

unsigned int (6) NAL unit type;

1.2.3 Semantics

unit type shall be a type that identifies aalid sync sample (e.g. IDR).
b Temporal scalability sample gretuiping

.1 Overview

EVC video track may contain zero or one instance of a sampleToGroupBox with a grd
1'. This sampleToGroupBex instance represents the assignment of samples in the track
s (referred to as_temporal sub-layers or sub-layers in ISO/IEC 23008-2). An ac
nce of the SampleGroupDescriptionBox with the same grouping type shall be present,
boralLayerEntry sample group entries describing the temporal layers.

e may alsg)be a set of Temporal Level sample group definitions (ISO/IEC 14496-12:2(
ble mapped to a sample group description entry with index A of a Temporal Level samy

sam]

tempord] scalability sample group may also be present but is not required)

ble’group (defined here) having temporallayerid equal to A (i.e. a sample to group map

ic type. The

c'.

uping type
to temporal
fompanying
and contain

15, 10.5). A
le grouping

alsp-be considered mapped to the sample group description entry in the temporal scalability

ping for the

8.4.5.2 Temporal layer sample group entry

8.4.5.2.1 Definition

Group Types: 'tscl’

Cont

ainer:  Sample Group Description Box (' sgpd')

Mandatory: No

Quantity: Zero or more
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A temporal layer sample group entry defines the temporal layer information for all samples in a
temporal layer. Temporal layers are numbered with non-negative integers, and each temporal layer
is associated with a particular value of Temporal1d as defined in ISO/IEC 23008-2. A temporal layer
associated with a Temporal1d value greater than 0 depends on all temporal layers associated with
lower Temporalid values. A temporal layer representation, also referred to as the representation of a
temporal layer, associated with a particular Temporal1d value consists of all temporal layers associated
with Temporal1d values less than or equal to the given Temporalld value.

'Thegrouping_type_parameteriSHOtdeﬁnedfbrtheSampleToGroupBoxVVﬂjlgroupingtype'tsclH

8.4.5.2.2 Syntax

class TempprallayerEntry () extends VisualSampleGroupEntry ('tscl')
{
unsignefl int(8) temporallayerId;
unsigne@l int(2) tlprofile space;
unsignefl int (1) tltier flag;
unsignefl int (5) tlprofile idc;
unsignefl int (32) tlprofile compatibility flags;
unsigne@l int (48) tlconstraint indicator flags;
unsigne@l int(8) tllevel idc;
unsignefl int (16) tlMaxBitRate;
unsignefl int (16) tlAvgBitRate;
unsignefl int (8) tlConstantFrameRate;

unsignefl int (16) tlAvgFrameRate;

8.4.5.2.3 Semantics

temporalLaperIid gives the”ID of this temporal layer. For all samples that are members of]this
sample gropp, the VGLSNAL units shall have Temporalld, as defined in ISO/IEC 23008-2, equjl to
temporalLajerld.

tlprofile ppade,~tltier flag, tlprofile idc, tlprofile compatibility flags, tlconstraint
indicator fl&gs, and tllevel idc contain the values of general_profile_space, general tier|flag,

s g 1 o pilloa . 1 r.1c s C O 4o 24 =3 41 1
general_pr TIIC_TaC, gener ar_proTe_COMpationIty_T1ag| 1 | 101 I I[TONT U (0 O L, IICIUSIVE,  tIIc O Lytes
starting with the byte containing the general_progressive_source_flag, and general_level_idc,
respectively, for the representation of the temporal layer identified by temporalLayer1d.

tlMaxBitrate gives the maximum rate in 1000 bits per second over any window of one second, for the
representation of the temporal layer identified by temporalrayerid.

tlavgBitRate gives the average bit rate in units of 1000 bits per second, for the representation of the
temporal layer identified by temporalLayer1d.

tlConstantFrameRate equal to 1 indicates that the representation of the temporal layer identified by
temporalLayerId is of constant frame rate. Value zero indicates that the representation of the temporal
layer identified by temporalrayer1d may or may not be of constant frame rate.
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tlAavgFrameRate gives the average frame rate in units of frames/(256 seconds), for the representation of
the temporal layer identified by temporaitayer1d. Value 0 indicates an unspecified average frame rate.

8.4.6 Temporal sub-layer access sample grouping

8.4.6.1 Overview

An HEVC video track may contain zero or one instance of a sampleToGroupBox with a 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 grouping

1ho Bresept

type

8.4.¢.2 Temporal sub-layer access sample group entry

8.4.6.2.1 Overview

Groy
Cont

Man

Quantity: Zero or one

This

para

8.4.6.2.2 Syntax

clas
{

}

8.4.7

8.4.7
An H

'sts
sub-

chal
St oe-Presehs

p Types: 'tsas’
ainer:  Sample Group Description Box (' sgpd')
Hatory: No

sample group is used to mark temporal sub-layet access (TSA) samples. The groy
heter is not defined for the sampleToGroupBox With’grouping type 'tsas’.

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

[ Step-wise temporallayer access sample grouping

[.1 Overview

EVC video track may contain zero or one instance of a sampleToGroupBox with a grd
b ', This_SaémpleToGroupBox instance represents the marking of samples as step-wis
ayer aegess points. An accompanying instance of the SampleGroupDescriptionBox wi

gro

Wh

ingtype shall be present.

ping_type

uping type
e temporal
th the same

sub-layer access sample group entry shall be zero.
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8.4.7.2 Step-wise temporal layer sample group entry

8.4.7.2.1

Definition

Group Types: 'stsa’

Container:
Mandatory:

Quantity:

Sample Group Description Box (" sgpd")
No

7ero or one

This samplg
type param

8.4.7.2.2
class Step
{

}

group is used to mark step-wise temporal sub-layer access (STSA) samples. The g#euy
bter is not defined for the sampleToGroupBox with grouping type 'stsa’.

Syntax

viseTemporallLayerEntry () extends VisualSampleGroupEntry ('stsal)

8.4.8 Definition of a sub-sample for HEVC

For the use
sub-sample
specified bg
data, the ‘cd

flags speci
— 0: NAL-

1: Deco

2: Tile-
units, if

NOTE 1

is defined on the basis of the value of the f1agg field of the sub-sample information b
low. The presence of this box is optional; hawever, if present in a track containing K
dec specific parameters’ field in the box shall have the semantics defined here.

fies the type of sub-sample information“given in this box as follows:
unit-based sub-samples. A sub-sample contains one or more contiguous NAL units.
ding-unit-based sub-samples, A'sub-sample contains exactly one decoding unit.

based sub-samples. A sub-sample either contains one tile and the associated non-VCL
any, of the VCL NAL unit(s) containing the tile, or contains one or more non-VCL NAL u

Tile-based sub-samples can be used to address individual tiles within a slice, whereas tile re

(as defi

slice segments.

associated non-VCL NAL units, if any, of the VCL NAL unit(s) containing the CTU row or contain
or mor¢ non-VCL NAL units. This type of sub-sample information shall not be used when entr
coding |syn€_enabled_flag is equal to 0.

ing

of the subSampleInformationBox (ISO/IEC 14496%12:2015, 8.7.7) in an HEVC stream, a

DX as
[EVC

NAL
hits.

bions

ed in subclause(9.64) can only be used for a set of tiles that are enclosed in one or more comjplete

3: CTUqrow-based sub-samples. A sub-sample either contains one CTU row within a slice and the

5 one
opy_

4: Slice-based sub-samples. A sub-sample either contains one slice (where each slice may contain

one or more slice segments, each of which is a NAL unit) and the associated non-VCL NAL units, if
any, or contains one or more non-VCL NAL units.

NAL un

its.

Other values of f1ags are reserved.

5: Picture-based sub-samples. A sub-sample contains one coded picture and the associated non-VCL

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

88
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The discardable field shall be set to 1 only if this sample is still decodable if this sub-sample is discarded
(e.g. the sub-sample consists of an SEI NAL unit).

When the first byte of a NAL unit is included in a sub-sample, the preceding length field shall also be
included in the same sub-sample.

The codec_specific parameters field of the subsampleInformationBox is defined for HEVC as follows:
if (flags == 0) {

unsigned int (1) SubLayerRefNalUnitFlag;

unsigned int (1) RapNalUnitFlag;
unsigned int (1) VclNalUnitFlag;
bit (29) reserved = 0;

} else if (flags == 1)
bit (32) reserved = 0;

else if (flags == 2) {
unsigned int(2) vcl idc;

bit (2) reserved = 0;

unsigned int (4)

log2 min luma ctb;

unsigned int (12) ctb x;
unsigned int(12) ctb_y;
} else if (flags == 3 || flags == 4) {

unsigned int (2) vcl_idc;
bit (30) reserved = (0

} else if(flags == 5) {
unsigned iMB¢l) DiscardableFlag;
unsignéd.int (6) VclNalUnitType;
unSigned int (6) LayerId;

unsigned int (3) TempId;

UlT Jl_gllck,‘l Jl_llL,\l) L\IULILLCLJ_IQ_YCLL’LCR,‘U: ldyy
unsigned int(l) SubLayerRefNalUnitFlag;
bit (14) reserved = 0;

}

SubLayerRefNalUnitFlag equal to 0 indicates that all NAL units in the sub-sample are VCL NAL units of
a sub-layer non-reference picture as specified in ISO/IEC 23008-2. Value 1 indicates that all NAL units
in the sub-sample are VCL NAL units of a sub-layer reference picture as specified in ISO/IEC 23008-2.

RapNalUnitFlag equal to O indicates that none of the NAL units in the sub-sample has nal _unit_ type
equal to TPR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W RADL, BLA N LP, RSV_IRAP VCL22, Or
RsV_IRAP vcL23 as specified in [SO/IEC 23008-2. Value 1 indicates that all NAL units in the sub-sample
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have nal_unit_type equal to 1DrR W RADL, IDR N LP, CRA NUT, BLA W LP, BLA W RADL, BLA N LP,
RSV_TRAP_VCL22, Or RSV_IRAP vCL23 as specified in ISO/IEC 23008-2.

VclNalUnitFlag equal to O indicates that all NAL units in the sub-sample are non-VCL NAL units. Value
1 indicates that all NAL units in the sub-sample are VCL NAL units.

vcl idc indicates whether the sub-sample contains Video Coding Layer (VCL) data, non-VCL data, or
both, as follows:

— 0: the sub-sample contains VCL data and does not contain non-VCL data

— 1: the sub-sample contains no VCL data and contains non-VCL data

— 2: the qub-sample may contain both VCL and non-VCL data, which shall be associated with'|leach
other. Fpor example, a sub-sample may contain a decoding unit information SEI messagefollow¢d by
the set pf NAL units associated with the SEI message.

— 3:reserved

log2 min 1fma ctb indicates the unitof ctb x and ctb v, specified as follows:
— 0: 8lunma samples

— 1:16 luma samples

— 2:32luma samples

— 3: 64 luma samples

ctb_x specifies the 0-based coordinate of the right-mostlurma samples of the tile associated with the
sub-sample(when f1ags is equal to 2 and vcl _idc is equal to 1 or 2, in units derived from log2 nin
luma_ctb agspecified above.

ctb_y specifies the 0-based coordinate the bottom-most luma samples of the tile associated with the
sub-sample(when f1ags is equal to 2 and vcizddc is equal to 1 or 2, in units derived from 10g2 min
luma_ctb agspecified above.

DiscardablgFlag indicates the discardable_flag value of the VCL NAL units in the sub-sample. All the
VCL NAL units in the sub-sample shalkhave the same discardable_flag value.

NOTE 2  Thisis not the same definition as the discardable field in the SubSampleInformationBox.

VclNalUnitfype indicates the huh_unit_type value of the VCL NAL units in the sub-sample. All theg VCL
NAL units ip the sub-sample shall have the same nuh_unit_type value.

LayerId indicates the)huh_layer_id value of the NAL units in the sub-sample. All the NAL units i the
sub-sample[shall-have the same nuh_layer_id value.

TempTd indi¢ates the Temporalld value of the NAL units in the sub-sample. All the NAL units in the|sub-
sample shall have the same Temporalld value.

NoInterLayerPredFlag indicates the value of the inter_layer_pred_enabled_flag of the VCL NAL units in
the sub-sample. All the VCL NAL units in the sub-sample shall have the same value of inter_layer_pred_
enabled_flag.

8.4.9 Handling non-output samples

HEVC allows for file format samples that are used only for reference and not output (e.g. a non-displayed
reference picture in video). When any such non-output sample is present in a track, the file shall be
constrained as follows:

1) Anon-output sample shall be given a composition time that is outside the time-range of the samples
that are output.
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2) An editlist shall be used to exclude the composition times of the non-output samples.

3) When the track includes a CompositionOffsetBox (' ctts"'),

a. version 1 of the CompositionOffsetBox shall be used,

b. the value of samp1le offset shall be set equal to -231 for each non-output sample,

the track, and

d. when the CompositionToDecodeBox is present for the track, the

9

9.1

This
all t

Anng¢x F. These layered HEVC extensions include SHVC, MV-HEVC, and 3D-HEVC. This
speciifies the storage of temporal sub-layers of a layer i mere than one track. This clause
definitions of the storage format of HEVC in Clause 8.

The
med
stru

a)

b)

d)

leastDecodeToDisplayDelta field in the box shall be equal to the smallest composit
the CompositionOffsetBox excluding the sample offset values for non-output.samj

NOTE Thus, leastDecodeToDisplayDelta is greater than -231,

Layered HEVC elementary stream and sample definitions

Overview

e layered HEVC extensions that use the same layered désign specified in ISO/IEC 23

file format as defined in this clause and Annex A uses the existing capabilities of t
a file format and the plain HEVC file format'(i:€. the file format specified in Clause 8). TI
Ctures or extensions, among others, to support L-HEVC-specific features are used:

Aggregator:

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

NOTE1  When compared to Aggregators for AVC/SVC/MVC, the syntax and semantics of
header syntax element in the L-HEVC aggregator have been modified and the scope of the ag
been constrained.

Extractor:

h structure)to’ enable efficient extraction of NAL units from other tracks than the oné
The media‘data.

NOTE 2" When compared to Extractors for AVC/SVC/MVC, the syntax and semantics off
Exttactors have been modified.

5:2019(E)

the CompositionToDecodeBox (' cs1g') should be contained in the SampleTableBox ('stb1') of

value of
ion offset in
bles.

clause specifies the storage format of coded video data of layered HEVC (L-HEVC), whiich includes

008-2:2017,
clause also
extends the

he ISO base

he following

patterns of

he NAL unit
gregator has

containing

the L-HEVC

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.

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).
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9.2 Overview of L-HEVC storage

The support for L-HEVC includes a number of tools, and there are various ‘models’ of how they might be
used. In particular, an L-HEVC stream can be placed in tracks in a number of ways, among which are the
following:

1. all the layers in one track;
2. each layer or sub-layer in its own track;

3. the expected operating points each in a track (e.g. the HEVC base, a stereo pair, a multiview scene).

