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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standards", which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web

server (http://ipr.etsi.org).

Pursuant to the ETSI IPR Palicy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Specification (TS) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation EL ECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

Theoriginal ETSI TR 101 154 [i.1] was based on the DVB document AQ0L and it covered only the 25 Hz SDTV
Baseline IRD. Thefirst revision of ETSI TR 101 154 [i.1] extended the scope to encompass both the 25 Hz SDTV
Baseline IRD and the 25 Hz SDTV IRD with adigital interface intended for connection to a bitstream storage device
such asadigital VCR. The second revision covered both the Baseline IRD and the IRD with digital interface for 25 Hz
SDTV, 25 HzHDTV, 30 Hz SDTV and 30 Hz HDTV. Subsequent revisions added optional support for H.264/AVC for
video content and optional support of HE AAC and HE AACv2 for audio content, the video Active Format Description
(annex B), AC-3 audio and Enhanced AC-3 audio, Ancillary Datafor MPEG audio (annex C), the Coding of Data
Fieldsin the Private Data Bytes of the Adaptation Field (annex D), optional support for DTS audio and receiver-mixed
audio), optional support of VC-1 for video content, optional support of Closed Captions, Bar Data and RDS, optional
support for MPEG Surround, supplementary audio, optional support for Clean Audio (annex E) optional support for
H.264/AVC High Profile at Level 4.2 for video content, and optional support for SV C for video content, optional
support for Extended-gamut Y CC colour space for video applications (xvY CC) and optional support for Frame
Compatible Plano-Stereoscopic 3DTV (annex H), optional support for DTS-HD, optional support for MV C Stereo Full
Resolution HD 3DTV, optional support for multi region disparity (clause B.11) and gives guidelines for the
transmission of MV C Stereo video over broadcast networks (annex 1). This revision adds optional support for HEVC
for video content, covering both HEVC HDTV IRDs and Bitstreams and HEVC UHDTV IRDs and Bitstreams.

Therevisionsto the TS have been developed in alargely backwards compatible manner, i.e. no changes to the
mandatory functionality of a previousy defined IRD have been made between one edition of the TS and the next.

The present document is complementary to ETSI TS 102 154 [i.2], which provides | mplementation Guidelines for the
use of Video and Audio Coding in Contribution and Primary Distribution Applications based on the MPEG-2 Transport
Stream.

The present document is complementary to ETSI TS 102 005 [i.3], which provides the specification for the use of
Video and Audio Coding in DVB services delivered directly over I P protocols.

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activities in the technical, legal,
programme-making and programme-exchange domains. The EBU has active membersin about
60 countries in the European broadcasting areg; its headquartersisin Geneva.

European Broadcasting Union

CH-1218 GRAND SACONNEX (Geneva)
Switzerland

Tel: +41227172111

Fax: +4122717 2481
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The Digital Video Broadcasting Project (DVB) is an industry-led consortium of broadcasters, manufacturers, network
operators, software developers, regulatory bodies, content owners and others committed to designing global standards
for the delivery of digital television and data services. DVB fosters market driven solutions that meet the needs and
economic circumstances of broadcast industry stakeholders and consumers. DVB standards cover al aspects of digital
television from transmission through interfacing, conditional access and interactivity for digital video, audio and data.
The consortium came together in 1993 to provide global standardization, interoperability and future proof
specifications.

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

The present document presents guidelines covering coding and decoding using the MPEG-2 system layer, video coding
and audio coding.

The guidelines presented in the present document for the Integrated Receiver-Decoder (IRD) are intended to represent a
minimum functionality that all IRDs of a particular class are required to either meet or exceed. It is necessary to specify
the minimum IRD functionality for basic parameters, if broadcasters are not to be prevented from ever using certain
features. For example, if asignificant population of IRDs were produced that supported only the Simple Profile,
broadcasters would never be able to transmit Main Profile bitstreams.

IRDs are classified in five dimensions as.

. "25Hz" ("50 HZ") or "30 HZ" ("60 HZz"), depending on whether the nominal video frame rates based on 25 Hz
or 30 000/1 001 Hz (approximately 29,97 Hz) are supported. It is expected that 25 Hz IRDs and 50 Hz IRDs
will be used in those countries where the existing analogue TV transmissions use 25 Hz frame rate and 30 Hz
IRDs and 60 Hz IRDs will be used in countries where the analogue TV transmissions use 30 000/1 001 Hz
framerate. There are also likely to be "dual-standard" |RDs which have the capabilities of both 25 Hz (50 Hz)
and 30 Hz (60 Hz) IRDs.

. "SDTV", "HDTV" or "UHDTV", depending on whether or not they are limited to decoding pictures of
conventional TV resolution. The capabilities of an SDTV IRD are a sub-set of those of an HDTV IRD. An
HDTV IRD capabilities are a sub set of those of an UHDTV IRD.

o "withdigital interface” or "Baseline", depending on whether or not they are intended for use with adigital
bitstream storage device such as adigital VCR. The capabilities of a Baseline IRD are a sub-set of those of an
IRD with digital interface.

. MPEG-2 video, H.264/AVC, MVC, SVC, HEVC or VC-1 video coding formats.
e  Audio coding formats according to clause 6.
To give acomplete definition of an IRD, al five dimensions need to be specified, e.g.:

. 25 Hz SDTV Baseline IRD MPEG-2 video, MPEG-1 Layer Il audio, for an IRD able to decode
720 x 576 interlaced 25 Hz video pictures.

. 30 Hz HDTV Baseline IRD H264/AV C video, HE AAC Level 4 audio, for an IRD able to decode up to
1920 x 1 080 interlaced 30 Hz video pictures or 1 280 x 720 progressive 60 Hz video pictures.

. UHDTV IRD HEVC video, HE AAC Level 4 audio, for an IRD able to decode up to 3 840 x 2 160 60 Hz
video pictures.

All the formats supported by an IRD conforming to the present document are listed in annex A.
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It should be noted that in DV B systems the source picture format, encoded picture format and display picture format do
not need to be identical. For example, HDTV source material may be broadcast as an SDTV bitstream after
down-conversion to SDTV resolution and encoding within the constraints of MPEG-2 video Main Profile at Main
Level. The IRD receiving the bitstream may then up-convert the decoded picture for display at HDTV resolution.

Another notable feature of the DVB system isthat a single Transport Stream may contain programme material intended
for more than one type of IRD. A typical example of thisislikely to be the simulcasting of SDTV and HDTV video
material. In thiscase an SDTV IRD will decode and display SDTV pictures whilst an HDTV IRD will decode and
display HDTV pictures from the same Transport Stream.

Where a feature described in the present document is mandatory, the word "shall" isused and the text isin italic; all
other features are optional. The functionality is specified in the form of constraints on MPEG-2 systems, video and
audio formats which the IRDs are required to decode correctly.

The specification of these baseline featuresin no way prohibits IRD manufacturers from including additional features,
and should not be interpreted as stipulating any form of upper limit to the performance. The guidelines do not cover
features, such as the IRDs up-sampling filter, which affect the quality of the displayed picture rather than whether the
IRD is able to decode pictures at all. Such issues are left to the marketplace.

The guidelines presented for IRDs observe the following principles:
e  wherever practical, IRDs should be designed to alow for future compatible extensions to the bitstream syntax;

e al"reserved' and "private" bitsin MPEG-2 systems, video and audio formats should be ignored by |RDs not
designed to make use of them.

The rules of operation for the encoders are features and constraints which the encoding system should adhere to in order
to ensure that the transmissions can be correctly decoded. These constraints may be mandatory or optional.

Clauses 4 to 6 and the annexes, provide the guidelines for the Digital Video Broadcasting (DVB) systems layer, video
and audio respectively. For information, some of the key features are summarized below, but clauses 4 to 6 and the
annexes should be consulted for all definitions:
Systems:

. MPEG-2 Transport Stream (TS) is used.

. Service Information (Sl) is based on MPEG-2 program-specific information.

. Scrambling isas defined in ETSI TS 100 289 [i.15].

. Conditional access uses the MPEG-2 Conditional Access CA_descriptor.

o Partial Transport Streams are used for digital VCR applications.

o MPEG-2 Main Profile at Main Level isused for MPEG-2 encoded SDTV.

. MPEG-2 Main Profile at High Level is used for MPEG-2 encoded HDTV.

. H.264/AVC Main Profile at Level 3isused for H.264/AVC SDTV.

o H.264/AV C High Profile at Level 4 isused for 25 Hz and 30 Hz H.264/AVC HDTV.

. H.264/AV C High Profile at Level 4.2 is used for 50 Hz and 60 Hz H.264/AVC HDTV.

. H.264/AV C Scalable High Profile at Level 4 is used for 25 Hz and 30 Hz SVC HDTV.

. H.264/AV C Stereo High Profile at Level 4 is used for 25 Hz and 30 Hz MV C Stereo HDTV.
. H.264/AV C Scalable High Profile at Level 4.2 is used for 50 Hz and 60 Hz SVC HDTV.

e HEVCMainor Main 10 Profile at Level 4.1 isused for HEVC HDTV.

° HEVC Main 10 Profile at Level 5.1 isused for HEVC UHDTYV.
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VC-1 Advanced Profileat Level 1isused for VC-1 SDTV.
VC-1 Advanced Profile at Level 3 isused for VC-1 HDTV.

The 25 Hz MPEG-2 SDTV IRD, 25 Hz H.264/AVC SDTV IRD and 25 Hz VC-1 SDTV IRD support 25 Hz
framerate.

The 25 Hz MPEG-2 HDTV IRD, 25 Hz H.264/AVC HDTV IRD, 50 HzHEVC HDTV IRD and 25 Hz VC-1
HDTYV IRD support frame rates of 25 Hz or 50 Hz.

The 30 Hz MPEG-2 SDTV IRD, 30 Hz H.264/AVC SDTV IRD and 30 Hz VC-1 SDTV IRD support frame
rates of 24 000/1 001, 24, 30 000/1 001 and 30 Hz.

The 30 Hz MPEG-2 HDTV IRD, 30 Hz H.264/AVC HDTV IRD, 60 Hz HEVC HDTV IRD and 30 Hz VC-1
HDTV IRD supports frame rates of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 and 60 Hz.

The HEVC UHDTV IRD supports frame rates of 24 000/1 001, 24, 25, 30 000/1 001, 30, 50, 60 000/1 001 and
60 Hz.

SDTV pictures may have either 4:3, 16:9 or 2.21:1 aspect ratio; IRDs support 4:3 and 16:9 and optionally
2.21:1 aspect ratio.

MPEG-2 HDTYV pictures have 16:9 or 2.21:1 aspect ratio; IRDs support 16:9 and optionally 2.21:1 aspect
ratio.

H.264/AVC HDTYV pictures have 16:9 aspect ratio; IRDs support 16:9 aspect ratio.

HEVC HDTV and UHDTYV pictures have 16:9 aspect ratio; IRDs support 16:9 aspect ratio.
SVCHDTV pictures have 16:9 aspect ratio; IRDs support 16:9 aspect ratio.

MVC Stereo HDTV pictures have 16:9 aspect ratio; IRDs support 16:9 aspect ratio.
VC-1HDTYV pictures have 16:9 aspect ratio; |RDs support 16:9 aspect ratio.

MPEG-2 IRDs support the use of pan vectorsto alow a4:3 monitor to give afull-screen display of a 16:9
coded picture of SDTV resolution.

IRDs may also optionally support the use of the Active Format Description (refer to annex B of the present
document) as part of the logic to control the processing and positioning of the reconstructed image for display.

IRDs may also optionally support frame compatible plano-stereoscopic 3DTV services (see annex H).

Audio content complies with MPEG-1 Layer |, MPEG-1 Layer |, MPEG-2 Layer |l backward compatible,
AC-3, Enhanced AC-3, DTS, DTS-HD, MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2 audio.
MPEG-1 Layer II, MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 audio streams may optionally
include MPEG Surround data.

Sampling rates of 32 kHz, 44,1 kHz and 48 kHz are supported by IRDs.
The encoded bitstream does not use emphasis.

IRDs may also optionally support full multi-channel decoding of MPEG-2 Layer 11 backwards compatible
multi-channel audio.

The use of Layer Il encoding is recommended for MPEG-1 audio bitstreams.

IRDs may also optionally support the decoding of MPEG audio streams which include ancillary data
(see annex C).

IRDs may also optionally support supplementary-mixed services (see annex E).
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1 Scope

The present document provides implementation guidelines for the use of audio-visual coding in satellite, cable and
terrestrial broadcasting distribution systems that utilize MPEG-2 Systems. Standard Definition Television (SDTV),
High Definition Television (HDTV), Ultra High Definition Television (UHDTV) using HEV C coding, Frame
Compatible Plano-Stereoscopic 3DTV and Full Resolution HD 3DTV using MV C Stereo are covered. More
specifically, the present document covers the first phase of the DVB UHDTYV specification.

MPEG-2, H.264/AVC, SVC, MV C Stereo, HEVC and VC-1 video coding systems are covered. MPEG-1 Layer I,
MPEG-1 Layer |I, MPEG-2 Layer |l backward compatible, Dolby AC-3, Enhanced AC-3, DTS, DTS-HD, MPEG-4 HE
AAC and MPEG-4 HE AAC v2 audio coding systems are covered. Furthermore, the combination of MPEG-1 Layer ||
with MPEG Surround and the combination of MPEG-4 AAC or MPEG-4 HE AAC or MPEG-4 HE AAC v2 with
MPEG Surround are covered. Guidelines for devices equipped with a digital interface intended for digital VCR
applications are al so given in the present document.

It does not cover applications such as contribution services which are likely to be the subject of subsequent
"Guidelines' documents.

The rules of operation for the encoders are features and constraints which the encoding system should adhere to in order
to ensure that the transmissions can be correctly decoded. These constraints may be mandatory, recommended or
optional.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
http://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1:2013: "Information technology - Generic
Coding of moving pictures and associated audio information: Systems', ITU-T Recommendation
H.222.0 (2012)/Amendment 3 / 1SO/IEC 13818-1:2013/Amd3:2014: "Transport of HEVC video
over MPEG-2 Systems’'.

NOTE: Pleaserefer whenever possible to the latest version and subsequent amendments.

2] Recommendation ITU-T H.262 / ISO/IEC 13818-2: "Information technology - Generic coding of
moving pictures and associated audio information: Video".

[3] I SO/IEC 13818-3: "Information technology -- Generic coding of moving pictures and associated
audio information -- Part 3: Audio”.

[4] ISO/IEC 13818-9: "Information technology -- Generic coding of moving pictures and associated
audio information -- Part 9: Extension for real time interface for systems decoders”.

[5] Void.

[6] ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (SI)
in DVB systems".

[7] ETSI TS101 211 (V1.12.1): "Digital Video Broadcasting (DV B); Guidelines on implementation

and usage of Service Information (SI)".
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(8]

(9]

[10]
[11]

[12]
[13]

[14]
[15]

[16]

[17]

[18]

[19]

[20]
[21]
[22]

[23]
[24]
[25]

[26]
[27]
[28]
[29]

[30]

[31]

[32]
[33]
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ISO/IEC 11172-1: "Information technology -- Coding of moving pictures and associated audio for
digital storage media at up to about 1,5 Mbit/s-- Part 1. Systems”.

I SO/IEC 11172-3: "Information technology -- Coding of moving pictures and associated audio for
digital storage media at up to about 1,5 Mbit/s -- Part 3: Audio”.

Recommendation ITU-T J.17: "Pre-emphasis used on sound-programme circuits".

EBU Recommendation R.68: "Alignment level in digital audio production equipment and in
digital audio recorders’.

ETSI TS 102 366: "Digital Audio Compression (AC-3, Enhanced AC-3) Standard".

Recommendation ITU-R BT.709: "Parameter values for the HDTV standards for production and
international programme exchange'.

ETSI EN 300 294: "Television systems; 625-line television Wide Screen Signalling (WSS)".

ETSI TS102 114 (V1.4.1): "DTS Coherent Acoustics, Core and Extensions with Additional
Profiles".

Recommendation ITU-T H.264 / ISO/IEC 14496-10:2014: "Information technology - Coding of
audio-visual objects - Part 10: Advanced Video Coding”.

I SO/IEC 14496-3:2009: "Information technology -- Coding of audio-visual objects --
Part 3: Audio".

ETSI EN 300 401: "Radio Broadcasting Systems; Digital Audio Broadcasting (DAB) to mobile,
portable and fixed receivers'.

Recommendation ITU-T T.35: "Procedure for the allocation of ITU-T defined codes for
non-standard facilities'.

SMPTE ST 421-2013: "V C-1 Compressed Video Bitstream Format and Decoding Process'.
SMPTE RP 227-2010: "V C-1 Bitstream Transport Encodings’.

RDS-Forum SPB 490: "RDS Universal Encoder Communication Protocol”, Final Version 6.02,
September 2006.

SMPTE ST 2016-1:2009: "Format for Active Format Description and Bar Data".
CEA-CEB16: "Active Format Description (AFD) & Bar Data Recommended Practice”.

Recommendation ITU-R BT.1700: "Characteristics of composite video signals for conventional
analogue television systems'.

CEA-708-E: "Digital Television (DTV) Closed Captioning" Consumer Electronics Association.
SO 639: "Codes for the representation of names of languages”.
Void.

ISO/IEC 23003-1:2007: "Information technology -- MPEG audio technologies -- Part 1: MPEG
Surround”.

ISO/IEC 23003-1:2007/Cor 1:2008: "Information technology -- MPEG audio technologies --
Part 1: MPEG Surround, Technical corrigendum 1".

IEC 61966-2-4: "Multimedia systems and equipment - Colour measurement and management -
Part 2-4: Colour management - Extended-gamut Y CC colour space for video applications -
xvYCC".

Void.

ETSI TS 101 547-2: "Digital Video Broadcasting (DV B); Plano-stereoscopic 3DTV; Part 2: Frame
Compatible Plano-stereoscopic 3ADTV".
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[34] Void.

[35] Recommendation ITU-T H.265 | ISO/IEC 23008-2:2013: "Information technology - High
efficiency coding and media delivery in heterogeneous environments - Part 2: High efficiency
video coding".

[36] Recommendation ITU-R BT.2020: "Parameter values for ultra-high definition television systems

for production and international programme exchange”.

[37] SMPTE ST 2036-1:2013: "Ultra High Definition Television - Image Parameter VVaues For
Program Production”.

[38] Recommendation ITU-R BT.601-7 (2011): "Studio encoding parameters of digital television for
standard 4:3 and wide screen 16:9 aspect ratios'.

[39] I SO/IEC 23003-2:2010: "Information technology -- MPEG audio technologies -- Part 2: Spatial
Audio Object Coding (SAOC)".

[40] I SO/IEC 23003-2:2010/Amd 3:2014: "Information technology -- MPEG audio technologies --
Part 2: Spatial Audio Object Coding (SAOC) -- Amendment 3: Dialogue enhancement”.

[41] | SO/IEC 14496-26:2010: "Information technology -- Coding of audio-visual objects -
Part 26: Audio conformance”.

2.2 Informative references

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
reference document (including any amendments) applies.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] ETSI TR 101 154 (V1.4.1): "Digital Video Broadcasting (DVB); Implementation guidelines for
the use of MPEG-2 Systems, Video and Audio in satellite, cable and terrestrial broadcasting
applications'.

[i.2] ETSI TS 102 154: "Digital Video Broadcasting (DVB); I mplementation guidelines for the use of

Video and Audio Coding in Contribution and Primary Distribution Applications based on the
MPEG-2 Transport Stream".

[1.3] ETSI TS 102 005: "Digital Video Broadcasting (DV B); Specification for the use of Video and
Audio Coding in DVB services delivered directly over I P protocols’.

[i.4] Recommendation I TU-R BT.470: "Conventional Television Systems'.

NOTE: The present document only references Systems B, G, and I.

[i.5] Recommendation ITU-R BT.1358 (2007): " Studio parameters of 625 and 525 line progressive
scan television systems'.

[i.6] Void.

[1.7] Void.

[i.8] SMPTE ST 125:2013: "SDTV Component Video Signal Coding 4:4:4 and 4:2:2 for 13.5 MHz and
18 MHz Systems”.

[i.9] SMPTE ST 170:2004: "Television - Composite Analog Video Signal - NTSC for Studio
Applications”.

[i.10] SMPTE ST 267:1995: "Television - Bit-Parallel Digital Interface - Component Video Signal 4:2:2
16x9 Aspect Ratio".
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[i.11] SMPTE ST 274:2008: "Television - 1920 x 1080 Image Sample Structure, Digital Representation
and Digital Timing Reference Sequences for Multiple Picture Rates”.

[i.12] SMPTE ST 293:2003: "Television - 720 x 483 Active Line at 59.94-Hz Progressive Scan
Production - Digital Representation”.

[1.13] SMPTE ST 296:2012: "Television - 1280 x 720 Progressive I mage Sample Structure - Analog and
Digital Representation and Analog Interface (R2006)".

[1.14] HDMI LLC, High-Definition Multimedia Interface Specification Version 1.4a. March 4, 2010.

NOTE: Available at: http://www.hdmi.org/manufacturer/specificati on.aspx.

[i.15] ETSI TS100 289 (V1.2.1): "Digital Video Broadcasting (DVB); Support for use of the DVB
Scrambling Algorithm version 3 within digital broadcasting systems'.

[i.16] Blu-ray Disc Association: "White Paper Blu-ray Disc™ Read-Only Format 2.B Audio Visua
Application Format Specifications for BD-ROM Version 2.5", July 2011.

NOTE: Available at: http://blu-raydisc.com/assets/ Downloadabl efile/BD-ROM-AV -WhitePaper 110712.pdf.

[1.17] Recommendation ITU-R BS.1770-3: "Algorithms to measure audio programme loudness and true-
peak audio level".

[i.18] EBU Recommendation R 128:2014: "L oudness normalization and permitted maximum level of
audio signals'.

[i.19] EBU Tech 3344:2014: "Guidelines for Distribution and Reproduction of Programmesin
accordance with EBU R 128",

[i.20] ANSI/SCTE 172:2011: "Constraints on AV C video coding for Digital Program Insertion".

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

25 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AV C High Profile at Level 4 (or simpler)
video at 25 Hz or 50 Hz frame rates as specified in the present document

25Hz H.264/AVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on a nominal video
frame rate of 25 Hz or 50 Hz from H.264/AV C High Profile at Level 4 bitstreams as specified in the present document,
in addition to providing the functionality of a25 Hz H.264/AVC SDTV IRD

25Hz H.264/AVC SDTV Bitstream: bitstream which contains only H.264/AVC Main Profile at Level 3 video
at 25 Hz frame rate as specified in the present document

25Hz H.264/AVC SDTV IRD: IRD which is capable of decoding and displaying pictures based on a nominal video
frame rate of 25 Hz from H.264/AV C Main Profile at Level 3 bitstreams as specified in the present document

25 Hz MPEG-2 HDTYV Bitstream: bitstream which contains only MPEG-2 Main Profile, High Level (or simpler)
video at 25 Hz or 50 Hz frame rates as specified in the present document

25Hz MPEG-2HDTV IRD: IRD that is capable of decoding and displaying pictures based on a nominal video frame
rate of 25 Hz or 50 Hz from MPEG-2 Main Profile, High Level bitstreams as specified in the present document, in
addition to providing the functionality of a25 Hz SDTV IRD

25 Hz MPEG-2 SDTV Bitstream: bitstream which contains only MPEG-2 Main Profile, Main Level video at 25 Hz
frame rate as specified in the present document

25HzMPEG-2 SDTV IRD: IRD which is capable of decoding and displaying pictures based on a nominal video
frame rate of 25 Hz from MPEG-2 Main Profile, Main Level hitstreams as specified in the present document
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25HzMVC Stereo HDTV Bitstream: MV C bitstream that contains a 25 Hz MV C Stereo Base view bitstream and a
25 Hz MV C Stereo Dependent view bitstream as specified in the present document

NOTE: A 25Hz MVC Stereo Bitstream contains only H.264/AV C Stereo High Profile at Level 4 video at 25 or
50 Hz frame rates as specified in the present document.