The L-HEV( file format allows storage of one or more layers into a track. Storage of multiple layer$ per
track can b¢ used. For example, when a content provider wants to provide a multi-layer bitstream|that
is not intended for subsetting, or when the bitstream has been created for a few pre-defined sets of
output layers where each layer corresponds to a view (such as 1, 2, 5, or 9 views), tracks, ¢an'be credated

When an L-HEVC bitstream is represented by multiple tracks and a player uses an>operating point for
which the ldyers are stored in multiple tracks, the player must reconstruct L-HEVC access units b¢fore
to the L-HEVC decoder. An L-HEVC operating point may be explicitly represented |by a
track, i.e., epch sample in the track contains an access unit, where some @r{all NAL units of the a¢cess
unit may be|contained in or referred to by extractors and aggregators. I[fthe number of operating ppints
is large, it njay be space-consuming and impractical to create a track.for each operating point. In syich a
case, L-HEV[C access units are reconstructed as specified in subclause 9.5.2.2.

The storagg¢ of L-HEVC bit streams is supported by structures such as the sample entry, Operating
Points Inforjmation (‘oinf") sample group, and Layer Information (' 1inf') sample group. The structures
within a sapnple entry provide information for the decoding or use of the samples, in this case cpded
video inforrpation, that are associated with that sampleentry. The Operating Points Information sample
group recofds information about operating pointscsiich as the layers and sub-layers that constjtute
the operatipg point, dependencies (if any) between“them, the profile, level, and tier parameter of the
operating ploint, and other such operating point'relevant information. The layer information sample
group lists pll the layers and sub-layers carried in the samples of the track. The information in these
sample groyps, combined with using track'references to find tracks, is sufficient for a reader to chipose
an operatirlg point in accordance with'its capabilities, identify the tracks that contain the reldvant
layers and sub-layers needed to decede the chosen operating point, and efficiently extract them.

When the samples of a track contain temporal sub-layers of an HEVC base layer but do not contaip the
temporal syb-layer with Temparalld equal to 0 of an HEVC base layer, an 'hvc2', or 'hev2' sample gntry
shall be used. When the satples of a track contain an HEVC compatible base layer or a temporal sybset
of an HEVC|base layer including a sub-layer with Temporalld equal to 0, an 'hvcl', 'hevl', 'hvcq", or
'hev2' sample entry shiall be used.

NOTE hen a“sample entry type 'hvc2' or 'hev2' is used in a track containing the base layer, pafsers
complying omlywith 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 Tayer 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 subclause 4.11).

9.3 L-HEVC elementary stream structure

L-HEVC streams are stored in accordance with subclause 8.2, with the exception that an L-HEVC
stream may be represented by more than one video track in a file, and with the following definition of
an L-HEVC video elementary stream:

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

9.4

Sample and configuration definition

9.4.1 Overview

An L-HEVC sample consists of the picture units that are within an L-HEVC access unit and that are
represented by the track. A sample in an 'hvc1' or 'hevi' track with the L-HEVC configuration is an

L-HE

L-HE
acce

9.4,
The

9.4.3

Whe
inteq
the |
base

The

aligq

A9 Sal 1 lail 1 H 4 1 L + 41 I 111\ £3 4
\ AW Dcllll}JlC, VVIIIIT d Dallll)lc I dI1 ITVCL Ul IIev .y I dUnlN WILIHHUUU LT LTITL VU LUllllSul dl
VC sample. Throughout Clause 9, unless mentioned otherwise, an access unit refers-td
5s unit and is as defined in ISO/IEC 23008-2:2017, Annex F.

Canonical order and restrictions
following restrictions apply to L-HEVC data in addition to the requirements in subclaus

VCL NAL units: All VCL NAL units within one access unit and belenging to the layers
by a track shall be contained in the sample and the sample shall’not contain NAL units
hccess unit. After resolution of extractors and aggregators, when present, an L-HEVC s
Contain an integer number of picture units. The picture unitsin an L-HEVC sample shall
heir decoding order.

bicture unit only. The order of all NAL units included in an aggregator or in a resolved
exactly the decoding order as if these NAL unitswere presentin a sample not containing
br extractors. After processing the aggregator or the extractor, all NAL units must
lecoding order as specified in ISO/IEC 23008-2.

Carriage of external-codec coded base layer track: An external-codec (e.g., AVC)
ayer shall always be carried in a tfack of its own, and shall consist of samples as spe
external codec file format (e.g., the'AVC file format as specified in subclause 4.11).

Decoder configuration record

n the decoder configuration record defined in subclause 8.3.3.1 is used for a stream
preted as either afitE-HEVC or HEVC stream, the HEVC decoder configuration record s
[EVC compatible base layer, and should contain only parameter sets needed for decodi
layer.

syntax of UHEVCDecoderConfigurationRecord is as follows:

hed (8)" class LHEVCDecoderConfigurationRecord ({

!

onis notan
an L-HEVC

e8.3.2.

represented
bf any other
ample shall
be stored in

Aggregators and extractors: Each aggregator is allowed to aggregate NAL units belonging to one

extractor is
hggregators
be in valid

coded base
rified in the

that can be
all apply to
g the HEVC

u

-irjnafi int (8) nnhF-irjnr:M--inhWar ion = 1

b

u

b

u

b

u

u

it (4) reserved '1111'b;

nsigned int (12) min spatial segmentation idc;

it (6) reserved = '111111'b;
nsigned int (2) parallelismType;
it (2) reserved = '1l1l'b;

nsigned int (3) numTemporallayers;

nsigned int(l) temporalIdNested;
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unsigned int (2) lengthSizeMinusOne;

unsigned int (8) numOfArrays;

for (j=0; j < numOfArrays; J++) {
unsigned int(l) array completeness;
bit (1) reserved = 0;

unsigned int (6) NAL unit type;

unsifned 1Int (l6) numNalus;
for [(i=0; 1< numNalus; i++) {
upsigned int (16) nalUnitLength;

bit (8*nalUnitLength) nalUnit;

}

The semantics of the fields that are common to ~RHEVCDecoderConfigurationRecord
and  HEV(DecoderConfigurationRecord remain unchanged. If the track containing
LHEVCDecod¢rConfigurationRecord has a 'scal' track reference, the semantics of the fields apply to
the output bitstream resulting from the explicit reconstruction process. Otherwise, if there is at Jeast
one operatipg point for which the highest output layer is.hatively present in the track, the semantics of
the fields apply to all (implicitly reconstructed) outputpitstreams of the operating points for which the
highest subtlayer of the highest output layer is natively present in the track. Otherwise, the semahtics
of the fields|apply to all sub-layers natively present in the track.

NOTE For each auxiliary picture layer included in the track, it is recommended to include, within nalpnit,

an SEI NAL uhit containing a declarative SEI message, such as the depth representation information SEI megsage
for depth auyiliary picture layers, specifying-eharacteristics of the auxiliary picture 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 L-HEVC|stream is/pepresented by one or more video tracks in a file. Each track represents one or
more layerd or sub-layers of the coded bitstream.

There is a pinimal set of one or more tracks that, when taken together, contain the complete set of
encoded inﬂ;rmation. This group of tracks that forms the complete encoded information is called the
“complete subset”. The complete encoded information can be retained when the tracks included in the
“complete subset” are retained; all other tracks shall represent subsets or copies (through extractors)
of the complete subset.

All tracks of the complete subset shall be indicated with a track group of type 'cstg' (complete subset
track grouping).

For each valid pair of nuh_layer_id and Temporalld among all the coded pictures of an L-HEVC bitstream,
the complete subset shall include one and only one track in which the '1inf' sample group indicates
that the sub-layer identified by nuh_layer_id and Temporalld is natively present.

NOTE1 Consequently, a file reader can extract a sub-bitstream of any operating point without the need to
parse Aggregators and Extractors.
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For an L-HEVC bitstream with an external base layer (i.e.,, when an active VPS of the bitstream has
vps_base_layer_internal_flag equal to 0 and vps_base_layer_available_flag equal to 1), the base layer is
always assigned one track of its own. A track containing an external base layer for an L-HEVC bitstream
shall not be a part of the 'cstg' track group of the tracks of that L-HEVC bitstream.

If an L-HEVC bitstream has an external base layer, the track containing the external base layer is
nominated as the base track. Otherwise, the track with the lowest temporal sub-layer (the VCL NAL units
of which have Temporalld equal to 0) of the base layer natively present is nominated as the base track.

All the 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 gratabtebasetrack:

ks that contain extractors shall be linked to the tracks from which they extract data using the

1 ' track reference type.

Trac
''sca

NOT
and

2 If a track containing parts of an L-HEVC bitstream is removed from a file, tracks that coptain 'scal'

sbas' track references to the removed track should also be removed.

Whe
clau

n the base layer is coded using AVC, the base layer track shallnbe constructed according to

e 4.11 without using separate parameter set tracks.

9.5.2 Data sharing and reconstruction of an L-HEVC bitstream

9,5.2.1 General

NOTE1  When only the entire base layer carried in thejybase track is played or when only certain sub-layers,

carried in the base track, of the base layer are played, and the base track natively contains all
sub-lpyers of the base layer as identified by the HEVEDecoderConfigurationRecord of the ba
recopstruction processes of this clause are unnecessary.

NOTE 2  Players can conclude the layers that are required for decoding the determined target
from| operating point list included in the Operating Points Information sample group. Tracks th
releviant layers for an operating point can be obtained by following the 'oref' track references and
in the layer information sample group.

If several tracks contain data for the access unit, the alignment of respective samples
perfprmed basedion the sample decoding times, i.e. using the time-to-sample table o
consfidering edit Tists.

the required
5e track, the

7).

" bitstream,
First.

utput layers

at carry the
information

in tracks is
hly without

hg time, the

such| thatif the tracks were combined into a singl

If the track containing the highest sub-layer of the highest layer of a desired operating point has 'sca1’
track references, all access units of the track for that operating point are reconstructed by solving the
extractors and aggregators in the samples of that track, and the result is the bitstream of the operating
point; this reconstruction process is referred to as explicit reconstruction.

Otherwise, a sequence of access units is reconstructed from the respective samples in the required
tracks according to the implicit reconstruction process as described in subclause 9.5.2.2.

9.5.2.2 Implicit reconstruction

In the implicit reconstruction, the required tracks are selected based on the layers they carry and their

reference layers as indicated by the Operating Points Information and Layer Information sample groups.
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When reconstructing a bitstream containing a sub-layer for which the VCL NAL units have Temporalld
greater than 0, all lower sub-layers (i.e., those for which the VCL NAL units have smaller Temporalld)
within the same layer are also included in the resulting bitstream and the required tracks are selected
accordingly.

Each access unit is reconstructed as described below, the reconstructed access units are placed into the
L-HEVC bitstream in increasing order of decoding time, and the duplicates of end of bitstream (EOB) and
end of sequence (EOS) NAL units are removed from the L-HEVC bitstream, as described further below.

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 copformming toISOAEC23608-2:

When recomstructing an access unit, picture units (as specified in ISO/IEC 23008-2) fromsanpples
having the $ame decoding time are placed into the access unit in increasing order of the nuh_laypr_id
value. The feconstructed access units are placed into the output bitstream in increasing-order of the
decoding time.

For a partidular access unit for which the NAL units are stored in multiple tracks, there may be more
than one offthe tracks containing an EOB NAL unit in the respective samples. It this case, only ohe of
the EOB NAIL units shall be kept in the final reconstructed access unit, placed’at the end of the agcess
unit; other EOB NAL units are discarded.

For access ynits that are within the same coded video sequence of arCHEVC or L-HEVC bitstream and
that belong|to different sub-layers stored in multiple tracks, there-may be more than one of the tijacks
containing pn EOS NAL unit in the respective samples. In this case, only one of the EOS NAL inits
shall be kept in the last of these access units (the one witli\the greatest decoding time) in the [final
reconstructled bitstream, placed after all NAL units, except the EOB NAL unit (when present), of the last
of these acdess units, and other EOS NAL units are discarded. Similarly, there may be more thar one
of such tradks 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 bifstream, placed at the end of the last of these a¢cess
units, and ofher EOB NAL units are discarded.

Since a partficular layer or sub-layer may be represented by more than one track, when figuring oult the
required trgcks for an operating point, a seleéction may need to be made among the set of tracks that all
carry the pgrticular layer or sub-layer.

The final r¢quired tracks, after selection among the tracks carrying a same layer or sub-layer,|may
still collectively carry some layers or sub-layers that do not belong to the target operating point| The
reconstructled bitstream forhe target operating point should not contain the layers or sub-layers|that
are carried n the final required tracks but do not belong to the target operating point.

NOTE S¢me L-HEVC’decoder implementations take as input a bitstream as well as the target output [layer
set index and the highest Temporalld value of the target operating point, which correspond to the TargetQlsldx
and HighestTid variables in ISO/IEC 23008-2:2017, F.8, respectively. In this case the bitstream reconstruct¢d by
the file pars¢r ean-contain layers or sub-layers that do not belong to the target operating point, because these
L-HEVC decolders’are capable of removing the layers not included in the target output layer set and the sub-layers
beyond the highest Temporalld value. Some other L-HEVC decoder implementations input a bitstream that is
required not to contain any other layers and sub-layers than those included in the target operating point. In this
case the file parser needs to ensure that the reconstucted bitstream does not contain any other layers and sub-
layers than those included in the target operating point.
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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:

'hve2', 'hev2', "1hvl', ‘1hel', "1hvC'

5:2019(E)

entry is

ness is 1 for

on only, the

Container: Sample Description Box ('stsd')
Mangator v Ar—+vcT , IevI S, nvcz, 1e ,  1IvI', O el balupl
mandatory
Quantity: One or more sample entries may be present
Whein the sample entry name is '1hv1', the default and mandatory value of array_complete
arrays of all types of parameter sets, and 0 for all other arrays. When the safmple entry nanpe is ' 1he1’,
the default value of array_completeness is 0 for all arrays.
Whein the sample entry name is 'hev2' and the sample entry contains.the HEVC configurat
samg constraints as specified in subclause 8.4.3 for the sample entrj.riame 'hevi' apply.

Whe
sam|]

NOT
entri
conta
samy
para

n the sample entry name is '1hel’, or when the sampleentry name is 'hevil' or 'he
ble entry contains both HEVC and L-HEVC configuratios, the following applies:

E1  The constraints below impose restrictions on pladcement of out-of-band parameter sef
es) and in-band parameter sets (in samples), in ordef to/enable convenient random access fromn
ining IRAP pictures at least in some layers. Withithese constraints, a file reader that initial
le entries and rolls forward from an access unitwherein all pictures are IRAP pictures wil
meter sets it needs.

For any particular sample in a particular track, the temporally collocated sample in ano
lefined as the one with the same deécoding time as that of this particular sample.

RAP picture shall be included in one of the following:

. the sample entry that’applies to the given sample in the given track

when implicitreconstruction is used, the sample entry of the initial sample of a trac
reference layer’of the given layer, where the initial sample is either the given sample'
collocated sample, when the temporally collocated sample contains an IRAP pic
reference layer, or the previous sample that contains an IRAP picture of the refereng

D.

the-given sample itself, possibly by using extractors

when present, any temporally collocated sample of the tracks carrying reference |

v2' and the

s (in sample
access units
zes with the
have all the

ther track is

For an IRAP picture of a given'sample, track and layer, each parameter set needed for decoding the

k carrying a
temporally
ture of the
e layer

ayers of the

given layer, possibly by using extractors

— For a non-IRAP picture of a given sample, track and layer, each parameter set needed for decoding
that picture shall be included in one of the following:

a. the sample entry that applies to the given sample in the given track

b. when implicit reconstruction is used, the sample entry of the initial sample of a track carrying a
reference layer of the given layer, where the initial sample is either the given sample's temporally
collocated sample, when the temporally collocated sample contains an IRAP picture of the
reference layer, or the previous sample that contains an IRAP picture of the reference layer

c. any of the samples in the given track since the previous sample containing an IRAP picture in

the given layer to the given sample itself, inclusive, possibly by using extractors
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when present, any of the samples in a track carrying a reference layer of the given layer since
the temporally collocated sample of the previous sample containing an IRAP picture in the
given layer to the temporally collocated sample of the given sample, inclusive, possibly by using
extractors

The parameter sets needed for decoding a picture in a sample of a track using extractors shall only be
located in media samples (of that track or of dependent tracks through extractors), or in the sample
description entry associated with that sample, and parameter sets carried in sample entries of other
tracks are ignored in this case. This implies that when extractors are used, some parameter sets may
be duplicated in the sample description of tracks with extractors and in the other tracks depended
on this track. When implicit reconstruction is used, the sample entries of a track shall only contain
the parame}ler sets used In that track and shall not contain the parameter sets used in depend

eht or
depended on tracks. These parameter sets may be stored in the sample or in the sample descri;l:tion
associated ffo the sample, according to the sample entry type used.

plicit
the
the

When presg
reconstruct
reconstruct
samples.

bnt, parameter sets in the sample entry of an HEVC/L-HEVC track and, in.case im
ion is used, in the sample entries of the tracks depended on, shall.lse output in
ed bitstream in increasing layer order, and before any parameter |sets present i

t be
eate
bugh

In case two
possible to
either diffey
"hevl', 'hej

parameter sets with different content but using the same [ are present, it may n
use a single sample entry of type 'hvcl', 'hve2' or '1hvis\file packagers should ci
ent sample entries of type 'hvcl', 'hvc2' or '1hvl', or usein<band parameter sets thr
21 or 'lhel' sample entries.

NOTE2 It
sets from s
ISO/IEC 230

heter
with

can happen, in files mixing both implicit reconstructiois’and extractors, that gathering parar
ple entries result in duplicates; additionally, presence of such duplicates are conformant
8-2, a file reader can discard them.

NOTE3 W
sample entri
duplicated in

For an HEV!
base tracki
be 'hvc2' 0
entry name

For an L-HE
track is 'av|
bitstream s
tavca', the
shall be 'he

NOTE4 T
enabled and

bs of tracks the extractor track depends onfortheir parameter sets, since these parameter set
the extractor track’s sample entry.

C or L-HEVC bitstream carried in.more than one track, when the sample entry name o
5 'hvel' or 'hve2', the sample entry name of other tracks carrying the same bitstream
' 1hv1', and when the sample éntry name of the base track is 'hev1' or 'hev2', the sa
of other tracks carrying the’same bitstream shall be 'hev2' or '1he1".

VC bitstream whosebase layer is an AVC bitstream, when the sample entry name of the
L1 or 'avc2', thelsample entry name of the other tracks carrying the associated L-K
hall be 'hve2' cor—"1hv1', and when the sample entry name of the base track is 'avc3
sample entry. name of the other HEVC tracks carrying the associated L-HEVC bitsti
72" Or ' 1plN.

he aboyé.constraints mandate convenient random access (see NOTE 1 above in this clause)
ndicated for either all tracks carrying an HEVC or L-HEVC bitstream or none of the tracks.

hen an extractor track is used in implicit reconstruction, file readers don’t need to look at the

S are

f the
shall
mple

base
[EVC
voor
eam

to be

When the

1 £ . 1 by b 1 1 b £ AR AnA S /alEN) 1 41 1
dlIIpPITS Ul d I'dUK  CUIIL4AIID 4 tCHIPULdI SUDSTL Ul dIT TILVUW UdST Idy<Tl, LT vVdl

e of

numTemporallayers field in the HEvCConfigurationBox shall match the number of temporal sub-
layers present in the track, natively or through extraction. Here, the entry shall contain an
HEVCConfigurationBox, possibly followed by an 1LHEVCConfigurationBox as defined below. The
HEVCConfigurationBox documents the Profile, Tier, Level, and possibly also parameter sets of the HEVC
compatible base layer as defined by the BEEVCDecoderconfigurationRecord. The LHEVCConfigurationBox
possibly documents parameter sets of the L-HEVC compatible enhancement layers as defined by the L.HE
VCDecoderConfigurationRecord, Stored in the LHEVCConfigurationBox.

If the samples of a track do not contain, neither natively nor through extraction, an HEVC base layer,
then the sample entry type '1hvi' or '1hel' shall be used and the sample entry shall contain an
LHEVCConfigurationBox, as defined below. This includes an LHEvVCDecoderConfigurationRecord, as
defined in this document.
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The 1engthsizeMinusone field in the L-HEVC and HEVC configurations in any given sample entry of
L-HEVC and HEVC tracks sharing the same base track shall have the same value.

NOTE5 When the base layer is coded by AVC, the lengthSizeMinusOne field for the L-HEVC tracks
sharing the same base track shall still have the same value, but that value does not have to be equal to the
lengthSizeMinusOne field for the AVC track.

NOTE6  When HEVC compatibility is indicated, it can be necessary to indicate a high enough level for the
HEVC base layer to accommodate the bit rate of the entire bitstream, because all the NAL units are considered
as included in the HEVC base layer and hence can be fed to the decoder, which is expected to discard those NAL
unit it does not recognize. This case happens when the 'hvcl', 'hevl', '"hvc2', or "hev2' sample entry is used
and both HEVC and L-HEVC configurations are present. However, when only an HEVC and L-HEVC configuration
is pre¢sent, on the contrary, the optimal level for the HEVC track is the one that only accommodates lhe bit rate of

the bpse layer bitstream. In this case, caution should be taken that the profile, tier and level (PTL).in|the VPS base
(i.e. fhe first PTL structure in a VPS) might be "greater" than the PTL of the base layer thatyshould be included

in thp HEVCDecoderConfigurationRecord. Rather, the PTL information in the first PTL stfuctuie in the VPS
extension is what should be included in HEVCDecoderConfigurationRecord.
An LHEVCConfigurationBox may be presentinan 'hvcl', 'hevl', 'hvc2', or flrev2' sample gntry. In this
case|the HEVCLHVCSampleEntry definition below applies.
Tablg 11 shows for a video track all the possible uses of sample‘entries, configuratigns and the
L-HEVC tools:
Table 11 — Use of sample entries for HEVC and L-HEVC tracks

sample entry name | with configuration records meaning

"hv¢l' or 'hevl' HEVC Configuration Only A'plain HEVC track without NAL units withfnuh_layer_
id'greater than 0; Extractors and aggregatdrs shall not
be present.

'hv¢l' or 'hevl' HEVC and L-HEVC An L-HEVC track with both NAL units with huh_layer_

Configurations id equal to 0 and NAL units with nuh_layer_fid greater
than 0; Extractors and aggregators shall nof be present.

"hv¢2' or 'hev2' HEVC Configuratioh Only A plain HEVC track without NAL units with|nuh_layer_
id greater than 0; Extractors may be preser{t and used
to reference NAL units; Aggregators may b¢ present to
contain and reference NAL units.

"hv¢2' or 'hev2' HEVC and L-HEVC An L-HEVC track with both NAL units with puh_layer_

Configurations id equal to 0 and NAL units with nuh_layer [id greater
than 0; Extractors and aggregators may be present;
Extractors may reference any NAL units; Aggregators
may both contain and reference any NAL upits.

"lhyl', 'lheld L-HEVC Configuration Only An L-HEVC track with NAL units with nuh_layer_id
greater than 0 and without NAL units with puh_layer_id
equal to 0; Extractors shall not be present; Aggregators
may be present to contain and reference NAL units.

When an 'hve2', 'hev2', '1hvl', or '1hel’ 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.

9.5.3.1.2 Syntax

class LHEVCConfigurationBox extends Box ('lhvC') {

LHEVCDecoderConfigurationRecord () LHEVCConfig;

}

class HEVCLHVCSampleEntry ()

© ISO/IEC 2019 - All rights reserved

extends HEVCSampleEntry () {

99


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

ISO/IEC 14496-15:2019(E)

}

LHEVCConfigurationBox lhvcconfig;

// Use this if track is not HEVC compatible

class LHEVCSampleEntry() extends VisualSampleEntry ('lhvl', or 'lhel') {

9.5.3.1.3 Semantics

LHEVCConfigurationBox lhvcconfig;

MPEG4ExtensionDescriptorsBox (); // optional

When the gample entry is '1hvi' or 'lhel’', Compressorname in the base class visualsampleHntry
indicates the name of the compressor used with the value "\014LHEVC Coding" being recommehded
(\014 is 12] the length of the string “LHEVC Coding” in bytes). When the samplexentry is 'hvci' or
'hev2', Compressorname in the base class visualsampleEntry indicates the name of the comprgssor
used with the value "\013HEVC Coding" being recommended (\013 is 11, thedength of the string “HEVC

Coding” in hytes).

9.5.4 L-HEVC visual width and height
a

The width

9.5.5 Sync sample

Sync samplés in a track of a particular sample entry type shall conform to the following constraints:

100

d height documented in the visualsampleEntry shall'be set as follows:

If the [sample entry type is 'hvcl' or 'hevl', th€’ width and height documented in| the
visualdampleEntry shall be set according to subclause4.6 using only the base layer informatign.

Otherwfise, if the sample entry type is 'hvc2' or%hev2' and the track does not contain an L-HEVC
configuration record, the width and neight documented in the visualsampleEntry shall be set
accordipg to the width and height of the base-layer of the bitstream resulting either by resolving the
extractprs, when the track contains extractors, or by implicit reconstruction, when the track [does
not confain extractors.

Otherwlise (the sample entry typei§_hvc2' or 'hev2' and the track contains an L-HEVC configuration
record for the sample entry type'is '1hel' or 'lhv1'), width and height shall be the maxijmum
cropped frame dimensions.of the decoded pictures, within the scope of the sample entry, of any
layer in|the track that is marked as an output layer of any output layer set.

If the sgmpleéntry typeis 'hvcl' or 'hevl' and the track does not contain an L-HEVC configurgtion
record, [the$pecifications of subclause 8.4.3 apply.

Otherwise, if the sample entry type is 'nhvci' or 'hevi' and the track contains an L-HEVC
configuration record, each sync sample of the track shall contain an IRAP picture in all layers
represented by the track.

Otherwise, if the sample entry type is 'hvc2' or 'hev2' and the track contains extractors, each
sync sample of the track shall contain an IRAP picture in all layers represented by the track either
natively or through extraction.

Otherwise, if the sample entry type is 'hvc2' or 'hev2', and the track does not contain extractors,
contains a sub-layer with Temporalld equal to 0 for one or more layers, and does not contain an
L-HEVC configuration record, each sync sample of the track shall contain an IRAP picture with nuh_
layer_id equal to 0.
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Otherwise, if the sample entry type is 'hvc2', 'hev2', '1hvl', or 'lhel' and the tra
contain extractors, contains a sub-layer with Temporalld equal to 0 for one or more

5:2019(E)

ck does not
layers, and

contains an L-HEVC configuration record, each sync sample of the track shall contain an IRAP

picture in all layers natively present in the track.

Otherwise (the sample entry typeis 'hvc2', 'hev2', '1hvl', or 'lhel’, and the track does not contain
extractors and does not contain any sub-layer with Temporalld equal to 0), each sync sample of the

track shall contain a TSA picture with Temporalld equal to the lowest Temporalld present

E1l

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 uged-

Syndg
syng|
docy

Whe
not k

ther

samples are documented in the syncsampleBox and, for movie fragments, with~samg
| sample flag equal to 0, as specified in ISO/IEC 14496-12. Sync samples may be
mented by the stream access point 'sap ' sample group.

n a sync sample contains natively or through extraction a BLA or CRA picture in a lay|
ave an alternative output layer, as defined by HEVC, in an output layenset represented 1
e shall be no RASL pictures associated with the BLA or CRA picture.

Previous editions of this document allowed the presence of RASL\pictures associated wi

CRA
For ¢
Syng
used

NOT
sync

9.5.6

If th

pictures contained in sync samples, although this is not in"conformance with ISO/IE
nvironments where HEVC file processors need informatiémthat BLA or CRA pictures ¢
samples are not associated with RASL pictures, the brand 'nras', as defined in Annex
to indicate compliance to this and later versions of this’"document.

E 2 The presence of RASL pictures that would be needed for output is not strictly in conform{
sample definition of ISO/IEC 14496-12 and hence itis recommended they not be present.

Independent and disposable samples’box

shoulld be taken that the information pravided by this box is true no matter what valid subset o

data
samp

9.5.7

Top
The

Whe

NOT

(possibly only the HEVC data) istised. The ‘unknown’ values (value 0 of the fields samp1e |

[ Stream access pointSample group

temantics of Yayer id method idc equal to 0 is specified in ISO/IEC 14496-12.
n layer_idymethod_idc is equal to 0, a SAP is interpreted as follows:

fthesample entrytypeis 'hvc2', 'hev2', '1hvl',0r '1hel',and the track does not contai
hnd.does not contain any sub-layer with Temporalld equal to 0, a SAP specifies access ta

le is depended on,and sample has redundancy) may be needed if the information varieg.

le is non_

hdditionally

o1 that does
by the track,

th BLA and
C 14496-12.
ontained in
D.5, may be

ince with the

b SampleDependencyTypeBox iS used i#rma track that is both HEVC and L-HEVC compatible, then care

"the L-HEVC

depends_on,

rovide information)of all SAPs, the SAP sample group 'sap ' specified in ISO/IEC 14496-12 is used.

h extractors
all the sub-

ayers present in the track.
Otherwise, a SAP specifies access to all layers present natively or through extraction in

E If the sample entry type is 'hvc2', 'hev2', 'lhvl’', or 'lhel’', and the track does

the track.

not contain

extractors and does not contain any sub-layer with Temporalld equal to 0, a TSA picture with Temporalld equal
to the lowest Temporalld present in the track serves as a SAP.

When 1ayer id method idc is equal to 1, each bitin the field target 1ayers represents a layer carried
in the track. Since this field is only 28 bits in length, the indication of SAPs in a track is constrained to a
maximum of 28 layers. Each bit of this field starting from the least significant bit (LSB) shall be mapped
to the list of 1ayer id values signalled in the Layer Information sample group (' 1inf') associated with
that sample, in ascending order of 1ayer id values.
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For example, if a track carries layer with 1ayer idvalues 4, 10, and 29, then the 1ayer id 4 is mapped to
the least significant bit, the 1ayer id 10 is mapped to the second least significant bit, and the 1ayer id
29 maps to the third least significant bit. A value of one in the bit signals that in the sample the mapped
layer has a picture that is a SAP. In the previous example Table 12 gives an example of layer specific SAP
information.