25HzMVC Stereo HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video
frame rates of 25 or 50 Hz from H.264/AV C Stereo High Profile Level 4 bitstreams as specified in the present
document, in addition to providing the functionality of a25 Hz H.264/AVC HDTV IRD

25Hz SVC HDTYV Bitstream: SV C hitstream that contains a 25 Hz SVC HDTV Bitstream Subset as specified in the
present document

25Hz SVC HDTV Bitstream Subset: bitstream subset, of an SV C Bitstream, that contains coded dice NAL units with
DQId greater than 0 and contains only H.264/AV C Scalable High Profile at Level 4 (or simpler) video at 25 Hz or
50 Hz frame rates as specified in the present document

25Hz SVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame rate of
25 Hz or 50 Hz from H.264/AV C Scalable High Profile Level 4 bitstreams as specified in the present document, in
addition to providing the functionality of a 25 Hz H.264/AVC HDTV IRD

25HzVC-1HDTYV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 3 (or simpler) video at
25 Hz or 50 Hz frame rates as specified in the present document

25HzVC-1HDTV IRD: IRD that is capable of decoding and displaying pictures based on anominal video frame rate
of 25 Hz or 50 Hz from VC-1 Advanced Profile at Level 3 bitstreams as specified in the present document, in addition
to providing the functionality of a25 Hz VC-1 SDTV IRD

25Hz VC-1SDTV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 1 video at 25 Hz frame
rate as specified in the present document

25HzVC-1SDTV IRD: IRD which is capable of decoding and displaying pictures based on anominal video frame
rate of 25 Hz from V C-1 Advanced Profile at Level 1 bitstreams as specified in the present document

30 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AV C High Profile at Level 4 (or simpler)
video at 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present document

30Hz H.264/AVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame
rates of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from H.264/AV C High Profile at Level 4 bitstreams
as specified in the present document, in addition to providing the functionality of a 30 Hz H.264/AVC SDTV IRD

30Hz H.264/AVC SDTV Bitstream: bitstream which contains only H.264/AVC Main Profile at Level 3 video
at 24 000/1 001, 24, 30 000/1 001 or 30 Hz frame rate as specified in the present document

30 Hz H.264/AVC SDTV IRD: IRD which is capable of decoding and displaying pictures based on a nominal video
frame rate of 24 000/1 001 (approximately 23,98), 24, 30 000/1 001 (approximately 29,97) or 30 Hz from H.264/AVC
Main Profile at Level 3 bitstreams as specified in the present document

30Hz MPEG- 2 HDTV Bitstream: bitstream which contains only MPEG-2 Main Profile, High Level (or simpler)
video at 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present document

30HzMPEG-2HDTYV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame
rates of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from MPEG-2 Main Profile, High Level bitstreams
as specified in the present document, in addition to providing the functionality of a30 Hz SDTV IRD

30Hz MPEG-2 SDTV Bitstream: bitstream which contains only MPEG-2 Main Profile, Main Level video at
24 000/1 001, 24, 30 000/1 001 or 30 Hz frame rate as specified in the present document

30HzMPEG-2 SDTV IRD: IRD which is capable of decoding and displaying pictures based on anominal video
frame rate of 24 000/1 001 (approximately 23,98), 24, 30 000/1 001 (approximately 29,97) or 30 Hz from MPEG-2
Main Profile at Main Level bitstreams as specified in the present document
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30HzMVC Stereo HDTV Bitstream: MV C bitstream that contains a 30 Hz MV C Stereo Base view bitstream and a
30 Hz MV C Stereo Dependent view bitstream as specified in the present document

NOTE: A 30HzMVC Stereo HDTV Bitstream contains only H.264/AV C Stereo High Profile at Level 4 video at
24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present
document.

30HzMVC Stereo HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video
frame rates of 24 000/1001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from H.264/AV C Stereo High Profile Level 4
bitstreams as specified in the present document, in addition to providing the functionality of a 30 Hz H.264/AVC
HDTV IRD

30Hz SVC HDTYV Bitstream: SV C hitstream that contains a 30 Hz SVC HDTV Bitstream Subset as specified in the
present document

30Hz SVC HDTYV Bitstream Subset: bitstream subset, of an SV C Bitstream, that contains coded slice NAL units with
DQId greater than 0 and contains only H.264/AV C Scalable High Profile at Level 4 (or ssmpler) video at 24 000/1 001,
24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present document

30Hz SYC HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame rates
of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from H.264/AV C Scalable High Profile Level 4
bitstreams as specified in the present document, in addition to providing the functionality of a30 Hz H.264/AVC
HDTV IRD

30Hz VC-1HDTV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 3 (or simpler) video at
24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present document

30HzVC-1HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame rates
of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from VC-1 Advanced Profile at Level 3 bitstreams as
specified in the present document, in addition to providing the functionality of a30 Hz SDTV IRD

30Hz VC-1SDTV Bitstream: bitstream which contains only VC-1 Advanced Profile at Level 1 video at
24 000/1 001, 24, 30 000/1 001 or 30 Hz frame rate as specified in the present document

30HzVC-1SDTV IRD: IRD which is capable of decoding and displaying pictures based on a nominal video frame
rate of 24 000/1 001 (approximately 23,98), 24, 30 000/1 001 (approximately 29,97) or 30 Hz from VC-1 Advanced
Profile at Level 1 bitstreams as specified in the present document

3DTV: DVB frame compatible plano-stereoscopic three-dimensional television

50 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AV C High Profile at Level 4.2 (or
simpler) video at 25 Hz or 50 Hz frame rates as specified in the present document

50 Hz H.264/AVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on a nominal video
frame rate of 25 Hz or 50 Hz from H.264/AV C High Profile at Level 4.2 bitstreams as specified in the present
document, in addition to providing the functionality of a25 Hz H.264/AVC HDTV IRD

50 HzHEVC HDTYV 8-bit IRD: IRD that is capable of decoding and displaying pictures based on a nominal video
frame rate of 25 Hz or 50 Hz from HEV C Main Profile HEVC HDTV Bitstreams as specified in the present document

50Hz HEVC HDTYV 10-bit IRD: IRD that is capable of decoding and displaying pictures based on a nominal video
frame rate of 25 Hz or 50 Hz from HEV C HDTV Bitstreams as specified in the present document

50 HzHEVC HDTYV IRD: collective term referring to either a50 Hz HEVC HDTV 10-bit IRD or a 50Hz HEVC
HDTV 8-bit IRD

50 Hz SVC HDTV Bitstream: SVC hitstream that containsa50 Hz SVC HDTV Bitstream Subset as specified in the
present document

50 Hz SVC HDTYV Bitstream Subset: bitstream subset, of an SV C Bitstream, that contains coded slice NAL units with
DQId greater than 0 and contains only H.264/AV C Scalable High Profile at Level 4.2 (or smpler) video at 25 Hz or
50 Hz frame rates as specified in the present document

50Hz SVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on a nominal video frame rate
of 25 Hz or 50 Hz from H.264/AV C High Profile at Level 4.2 bitstreams as specified in the present document, in
addition to providing the functionality of a 50 Hz H.264/AVC HDTV IRD and a25 Hz SYC HDTV IRD
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60 Hz H.264/AVC HDTYV Bitstream: bitstream which contains only H.264/AV C High Profile at Level 4.2 (or
simpler) video at 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present
document

60 Hz H.264/AVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame
rates of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from H.264/AV C High Profile at Level 4.2
bitstreams as specified in the present document, in addition to providing the functionality of a30 Hz H.264/AVC
HDTV IRD

60 HzHEVC HDTYV 8-bit IRD: IRD that is capable of decoding and displaying pictures based on a nominal video
frame rate of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from HEV C Main Profile HEVC HDTV
Bitstreams as specified in the present document

60 HzHEVC HDTYV 10-bit IRD: IRD that is capable of decoding and displaying pictures based on anominal video
frame rate of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from HEVC HDTV Bitstreams as specified in
the present document

60 HzHEVC HDTYV IRD: collective term referring to either a60 Hz HEVC HDTV 10-bit IRD or a60Hz HEVC
HDTV 8-bit IRD

60 Hz SVC HDTYV Bitstream: SVC hitstream that contains a 60 Hz SVC HDTV Bitstream Subset as specified in the
present document

60 Hz SVC HDTV Bitstream Subset: bitstream subset, of an SV C Bitstream, that contains coded dice NAL units with
DQId greater than 0 and contains only H.264/AV C Scalable High Profile at Level 4.2 (or simpler) video at
24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz frame rates as specified in the present document

60 Hz SVC HDTV IRD: IRD that is capable of decoding and displaying pictures based on nominal video frame rates
of 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz from H.264/AV C Scalable High Profile Level 4.2
bitstreams as specified in the present document, in addition to providing the functionality of a60 Hz H.264/AVC
HDTV IRD and a30 Hz SYC HDTV IRD

AV C video sub-bitstream of MV C: video sub-bitstream that contains only the base view, i.e. containing all VCL NAL
units associated with the minimum value of view order index present in each AV C video sequence of the AV C video
stream. The AV C video sub-bitstream conforms to the specification of aH.264/AVC HDTV Bitstream

AV C video sub-bitstream of SVC: video sub-bitstream that contains the base layer as defined in annex G of
Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16] and that additionally contains NAL units with nal_unit_type
equal to 14 (prefix NAL units)

NOTE: The AVC video sub-bitstream contains all VCL NAL units associated with dependency_id equal to O.

Baseline IRD: IRD which provides the minimum functionality to decode transmitted bitstreams as recommended in the
present document

NOTE: Itisnot required to have the ability to decode Partial Transport Streams as may be received from adigital
interface connected to digital bitstream storage device such asadigital VCR.

Frame Compatible: arrangement of the Left and Right imagesin a spatial multiplex which resultsin an image which
can be treated like anormal HDTV image by the receiver demodulator and compression decoder

H.264/AV C Bitstream: collective term referring to the H.264/AVC SDTV Bitstream and the H.264/AVC HDTV
Bitstream

H.264/AVC GOP: collection of H.264/AV C Access Units (AUs) starting at, and including the AU comprising the
H.264/AVC RAP, and including all the AUs up to, but not including the next AU that is an H.264/AVC RAP

H.264/AVC HDTYV Bitstream: collective term referring to the 25 Hz H.264/AVC HDTV Bitstream, the 30 Hz
H.264/AVC HDTYV Bitstream, the 50 Hz H.264/AVC HDTV Bitstream and the 60 Hz H.264/AVC HDTV Bitstream

H.264/AVC HDTYV IRD: collective term referring to the 25 Hz H.264/AVC HDTV IRD, the 30 Hz H.264/AVC
HDTV IRD, the 50 Hz H.264/AVC HDTV IRD and the 60 Hz H.264/AVC HDTV IRD

H.264/AVC IRD: collective term referring to the H.264/AVC SDTV IRD and the H.264/AVC HDTV IRD
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H.264/AVC SDTYV Bitstream: collective term referring to the 25 Hz H.264/AVC SDTV Bitstream and the 30 Hz
H.264/AVC SDTV Bitstream

H.264/AVC SDTV IRD: collective term referring to the 25 Hz H.264/AVC SDTV IRD and the 30 Hz H.264/AVC
SDTV IRD

H.264/AVC RAP: access unit with AU delimiter in an H.264/AV C Bitstream at which an IRD can begin decoding
video successfully

NOTE: Thisaccess unit includes exactly one Sequence Parameter Set (that is active) with VUI and the Picture
Parameter Set that isrequired for decoding the associated picture. The SPS also precedes any SEI NAL
unitsin this access unit. This access unit contains an IDR picture or an | picture.