Table 12 — Bit pattern for the target_layer field of the 'sap ' sample grouping for an example

use case described above. (informative)

Bit pattern of target layers (LSB
right most bit)

layer idvalues (among 4, 10,
29) of SAPs

When SAP s
extractors 4
The SAP do

9.5.8 The

When inclu

groups appliies to the base layer only, not considering any other layers.that are present in the samp

When inclu
information
version eqy

When inclu
extractors,

provided by
to 0 applies

NOTE W
that apply w
be used to in|

The presen
tracks natiy
sub-layer is
SampleGrou
Or 'rap

For the 'tsa
replaced by

' wlithin such/tracks.

000000000000000000000010
000000000000000000000100
000000000000000000000101

{10}
{29}
{29,

4}

ample groups are used, they shall be used on all tracks carrying an L-HEVGbitstream. V)
re used in a track, the SAPs of those layers referred to by extractors are’also docume
fumentation shall be consistent for any given layer.

'roll', 'rap’, 'sync’', 'tsas' and 'stsa' sample groups

led in the base track, the information provided by the 'po}l', 'rap ', and 'sync' sa

Hed in an 'hvc2' or 'hev2' track that is not the base track and contains extractors
provided by the 'ro11', 'rap ', and 'sync' sample groups in sampleToGroupBox(es)
al to 0 applies to the track, after resolving extractors and aggregators contained in the t

and natively contains only one layer (ificluding its lowest sub-layer), the inform
the 'ro11', 'rap ',and 'sync’ Sample groups in SampleToGroupBox(@S) with version €
to that layer.

hena 'roll"','rap ',or 'sync''sample group concernsapredicted layer, itindicates character
hen all the reference layers of the predicted layer are available and decoded. The sample grou
tiate decoding of the predicted layer.
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9.5.9 Definition of a sub-sample for L-HEVC

The specifications of subclause 8.4.8 apply.

9.5.10 Handling non-output samples

What is specified in subclause 8.4.9 is not always applicable when multiple layers are involved. If what
is specified in subclause 8.4.9 cannot be followed, then the composition time of a sample shall be set as
if the sample were an output sample (i.e., at least one picture of the sample is output). If the decoding of
a sample results into no output pictures, the presentation of the sample is omitted and the duration of
the previous sample is extended, so that the following samples have correct composition timing.
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9.6 L-HEVC specific structures
9.6.1 External base layer sample group

9.6.1.1 Definition

When a multi-layer HEVC bitstream uses an external base layer (i.e., when an active VPS of the
bitstream has vps_base_layer_internal_flag equal to 0 and vps_base_layer_available_flag equal to 1),
an LhvcExternalBaseLayerInfo sample grouping may be used to signal parameters that are required
for inter-layer prediction from the external base layer to a track containing L-HEVC samples. When a
sampteistinkedtothezeroindexofthis aaluplc grouping;,itmears thatmodecodedbaset ayer picture
is used for the decoding of that sample.

9.6.1.2 Syntax

aligned(8) class LhvcExternalBaselLayerInfo () extends VisualSampleGroupEntry ('lbli')
{
it(l) reserved = 'l'b;

nsigned int (1) bl irap pic flag;
nsigned int (6) bl irap nal unit type;
$igned 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 pntry in the
LhvcExternalBaselLayerInfo sample group inan L-HEVC track.

bl ifrap pic flag specifies the value of the Bi1rapricrlag variable for the associated decoded
pictyre, when that decoded picture is provided as a decoded base layer picture for the decpding of the
current sample.

bl ifrap nal unit_ type specifies, when bl irap pic flag is equal to 1, the value of the n3l_unit_type
synthx element for the assodiated decoded picture, when that decoded picture is provided ds a decoded
basellayer picture for the. decoding of the current sample.

samplle 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 resultigg from the
decdding of the‘associated sample in the track containing the base layer is the associated decoded
picture thatcshiould be provided for the decoding of the current sample. sample offset] equal to 0
specifies thatthe associated sample has the same, or the closest preceding, decoding time dompared 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 sample offset equal tq 0; sample
offset equal to -1 specifies that the associated sample is the previous sample relative to the associated
sample derived for sample_offset equal to 0, and so on.

9.6.2 The operating points information sample group

9.6.2.1 Definition

Applications are informed about the different operating points provided by a given L-HEVC bitstream
and their constitution by using the Operating Points Information sample group ('oinf'). Each operating
point is related to an output layer set, a max Temporalld value, and a profile, level and tier signalling.
All this information is captured by the 'oinf' sample group. Apart from this information, this sample
group also provides the dependency information between layers, the types of scalabilities coded in
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the L-HEVC bit stream, and the dimension identifiers that relate to any particular layer for a given
scalability type.

For all tracks of an HEVC bitstream containing only NAL units with nuh_layer_id 0 and for which
temporal sublayers are split across several tracks, there is no requirement for any track to carry 'oinf"
sample group.

For all tracks of an L-HEVC bitstream, there shall be exactly one track among this set that carries an

'oinf' sample group. Except the tracks that carry the 'oinf’

sample group, all other tracks of

that

L-HEVC bitstream shall have a track reference of type 'oref' to the track that carries the 'oinf' sample
group they relate to.
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S is present, it is recommended to use_the default sample group mechanism define
96-12 and include the Operating Points.Jnformation sample group in the sample table
including it in each track fragment.

g type parameter is not defined for the sampleToGroupBox with grouping type 'oinf"|
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unsigne@l int (16) sealability mask;

bit (2) freserved =~ O;

unsigne@l #nt«(6) num profile tier level;
for (i=1; i<=num profile tier level; i++) {

unsigned int (2)

general profile space;

unsigned int(l) general tier flag;

unsigned int (5) general profile idc;

unsigned int (32) general profile compatibility flags;
unsigned int (48) general constraint indicator flags;
unsigned int (8) general level idc;
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unsigned int (16) num operating points;

for (i=0; i<num operating points) {
unsigned int (16) output layer set idx;
unsigned int(8) max temporal id;
unsigned int (8) layer count;

for (3j=0; j<layer count; j++) {

ISO/IEC 14496-15:2019(E)

unsigned 1nt(38) ptl 1dx;
unsigned int (6) layer id;
unsigned int (1) is outputlayer;

unsigned int (1) is alternate outputlayer;

unsigned int (16) minPicWidth;
unsigned int (16) minPicHeight;
unsigned int (16) maxPicWidth;
unsigned int (16) maxPicHeight;
unsigned int (2) maxChromaFormat;
unsigned int (3) maxBitDepthMinus8§;
bit (1) reserved = 0;
unsigned int (1) frame_rate_info_flag
unsigned int (1) bit rate-info flag
if (frame rate infowflag) {
unsigned imgN\16) avgFrameRate;
bit (6) er&served = 0;

unsigned int (2) constantFrameRate;

3 f (bhit rate info flag) {

unsigned int (32) maxBitRate;

unsigned int (32) avgBitRate;

unsigned int (8) max layer count;
for (i=0; i<max layer count; i++) {

unsigned int (8) layerID;
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unsigned int(8) num direct ref layers;

for (j=0; j<num direct ref layers; j++) {
unsigned int(8) direct ref layerID;

}

for (3=0; 3j<16; j++) {

if (scalability mask & (1 << 3J))

unsigned 1nt(8) dimension identifier;

}
class OpergtingPointsInformation extends VisualSampleGroupEntry ('oinf\N) {

OperatipgPointsRecord oinf;

9.6.2.3 Sé¢mantics

scalabilit} mask: This field indicates the scalability types that are represented by the access finits
resolved from the samples that are associated with this\ cinf' sample group entry. Each bit if the
scalability mask field denotes a scalability dimensiofas coded in the scalability mask flag of the
VPS extension syntax as defined in ISO/IEC 23008-2.@he most significant bit in the scalability mask
field corresponds to scalability mask flag[0] ofithe VPS extension syntax. A one in a bit posfition
indicates that the scalability dimension is present.

num profilg tier level: Gives the number of following profile, tier, and level combinations as w¢ll as
the associated fields.

general prpfile space, generalk tier flag, general profile idc, general proflfile
compatibiljty flags, general constraint indicator flags, and general level idc are defingd in
ISO/IEC 23(008-2.

num_operatfng points: Givesthe number of operating points for which the information follows.

output laypr set id&liSthe index of the outputlayer set that defines the operating point. The magping
between oufput layek set idx and the l1ayer id values shall be the same as specified by the VP for
an output Igyer seEwith index output layer set idx.

max_temporpINYd: Gives the 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: Indicates the index, where value 1 is the first entry in the list of profile, tier, level in the
OperatingPointsRecord, of the listed profile, level, and tier flags for a layer with identifier equal to
layer id. When the value of pt1 idx equals zero for a layer, that layer shall be assumed to have no
profile, level, and tier signalled. pt1_idx shall be equal to O for an external base layer. When pt1 idx is
equal to O for a layer that is not an external base layer, that layer shall not be an output layer or a layer
thatis a direct or indirect reference layer of any output layer of the operating point.

layer id:provides the nuh_layer_id values for the layers of the operating point.

is outputlayer: A flag thatindicates if the layer is an output layer or not. A one indicates an output layer.
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is_alternate outputlayer: Thisflag when setindicates that thislayer can be considered as an alternate
output layer for this operating point. This flag is set to one if and only if one layer in the operating point
hasits is outputlayer flag set.

minPicWidth specifies the least value of the luma width indicators as defined by the pic_width_in_luma_
samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

minPicHeight specifies the least value of the luma height indicators as defined by the pic_height_in_
luma_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

maxPicWidth specifies the greatest value of the luma width indicators as defined by the pic_width_in_

lumf samnles narameterin ISO/IEC 230082 forthe stream ofthe opneratinag noint
gt Preo Pt e e oo/ o oo oo To eSSt i o He-0peiaahiEspo

maxPli cHeight specifies the greatest value of the luma height indicators as defined by the'pi¢_height_in_
lumg_samples parameter in ISO/IEC 23008-2 for the stream of the operating point.

maxChromaFormat specifies the greatest value of the chroma_format indicator as defined by the chroma_
formjat_idc parameter in ISO/IEC 23008-2 for the stream of the operating point:

maxBli t DepthMinus8 specifies the greatest value of the luma and chroma hit'depth indicatorg as defined
by the bit_depth_vps_luma_minus8 and bit_depth_vps_chroma_mintis8 parameters, respectively, in
ISO/IEC 23008-2 for the stream of the operating point.

frame rate info flag equal to O indicates that no frame ratednformation is present for tHe operating
poinf. The value 1 indicates that frame rate information is present for the operating point.

bit frate info flag equal to 0 indicates that no bitrate’information is present for the operating point.
The yalue 1 indicates that bitrate information is present’for the operating point.

avgFrameRate gives the average frame rate in units of frames/(256 seconds) for the operating point.
Valup 0 indicates an unspecified average framesrate.

consftantFrameRate equal to 1 indicates that the stream of the operating point is of constant frame rate.
Valup 2 indicates that the representatioftof each temporal layer in the stream of the operating point is
of cqnstant frame rate. Value 0 indicates that the stream of the operating point may or mpy not be of
consftant frame rate.

maxBli tRate gives the maximum-bit rate in bits/second of the stream of the operating point, over any
window of one second.

avgBli tRate gives the average bit rate in bits/second of the stream of the operating point.
max [layer countAThe count of all unique non-base layers in all of the operating points.

layer1D: nub-layer_id of a layer for which the all the direct reference layers are given in the following
loop|of dime&t ref layerID.

num_pPi¥ect ref layers: The number of direct reference layers for the layer with nuh_1ayer| id equal to
layerID.

direct ref layeriD: nuh_layer_id of the direct reference layer.

dimension_identifier: Set to the value of the dimension_id field as specified in the VPS extension
syntax as defined in ISO/IEC 23008-2.

9.6.3 The layer information sample group

9.6.3.1 Definition

The list of layers and sub layers a track carries is signalled in the Layer Information sample group. Every
L-HEVC track, including the base track (when coded with HEVC), shall carry a '1inf' sample group.
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When several VPSs are referenced by an L-HEVC bitstream, it may be needed to include several entries
in the sample group description box with grouping type '1inf'. For more common cases where
a single VPS is present, it is recommended to use the default sample group mechanism defined in
ISO/IEC 14496-12 and include the Layer Information sample group in the sample table box, rather than
including it in each track fragment.

The grouping type parameter is not defined for the samp1eToGroupBox with grouping type '1inf".

9.6.3.2 Syntax

class LayerInfoGroupEntry extends VisualSampleGroupEntry ('linf')) {

bit (2) ¥eserved = 0;
unsigne@l int (6) num layers in track;
for (i=pP; i<num layers in track; i++) {
bit (f) reserved = 0;
unsi¢gned int (6) layer id;
unsi¢gned int (3) min Temporalld;
unsigned int (3) max Temporalld;
bit (L) reserved = 0;

unsi¢gned int (7) sub layer presence flags;

9.6.3.3 Sé¢mantics

num layers|in track: The number of layers carried in any sample of this track associated with| this
sample groyp.

layer id: puh layer id of thedayer carried in the associated samples. The instances of this field shall
be in ascending order of 1ayerid in the loop.

min TemporflId: The minillm Temporal1d value for the sub-layers in the layer within the track.
max_TemporflId: Theumaximum Temporalid value for the sub-layers in the layer within the track.

sub_layer presénee flags: Each bit of this field at bit position bitPos in the range of min Temporalfrd to

max_Temporplédindicates that the sub-layer with Temporal1d equal to bitPos is natively present (When

th b't' Li 1) + 1 £ £ Loala o i 3 1l O3 that 1 Pit £Frlio £ ld t
€ DIU 1S equarto—T ot preseit oy extractorstwirth e ot isS equarto o e trat oitS Or TS Tt a

bit positions less than min TemporalId or greater than max Temporalld are unspecified.

9.6.4 The layer information sample group

9.6.4.1 Definition

Each decoding time hint sample group description entry ('opth') records a delta time in terms of the
clock ticks (given by timescale of the MediaHeaderBox). The corrected decoding time is defined as the
sum of the delta time associated with a sample through the samp1eToGroupBox of type 'opth' and the
decoding time of the sample. The corrected decoding times conform to the hypothetical reference
decoder of ISO/IEC 23008-2 operating according to a partitioning scheme where each layer is in its own
bitstream partition, as defined in ISO/IEC 23008-2.
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All sampleToGroupBoxes for the decoding time hint sample group shall include grouping type
parameter. The grouping type parameter field is specified for the decoding time hint sample group as
follows:

unsigned int (16) reserved = 0;
unsigned int (16) operating point index;

operating point index specifies the index of the operating point, as given in the associated
OperatingPointsInformation sample group description, for which this sample group provides
the corrected decoding times. A value of 0 indicates the first operating point in that sample group
descgiption-

9.6.4.2 Syntax
clasfs OperatingPointDecodeTimeHint ()
extenhds VisualSampleGroupEntry (’opth’)

{

sfigned int (32) delta time;

9.6.4.3 Semantics

delth time plus the decoding time (derived from<thé€ TimeToSampleBox and TrackRunBdxes, if any)
proviides the corrected decoding time of the associated sample. Time-scale units, as given by timescale
of thle MediaHeaderBox of this track, are used for tlie calculation of de1ta time.

10 Ptorage of tiled HEVC and L-HEVC video streams

10.1 Overview

ISO/JEC 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
depgndencies with other"HEVC tiles from previous coded pictures or may be independently decoded.
This|section defines tools to describe and manipulate tiles, including:

— Description.of HEVC tiles and their temporal coding dependencies with other HEVC tiles,
— [Track(s)(extracting one or several tiles from other track(s), and

— Track(s) containing only data from one or several HEVC tiles for fast access to a tile r¢gion over a
hetwork.

Atile region is defined as one or more complete HEVC tiles in one or more complete slice segments that
are within the same coded picture and that contain no other HEVC tiles. The slice segments of a tile
region may but need not be contiguous in decoding order. A tile region covers a rectangle without holes.
Tile regions within a picture do not overlap with each other.

Tile regions can be described through tile region visual sample group description entries (i.e., instances
OfTileRegionGroupEntry) with tile region flag equal to 1.

If each sample of a track consists of NAL units of only one tile region, sampleToGroupBox of type
'trif' can be used to associate samples to the tile region, but this sampleToGroupBox of type 'trif’
can be omitted if the default sample grouping mechanism is used (i.e., when the version of the
SampleGroupDescriptionBox Of type 'trif' is equal to or greater than 2). Otherwise, samples, NAL
units, and tile regions are associated with each other through sampleToGroupBoxes of type 'nalm'
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and grouping type parameter equal to 'trif' and SampleGroupDescriptionBox of type "nalm'.A
TileRegionGroupEntry describes:

— atileregion, and

coding

dependencies between this tile region and other tile regions.

Each TileRegionGroupEntry is assigned a unique identifier, called group1p. This identifier can be used
to associate NAL units in a sample to a particular TileRegionGroupEntry.
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10.2.2 Syntax

class NALUMapEntry ()

bit (6)

unsigned int (1)

unsigned int (1)

if

unsigned int (16)

} else

110

reserved

(large_size)

extends VisualSampleGroupEntry ('nalm')

{

= 0;
large size;
rle;

{

entry count;

{
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unsigned int(8) entry count;

for (i=1; i<= entry count; i++) {

if (rle) {
if (large size) {

unsigned int (16) NALU start number;

5:2019(E)

10.2

larg
or 14

T else |

unsigned int(8) NALU start number;

}

unsigned int (16) groupID;

.3 Semantics

b size indicates whether the number of NAL units\entries in the track samples is repre
bits.

rle indicates whether run-length encoding is used (1) to assign group1b to NAL units or not

entr
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v _count specifies the number of entries in the map. Note that when rie is equal to 1

sented on 8

(0).

the entry

- corresponds to the number of rufi§ where consecutives NAL units are associated wilth the same
group. When r1e is equal to 0, entry_count represents the total number of NAL units.

| start number is the 1-based-NAL unit index in the sample of the first NAL unit in the
riated with groupip.

1D specifies the unique identifier of the group. More information about the group is
ample group description entry with this group1d and grouping type equal to the grot
heter Of the safipleToGroupBox of type 'nalm'.

AL units aggregated by an aggregator by inclusion or by reference count as a single NA
king provided by the NALUMapEntry.

n used with movie fragments, new NAL unit maps can be defined for the duration @

current run

provided by
ping_type_

[. unit in the

f the movie

frag

nents, by defining a new sampleGroupDescription box in the track fragment, box a

b defined in

ISO/IEC 14496-12:2015, 8.9.4.

10.3 Tile region group entry

10.3

.1 Definition

Group Type: 'trif’

Container: SampleGroupDescriptionBox ('sgpd')

Mandatory: No

Quantity: Zero or more
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The TileRegionGroupEntry may be used to describe a tile region. The grouping type parameter is not
defined for the sampleToGroupBox with grouping type 'trif'.

10.3.2 Syntax
class TileRegionGroupEntry () extends VisualSampleGroupEntry ('trif')

{

unsigned int (16) groupID;

unsigneg—rt{H—tirFe—regror—fiags

if (!tile region flag)
bit (J) reserved = 0;

else {
unsi@gned int (2) independent idc;
unsi¢gned int (1) full picture;
unsi¢gned int(l) filtering disabled;
unsi¢gned int (1) has dependency list;
bit () reserved = 0;
if (Jfull picture) {

upsigned int (16) horizontal offset;

upsigned int (16) vertical offset;

unsignefl int (16) region_width;

unsigne@l int (16) region height);

if (has|dependency list)N
unsi¢gned int (16), dependency tile count;
for [(i=1; i<s\@ependency tile count; i++)

upsigned int (16) dependencyTileGrouplD;

10.3.3 Semantics

groupID is a unique identifier for the tile region group described by this sample group entry. The value
of group1D in a tile region group entry shall be greater than 0. The value 0 is reserved for a special use.

When there is sampleToGroupBox of type 'nalm' and grouping type parameter equal to 'trif', a
SampleGroupDescriptionBox of type 'trif' shall be present, and the following applies:

— The value of group1D in a tile region group entry shall be equal to the groupTDp in one of the entries
of NALUMapEntry.
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— A NAL unit being mapped to group1Dd 0 by a NALUMapEntry implies that the NAL unit is required for
decoding any tile region in the same coded picture as this NAL unit.

NOTE1 There can be multiple tile region group entries with the same values of horizontal offset,
vertical offset, region width and region height, respectively, but with different groupiD values, for
describing varying dependencies.

tile region flag equal to 1 specifies that the region covered by the NAL units within a picture and
associated with this tile region group entry is a tile region, and further information of the tile region
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
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n a multi-layer bitstream is carried in one or more tracks, for any two layers layerA a
itstream, the following constraint applies: When a NAL unit of layerA is associdted wit
e gldA for which the corresponding tile region flag is equal to 1, and a NAL unit
riated with a group1p value gldB for which the corresponding tile region.flagisequ
not be equal to gldB.

pendent idc specifies the coding dependencies between each tilesregion associate
egion group entry and other tile regions in the same picture or in'reference pictures
Inter-layer dependencies, if any, are indicated by a list of \@égendencyTileGroupID
hdency list isequalto 1).

field takes the following values:

f independent idc equals 0, the coding dependeiicies between this tile region an

bf dependencyTileGroupID (when has dependency list is equal to 1) or unknown
ependency list is equal to 0).

f independent idc equals 1, there are ho temporal dependencies between this tile reg
file regions with different group1p,in‘any reference pictures of the same layer but t
foding dependencies between this\tile region and a tile region with the same group1Dp in
bicture of the same layer.

f independent idc equals.Z,there are no coding dependencies between this tile region
Fegion in a reference picture of the same layer.

[he value 3 is reserved.

| picture, when set, indicates that each tile region associated with this tile region grot
blete picture;in which case region width and region height shall be set to the width
ectively, ofdhe complete picture, and independent idc shall be setto 1 or 2.

L ring disabled, when set, indicates that for each tile region associated with this tile r
y the'in-loop filtering operation does not require access to pixels adjacent to this tile reg
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has dependency list, when set to 1, indicates that dependency tile count and, when dependency
tile count is greater than 0, a list of dependencyTileGroupiD are present. When set to 0, dependency
tile count is not present and no dependencyTileGroupID is present.

horizontal offset and vertical offset give respectively the horizontal and vertical offsets of the
top-left pixel of the rectangular region that is covered by the tiles in each tile region associated with
this tile region group entry, relative to the top-left pixel of the base region, in luma samples. For HEVC
and L-HEVC tile tracks as defined in this document, the base region used in the TilerRegionGroupEntry
is the picture to which the tiles in a tile region associated with this tile region group entry belongs.
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region width and region height give respectively the width and height of the rectangular region that
is covered by the tiles in each tile region associated with this tile region group entry, in luma samples.

NOTE 2

For L-HEVC streams using spatial scalability and tiling on both the base and enhancement layers,

when each layer is carried in its own track, the TileRegionGroupEntry sample descriptions of the base layer
will give coordinates expressed in luma samples of the base layer, while the TileRegionGroupEntry sample
descriptions of an enhancement layer will give coordinates expressed in luma samples of the enhancement layer.

dependency tile count indicates the number of tile regions each tile region associated with this tile
region group entry depends on.

dependencyTileGroupID gives the groupID of a tile region (as defined by a TileRegionGroupEntry) that

this tile regjon depends on. For a particular tile region associated 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 §ub track definition
10.4.1 Ovgrview
A tile sub trpck describes one or more tile regions.
An additionjal descriptive attribute 'tile' may be used to indicate the'sub track is a spatial pdrt of
the track.
Name Attribute Description

Tiling 'tile! The sub-track is spatial part or tile of the track.
A tile sub trpck is defined as a group of tile regions using the TileSubTrackGroupBox.
10.4.2 Til¢SubTrackGroupBox
10.4.2.1 Definition
Box Type: | ‘tstb’
Container: | Sub Track Definition Box*(*strd')
Mandatory: No
Quantity: Zero or one
10.4.2.2 Syntax
aligned(8)|class TileSubTrackGroupBox extends FullBox('tstb', 0, 0) {

unsigned IMC(IG) fCemM Ccoumnc;

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

unsigned int (16) tileGrouplD;

}
}
10.4.2.3 Semantics
The union of tileGroupIDs in this box describes the sub track defined by this box.
item count counts the number of tile groups listed in this box.
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tileGroupID is the identifier of the tile region group (groupip) contained in this sub track. grouplD is
defined in TileRegionGroupEntry.

10.5 HEVC and L-HEVC tile track

10.5

.1 Overview

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.
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EVC or L-HEVC tile track is a video track in which there is a 'tbas' track reference to
VC track, respectively. This HEVC or L-HEVC track is refered to as the HEVC orch-HE
x of the HEVC or L-HEVC tile track, respectively. The sample entry type for an HEVC
1'. The sample entry type for an L-HEVC tile track is '1nt1'. The use of sampleentry t
tracks is defined in subclause 10.5.5.

b track or tile base track shall not include extractors. A tile base trask’shall not inclu
5. A tile track shall not carry VCL NAL units belonging to more than one layer.

ny picture unit carried by samples in a tile base track and a nuniber of tile tracks, all th
hpply to the entire coded picture shall be carried in the tile base track. These NAL units
ot limited to) parameter sets (VPS, SPS, and PPS) as wellas)EOB and EOS NAL units, wl
bampleDescriptionBox of a tile track shall not carry NALunits that apply to any entire co
r. The NAL units that do not apply to a tile shall notvbe carried in the tile track contain
NAL units that apply to a tile shall be carried in the tile track containing that tile.

1 When a NAL unit applies to multiple tiles, these tiles can only be stored in the same tile t
b track shall only depend on the tile base track and shall be independent from any oth
includes VCL NAL units of the same layéras this tile track.

EVC or L-HEVC sample of a tile track-Consists of one or more complete tiles in one or mo
segments.

IEVC or L-HEVC sample in-the tile base track is considered as a sync sample if and
ble resulting from the merging of the corresponding samples of all tile tracks and t
x, as defined in subclause 10.5.4, is a sync sample as defined for a non tiled HEVC
x, respectively, that-has the sample entry type equal to that in the tile base track ar
guration records.as those in the tile base track.

track is;async sample.

KubganipleInformationBox and sample groupings defined for regular HEVC or L-HEV(
y £to’HEVC or L-HEVC tile tracks, respectively.
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NOTE 2

declared in the tile track; for example,a 'ro11' sample group.

NOTE 3

Many aspects of the tile track can be discovered by inspecting the base track if they are not explicitly

An implementation can decide to decode only a subset of the tiles of an HEVC or L-HEVC stream. In

this case, it can use the dependency information in the TileRegionGroupEntry sample group descriptions to
discard un-needed NAL units.
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10.5.2 Sample entry name and format for HEVC tile tracks

10.5.2.1 Definition

Sample Entry Type:

Container:
Mandatory:

Quantity:

'hvtl'

Sample Description Box (*stsd')
No

Zero or more sample entries may be present

This sampl
VisualSamp

height of tt

h

e entry describes media samples of an HEVC tile track. The width and height, ©
| eEntry for an HEVC tile track (sample entry type 'nhvt1') shall be set to thewidth
le minimum bounding box enclosing all tile regions contained in the track; The I3

" the
and
yout

11 be
vtl!

information
ignored by
sample des¢

in the track header (i.e., layer, matrix, width and height) of an HEVC tile‘track sha3
file parsers. CleanApertureBox and PixelAspectRatioBox shall not be present in an 'n
ription.

10.5.2.2 Syntax

class HEVCTileSampleEntry () extends VisualSampleEntry ('hvtl'){

HEVCTil¢ConfigurationBox config(); // optional

}

class HEVC {

'i leConfigurationBox extends Box ('hvtC')

HEVCTil¢TierLevelConfigurationRecord () HEVCTPleTierLevelConfig;

}

aligned(8)|class HEVCTileTierLevelConfigurationRecord {

unsignefl int (8) configurationVergion 1;

bit (7) fFeserved = 0;

unsignel int (1) mcts tidéwiflag;

unsigne@l int (8) mcts\level idc;

bit (8) feserved o

10.5.2.3 Seémantics

The HEVCTileSampleEntry shall not contain any HEVCConfigurationBox, LHEVCConfigurationBox OF
MPEG4ExtensionDescriptorsBox; these boxes are found in the tile base track's sample description. Other
optional boxes may be included. There are usually as many entries in the samplebescriptionBox of an
HEVC tile track as there are entries in the samplebescriptionBox of the tile base track.

Optionally, the HEVCTileSampleEntry may contain one HEVCTileTierLevelConfigurationRecord,
used to indicate the tier and level information in the case the tile region in this tile track is a motion-
constrained tile or tile set.

Compressorname in the base class visualsampleEntry indicates the name of the compressor used with the
value "\020HEVC Tile Coding" being recommended; the first byte is a count of the remaining bytes, here
represented by \020, which (being octal 20) is 16 (decimal), the number of bytes in the rest of the string.
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mcts tier flag, mcts_level idc are set to the values of the fields mcts_tier_flag and mcts_level_idc
in the temporal motion-constrained tile sets SEI message if the tile region in the tile track is a temporal
motion-constrained tile set as defined in ISO/IEC 23008-2. If the tile region in the tile track is not
the same as any of the temporal motion-constrained tile set in the stream or no temporal motion-
constrained tile sets SEI message is present in the stream, an appropriate value according to the
temporal motion-constrained tile sets SEI as defined in ISO/IEC 23008-2 shall be set.

10.5.3 Sample entry name and format for L-HEVC tile tracks

10.5.3.1 Definition

Sample Entry Type: '1htl’

Container: Sample Description Box ('stsd')
Manfatory: No
Quantity: Zero or more sample entries may be present

This| sample entry describes media samples of an L-HEVC tile track! The width and hdight of the
VisuplSampleEntry for an L-HEVC tile track (sample entry type "iut1') shall be set to the width and
height of the minimum bounding box enclosing all tile regions-of all layers contained in the track. The
layofit information in the track header (i.e., layer, matrix, whdth and height) of an L-HEVC tile track
shall be ignored by file parsers. cleanapertureBox and pixelaspectRatioBox shall not be present in an
'1htf ' sample description.