HEVC Bitstream: collective term referring to either aHEVC HDTV Bitstream or aHEVC UHDTYV Bitstream

HEVC DVB_RAP: access unit with AU delimiter in an HEV C Bitstream from which an IRD can decode and
successfully reconstruct al pictures that follow in output order the HEVC DVB_RAP access unit, including the HEVC
DVB_RAP

HEVC HDTYV 8-bit IRD: collective term referring to either a50 Hz HEVC HDTV 8-bit IRD or a60 Hz HEVC HDTV
8-bit IRD

HEVC HDTV 10-bit IRD: collective term referring to either a50 Hz HEVC HDTV 10-bit IRD or a60 Hz HEVC
HDTV 10-bit IRD

HEVC HDTV Bitstream: HEVC video stream or HEV C temporal video sub-bitstream which contains either HEVC
Main 10 Profile or HEV C Main Profile encoded video up to Level 4.1 (inclusive) as specified in the present document

HEVC HDTV IRD: collective term referring either to a50 Hz HEVC HDTV 10-bit IRD, a50 HzHEVC HDTV 8-bit
IRD, a60 Hz HEVC HDTV 10-bit IRD, or a60 Hz HEVC HDTV 8-bit IRD

HEVC IRD: collective term referring to either aHEVC HDTV IRD or aHEVC UHDTV IRD
HEVC Layer set: asdefined in Recommendation ITU-T H.265 | ISO/IEC 23008-2:2013 [35], clause 3.70
HEVC Temporal sub-layer: as defined in Recommendation ITU-T H.265 | ISO/IEC 23008-2:2013 [35], clause 3.152

HEVC temporal video sub-bitstream: as defined in Recommendation ITU-T H.222.0 | ISO/IEC 13818-1 [1],
clause 2.1.106

HEVC UHDTYV Bitstream: HEV C video stream or HEV C temporal video sub-bitstream which contains HEV C Main
10 Profile encoded video up to Level 5.1 (inclusive) as specified in the present document

HEVC UHDTYV IRD: IRD that is capable of decoding and displaying pictures from HEVC UHDTV Bitstreams as
specified in the present document, in addition providing the abilities of the HEVC HDTV IRD

HEVC video sub-bitstream: as defined in Recommendation ITU-T H.222.0 | ISO/IEC 13818-1[1], clause 2.1.105
HEVC video stream: as defined in Recommendation ITU-T H.222.0 | ISO/IEC 13818-1[1], clause 2.1.95
| picture: picture (frame or field) containing only intra macroblocks

IRD with Digital Interface: IRD which has the ability to decode Partial Transport Streams received from a digital
interface connected to digital bitstream storage device such as adigital VCR as specified in the present document, in
addition to providing the functionality of a Baseline IRD

M PEG-2 Bitstream: collective term referring to the 25 Hz MPEG-2 SDTV Bitstream, 30 Hz MPEG-2 SDTV
Bitstream, 25 Hz MPEG-2 HDTV Bitstream, 30 Hz MPEG-2 HDTV Bitstream

MPEG-2 IRD: collective term referring to the 25 Hz MPEG-2 SDTV IRD, 30 Hz MPEG-2 SDTV IRD, 25 Hz
MPEG-2 HDTV IRD, 30 Hz MPEG-2 HDTV IRD

MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 RAP: access unit in an MPEG-4 audio Bitstream at
which an IRD can begin decoding and play-out audio with full fidelity

NOTE: Thisincludesthat al relevant metadata parameters are present in the AU.
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MV C Stereo anchor picture: picture composed of exactly one base view component and exactly one dependent view
component

NOTE: Thisisthe MV C Stereo equivalent to an H.264/AVC RAP.

MV C Stereo access unit: set of NAL units that are consecutive in decoding order and contain exactly one primary
coded picture consisting of one base view component and one dependent view component

NOTE: In addition to the primary coded picture, an MV C Stereo access unit may also contain one or more
redundant coded pictures, one auxiliary coded picture. or other NAL units not containing slices or dlice
data partitions of a coded picture. The decoding of an MV C Stereo access unit always resultsin one
decoded picture consisting of one or two decoded view components. Clause 5.13 gives further details
about the composition of the base view and dependent view components

MV C Stereo Base view component: coded representation of the Base view in a single access unit

MVC Stereo Base view (or Dependent view) bitstream: collection of all VCL NAL units and associated non-V CL
NAL units associated with the value of view_id corresponding to the Base view (or the Dependent view), of avideo
bitstream conforming to the H.264/AV C Stereo High Profile Level 4, as defined in Recommendation ITU-T H.264 /
|SO/IEC 14496-10 [16]

NOTE: TheMVC Stereo Base view bitstream isthe MV C Stereo equivalent to the AV C video sub-bitstream of
MV C as per Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] (with the additional restrictions
specified in clause) and under the H.264/AV C Stereo High Profile Level 4 constraints. The MV C Stereo
Dependent view bitstream is equivalent to the MV C video sub-bitstream in Recommendation ITU-T H.222.0
/ 1SO/IEC 13818-1 [1] under the H.264/AV C Stereo High Profile Level 4 constraints.

MV C Stereo Bitstream: bitstream that conformsto the H.264/AV C Stereo High Profile Level 4 specified in annex H
of Recommendation ITU-T H.264 / I1SO/IEC 14496-10 [16], and with the restrictions specified in the present document

MVC Stereo Corresponding (or associated) view component: Opposite (Base/Dependent) view component with
same value of Presentation Timestamp (PTS)

MV C Stereo coded video sequence: collection of MV C Stereo access units (AUS) starting at, and including the AU
comprising the MV C Stereo RAP, and including all the AUs up to, but not including the next AU that isan MVC
Stereo RAP

MV C Stereo Dependent view component: coded representation of Dependent view in a single access unit

MVC Stereo Dependent unit: set of NAL unitsthat are consecutive in decoding order and contain exactly one
non-Base view component

NOTE: A dependent unit starts from a view and dependency representation delimiter NAL unit, VDRD_nal_unit
(nal_unit_type = 24).

MVC Stereo HDTV Bitstream: collective term referring to the 25 Hz MV C Stereo HDTV Bitstream, and the 30 Hz
MV C Stereo HDTV Bitstream

MVC Stereo HDTV IRD: collective term referring to the 25 Hz MV C Stereo HDTV IRD, and the 30 Hz MV C Stereo
HDTV IRD

MVC Stereo HDTV sub-bitstream: collective term referring to either the MV C Stereo Base view bitstream or the
MV C Stereo Dependent view bitstreams of 25 Hz MV C Stereo HDTV or 30 Hz MV C Stereo HDTV Bitstreams

Pan Vector: horizontal offset in video frame centre position specified by non zero valuein the
frame_centre_horizontal _offset field in the MPEG video stream

Partial Transport Stream: bitstream derived from an MPEG-2 Transport Stream by removing those Transport Stream
Packets that are not relevant to one particular selected programme, or a number of selected programmes

Plano-ster eoscopic: three-dimensional picture that uses two single pictures, Left and Right, displayed on a single plane
surface (the TV screen in the case of 3DTV)
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SV C access unit: access unit as specified in annex G of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]

NOTE: An SVC access unit results from re-assembling SV C dependency representations as specified in
Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1].

SVC base layer bitstream: bitstream subset of an SV C Bitstream that conforms to one or more H.264/AV C profiles
specified in annex A of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]

NOTE: The SVC base layer bitstream of an SV C bitstream is specified in clause G.8.8.2 of Recommendation
ITU-T H.264 / 1SO/IEC 14496-10 [16].

SVC baselayer RAP: set of al NAL unitsthat are present in the AV C video sub-bitstream of an SV C Access unit

NOTE: The SVC Baselayer RAP obeys the constraints of the corresponding H.264/AVC RAP. Additionally the
subset SPS of al enhancement layers follow the SPS of the SV C base layer RAP and are ordered with
increasing value of DQId.

SVC Bitstream: bitstream that conforms to one or more of the profiles specified in annex G of Recommendation
ITU-T H.264 / ISO/IEC 14496-10 [16]

SV C dependency representation: collection of all VCL NAL units with the same value of dependency_id of an SVC
access unit and the associated non-V CL NAL units

NOTE: Re-assembling SV C dependency representations in a consecutive order of dependency_id starting from
the lowest value of dependency_id present in the access unit up to any value of dependency_id present in
the access unit, while reordering the non-VCL NAL units conforming to the order of NAL units within an
access unit as specified in annex G of Recommendation ITU-T H.264 / 1SO/IEC 14496-10 [16], resultsin
an SV C access unit.

SVC enhancement layer RAP: set of al NAL unitsthat are present in the SV C video sub-bitstream of an SV C Access
unit

NOTE: The subset SPS of all enhancement layers with dependency_id greater than the dependency _id of the
SV C Enhancement layer RAP follow the subset SPS of this SV C Enhancement layer RAP and are
ordered with increasing value of DQId.

SVC HDTYV Bitstream Subset: collective term referring to the 25 Hz SVC HDTV Bitstream Subset, the 30 Hz SV C
HDTYV Bitstream Subset, the 50 Hz SVC HDTV Bitstream Subset, and the 60 Hz SVC HDTV Bitstream Subset

SVC HDTYV Bitstream: collective term referring to the 25 Hz SVC HDTV Bitstream, the 30 Hz SVC HDTV
Bitstream, the 50 Hz SVC HDTV Bitstream, and the 60 Hz SVC HDTV Bitstream

SVC HDTV IRD: collective term referring to the 25 Hz SYC HDTV IRD, the 30 Hz SYC HDTV IRD, the 50 Hz SVC
HDTV IRD, and the 60 Hz SVC HDTV IRD

SVC | picture: picture (frame or field) containing one or more SV C dependency representations that only consist of
dliceswith slice_typeequal to2 or 7

NOTE: AnSVCI pictureisassociated with one or more values of dependency _id. An SVC | picture for a
particular value of dependency_id specifies that the SV C dependency representation with the particular
value of dependency_id only consists of slices with slice_type equal to 2 or 7.

SVC IRD: dternative termreferringto SVC HDTV IRD

SVC IDR picture: picture (frame or field) containing one or more SV C dependency representations that have idr_flag
equal to 1

NOTE: AnSVCIDR pictureis associated with one or more values of dependency_id. An SVC IDR picture for a
particular value of dependency_id specifies that the SV C dependency representation with the particular
value of dependency _id hasidr_flag equal to 1. Each SV C IDR picture for a particular value of
dependency_id isan SVC | picture for the particular value of dependency _id.
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SVC layer picture: picture obtained from decoding a subset or the complete set of the SV C dependency
representations present in an SV C access unit

NOTE: AnSVC layer picture is associated with a particular value of dependency_id. An SVC layer picture for a
particular value of dependency_id is the picture obtained by decoding all SV C dependency
representations of an SV C access unit with dependency_id less than or equal to the particular value of
dependency _id.

SVC layer representation: collection of all VCL NAL units with the same value of quality_id of an SV C dependency
representation

SVC random access dependency representation (SVC RADP): SV C dependency representation of an SVC RAP for
which dependency_id is equal to one of the values that are associated with the SVC RAP

SVC RAP: collective term for an SVC Base layer RAP or an SV C Enhancement layer RAP

NOTE: AnSVC RAP for aparticular value of dependency_id specifiesthat an IRD can begin decoding the SVC
layer pictures for the particular value of dependency id. An SVC RAP includes all SVC Sequence
Parameter Setsincluding VUI and all Picture Parameter Sets that are referenced in the VCL NAL units of
the access unit. The access unit does not contain any Sequence Parameter Set (nal_unit_type equal to 7)
that is not referenced in the VCL NAL units of the access unit. Any SV C Sequence Parameter Set
precedes any SEI NAL unitsin this access unit. An SV C RAP contains an SV C | picture (which may be
an SVC IDR picture). An SVC RAP hastemporal_id equal to 0.

SV C video sub-bitstream: video sub-bitstream that contains VCL NAL units with nal_unit_type equal to 20 with the
same NAL unit header syntax element dependency _id not equal to 0

VC-1 access point: access unit in aVC-1 Bitstream at which an IRD can begin decoding video successfully

NOTE: Thisaccess unit contains a sequence header and can have no decoding dependence on any data preceding
this point.