10.5.3.2 Syntax
clasjs LHEVCTileSampleEntry () extends VisudlSampleEntry ('lhtl'"){

}

10.5.3.3 Semantics

The LHEVCTileSampleEntry shdll* not contain any LHEVCConfigurationBox, HEVCConfigurgationBox OI
MPEGKExtensionDescriptoréBok; these boxes are found in the tile base track's sample description. Other
optignal boxes may be included. There are usually as many entries in the samplebescriptjonBox of an
L-HHRVC tile track as thére are entries in the sampleDescriptionBox of the tile base track.

Compfressorname in the base class visualsampleEntry indicates the name of the compressar used with
the yalue "\022fsHEvC Tile coding" being recommended; the first byte is a count of th¢ remaining
bytep, here represented by \022, which (being octal 22) is 18 (decimal), the number of bytels in the rest
of thie string:

10.5.4 Bitstream reconstruction from tile base and tile tracks

Since extractors cannot be used in a tile base track, a tile base track shall indicate the tile ordering
using a 'sabt' track reference to the tile tracks. The 'sabt' track reference may only be used to refer to
tile tracks from a tile base track. When the 'sabt' track reference is present in a track, the samples of
this track shall not use aggregators.

The bitstream is reconstructed as follows:

1. For atile base track and a number of tile tracks carrying VCL NAL units of one layer, a picture unit
is firstly reconstructed to consist of the following NAL units in the order listed:

a) Ifthe picture unit corresponds to a sample that is the first sample of a set of samples associated
with a sample entry, the parameter sets and SEI NAL units contained in the sample entry
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b) NAL units in the sample of the tile base track
c) NAL units in the samples of the tile tracks in the order of the 'sabt' track references
Then the following steps apply, in the order listed, for the above-reconstructed picture unit:

d) If there is one or more than one EOS NAL unit present, an EOS NAL unit is placed at the end of
the picture unit and any other EOS NAL unit is removed.

e) Ifthereis one or more than one EOB NAL unit present, one EOB NAL unit is placed at the end of
the picture unit; any other EOB NAL unit is removed.

2. Ifonly ¢ne layer is involved, the reconstructed picture unit is the access unit. Otherwise, the-a¢cess
unit is feconstructed from all the picture units of the involved layers as specified in stibclause
9.5.2.2.

3. Finally,the bitstream is reconstructed from the reconstructed access units as specifiedin subclause
9.5.2.2.

NOTE Pjcture units, access units, and bitstreams reconstructed as above are not’always conformipg to
ISO/IEC 230(08-2. For example, for a picture unit reconstructed as above, some VCL NAL units covering somq tiles
of the pictur¢ may be missing due to that the regions represented by those tiles aré net 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 tratks),
the size of the sample may be 0, and the sample documents thetiming and other sample properties of
the sample.

The sample[entry names of a tile base track and the correésponding tile tracks shall be one of the rows
in Table 13.

Table[13 — Sample entry names for a tile'base track and the corresponding tile tracks

Sample entry name for a tile Sample entry name for a
base track corresponding tile track
hve?2 hvtl
hev2 hvtl
1hvl lhtl
lhel lhtl
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Annex A
(normative)

In-stream structures

A.1 General

Aggiegators and Extractors are file format internal structures enabling efficient grouping (Lf NAL units

or extraction of NAL units from other tracks.

Aggregators and Extractors use a syntax that is similar to the NAL unit syntax but doe
the gtart code emulation prevention mechanism required for the NAL unitCsyntax as
ISO/[EC 14496-10 or ISO/IEC 23008-2. These NAL-unit-like structures arg«seen as NAL

contpxt of the sample structure. While accessing a sample, Aggregators shall be remoy

theirf contained or referenced NAL units) and Extractors shall be replaced by the data the
Aggregators and Extractors shall not be output by file parsers.

Thege structures use NAL unit types reserved for the applicatioh/transport layer by ISO/IH

See Annex F for more information about use of “reserved’/ “unspecified”, “not specified” and
defined” nal unit type values.

A.2| Aggregators

A.2.1 Definition

This
repeftitive (in accordance with Annex B).

Aggiegators are used to group-NAL units belonging to the same sample.

For dtorage of ISO/IEC 14496-10 video, the following rules apply:

Aggregators us¢ the same NAL unit header as SVC VCL NAL units, MVC VCL NAL units, M
VCL NAL units, or 3D-AVC VCL NAL units, but with a different value of NAL unit type.

f the sample entry contains the MVCD Configuration Box or the A3D Configuration B
init header of the aggregator follows the syntax of the NAL unit header for the NAL unit
ype-equal to 21. Otherwise, the NAL unit header of the aggregator follows the syntaj
initheader for the NAL unit of nal_unit_type equal to 20.

subclause describes Aggregators, which enable NALU-map-group entries to be cor

5 not follow
specified in
lnits in the
ed (leaving
y reference.

C 14496-10

‘registrant-

sistent and

VC+D depth

lox, the NAL
of nal_unit_
of the NAL

If the sample entry contains the SVC Configuration Box and the svc_extension_flag of t

he 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.

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

For storage of ISO/IEC 23008-2 video, Aggregators use the NAL unit header as
ISO/IEC 23008-2, which has the same syntax for plain HEVC and layered HEVC. An ISO/I
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aggregator shall not aggregate NAL units belonging to more than one picture unit (where picture unit
is defined in ISO/IEC 23008-2).

Aggregators can both aggregate, by inclusion, NAL units within them (within the size indicated by
their length) and also aggregate, by reference, NAL units that follow them (within the area indicated
by the additional_bytes field within them). When the stream is scanned by a file reader that does not
support aggregators, only the included NAL units are seen as “within” the aggregator. This permits
such a file reader to skip a whole set of un-needed NAL units when they are aggregated by inclusion.
This also permits such a file reader not to skip NAL units but let them remain in-stream when they are
aggregated by reference.

sample groyp, the aggregator is treated as aggregating both the included and referenced bytes.

An Aggregdtor may include or reference Extractors. An Extractor may extractfrom Aggregator$. An
aggregator [shall not include or reference another aggregator directly; however, an aggregator|may
include or rgference an extractor that references an aggregator.

An Aggregafor shall not be empty, i.e., it shall include or reference to-atleast one NAL unit.
When scanijing the stream:

a) if the aggregator is unrecognized (e.g. by an AVC or HEVC'teader or decoder) it is easily discarded
with it§ included content;

b) if the aggregator is not needed (i.e. it belongs té’an undesired layer) it and its contents both by
inclusign and reference are easily discarded (using its length and additional_bytes fields);

c) ifthe aggregator is needed, its header is easily discarded and its contents retained.
An aggregator is stored within a sample like’any other NAL unit.
All NAL units remain in decoding ordér-within an aggregator.
A.2.2 Syntax
class alighed(8) Aggregitpr (AggregatorSize) {
NALUnitHeader () ;
unsignefl intSi»= sizeof (NALUnitHeader()):;

unsigne@i\i'nt ( (lengthSizeMinusOne+1) *8)

additional bytes;
i += lengthSizeMinusOne+1;
while (i<AggregatorSize) {
unsigned int ((lengthSizeMinusOne+1) *8)
NALUnitLength;
unsigned int (NALUnitLength*8) NALUnit;

i += NALUnitLength+lengthSizeMinusOne+1l;
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}

NOTE The syntax of Aggregators does not always follow the NAL unit syntax and the NAL unit constraints
specified in ISO/IEC 14496-10 or ISO/IEC 23008-2. For example, there can be three continuous bytes equal to a
value in the range of 0x000000 to 0x000010, inclusive. This specifiation disallows the presence of Aggregators
in a video bitstream output from parsing a file, therefore formal non-compliance with the video specifications is
immaterial as they will never be presented to a video decoder.

A.2.3 Semantics

The yalue of the variable AggregatorSize is equal to the size of the aggregator, and the functipn sizeof(X)
retufns the size of the field X in bytes.

NALUnitHeader (): the first four bytes of SVC, MVC, and MVC+D depth VCL NAL units, or the first three
bytep of 3D-AVC NAL units, or the first two bytes of ISO/IEC 23008-2 NAL units.

nal pnit type shall be setto 30 for ISO/IEC 14496-10 video and 48 for ISQ/BEC 23008-2 video.
For 3dn aggregator including or referencing SVC NAL units, the following shall apply.
forblidden zero bit and reserved three 2bits shall be setas spécified in ISO/IEC 14496-10.

Othdr fields (nal ref idc, idr flag, priority id, no inEdr layer pred flag, depdndency id,
quallity id, temporal id, use ref base pic flag, disgahdable flag,and output flag]shall be set
as syjecified in A.4.

For gdn aggregator including or referencing MVC or MYC+D depth NAL units, the following shall apply.
forblidden zero bit and reserved one bit shalkbe setas specified in ISO/IEC 14496-10.

Othqr fields (nal ref idc, non idr flag, ‘priority id, view id, temporal id, anchof pic flag,
and jnter view flag) shall be setas specified in A.5.

For gdn aggregator including or referencing 3D-AVC NAL units, the following shall apply.
forblidden zero bit and reseryed three 2bits shall be setas specified in ISO/IEC 14496-10.

Othdr fields (nal ref idc, view idx, depth flag, non idr flag, temporal id, anchoi pic flag,
and fnter view flag)shall’be setas specified in A.6.

For gn aggregator ifncluding or referencing ISO/IEC 23008-2 NAL units, the following shall gpply.
forblidden zexdo.bit shall be setas specified in ISO/IEC 23008-2.

Othdr fields-(nuh_1layer idand nuh temporal id plusl) shall be setas specified in A.8.

addifti€mal bytes: The number of bytes following this aggregator that should be copsidered as
aggregated when this aggregator 15 Teferenced by an extractor with data_tength equat to zero or Map
sample group.

NALUnitLength: Specifies the size, in bytes, of the NAL unit following. The size of this field is specified
with the 1engthsizeMinusone field.

NALUnit: a NAL unitas specified in ISO/IEC 14496-10 or ISO/IEC 23008-2, including the NAL unit header.
The size of the NAL unit is specified by NALUnitLength.
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A.3 Extractors for SVC, MVC, and MVD tracks

A.3.1 Definition

This subclause describes Extractors for SVC, MVC, or MVD tracks. Extractors enable compact formation
of tracks that extract, by reference, NAL unit data from other tracks.

An Aggregator may include or reference Extractors. An Extractor may reference Aggregators. When an
extractor is processed by a file reader that requires it, the extractor is logically replaced by the bytes
it references. Those bytes shall not contain extractors; an extractor shall not reference, directly or
indirectly, another extractor.

NOTE The track that is referenced can contain extractors even though the data that is referenced by the
extractor shgll not.

An extractor contains an instruction to extract data from another track, which is linked\.te’the track in
which the ektractor resides, by means of a track reference of type 'scal’.

The bytes cppied shall be one of the following:

a) One enfire NAL unit; note that when an Aggregator is referenced, both thejincluded and referepced
bytes are copied

b) More tHan one entire NAL unit
In both casgs the bytes extracted start with a valid length field and’a NAL unit header.

The bytes fire copied only from the single identified sample in the track referenced through the
indicated 'qca1 track reference. The alignment is on decoding time, i.e. using the time-to-sample table
only, followed by a counted offset in sample number. Exfractors are a media-level concept and hence
apply to thq destination track before any edit list is considered. (However, one would normally expect
that the edif lists in the two tracks would be identical).

A.3.2 Syntax
class aligphed(8) Extractor () {
NALUnitHeader () ;
unsignel int (8) track refl\index;
signed jnt (8) sampleloffset;
unsignefl int ( (lefwgthSizeMinusOne+1) *8)
data| offs&ty

unsigne@i\iot ( (lengthSizeMinusOne+1) *8)

data length;

}

NOTE The syntax of Extractors does not always follow the NAL unit syntax and the NAL unit constraints
specified in ISO/IEC 14496-10. For example, there can be three continuous bytes equal to a value in the range
of 0x000000 to 0x000010, inclusive. This specifiation disallows the presence of Extractors in a video bitstream
output from parsing a file, therefore formal non-compliance with the video specifications is immaterial as they
will never be presented to a video decoder.

A.3.3 Semantics

NALUnitHeader () : the first four bytes of SVC, MVC and MVC+D depth VCL NAL units, or the first three
bytes of 3D-AVC NAL units.
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nal

ISO/IEC 14496-1

unit_type shall be set to 31 for ISO/IEC 14496-10 video.

For an extractor referencing SVC NAL units, the following shall apply.

5:2019(E)

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.

forhb)

Othe
and

For 4
forb

Othd
and

trad
whid
near
an o
has 1

samp

i dden zero bit and reserved one bit shall be set as specified in I[SO/IEC 14496-10,

rfkﬂds(nal_ref_idc, non_idr_ flag, priority id, view_id, temporal id, sen¢hoq
inter view flag) shall be set as specified in A.5.

n extractor referencing 3D-AVC NAL units, the following shall apply.
i dden zero bit and reserved three 2bits shall be set as specified iISO/IEC 14496-]

rfkﬂds(nal_ref_idc, view idx, depth flag, non idr flag, \temporal id, anchot
inter view flag) shall be set as specified in A.6.

k ref index specifies the index of the track reference of fype 'sca1' to use to find the
h to extract data. The sample in that track from whichidata is extracted is temporall
est preceding in the media decoding timeline, i.e. using’the time-to-sample table only,
fset specified by sample_offset with the sample containing the Extractor. The first tra
he index value 1; the value 0 is reserved.

e offset gives the relative index of the samhple in the linked track that shall be used a

of information. Sample 0 (zero) is the samplewith the same, or the closest preceding, de

com
sam|]

datal
with|
begi

data]
NAL
augr
leng
the {
payl
in th
reco
valu

pared to the decoding time of the samiple containing the extractor; sample 1 (one)
ble, sample -1 (minus 1) is the previeus sample, and so on.

| offset: The offset of the firsthyte within the reference sample to copy. If the extra
the first byte of data in that sample, the offset takes the value 0. The offset shall rg
hning of a NAL unit length-fiéld.

| 1ength: The number 6f bytes to copy. If this field takes the value 0, then the entire single¢
unit is copied (i.e<the length to copy is taken from the length field referenced by the
hented by theadditional_bytes field in the case of Aggregators). When data offs
th is greaterthan the size of the sample, the bytes from the byte pointed to by data_
nd of thessample, inclusive, are copied. Resolution of an extractor may result in a re

_pic flag,

0.

_pic flag,

track from
y aligned or
adjusted by
'k reference

5 the source
roding time
is the next

ction starts
ference the

e referenced
data offset,
et + data
ffset until
ronstructed

bad for which there are fewer bytes than what is indicated in the NALUnitLength of t

b (1.¢, size of the reconstructed payload minus (LengthSizeMinusoOne + 1) ).

e first NAL

at reconstructed payload. In such cases, readers shall assume that only a single NAL unit was
hstrueted by the extractors, and shall rewrite the NALUnitLength of that NAL to the pppropriate

NOTE

formatting to conform to the destination track’s length field size.

A4

NAL unit header values for SVC

If the two tracks use different lengthSizeMinusOne values, then the extracted data will need re-

Both extractors and aggregators use NAL unit headers with the NAL unit header SVC extension. The
NAL units extracted by an extractor or aggregated by an aggregator are all those NAL units that are
referenced or included by recursively inspecting the contents of aggregators or extractors.
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The fields nal ref idc, idr flag, priority id, temporal id, no inter layer pred flag,
dependency id, quality id, temporal id, use ref base pic flag, discardable flag, output

flag, use ref base pic flag, and no_inter_layer_pred_flagShaHtakethefOHOMﬁHg\HﬂUE&
— nal_ref idcshallbesetto the highest value of the field in all the extracted or aggregated NAL units.
idr_flag shall be set to the highest value of the field in all the extracted or aggregated NAL units.

priority id, temporal id, dependency id,and quality id shall be setto the lowest values of the
fields, respectively, in all the extracted or aggregated NAL units.

discardable flag shall be setto 1 if and only if all the extracted or aggregated NAL units have the
able flagsetto 1, and setto 0 otherwise.

discar

| f1ag should be set to 1 if at least one of the aggregated or extracted NAL units hasithis
and otherwise set to 0.

output | flag

setto 1

use ref base pic flagshallbesetto 1ifand only if atleast one of the extracted.érjaggregated VCL

NAL unlits have the use ref base pic flagsetto 1, and setto 0 otherwise.

r layer pred flag shall be set to 1 if and only if all the extracted or aggregated VCL|NAL

ive the no_inter layer pred flagsetto 1, and setto O otherwise:

no_intg
units hd

If the set a ralue

conformant

f extracted or aggregated NAL units is empty, then each of these fields takes a
with the mapped tier description.

NOTE1  Apgregators can group NAL units with different scalability information.

NOTE2 A
by the NAL y
Aggregators
Aggregator

boregators can be used to group NAL units belonging to a level of scalability that is not signfalled
nit header SVC extension (e.g. NAL units belonging.to a region of interest). The description of{such
can be done with the tier description and thexNAL unit map groups. In this case more than one
yith the same scalability information can occuriin one sample.

NOTE 3  Iff
units with id
of the tracks

NAL
each

multiple scalable tracks reference the same media data, then an aggregator should group
entical scalability information only. This ensures that the resulting pattern can be accessed by

NOTE4 If
length of the

no NAL unit of a particular layer exists in an access unit then an empty Aggregator (in which the

Aggregator includes only the-header, and additional_bytes is zero) can exist.

A.5 NAL unit header values for MVC and MVC+D depth NAL units

Both Aggre
an extracto
recursively

The fields n

bators and Extractors use the NAL unit header MVC extension. The NAL units extracte
" or aggregated by an aggregator are all those NAL units that are referenced or include
inspecting the contents of aggregators or extractors.

b1 oref idc, non idr flag, priority id, view id, temporal id, anchor pic flag

d by
d by

and

inter view| fl'%g shall take the following values:

nal ref idcshall be setto the highestvalue of the field in all the aggregated or extracted NAL units.
non_idr flagshall be setto the lowestvalue of the field in all the aggregated or extracted NAL units.

priority id and temporal id shall be set to the lowest values of the fields, respectively, in all the
aggregated or extracted NAL units.

view id shall be set to the view_id value of the VCL NAL unit with the lowest view order index
among all the aggregated or extracted VCL NAL units.

anchor pic flagand inter view flag shall be setto the highestvalue of the fields, respectively, in
all the aggregated or extracted VCL NAL units.
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A.6 NAL unit header values for 3D-AVC NAL units

Both Aggregators and Extractors use the NAL unit header 3D-AVC extension specified in
ISO/IEC 14496-10:2014, Annex ]J. The NAL units extracted by an extractor or aggregated by an
aggregator are all those NAL units that are referenced or included by recursively inspecting the
contents of aggregators or extractors. All the aggregated or extracted VCL NAL units shall have na1
unit_type equalto 21 and avc_3d_extension flagequalto 1.

The fields nal ref idc, view idx, depth flag, non idr flag, temporal id, anchor pic flag,
and inter view flag shall take the following values:

111 FRTR | h T | 4 1 £ £ 1 - 1141 PR | 4 4 :
- al rel 1dC3IdII'UTSTLLULITIIZICST VAIUT UL LT TICTIU TIT dITUHIC dg g1 C5dlTU UL TALIdLLT NAL units.

— View idx shall be set to the lowest view order index among all the aggregated or exfracted VCL
NAL units.

— flepth_flag shall be set to the lowest depth_flag value among all the aggregated or exfracted VCL
NAL units.

— fon idr flag shall be set to the lowest value of the field in all thésaggregated or exfracted VCL
NAL units.

— temporal id shall be set to the lowest value of the field inall the aggregated or exfracted VCL
NAL units.

— hnchor pic flagand inter view flag shall be setto thehighest value of the fields, respectively, in
1] 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 compagt formation
of tracks that extract NAL unit datadby reference.

An ektractor contains one or mote constructors. The following constructors are specified:
a) A sample constructor extracts, by reference, NAL unit data from a sample of another trjck.

b) Anin-line constructor includes NAL unit data.

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
resujting whien resolving the contained constructors in their appearance order.

The [bytes/referred to by a sample constructor shall not contain extractors; an extractpr shall not
reference, directly or indirectly, another extractor.

NOTE The track that is referenced can contain extractors even though the 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 track that is linked to the track in which the extractor resides by means of a track reference of
type 'scal’.

The bytes of a resolved extractor shall be one of the following:

a) One entire NAL unit; note that when an Aggregator is referenced, both the included and referenced
bytes are copied

b) More than one entire NAL unit
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In both cases the bytes of the resolved extractor start with a valid length field and a NAL unit header.

The bytes of a sample constructor are copied only from the single identified sample in the track
referenced through the indicated 'sca1' track reference. The alignment is on decoding time, i.e. using
the time-to-sample table only, followed by a counted offset in sample number. Extractors are a media-
level concept and hence apply to the destination track before any edit list is considered. (However, one
would normally expect that the edit lists in the two tracks would be identical).

A.7.2 Syntax
class aligned(8) Extractor () {
NALUnitHeader () ;
do {
unsigned int (8) constructor_ type;
if ( fonstructor type == 0 )
SgmpleConstructor () ;
else|if ( constructor type == 2 )

=

} while

}

NOTE T
specified in
0x000000 tg
output from
will never be

A.7.3 Semantics

NALUnitHea

nal unit ty

ISO/IEC 230/08-2. Other fieldS(sin layer idand nuh temporal id plusi)shall be setas specified in

constructo
correspond
reserved.

EndOfNALUnN

hlineConstructor () ;

( '!EndOfNALUnit () )

he syntax of Extractors does not always follow<the NAL unit syntax and the NAL unit constr
SO/IEC 23008-2. For example, there can be three continuous bytes equal to a value in the ran

0x000010, inclusive. This specifiation disallows the presence of Extractors in a video bitst
parsing a file, therefore formal non-compliance with the video specifications is immaterial as|
presented to a video decoder.

er (): The first two bytés,of ISO/IEC 23008-2 NAL units.

pe shall be set to 49.for ISO/IEC 23008-2 video. forbidden zero bit shall be set as specifi

- type specifies the constructor that follows. sampleConstructor and InlineConstru
to constivctor type equal to 0 and 2, respectively. Other values of constructor typ

| t<{» is a function that returns 0 (false) when more data follows in this extractor; other

it returns 1

Qints
ge of
ream
they

ed in
A.8.

ctor
P are

wise

(true)
\Y pi

A.7.4 Sample constructor

A.7.4.1 Syntax

class aligned(8) SampleConstructor () {
unsigned int (8) track ref index;
signed int (8) sample offset;
unsigned int ((lengthSizeMinusOne+1) *8)

data offset;
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data]
with

data
begi
copy
in th
the Bytes from the byte pointed to by data offset until the end of thé‘sample, inclusive,
i.e. d
a req
of th
NAL

appn

NOTE
form|

A.7.

A.7.]

clas

A.7.]

leng]
leng

inli

ISO/IEC 14496-1

unsigned int ((lengthSizeMinusOne+1) *8)

data length;

A.7.4.2 Semantics
track ref index:as specified in A.3.3.

sample offset: as specified in A.3.3.

5:2019(E)

| offset: The offset of the first byte within the reference sample to copy. If the extpa
the first byte of data in that sample, the offset takes the value 0.

| 1ength: The number of bytes to copy. If this field takes the value 0, data offeet shall
hning of a NAL unitlength field and the entire single referenced NAL unit is.copied (i.e. t
is taken from the length field referenced by data offset, augmented by the additiona
e case of Aggregators). When data offset + data length is greatenthan the size of

bta length is resolved as (sample size - data offset). Resolution of an extractor m

onstructed payload for which there are fewer bytes than what.s indicated in the naj
e first NAL in that reconstructed payload. In such cases, readers shall assume that g
unit was reconstructed by the extractors, and shall rewxite the NALUnitLength of thaf
opriate value (i.e, size of the reconstructed payload minus (LengthsizeMinusoOne + 1) ).
s If the two tracks use different lengthSizeMinugOne values, then the extracted data

htting to conform to the destination track’s length field size.

b In-line constructor

5.1 Syntax

s aligned(8) InlineConstructor” () {

unsigned int (8) length;

unsigned int (8) inlinewdata[length];

5.2 Semantics

th: the humber of bytes that belong to the InlineConstructor following this field.
th shall be greater than 0. The value of 1ength equal to 0 is reserved.

hedata: the data bytes to be returned when resolving the in-line constructor.

ction starts

refer to the
he length to
_bytes field
the sample,
are copied,
ay result in
UnitLength
nly a single
NAL to the

ill need re-

he value of

A.8 NAL unit header values for ISO/IEC 23008-2

Both Aggregators and Extractors use the NAL unit header as specified in ISO/IEC 23008-
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 idand nuh temporal id plusl shall be setas follows:

NAL units.

© ISO/IEC 2019 - All rights reserved

2. The NAL

— nuh_layer idshallbe setto the lowest value of the field in all the aggregated or extracted NAL units.

— nuh temporal id pluslshall be setto the lowestvalue of the field in all the aggregated or extracted

127


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

ISO/IEC 14496-15:2019(E)

SV(C,

Annex B
(normative)

MVC, and MVD sample group and sub-track definitions

B.1 General

The followi
the SVC, MV
of any of the

If views fro
more of the
these tracks

There are a
the Scalabldg

Each Scalah
MVC or MV
more opera
Multiview G

For each ti
SampleGrot
is the primg

Though the
the groupin
these group
there may 1
group does,
or 'mvif' is
groups shal
to-tier mapj

A multiviey
target outp

C, or MVD stream and to ease obtaining information of subsets of the stream andextra
subsets.

se tracks contain multiple views, sample group entries and map groups can be use
containing multiple views.

number of boxes, defined below, which may occur in the samplée-group description, na
Group Entry for an SVC stream or the Multiview Group Entgyfor an MVC or MVD stre3

D stream, respectively. Each of the subsets is associated with a tier and may contain o1
Fing points. A grouping type of 'scif' or 'mvif' is-ised to define Scalable Group Entri
roup Entries, respectively.

b1, there may be more than one Scalable Greup Entry or Multiview Group Entry ir

ry definition of the tier.

Scalable and Multiview Group Entries are contained in the SampleGroupDescription
b is not a true sample grouping as'each sample may be associated with more than one ti
s are used to describe sections.of the samples - the NAL units. As a result, it is possible
ot be a SampleToGroup boxof the grouping type 'scif' or 'mvif', unless it happenst
in fact, describe a whole sample. Even if a SampleToGroup box of the grouping type 's
present, the information’is not needed for extraction of NAL units of tiers; instead, the
| always documentsthe ‘pattern’ of NAL units within the samples and provide the NAL-
ping information that may be needed for extraction of NAL units.

V group specifies an MVC or MVD operating point and is therefore associated wit}
it views-0f the MVC or MVD operating point. The Multiview Group box (7.7.3), is us¢

specify a

m
used to chiacterize MVC or MVD operating points and can therefore be contained in the Multi

Group box

Itiview~group. Many of the boxes used to characterize SVC, MVC, and MVD tiers are

le Group Entry or Multiview Group Entry documents, assubset of the SVC stream or

g sample groups may be used in an SVC, MVC, or MVD track to document the structulre of

rtion

I the same MVC or MVD bitstream are stored in multiple MVC or MVD-tracks and one or

1 for

mely
m.

the
e or
PS Or

the

pDescriptionBox of grouping type 'scif'or 'mvif', respectively. Only one of those enfries

box,
bT, as
that
hat a
cif'
map
unit-

the
ed to
also
view
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B.2 Definition
B.2.1 Tier information box
B.2.1.1 Definition

Box Type:  'tird!

Container: ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox

ManJahuy. Yes
Quantity:  Zero or One // depends on primary_definition

The fier information box provides information about the profile, level, frame siz€, discardability, and
franme-rate of a covered bitstream subset. If the Tier Information box is included in a Scalable Group
entry or a Multiview Group entry, the covered bitstream subset consists of thé tier and tierf it depends
upo. If the Tier Information box is included in a Multiview Group box, theé covered bitstifeam subset
consfists of the target output views of the multiview group and all the views required for decoding the
target output views.

B.2.1.2 Syntax

clasls TierInfoBox extends Box ('tiri'){ //Mandatory EBox

)

nsigned int (16) tierID;

c

nsigned int (8) profileIndication;

o

nsigned int(8) profile compatibilifgyw

o

nsigned int (8) levellIndication;

biit (8) reserved = 0;

c

nsigned int (16) visualWidth;

o

nsigned int (16) wisualHeight;

o

hsigned it (2) discardable;

)

hsidgned int (2) constantFrameRate;

s Y 4 ] o
IrT T/ resSceT U7

unsigned int (16) frameRate;

B.2.1.3 Semantics

tier1D gives the identifier of the tier, when the Tier Information box is included a Scalable Group entry
or a Multiview Group entry. Otherwise, the semantics of t ier1D are unspecified, and in this case, tier1iD
shall be set to the reserved value 0.

profileIndication contains the profile_idc as defined in ISO/IEC 14496-10, when the parameter applies
to the covered bitstream subset.
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profile compatibility is a byte defined exactly the same as the byte that occurs between the
profile_idc and level_idc in a sequence parameter set or a subset sequence parameter set, as defined in
ISO/IEC 14496-10:2014 Annex G, H or [, when the parameters apply to the covered bitstream subset.

levelIndication contains the level_idc as defined in ISO/IEC 14496-10, when the parameter applies
to the covered bitstream subset. If the Tier Information Box is included in a Multiview Group Entry,
levelIndication shall be valid when all the views of the covered bitstream subset are target output
views. If the Tier Information Box is included in a Multiview Group Box, levelIndication shall be
valid when the views specified by the respective multiview group are the target output views. If
levelIndication isequal 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
compatibil
bitstream s

profile compatibility flags and level indicated by the fields profileIndication, prof
ity, and levelIndication specifies an interoperability point with which the)cov
ubset, and, for MVC or MVD, operating with the target output views as specified i

semantics of levelIndication, is compatible.

visualWidt

SVC stream

1 gives the value of the width of the coded picture (of an SVC stream), codedsub-picture (
, or coded view component (of an MVC or MVD stream) in luma pixelsief the represent:

of this tier in the stream or any view component of the covered bitstream subset. A coded sub-pic

consists of
In this case
interest pan

NOTE T
AVC bitstrea
region-of-int|
access units.

h proper subset of coded slices of a coded picture. A tier may ¢onsist of only sub-pict
the tier is referred to as a sub-picture tier. A sub-picture tiermay represent a regio
t of the region represented by the entire stream.

he tier representation of a sub-picture tier might not be a vatid'stream. One example is as follow
m is encoded using two slice groups. The first slice group includes the macroblocks represent

The slices of the first slice group in each access unitt¢hen form a sub-picture and a sub-pictur

can be speciffied to include all the sub-pictures over all the access units.

visualHeig

(of an SVC

1t gives the value of the height of the codéd picture (of an SVC stream), coded sub-pic
stream), or coded view component_(of an MVC or MVD stream) in luma pixels o

ile
ered
| the

of an
hition
ture
ires.

n-of-

s.An
ing a

erest and is coded without referring to slices in the otheyp slice group for inter prediction over afl the

b tier

ture
F the

representatjion of this tier in the stream or any yiew component of the covered bitstream subset.

discardabl¢ takes one of the following values; the value 02 is reserved.