V C-1 Bitstream: collective term referring to the VC-1 SDTV Bitstream and the VC-1 HDTV Bitstream

VC-1HDTYV Bitstream: collective term referring to the 25 Hz VC-1 HDTV Bitstream and the 30 Hz VC-1 HDTV
Bitstream

VC-1HDTV IRD: collective term referring to the 25 Hz VC-1 HDTV IRD and the 30 Hz VC-1 HDTV IRD
VC-11RD: collective term referring to the VC-1 SDTV IRD and the VC-1 HDTV IRD

VC-1 SDTV Bitstream: collective term referring to the 25 Hz VC-1 SDTV Bitstream and the 30 Hz VC-1 SDTV
Bitstream

VC-1SDTV IRD: collective term referring to the 25 Hz VC-1 SDTV IRD and the 30 Hz VC-1 SDTV IRD

Video sub-bitstream: collection of all VCL NAL units associated with the same value of dependency_id of avideo
bitstream conforming to annex G of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16] and all associated
non-VCL NAL unitsin decoding order as defined in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]

NOTE: Re-assembling video sub-bitstreamsin a consecutive order of dependency_id, starting from the
dependency_id equal to 0 up to any value of dependency_id, resultsin a video bitstream conforming to
annex G of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:
AAC Advanced Audio Coding
NOTE: According to ISO/IEC 14496-3 [17].

AAC-LC Advanced Audio Coding - Low Complexity
AC-3 Dolby AC-3 audio coding system

NOTE: According to ETSI TS 102 366 [12].
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AD Audio Description

AFD Active Format Description

AOT Audio Object Type

ASCII American Standard Code for Information Interchange
AU Access Unit

AVC Advanced Video Coding

BGO Background Object

BLA Broken Link Access

CA Conditional Access

CEA Consumer Electronics Association
CPB Coded Picture Buffer

CRA Clean Random Access

CRC Cyclic Redundancy Check

DAB Digital Audio Broadcasting

DAR Display Aspect Radio

DE Dialogue Enhancement

DEP Decodability Entry Point

DPB Decoded Picture Buffer

DRC Dynamic Range Control

NOTE: Asdefined in ISO/IEC 14496-3 [17].

DTH Direct-To-Home
DTS DTS audio coding system
DTSHD Advanced DTS audio coding system

NOTE: Accordingto ETSI TS 102 114 [15].

DvB Digital Video Broadcasting

DvD Digital Versatile Disc

EBU European Broadcasting Union

ES Elementary Stream

ESCR Elementary Stream Clock Reference
FGO Foreground Object

FM Frequency Modulation

GOP Group Of Pictures

H.264/AVC Advanced Video Coding for Generic Audiovisua Services
NOTE: According to H.264/AVC [16].

HD High Definition

HDMI High-Definition Multimedia Interface
HDTV High Definition Television

HE AAC High-Efficiency Advanced Audio Coding

NOTE: According to ISO/IEC 14496-3 [17].

HEVC High Efficiency Video Coding
HRD Hypothetical Reference Decoder
IDR I nstantaneous Decoding Refresh

NOTE: Asdefined in H.264/AVC [16].

IEC International Electrotechnical Commission

I-frame Intra-coded frame

IMDCT Inverse Modified Discrete Cosine Transform

IP Internet Protocol

IRAP Intra Random A ccess Point

IRD Integrated Receiver-Decoder

SO International Organization for Standardization

ITU-R International Telecommunications Union - Radiocommunications standardization sector
ITU-T International Telecommunications Union - Telecommunications standardization sector
LATM Low overhead Audio Transport Multiplex

LOAS Low Overhead Audio Stream
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Isb less significant bit
MBAFF Macroblock-Adaptive Frame-Field coding
MMCO Memory Management Control Operation
MPEG Moving Pictures Experts Group
MRC M odification Range Control
msb most significant bit
MVC Multi-View Coding
NAL Network Abstraction Layer
NIT Network Information Table
PAT Program Association Table
PCM Pulse Code Modulation
PCR Program Clock Reference
PES Packetized Elementary Stream
PID Packet | Dentifier
PMT Program Map Table
POC Picture Order Count
PPS Picture Parameter Set
NOTE: Asdefined in H.264/AVC [16].
PS Parametric Stereo
PSI Program Specific Information
PTS Presentation TimeStamp
PVR Personal Video Recorder
RAP Random Access Point
RDS Radio Data System
SA Supplementary Audio
SAOC Spatial Audio Object Coding
SBR Spectral Band Replication
SCTE Society of Cable Telecommunications Engineers
SDTV Standard Definition Television
SEI Supplemental Enhancement Information
Sl Service Information
SMPTE Saciety of Motion Pictures and Television Engineers
SPS Sequence Parameter Set
NOTE: Asdefined in H.264/AVC [16].
STD System Target Decoder
SvC Scalable Video Coding
NOTE: Asspecifiedin annex G of H.264/AVC [16].
TS Transport Stream
TSDT Transport Stream Description Table
T-STD Transport stream-System Target Decoder
UECP Universal Encoder Communication Protocol
UHDTV Ultra High Definition Television
VC-1 advanced Video Coding

NOTE: According to SMPTE ST 421 [20].

VCL Video Coding Layer

VCR Video Cassette Recorder
VPS Video Parameter Set

VUI Video Usability Information
WSS Wide Screen Signalling
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4 Systems layer

This clause describes the guidelines for encoding the systems layer of MPEG-2 in DVB broadcast bitstreams, and for
decoding this layer in the IRD. The source bitstream may be transmitted via a satellite, cable or terrestrial channel, or
viaadigital interface. Clause 4.1 applies to the encoding of all source bitstreams and their decoding by a Baseline IRD.
Clause 4.2 gives specific information relating to bitstreams transmitted via a digital interface intended for VCR
applications and decoding by IRDs equipped with such an interface.

4.1 Broadcast hitstreams and Baseline IRDs

The multiplexing of baseband signals and associated data conforms to Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1]. Some of the parameters and fields are not used in the DVB System and these restrictions are
described below.

To allow full compliance to Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1] and upward compatibility with
future enhanced versions, a DVB IRD shall be able to skip over data structures which are currently "reserved™, or
which correspond to functions not implemented by the IRD. As an example of this capability, a descriptor tag not yet
defined within the DVB System shall be interpreted as a no-action tag, its length field correctly decoded and subsequent
data skipped.

For the same reason, IRD design should be made under the assumption that any legal structure as permitted by
Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1 [1] may occur in the broadcast stream even if presently reserved
or unused. Therefore the following is assumed:

. private data shall only be acted upon by decoders which are so enabled;

. filling out the bitstream shall be carried out using the normal stuffing mechanism. Reserved fields shall not be
used for this purpose. Data of reserved fields shall be set to OxFF.

The headings in this clause are based on Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1 [1]. The numbersin
brackets after the headings are the relevant chapter and clause headings of Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1].

4.1.1 Introduction (Recommendation ITU-T H.222.0 / ISO/IEC 13818-1
Introduction)
MPEG-2 systems specify two types of multiplexed data stream: the transport stream and the program stream.
Encoding: The transmitted multiplex shall use the transport stream.

Decoding: All Baseline IRDs shall be able to demultiplex the MPEG-2 transport stream. Demultiplexing of
program streams (as described in clauses Intro.2 and Intro.3 of Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1]) is optional .

4.1.2 Packetized Elementary Stream (PES) (Recommendation ITU-T
H.222.0 / ISO/IEC 13818-1, clause Intro.4)

Encoding: The creation of a physical Packetized Elementary Stream (PES) by an encoder is not required.
ESCR fields and ES rate fields need not be coded.

Decoding: ESCR fields and ES rate fields need not be decoded.

4.1.3 Transport stream system target decoder (Recommendation ITU-T
H.222.0/ ISO/IEC 13818-1, clause 2.4.2)

Encoding: The system clock frequency shall conform to the tolerance specified in clause 2.4.2.1 of
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]. It isrecommended that the tolerance is
within 5 parts per million.

Decoding: The IRD shall operate over the full tolerance range of the system clock frequency specified in
clause 2.4.2.1 of Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].
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4.1.4 Transport packet layer (Recommendation ITU-T H.222.0/
ISO/IEC 13818-1, clause 2.4.3.2)
4.1.4.1  Null packets
Encoding: The encoding of null packets (those with PID value OxX1FFF) shall be as specified in
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].
4.1.4.2  Transport packet header
41421 Transport_error_indicator
Encoding: It is recommended that any error detecting devicesin atransmission path should set the
transport_error_indicator bit when uncorrectable errors are detected.
Decoding: Whenever the transport_error_indicator flag is set in the transmitted stream it is recommended
that the IRD should then invoke a suitable concealment or error recovery mechanism.
41422 Transport_priority
Decoding: Thetransport_priority bit has no meaning to the IRD, and may be ignored.
4.1.4.2.3 Transport_scrambling_control
Encoding: The transport_scrambling_control bits shall be set according to table 1, in accordance with ETSI
TS 100 289 [i.15].
Table 1: Coding of transport_scrambling_control bits
Value Description
00 no scrambling of TS packet payload
01 reserved for future DVB use
10 TS packet scrambled with Even key
11 TS packet scrambled with Odd key
Decoding: These bits shall be read by the IRD, and the IRD shall respond in accordance with table 1.
41424 Packet IDentifier (PID) values for Service Information (SI) Tables
Encoding: The assignment of PID values for Sl dataisgivenin ETSI EN 300 468 [6].
4.1.5  Adaptation field (Recommendation ITU-T H.222.0/
ISO/IEC 13818-1, clause 2.4.3.4)
4.1.5.1 Random_access_indicator

For MPEG-2 Video Bitstreams, the following applies:

Encoding:

It is recommended that the random_access _indicator bit is set whenever a random access point
occursin video streams (i.e. video sequence header immediately followed by an I-frame).

For H.264/AV C Bitstreams, the following applies:

Encoding: The random_access _indicator bit shall be set whenever an H.264/AVC RAP occurs in video
streams (see H.264/AV C RAP definition in clauses 3.1 and 5.5.5).
Decoding: Therandom_access indicator bit may be ignored by the IRD. It can be beneficially utilized

together with the elementary_stream_priority indicator to identify RAP.
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For SV C Bitstreams, the following applies:

Encoding: The random_access _indicator bit shall be set whenever an SVC random access dependency
representation (as part of an SVC RAP) occurs in video sub-bitstreams (see SV C random access
dependency representation definition in clause 3.1 and SV C RAP definition in clauses 3.1
and 5.8.1.6).

Decoding: Therandom_access_indicator bit may be ignored by the IRD. It can be beneficialy utilized
together with the elementary_stream_priority indicator to identify SV C random access
dependency representations and SVC RAPs.

For VC-1 Bitstreams, the following applies:

Encoding: The random_access_indicator bit shall be set whenever a VC-1 Access Point occurs in video
streams (see random_access indicator and VC-1 Access Point definitionsin SMPTE
RP 227 [21]).

Decoding: Therandom_access indicator bit may be ignored by the IRD. It can be beneficially utilized
together with the elementary_stream_priority indicator to identify aVVC-1 Access Point.

For MV C Bitstreams, the following applies:

Encoding: The random_access_indicator bit shall be set whenever an MVC Stereo random access view
component (as part of an MVC Stereo RAP) occurs in the MVC Bitstream (see MVC Stereo RAP
definition in clause 3.1). Both Base and Dependent view components of an MVC Stereo RAP shall
set this bit to "1".

Decoding: The random_access _indicator bit may be ignored by the IRD. It can be beneficially utilized
together with the elementary_stream_priority indicator to identify MVC Stereo random access
view components in Base and Dependent views.

For HEV C Bitstreams, the following applies:

Encoding: The random_access _indicator bit shall be set whenever an HEVC DVB_RAP occurs in video
streams (see HEVC DVB_RAP definition in clauses 3.1 and 5.14.1.8).

NOTE: Therandom_access indicator bit should only be set in the transport packet containing PES packet
containing the first byte of the HEVC DVB_RAP.

Decoding: Therandom_access _indicator bit may be ignored by the HEVC IRD.
For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4HE AAC v2 audio Bitstreams, the following applies:

Encoding: The random_access_indicator bit shall be set whenever an MPEG-4 AAC, HE AAC or HE AAC
v2 RAP occursin audio streams (see MPEG-4 AAC, HE AAC or HE AAC v2 RAP definitionin
clause 6.5).

Decoding: Therandom_access_indicator bit may be ignored by the IRD. It can be beneficially utilized

together with the elementary_stream_priority indicator to identify RAP.
4.1.5.2 Elementary_stream_priority_indicator
For MPEG-2 Video Bitstreams, the following applies:
Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD.

For H.264/AV C Bitstreams, the following applies:

Encoding: The elementary_stream_priority indicator bit shall be set only when an access unit containing an
I or IDR picture (all slices of the picture have a slice_type equal to 0x02 or 0x07) is present in
H264/AVC video streams.

The elementary_stream_priority _indicator shall be set in the adaptation header of the transport packet that contains
the first slice start code of this | or IDR picture (per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]). This
adaptation header may be in the transport packet immediately after the packet containing the

random_access indicator.
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Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD. It can be beneficially
utilized to support trick modes.

For SV C Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bit shall be set only when an SVC dependency
representation that consists only of slices with slice_type equal to 0x02 or 0x07 is present in an
video sub-bitstream.

The elementary_stream_priority_indicator shall be set in the adaptation header of the transport packet that contains
the first slice start code of this SVC dependency representation (per Recommendation ITU-T H.222.0 /

ISO/IEC 13818-1 [1]). This adaptation header may be in the transport packet immediately after the packet containing
the random_access indicator.

Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD. It can be beneficially
utilized to support trick modes.

For VC-1 Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bit shall be set only when an access unit containing an
I picture is present in VC-1 video streams (see elementary_stream_priority_indicator definition
in SMPTE RP 227 [21]).

Decoding: Theelementary_stream_priority_indicator bit may be ignored by the IRD. It can be beneficially
utilized to support trick modes.

For MV C Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bit shall be set only when an I or an IDR picture
(slice_type 0x02 or 0x07) is present in the MVC Base view or in the MVC Dependent view of an
MVC Stereo access unit. If an | or an IDR picture is present in both base and dependent views of
the same access unit, then this bit shall be set to "1" for both view components.

The elementary_stream_priority_indicator shall be set in the adaptation header of the transport packet that contains
the first slice start code of this | or IDR picture (per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]). This
adaptation header may be in the transport packet immediately after the packet containing the

random_access _indicator.

Decoding: The elementary_stream_priority_indicator bit may be ignored by the IRD. It can be beneficially
utilized to support trick modes.

For HEV C Bitstreams, the following applies:

Encoding: The elementary_stream_priority_indicator bit shall be set only when an access unit containing an
HEVC DVB_RAP picture is present in HEVC video streams.

The elementary_stream_priority_indicator shall be set in the adaptation header of the transport
packet that contains the first slice start code of this picture (per Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1]).

NOTE: Insome cases, the start of the access unit (access unit_delimiter) and the start of the first slice may be
separated by multiple transport packets. And hence the adaptation header may not be in the transport
packet immediately after the packet containing the random_access indicator.

Decoding: The elementary_stream_priority_indicator bit may be ignored by the HEVC IRD. It can be
beneficially utilized to support trick modes.

4.1.5.3 Program Clock Reference (PCR)

Encoding: The time interval between two consecutive PCR values of the same program shall not exceed
100 ms as specified in clause 2.7.2 of Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].

For MVC Stereo Bitstreams, the PCR shall not be placed in the MVC Stereo Dependent bitstream, because legacy
receivers might be unable to decode the (2D HDTV) MVC Stereo Base view bitstream.
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The IRD shall operate correctly with PCRs for a program arriving at intervals not exceeding
100 ms.

Other fields

This clause covers the following fields:

. original_program_clock_reference_base;

. origina_program_clock_reference_extension;

. splice_countdown;

. private data byte;

e  adaptation field_extension (including fields within).

Encoding:

NOTE:

Decoding:

4.1.6

41.6.1

Encoding:

Thesefields are optional in a DV B bitstream. The flags that indicate the presence or absence of
each of these fields shall be set appropriately.

The usage of private_data_byte should comply with annex D of the present document.

IRDs shall be able to accept bitstreams which contain these fields. IRDs may ignore the data
within the fields.

Packetized Elementary Stream (PES) Packet (Recommendation
ITU-T H.222.0 / ISO/IEC 13818-1, clause 2.4.3.6)

stream_id and stream_type

Elementary streams shall be identified by stream_id and stream_type in accordance with
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1], tables 2-22 and 2-34.

For VC-1 Bitstreams, the following applies:

Encoding:

Decoding:

Elementary streams shall be identified by stream_id (with the extension mechanism) and
stream_type in accordance with SMPTE RP 227 [21].

For VC-1 Bitstreams, the value of stream_type shall be set to OxEA.

IRDs shall be able to accept bitstreams which contain these encoded values.

For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 audio streams, the following applies:

Encoding:

Decoding:

The value of the stream_id field for LATM/LOAS formatted MPEG-4 AAC, MPEG-4 HE AAC and
MPEG-4 HE AAC v2 packetized elementary streams shall be 110x xxxx, where each x can be
either 0, or 1. The value of stream_type for MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE
AAC v2 packetized elementary streams shall be 0x11 (indicating ISO/IEC 14496-3 [17] Audio
with the LATM transport syntax).

This field shall be read by the IRD, and the IRD shall interpret this field in accordance with
MPEG systems syntax.

For AC-3, Enhanced AC-3, DTS or DTS-HD audio streams, the following applies:

Encoding:

AC-3, Enhanced AC-3, DTS and DTS-HD packetized elementary streams shall conform to the
requirements of a user private stream type 1, as described in Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1]. The value of the stream_id field for an AC-3, Enhanced AC-3, DTS or
DTS-HD elementary stream shall be 0xBD (indicating private_stream_1). The recommended
value of stream_type for an AC-3, Enhanced AC-3, DTS or DTS-HD elementary stream shall be
0x06 (indicating PES packets containing private data). Multiple AC-3, Enhanced AC-3, DTS or
DTS-HD streams may share the same value of stream_id since each streamis carried with a
unique PID value. The mapping of values of PID to stream_typeisindicated in the transport
stream Program Map Table (PMT).
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Decoding: These fields shall be read by the IRD, and the IRD shall interpret these fields in accordance with
MPEG systems syntax.
For MV C bhitstreams, the following applies:

Encoding: Elementary streams shall be identified by stream_id and stream_type in accordance with
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1], tables 2-22 and 2-34. In case of an AVC
video sub-bitstream of MVC, as defined in clauses 2.1.88 and 2.1.85 of Recommendation ITU-T
H.222.0 / ISO/IEC 13818-1 [1] and in clause 3.1 of the present document, the stream_type for this
elementary stream shall be equal to 0x1B.The MVC video sub-bitstream containing the Dependent
View shall have the stream_type value equal to 0x20.

The value of stream_id for both Base and Dependent view bitstreams shall be equal to 1110 0000
(binary) as per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].

Decoding: IRDs shall be able to accept bitstreams which contain these encoded values.
4.1.6.2 PES_scrambling_control

Encoding: The PES_scrambling_control bits shall be set according to table 2, in accordance with ETSI
TS 100 289 [i.15].

Table 2: Coding of PES_scrambling_control bits

Value Description
00 no scrambling of PES packet payload
01 reserved for future DVB use

10 PES packet scrambled with Even key
11 PES packet scrambled with Odd key

Decoding: The PES_scrambling_control bits shall be read by the IRD, and the IRD shall respond in
accordance with table 2.

4.1.6.3 PES_priority
Decoding: The PES priority bit may beignored by the IRD.
4.1.6.4  Copyright and original_or_copy
Encoding: The copyright and original_or_copy bits may be set as appropriate.

Decoding: The IRD need not interpret these bits. The setting of these bits shall not be altered in any digital
output from the IRD.

4.1.6.5  Trick mode fields
This clause covers the following fields:
. trick_mode_control;
e fidd id;
. intra_dlice refresh;
. frequency_truncation;

e field_rep cntrl.

Encoding: These trick mode fields shall not be transmitted in a broadcast bitstream. Bitstreams for other
applications (e.g. for non-broadcast interactive services, storage applications, etc.) may use these
fields.

Decoding: The IRD may skip over any data which is flagged as being in atrick mode, if it does not support

decoding of trick modes. If the IRD has a digital interface intended for digital VCR applications, it
is recommended that it supports decoding of trick modes as indicated in clause 4.2.2.
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4.1.6.6 additional_copy_info
Encoding: Thisfield may be used as appropriate.

Decoding: The IRD need not interpret thisfield. The coding of the field shall not be altered in any digital
output from the IRD.

4.1.6.7  Optional fields
This clause covers the following fields:
° ESCR;
. ESCR_extension;
. ES rate;
. previous PES packet CRC;
. PES private data;
. pack_header();
e  program packet_sequence counter;
e  MPEG1 MPEG2 identifier;
e  origina_stuff_length;
e  P-STD_buffer_scale;
o P-STD_buffer_size.

Encoding: Thesefields are optional in a DV B bitstream. The flags that indicate the presence or absence of
each of these fields shall be set appropriately.

Decoding: The IRD shall be able to accept bitstreams which contain these fields. The IRD may ignore the
data within the fields.

4.1.6.8 PES_extension_field
For MPEG-2 Video Bitstreams and H.264/AV C Bitstreams the PES _extension_field datafield is currently "reserved".
Encoding: This extension field shall not be coded unless specified in the future by MPEG.

Decoding: The IRD shall be able to accept bitstreams which contain this field. The IRD may ignore the data
within thefield.

For SVC Bitstreams the PES_extension_field datafield is used to provide the TREF field as defined in clauses 2.4.3.7
and 2.14.3.4 of Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] which identifies, if present, the corresponding
SV C dependency representation of the same access unit in a corresponding video sub-bitstream.

Encoding: This extension field shall be coded as specified in Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1].

Decoding: The IRD shall be able to accept bitstreams which contain this field. The IRD shall use this field
according to Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].

For VC-1 Bitstreams the PES_extension_field datafield is used to provide the stream_id_extension field which
identifies this stream as a VC-1 bitstream.

Encoding: This extension field shall be coded as defined in SMPTE RP 227 [21].

Decoding: The IRD shall be able to accept bitstreams which contain this field.
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Multiple video pictures per PES packet

For MPEG-2 video Bitstreams, while there is no restriction against multiple video picturesin asingle PES packet, there
may be some MPEG-2 decoders that do not support this.

Encoding:

Decoding:

The encoder should not put multiple video pictures in asingle PES packet.

The IRD may be able to accept and decode bitstreams which contain multiple video picturesin a
single PES.

For H.264/AV C Bitstreams, multiple video pictures are allowed in asingle PES packet.

Encoding:

A PES packet per access unit start shall be sent unless multiple access units can be placed in a
single transport packet. In this last case, the encoder may put multiple complete access unitsin a
single PES packet. In applications where the IRD is capable of decoding and displaying bitstreams
that contain fractions of Access Units, the PES packet may contain fractions of Access Units and
encoders are recommended to utilize this option for instance when bitrate savings can be achieved.

An access unit with H.264/AVC RAP shall be the first access unit in the PES packet (see

clause 4.1.5.1) and shall always be preceded by a PES header. Changes to picture size or frame
rate cannot occur between access units in the same PES packet. The maximum increment in PTS
values between two successive PES packets shall be less than 700 ms with the exception case
where video is coded using still pictures where the spacing shall be less than 5 seconds. A single
PES packet shall not contain multiple H.264/AVC Still pictures or multiple H.264/AVC RAPs.

NOTE 1: Usage of multiple pictures per PES packet as per the above represents a very constrained set of conditions

Decoding:

under which this may occur. Use of this feature potentially introduces complexity in timing extraction.
Therefore, it is recommended that this feature is only used where the consequential bitrate savings are
essential and the potential system effects are considered.

The IRD shall support decoding and displaying bitstreams, which contain multiple complete
access units in a single PES packet. It is strongly recommended that the IRD also supports
decoding and displaying bitstreams that contain fractions of access unitsin PES packet.

For SV C Bitstreams, multiple video pictures are not allowed in a single PES packet.

Encoding:

Decoding:

A single PES packet per SVC dependency representation shall be sent.

The IRD shall support decoding and displaying bitstreams, which contain a single complete SVC
dependency representation in a single PES packet.

For VC-1 Bitstreams, multiple video pictures are allowed in asingle PES packet.