00 thig
flag

tier does not contain NAL\hits with discardable_flag (for SVC) equal to 1 or inter_viej
(for MVC or MVD) equal-to 0.

01 this
(for
MV

tier contains bothyNAL units with discardable_flag (for SVC) equal to 1 or inter_view_t{
MVC or MVD) equal to 0 and discardable_flag (for SVC) equal to 0 or inter_view_flag (f
C or MVD) equal to 1.

03 all

MV

NAL unitsjin this tier are with discardable_flag (for SVC) equal to 1 or inter_view_flag (
C or MV/D) equal to 0.

or

constantFraneRate specifies if the frame rate of this tier is constant. A value of 0 denotes a non-congtant
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 tiers
that this tier depends on is decoded in frames per second rounded to the closest integer using the Round
function specified in ISO/IEC 14496-10. If constantFrameRate has a value of 0 or 2 then frameRrate
gives the average frame rate. If constantFrameRate has a value of 1 then framerate gives the constant
frame rate. frameRate equal to 0 indicates an unspecified frame rate. For SVC streams, decoded frames,
complementary field pairs and non-paired fields are regarded as frames when deriving the value of
frameRate. For MVC or MVD treams, decoded view components of any single view only are regarded
as frames when deriving the value of framerate, regardless of the total number of the views, since all
output views are required to have simultaneous view components.
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B.2.2 Tier bit rate box

B.2.2.1 Definition

Box Type:  'tibr'

Cont

ainer: ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox

Mandatory: No

Qua

tity: Zero or One

5:2019(E)

Whe
infoi
repr
for €|

Whe
valu

n included in a Scalable Group entry or a Multiview Group entry, the tier bit rate b
mation about the bit rate values of a tier. Two sets of information are provided:
bsentation, including all the tiers on which the current tier depends, and for thée-tier alor
ach set of information, the following values are supplied:

For SVC streams, the lowest long-term average bit rate that this tier could deliver. Let
he greatest dependency_id for all NAL units of the tier, and minQid be the least quality_|
NAL units of the tier and having dependency_id equal to maxDid. The following NAL unit

hnd quality_id greater than minQid.

For MVC or MVD streams, the lowest long-term average:bit rate that this tier could del
o the long-term average bit rate of the tier, when alLNAL units of the tier are considere

[the long-term average bit rate of the tier; all NAL'units of the tier are considered.
[he maximum, or peak, bit rate of the tier; all NAL units of the tier are considered.

n included in a Multiview Group box, thé\tier bit rate box provides information about
s of the covered bitstream subset consisting of the target output views indicated by th

px provides
for the tier
e. Similarly,

maxDid be
id for all the
s of this tier

hre not considered in calculating this bit rate value: those having dependency_id equall to maxDid

ver is equal

d.

the bit rate
e multiview

group and all the views required for de¢oding of the target output views. The maximum anld long-term

aver

B.2.’

clas

)

)

o

hge bit rate for the covered bitstream subset are provided.

.2 Syntax

s TierBitRateBox extends Box ('tibr') {
nsigned int (32)( baseBitRate;

hsigned in&(32) maxBitRate;

nsigned, int (32) avgBitRate;

u

u

u

nsigned int (32) tierBaseBitRate;
nsigned int (32) tierMaxBitRate;

nsigned int (32) tierAvgBitRate;

B.2.2.3 Semantics

baseBitRate gives the lowest long-term average bit rate in bits/second of the stream made from this
tier and the lower tiers this tier depends on over the entire stream.
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For SVC streams, baseBitRate is derived as follows. Let maxDid be the greatest dependency_id for
all NAL units of the tier, and minQid be the least quality_id for all NAL units of the tier and having
dependency_id equal to maxDid. The NAL units that are taken into account when calculating this bit rate
value are as follows: 1) all NAL units of the tier except for those having dependency_id equal to maxDid
and quality_id greater than minQid; 2) all NAL units of the lower tiers the current tier depends on.

For MVC or MVD streams, baseBitRate shall be equal to avgBitRate.

maxBitRate gives the maximum bit rate in bits/second of the stream containing all NAL unit mapped to
this tier and the lower tiers this tier depends on, over any window of one second. All NAL units in this

tier and the

lower tiers this tier depends on are taken into account.

avgBitRate
mapped to
units in this

tierBaseBi
from only t
account wh
of the lowe
tierAvgBit

tierMaxBit
window of
lower tiers {

tierAvgBit

averaged oy
of the lower

B.2.3 Pri
B.2.3.1 Dx¢

Box Type:
Container:
Mandatory:
Quantity:

NOTE T

gives the long-term average bit rate in bits/second of the stream containing all NAL
his tier and the lower tiers this tier depends on, averaged over the entire streamy All
tier and the lower tiers this tier depends on are taken into account.

tRate gives the lowest long-term average bit rate in bits/second of the stream 1
his tier over the entire stream. For SVC streams, the set of NAL units ‘that are taken

" tiers this tier depends on. For MVC or MVD streams, tierBaseBitRate shall be equl
ate.

ate gives the maximum bit rate in bits/second that is proyided by only this tier ovel
bne second. All NAL units mapped to this tier are takensinto account. All NAL units o
his tier depends on are not considered.

Rate - gives the long-term average bit rate in bits/Second that is provided by only this
er the entire stream. All NAL units mapped to this tier are taken into account. All NAL {
tiers this tier depends on are not considered.

brity range

efinition
'svpr'
ScalableGroupEntry or MultiviewGroupEntry
Yes

Exactly One

his box was¢reviously called SVCPriorityRangeBox.

This box repportsthe minimum and maximum priority_id of the NAL units mapped to this tier.

unit
NAL

nade
into

bn calculating this bit rate value is the same as for baseBitRate but excluding all NAL yinits

al to

any
f the

tier,
hnits

B.2.3.2 S

class PriorityRangeBox extends Box ('svpr')

bit (2)

reservedl

mtax

{

0;

unsigned int(6) min priorityId;

bit (2)

reserved2

0;

unsigned int (6) max priorityId;
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B.2.3.3 Semantics

min priority id, min priority id take the minimum or maximum value of the priority_id syntax
element that is present in the NAL unit header extension of the SVC, MVC or MVC+D depth NAL units
mapped to the tier. For AVC streams this takes the value that is, or would be, in the prefix NAL unit.

B.2.4 SVC dependency range

B.2.4.1 Definition

Contjainer:  ScalableGroupEntry
Manfatory: Yes

Quantity:  Exactly One
This|box reports the minimum and maximum dependency_id of the NALnhits mapped to tHis tier.

The field min_temporal_id reports the minimum value of temporal_id of the NAL units in th¢ tier having
depgndency_id equal to min_dependency_id, Similarly the field-min_quality_id reports the minimum
qualjty_id of those NAL units. The fields max_temporal_id @nd” max_quality_id similarly report on
the fnaximum values of the respective fields in those NAL wnits having dependency_id equal to max_
depgndency._id.

B.2.4.2 Syntax

clasjs SVCDependencyRangeBox extends Box ('svdr') {

o

nsigned int(3) min dependency id;

)

nsigned int(3) min temporal idy

blit (6) reserved = 0;

)

nsigned int(4) min qualNtty id;

c

nsigned int (3) max\dependency id;

o

nsigned int (3) max temporal id;

bit (6) res@rwved = 0;

)

nsignedyint (4) max quality id;

B.2.4.3 Semantics

min dependency id, max dependency id take the minimum or maximum value of the dependency_
id syntax element that is present in the scalable extension NAL unit header defined in the SVC video
specification of the NAL units mapped to the tier. For AVC streams this takes the value that is, or would
be, in the prefix NAL unit (note: this value is zero).

min temporal id, max temporal id take the minimum or value of the temporal_id syntax element that
is present in the scalable extension NAL unit header defined in the SVC video specification of the NAL
units mapped to the tier having dependency_id equal to min dependency id and max dependency id
respectively . For AVC streams this takes the value that is, or would be, in the prefix NAL unit.
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min quality id, max gquality id take the minimum or value of the quality_id syntax element that is
present in the scalable extension NAL unit header defined in the SVC video specification of the NAL
units mapped to the tier having dependency_id equal to min dependency id and max dependency id
respectively . For AVC streams this takes the value that is, or would be, in the prefix NAL unit.

B.2.5 Initial parameter sets box

B.2.5.1 Definition

Box Type:

'svip'

Container:
Mandatory:

Quantity:

The initial parameter sets box documents which parameter sets are needed for decoding this tier

all the lowe

B.2.5.2 Sy

class Init
unsigne
for (i=

unsi

unsigne

for (i

unsi

B.2.5.3 Se
sps_id cou

SPS_indexS

ScalableGroupEntry or MultiviewGroupEntry
No

Zero or One

- tiers it depends on.

ntax

 al ParameterSetBox extends Box ('svip') {

int (8) sps_id count;
; 1< sps_id count; i++)
ned int(8) SPS index;
int (8) pps_id count;
i< pps_id count; i++)

’

ned int (8) PPS_ index;

mantics
ht, pps id cofint gives the number of entries in the following tables.

pecifies thatthe SPS or subset SPS with this index is needed for decoding this tier and a

lower tiers it depends)on. These are 1-based indices into the arrays in SVCDecoderConfigurationRe

MVCDecodse

rConfigurationRecord, or MVDDecoderConfigurationRecord.

PPS index {

pecifies that the PPS with this index is needed for decoding this tier and all the ]

and

| the
rord,

pwer

tiers it depends on. These are 1-based indices into the arrays in SVCDecoderConfigurationRecord,
MVCDecoderConfigurationRecord, or MVDDecoderConfigurationRecord.
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B.2.6 SVCrectregion box
B.2.6.1 Definition

Box Type: "rrgn'
Container: ScalableGroupEntry
Mandatory: No

Quantity: Zero or One

The FVC rect region box documents the geometry information of the region represented\by|the current
tier relative to the region represented by another tier. When extended spatial scalability was used to
encode in the current tier a cropped region of another tier, then the geometry information of the cropped
regign can be signalled by this box. This box can also be used to signal the geometry infoymation of a
regign-of-interest (ROI) when the current tier is a sub-picture tier. This anea-can either be static for
all samples or vary at sample-by-sample basis. Note that it is possible that‘independent qub-pictures
do npt depend on all the tiers with lower tierID. In this case dependencies can be given with the tier
depgndency box.

B.2.6.2 Syntax

class RectRegionBox extends Box ('rrgn') {

o

nsigned int (16) base region tierID;

)

nsigned int (1) dynamic rect;

biit (7) reserved = 0;

ilf (dynamic_rect == 0) {

unsigned int (16) horizontal offset;
unsigned int (16) verticel offset;
unsigned int (16) region width;

unsigned int (#Q)* region height;

B.Z.T.B Semantics

base region tieriD gIVES the tierld value of the tier wherein the represented region is used as the base
region for derivation of the region represented by the current tier.

dynamic_rect equal to 1 indicates that the region represented by the current tier is a dynamically
changing rectangular part of the base region. Otherwise the region represented by the current tier is a
fixed rectangular part of the base region.

horizontal offset and vertical offset give respectively the horizontal and vertical offsets of the
top-left pixel of the rectangular region represented by the tier, in relative to the top-left pixel of the
base region, in luma samples of the base region.

region width and region height give respectively the width and height of the rectangular region
represented by the tier, in luma samples of the base region.

© ISO/IEC 2019 - All rights reserved 135


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

ISO/IEC 14496-15:2019(E)

B.2.7 Buffering information box

B.2.7.1 Definition

Box Type:  'Puff’
Container: ScalableGroupEntry or MultiviewGroupEntry or MultiviewGroupBox
Mandatory: No

Quantity: Zero or One

The BufferihgBox contains the buffer information of the covered bitstream subset. If the Buffering box
is included jn a Scalable Group entry or a Multiview Group entry, the covered bitstream subset’confsists
of the tier and all tiers on which it depends. If the Buffering box is included in a Multiviéw Group|box,
the covered bitstream subset consists of the target output views of the multiview group and alf the
views requifred for decoding the target output views.

B.2.7.2 Syntax

class Buff¢ringBox extends Box ('buff') {

unsignefl int (16) operating point count
for (i ¥ 0; i < operating point count; i++) {
unsigned int (32) byte rate
unsigned int (32) cpb size
unsigned int (32) dpb size
unsigned int (32) init cpb delay
unsigned int (32) init dpb délay

B.2.7.3 Sdmantics

operating point court§pecifies the number of HRD operating points for the covered bitstream supset.
Values of thg HRD parameters are specified separately for each operating point. The value of operating_
point_coun{ shallbe greater than 0.

byte rate gpecCifies the input byte rate (in bytes per second) to the coded picture buffer (CPB) olf the
HRD. The covered bitstream subset 1s constrained by the value of BitRate equal to byte_rate * 8 for NAL
HRD parameters as specified in ISO/IEC 14496-10. For VCL HRD parameters, the value of BitRate is
equal to byte_rate * 40 / 6. The value of byte_rate shall be greater than 0.

cpb_size specifies the required size of the coded picture buffer in bytes. The covered bitstream subset
is constrained by the value of CpbSize equal to cpb_size * 8 for NAL HRD parameters as specified in
ISO/IEC 14496-10. For VCL HRD parameters, the value of CpbSize is equal to cpb_size * 40 / 6.

At least one pair of values of byte_rate and cpb_size of the same operating point shall conform to the
maximum bit rate and CPB size allowed by profile and level of the covered bitstream subset.

dpb_size specifies the required size of the decoded picture buffer (DPB), in unit of bytes. The covered
bitstream subset is constrained by the value of max_dec_frame_buffering equal to Min( 16, Floor(
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