Encoding:

A PES packet per access unit start shall be sent unless if multiple access units can be placed in a
single transport packet. In thislast case, the encoder may put multiple complete access unitsin a
single PES packet. In applications where the IRD is capable of decoding and displaying bitstreams
that contain fractions of access unit, the PES packet may contain fractions of access units and
encoders are recommended to utilize this option for instance when bitrate savings can be achieved.

An access unit with a VC-1 Access Point shall be the first access unit in the PES packet (see
clause 4.1.5.1) and shall always be preceded by a PES header.

NOTE 2: Usage of multiple pictures per PES packet as per the above represents a very constrained set of conditions

Decoding:

under which this may occur. Use of this feature potentially introduces complexity in timing extraction.
Therefore, it is recommended that this feature is only used where the consequential bitrate savings are
essential and the potential system effects are considered.

The IRD shall support decoding and displaying bitstreams, which contain multiple complete
access units in a single PES packet. It is strongly recommended that the IRD also supports
decoding and displaying bitstreams that contain fractions of access unitsin PES packet.
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For MV C Bitstreams, multiple video pictures are not allowed in asingle PES packet.

Encoding:

Decoding:

A single PES packet per MVC view component shall be sent. Additionally, the following applies:

The first byte of a PES packet payload for the Base (Dependent) View video elementary stream
shall be the first byte of the Base (Dependent) View component.

If the coded picture has frame structure, one PES packet containing the view component shall
contain only one frame.

If the coded picture has field structure, one PES packet containing the view component shall
contain a field picture.

The IRD shall support decoding and displaying of MVC Stereo bitstreams, consisting of an MVC
Stereo Base view bitstream and an MVC Stereo Dependent view bitstream, which are both sent in
separate elementary streams.

For HEVC Bitstreams, multiple video pictures are not allowed in asingle PES packet.

Encoding:

Decoding:

Each PES packet shall contain exactly one complete AU. The first payload byte after the PES
header shall be the start of the AU. The "data_alignment_indicator" in the PES header shall be set
to a value of "1".

The HEVC IRD shall support decoding and displaying bitstreams where each PES packet contains
exactly one complete AU.

4.1.6.10 Presentation Time Stamp and Decoding Time Stamp occurrence

For H.264/AV C Bitstreams:

Encoding:

Decoding:

For SVC Bitstreams:

Encoding:

Decoding:

Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if it differs from the Presentation Time Stamp) of the first access unit in the PES packet. The start
of the first access unit shall occur in the same transport packet as the PES header or the packet of
same PID immediately following the packet with the PES header, if the data preceding the access
unit start code forces the access unit start code into the next transport packet. When a PES packet
contains multiple access units, for any access units following the first access unit in the same PES
packet the H.264/AVC syntax elements num_units_in_tick, time_scale, pic_struct (if present), and
the value of the H.264/AVC variables TopFieldOrderCnt and BottomFieldOrderCnt of the access
unit shall allow the derivation of Presentation Time Stamp and the Decoding Time Stamp for the
access unit.

If Presentation Time Stamp is available and Decoding Time Stamp is not available for the first
access unit in the PES packet, the H.264/AVC IRD shall set the Decoding Time Stamp equal to the
Presentation Time Stamp (per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]). The
Presentation Time Stamp and the Decoding Time Stamp of any access units following the first
access unit in the same PES packet shall be derived using the H.264/AVC syntax elements
num_units_in_tick, time_scale, pic_struct (if present), and the value of the H.264/AVC variables
TopFieldOrderCnt and BottomFieldOrderCnt of the access unit.

Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if it differs from the Presentation Time Stamp) of the SVC dependency representation in the PES
packet. The start of the SVC dependency representation shall occur in the same transport packet
as the PES header or the packet of same PID immediately following the packet with the PES
header, if the data preceding the SVC dependency representation start code forces the SVC
dependency representation code into the next transport packet.

If a Presentation Time Stamp is available and a Decoding Time Stamp is not available for the SVC
dependency representation in the PES packet, the SVC IRD shall set the Decoding Time Stamp
equal to the Presentation Time Stamp (per Recommendation ITU-T H.222.0/

ISO/IEC 13818-1 [1]).
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For MV C Bitstreams:

Encoding: Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if it differs from the Presentation Time Stamp) of the MVC Stereo AU in the PES packet.

The PTS shall be the same for Base and Dependent view components within the same MVC Stereo
AU, as per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].

The DTS, when present, shall be the same for Base and Dependent view components within the
same MVC Stereo AU, as per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1].

Decoding: If a Presentation Time Stamp is available and a Decoding Time Stamp is not available for the
MVC view component(s) in the PES packet, the MVC IRD shall set the Decoding Time Stamp
equal to the Presentation Time Stamp (per Recommendation ITU-T H.222.0/
ISO/IEC 13818-1[1].

For HEVC Bitstreams:

Encoding: Every PES header shall contain the Presentation Time Stamp and the Decoding Time Stamp (only
if it differs from the Presentation Time Stamp).

Decoding: If Presentation Time Stamp is available and Decoding Time Stamp is not available for the access
unit in the PES packet, the HEVC IRD shall set the Decoding Time Stamp equal to the
Presentation Time Stamp (per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]).

Within the accuracy of their respective clocks, the Decoding Time Stamp and Presentation Time Stamp shall indicate
the same instant in time as the nominal CPB removal time and the DPB output time in the HRD respectively when
picture timing SEI information is transmitted (per clause 2.4.3.7 of Recommendation ITU-T H.222.0 /

ISO/IEC 13818-1 [1]). This ensures consistency between the STD model of Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1] and the HRD model of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]. See

clause 5.13.1.7 for more details on HRD conformance.

4.1.7 Program Specific Information (PSI) (Recommendation ITU-T
H.222.0 / ISO/IEC 13818-1, clause 2.4.4)

The data formats for the Transport Stream Description Table (TSDT) and Network Information Table (NIT) in DVB
bitstreams are given in ETS| EN 300 468 [6]. The present document also defines additional tables for service
information which use Program Specific Information (PSl) private _section structure defined in Recommendation ITU-T
H.222.0/ ISO/IEC 13818-1 [1].

It is recommended that the Program Association Table (PAT) and Program Map Table (PMT) are repeated with a
maximum time interval of 100 ms between repetitions. It is recommended that the Transport Stream Description
Table (TSDT) isrepeated with a maximum time interval of 10 seconds between repetitions.

4.1.8 Program and elementary stream descriptors (Recommendation
ITU-T H.222.0 / ISO/IEC 13818-1, clause 2.6)

4.1.8.1 video_stream_descriptor and audio_stream_descriptor

For MPEG-2 Video Bitstreams:

Encoding: The video_stream_descriptor shall be used to indicate video streams containing still picture data,
otherwise these descriptors may be used when appropriate. If profile_and_level_indication is not
present, then the video bitstream shall comply with the constraints of Main Profile at Main Level.
The appropriate profile_and level _indication field shall always be transmitted for Profiles and
Levels other than Main Profile at Main Level.

If the audio_stream_descriptor is not present, then the audio bitstream shall not use sampling frequencies of 16 kHz,
22,05 kHz or 24 kHz, and all audio frames in the stream shall have the same bitrate.

Decoding: The IRD may use these descriptors when present to determine if it is able to decode the streams.

NOTE: Thevideo stream descriptor defined in this clauseis not applicable to H.264/AVC, SVC or VC-1
bitstreams.
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4.1.8.2 hierarchy_descriptor
For audio Bitstreams:

Encoding: The hierarchy_descriptor shall be used if, and only if, audio is coded as more than one
hierarchical layer.

For SVC Bitstreams:

Encoding: The hierarchy_descriptor shall be used according to Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1].

Decoding: The IRD shall use the hierarchy_descriptor according to Recommendation ITU-T H.222.0/
ISO/IEC 13818-1[1].

4.1.8.3  registration_descriptor

For MPEG-2 Video, H.264/AVC and SV C Bitstreams:
Encoding: Theregistration_descriptor may be used when appropriate.
Decoding: The IRD need not make use of this descriptor.

For VC-1 Bitstreams, the following applies:

Encoding: A registration_descriptor shall be used for the signalling of VC-1 bitstreams as defined in
SMPTE RP 227 [21]. One and only one registration_descriptor shall be present.

Decoding: The IRD shall decode and process the VC-1 registration descriptor to access information relevant
to the encoded bitstream.

4.1.8.4 data_stream_alignment_descriptor

For MPEG-2 Video, H.264/AVC, SVC and MV C Stereo Bitstreams:
Encoding: The data_stream_alignment_descriptor may be used when appropriate.
Decoding: The IRD need not make use of this descriptor.

For VC-1 Bitstreams, the following applies:

Encoding: The data_stream_alignment_descriptor shall not be used. See SMPTE RP 227 [21] for a
functional equivalent of the data_stream_alignment_descriptor that is specific to VC-1 bitstreams.

4.1.8.5 target background_grid_descriptor

Encoding: The target_background_grid_descriptor shall be used when the horizontal or vertical resolution
is other than 720 x 576 pixels for a 25 Hz bitstream or is other than 720 x 480 pixels for a 30 Hz
bitstream, otherwise its use is optional.

Decoding: If this descriptor is absent, a default grid of 720 x 576 pixels shall be assumed by a 25 Hz IRD, a
default grid of 720 x 480 pixels shall be assumed by a 30 Hz IRD. The display of correctly
windowed video on background grids other than 720 x 576 pixelsis optional for a25 Hz SDTV
IRD, the display of correctly windowed video on background grids other than 720 x 480 pixelsis
optional for a30 Hz SDTV IRD. The HDTV IRD shall read this descriptor, when present, to
override the default values.

4.1.8.6 video_window_descriptor

Encoding: The video_window_descriptor may be used when appropriate, to indicate the required position of
the video window on the screen.

Decoding: The IRD shall read this descriptor, when present, and position the video window accordingly.
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4.1.8.7 Conditional Access CA_descriptor
Encoding: The CA_descriptor shall be encoded as defined in ETSI TS 100 289 [i.15].
Decoding: The IRD shall interpret this descriptor as defined in ETSI TS 100 289 [i.15].
4.1.8.8 1SO_639 Language_descriptor

Encoding: The ISO_639 Language descriptor shall be present if more than one audio (or video) stream
with different languages is present within a program. It is optional otherwise. The use of the
ISO_639_Language descriptor is recommended for all audio, video and data streams.

Decoding: The IRD shall use the data from this descriptor to assist the selection of appropriate audio (or
video) stream of program, if more than one stream is available.

4.1.8.9 system_clock_descriptor

Encoding: It is recommended that the system_clock_descriptor isincluded in the program_info part of the
Program Map Table for each program.

Decoding: The IRD need not make use of this descriptor.
4.1.8.10 multiplex_buffer_utilization_descriptor
Encoding: The multiplex_buffer_utilization_descriptor may be used when appropriate.
Decoding: The IRD need not make use of this descriptor.
4.1.8.11 copyright_descriptor
Encoding: The copyright_descriptor may be used when appropriate.
Decoding: The IRD need not make use of this descriptor.
4.1.8.12 maximum_bitrate_descriptor
Encoding: The maximum_bitrate _descriptor may be used when appropriate.
Decoding: The IRD need not make use of this descriptor.
4.1.8.13 private_data_indicator_descriptor
Encoding: The private_data_indicator_descriptor may be used when appropriate.

Decoding: The IRD need not make use of this descriptor.

4.1.8.14 smoothing_buffer_descriptor

Encoding: It is recommended that the smoothing_buffer_descriptor isincluded in the program_info part of
the Program Map Table for each program.

Decoding: The IRD need not make use of this descriptor, but the information may be of assistance to digital
VCRs.

4.1.8.15 STD_descriptor

Encoding: The STD_descriptor shall be used as specified in Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1].

Decoding: The IRD need not make use of this descriptor.

4.1.8.16 IBP_descriptor
Encoding: The IBP_descriptor may be used when appropriate.

Decoding: The IRD need not make use of this descriptor.
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4.1.8.17 MPEG-4_audio_descriptor

For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2:
Encoding: The MPEG-4_audio_descriptor may be used when appropriate.
Decoding: The IRD need not make use of this descriptor.

4.1.8.18 AVC_video_descriptor

For H.264/AVC:

Encoding: The AVC_video_descriptor may be used when appropriate. The AVC_video_descriptor shall be
used to signal presence of H.264/AVC still pictures within the coded video sequence (see
clause 5.5.4.3).

Decoding: The IRD need not make use of this descriptor. However, the information may assist in support for
H.264/AV C till pictures (see clause 5.5.4.3).

For SVC:

Encoding: The AVC_video_descriptor may be used when appropriate. The AVC_video_descriptor shall be
used to signal presence of H.264/AVC still pictures within the coded video sequence (see
clause 5.5.4.3).

Decoding: The IRD need not make use of this descriptor. However, the information may assist in support for
H.264/AV C still pictures (see clause 5.5.4.3) and may assist the IRD in selecting the video
sub-bitstreams to tunein.

For MV C:

Encoding: The AVC_video_descriptor may be used when appropriate. The AVC_video_descriptor shall be
used to signal presence of H.264/AVC still pictures within the MVC Stereo Base view coded video
sequence (see clause 5.5.4.3).

The AVC video_descriptor shall not be associated with the MVC Stereo Dependent view
bitstream.

Decoding: The IRD need not make use of this descriptor. However, the information may assist in support for

H.264/AV C till pictures (see clause 5.5.4.3) and may assist the IRD in selecting the video
sub-bitstreams to tunein.

4.1.8.19 SVC_extension_descriptor

For SVC:
Encoding: The SVC_extension_descriptor may be used when appropriate.
If the SVC_extension_descriptor is present in an SVC video sub-bitstream (i.e. a video
sub-bitstream with dependency_id greater than 0), then the syntax element
no_sei_nal_unit_present shall be set equal to 1.
Decoding: The IRD need not make use of this descriptor. However, the information conveyed assists the

re-assembling process of video sub-bitstreams and may also assist the IRD in selecting the video
sub-bitstreams to tunein.

4.1.8.19a HEVC_video_descriptor
For HEVC:

Encoding: The HEVC video_descriptor shall be present in the PMT. Per Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1], clause 2.17.1, it is conveyed in the descriptor loop for the respective
elementary streamin the PMT. temporal_layer_subset_flag shall be set to "1", so that
temporal_id_min and temporal_id_max are present.

temporal_id_min shall be set to "0".
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When temporal sub-layers are not used (all the NAL unitsin the associated elementary stream have
nuh_temporal_id_plusl equal to 1), the values of temporal_id_min and temporal_id_max are present, but
both equal to "0".

The HEVC still_present_flag shall be equal to "0".

It isrecommended that the HEV C IRD make use of this descriptor and evaluates the level _idc,
temporal_id_min and temporal_id_max fields.

The HEVC IRD may ignore the HEVC_still_present_flag.

4.1.8.20 STD audio buffer size

For AC-3 and Enhanced AC-3:

It is recommended that for AC-3 and Enhanced AC-3 audio in a DV B system, the main audio buffer size (BSp) hasa
fixed value of 5 696 bytes. For MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2:

. It is recommended that for MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 audio inaDVB
system, the main audio buffer size (BSp) has avalue of 3 584 bytes for level 2 decoders and 8 976 bytes for

level 4 decoders as defined in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1], clause 2.11.2.2.

. Refer to Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] for the derivation of (BSp) for audio
elementary streams.

4.1.8.21 Use of the DVB-SI component_descriptor and

Semantics:

Encoding:

Decoding:

multilingual_component_descriptor

The semantics of the component_descriptor and multilingual_component_descriptor are
defined in ETSI EN 300 468 [6]. The stream_content and component_type assigned values for
DVB AC-3, Enhanced AC-3, MPEG-4 HE AAC, MPEG-4 HE AAC v2, DTS and DTS-HD audio
streams are listed in ETSI EN 300 468 [6], table 26.

The values for the elements of the component_descriptor and multilingual_component_descriptor
shall be set in accordance with ETSI EN 300 468 [6].

These fields shall be read by the IRD, and the IRD shall interpret these fields to indicate the type
of audio service present.

4.1.8.22 AC-3_descriptor

Semantics:

Encoding:

Decoding:

The AC-3_descriptor syntax provides information about individual AC-3 elementary streams
within aDVB transport stream that are to be identified in the PSI PMT sections. The
AC-3_descriptor islocated in the PMT and the Selection Information Table of the DVB Sl
Tablesdefined in ETSI EN 300 468 [6] and isdefined in ETSI EN 300 468 [6], annex D.

The AC-3_descriptor shall be included in a program map section at most once in each relevant
ES_info descriptor loop which describes an elementary stream carrying an AC-3 audio stream
coded in accordance with ETSI TS 102 366 [12] (not including annex E) that is included in a DVB
transport stream.

This descriptor shall be read and interpreted by the IRD.

4.1.8.23 Enhanced_AC-3_Descriptor

Semantics:

The Enhanced_AC-3_descriptor syntax provides information about individual Enhanced AC-3
elementary streams within a DV B transport stream that are to be identified in the PSI PMT
sections. The Enhanced_AC-3_descriptor islocated inthe PMT and the Selection Information
Table of the DVB S| Tables defined in ETS|I EN 300 468 [6] and is defined in ETS

EN 300 468 [6], annex D.
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Decoding:
4.1.8.24 Void
4.1.8.24.1 Void
4.1.8.24.2 Void
4.1.8.24.3 Void
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The Enhanced_AC-3_descriptor shall be included in a program map section at most once in each
relevant ES_info descriptor loop which describes an elementary stream carrying an Enhanced
AC-3 audio stream coded in accordance with ETSI TS 102 366 [12], annex E that is included in a
DVB transport stream.

This descriptor shall be read and interpreted by the IRD.

4.1.8.25 DTS_descriptor

Semantics:

Encoding:

Decoding:

The DTS descriptor syntax provides information about individual DTS elementary streams
within a DV B transport stream that are to be identified in the PSI PMT sections. The

DTS descriptor islocated in the PMT and the Selection Information Table of the DVB S| Tables
defined in ETSI EN 300 468 [6] and is defined in ETSI EN 300 468 [6], annex G.

The DTS descriptor shall be included in a program map section at most once in each relevant
ES_info descriptor loop which describes an elementary stream carrying a DTS audio stream
coded in accordance with ETSI TS 102 114 [15] that is included in a DVB transport stream.

This descriptor shall be read and interpreted by the IRD.

4.1.8.26 AAC_descriptor

Semantics:

Encoding:

Decoding:

The MPEG-4 AAC_descriptor syntax provides information about individua MPEG-4 AAC,
MPEG-4 HE AAC or HE AAC v2 elementary streams within a DV B transport stream that are to
beidentified in the PSI PMT sections. The AAC_descriptor islocated inthe PMT and the
Selection Information Table of the DVB Sl Tables defined in ETSI EN 300 468 [6] and is defined
in ETSI EN 300 468 [6], annex H.

The AAC_descriptor shall be included in a program map section at most once in each relevant
ES_info descriptor loop which describes an elementary stream carrying a MPEG-4 AAC,
MPEG-4 HE AAC or MPEG-4 HE AAC v2 audio stream coded in accordance with

ISO/IEC 14496-3 [17] that is included in a DVB transport stream.

This descriptor shall be read and interpreted by the IRD.

4.1.8.27 MPEG-4 audio extension descriptor

Semantics:

The M PEG-4 audio extension descriptor syntax provides information about presence of MPEG
Surround datain conjunction with MPEG-1 Layer ||, MPEG-4 AAC, MPEG-4 HE AAC or HE
AAC v2 elementary streams within a DV B transport stream. The M PEG-4 audio
extension_descriptor islocated in the PMT and the Selection Information Table of the DVB Sl
Tablesdefined in ETSI EN 300 468 [6] and is defined in Recommendation ITU-T H.222.0/
ISO/IEC 13818-1 [1].
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If MPEG Surround data according to [29] and [31] is transmitted in conjunction with MPEG-4
AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2 elementary streams, the MPEG-4 audio
extension descriptor shall be included in a program map section at most once in relevant ES_info
descriptor loop which describes an elementary stream carrying a MPEG-4 AAC, MPEG-4 HE
AAC or MPEG-4 HE AAC v2 audio stream coded in accordance with ISO/IEC 14496-3 [17] that
is included in a DVB transport stream. One audio profile level indication shall be specified for the
AAC, HE AAC or HE AAC v2 part. Additionally, one audio profile level indication shall be
specified for the MPEG Surround part. If MPEG Surround data according to [29] and [31] is
transmitted in conjunction with MPEG-1 Layer Il elementary streams, the MPEG-4 audio
extension descriptor shall be included in a program map section at most once in each relevant
ES_info descriptor loop which describes an elementary stream carrying a MPEG-1 Layer Il audio
stream coded in accordance with ISO/IEC 11172-3 [9] that is included in a DVB transport stream.
One audio profile level indication for the MPEG Surround part shall be specified.

In case the IRD is capable of decoding MPEG Surround, this descriptor shall be read and
interpreted by the IRD.

4.1.8.28 MVC_extension_descriptor

For MVC:

Encoding:

Decoding:

NOTE:

The MVC extension descriptor carried in the PMT shall be present for the Dependent view
component.

Also, the following applies:
- The syntax element no_prefix_nal_unit_present shall be set equal to 1.

- The syntax of the view_association_not_present and base view _is_left_eyeview shall be set
accordingly to indicate which view, left or right, has been assigned to the Base view
component by the content author.

An IRD shall use this descriptor to determine the association of left view and right view to the
Base and Dependent view components.

The two fields, view_association_not_present and base_view_is_left_eyeview, of the MVC
extension descriptor shall be set in accordance with the Multiview view position SEI message.

In the case of inconsi stencies between MV C extension descriptor and Multiview view position SEI

message, the latter takes precedence.

4.1.8.29

Semantics:

Encoding:

Decoding:
4.1.9

Decoding:

DTS-HD_descriptor

The DTS-HD_descriptor syntax provides information about individual DTS-HD elementary
streams within a DV B transport stream that are to be identified in the PSI PMT sections. The
DTS-HD_descriptor islocated inthe PMT and the Selection Information Table of the DVB Sl
Tables defined in ETSI EN 300 468 [6] and is defined in ETSI EN 300 468 [6], annex G.

The DTS-HD_descriptor shall be included in a program map section at most once in each
relevant ES_info descriptor loop which describes an elementary stream carrying a DTS audio
stream coded in accordance with ETSI TS 102 114 [15] that is included in a DVB transport
stream.

This descriptor shall be read and interpreted by the IRD.

Compatibility with ISO/IEC 11172-1 (Recommendation ITU-T
H.222.0/ ISO/IEC 13818-1, clause 2.8)

Compatibility with ISO/IEC 11172-1 [8] (MPEG-1 Systems) is optional.
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4.1.10 Storage Media Interoperability

It isrecommended that the total bitrate of the set of components, associated PMT and PCR packets for an SDTV service
anticipated to be recorded by a consumer, should not exceed 9 000 000 bit/s. It is recommended that the total bitrate of
the set of components, associated PMT and PCR packets for an HDTV service anticipated to be recorded by a
consumer, should not exceed 28 000 000 bit/s.

It isrecommended that the parameters sb_size and sb_leak_rate in the smoothing_buffer_descriptor remain constant for
the duration of an event. The value of the sb_|leak_rate should be the peak attained during the event. The
short_smoothing_buffer_descriptor isdefined in ETSI EN 300 468 [6] and guidelines for its use are provided in ETSI
TS101 211 [7].

4.2 Bitstreams from storage applications and IRDs with digital

interfaces

This clause covers both the treatment of Partial Transport Streams which result from external program selection and
Trick Play information received from a storage device. MPEG-2 PSI and DVB S| Tables for use specifically in storage
applications are defined in ETS| EN 300 468 [6].

4.2.1 Partial Transport Streams

Partial transport streams for transfer on a digital interface, e.g. for digital VCR applications, have been defined in
IEC CD - 100C/1883. A Partial Transport Stream may be created by selection of Transport Stream Packets from one or
more program(s), including PSI Packets.

Encoding: The Partial Transport Stream shall be fully MPEG compliant with reference to MPEG-2
"Extension for Real-Time-Interface for systems decoders™ (ISO/IEC 13818-9 [4]).

Decoding: Devices equipped with a digital interface intended for digital VCR applications shall accept the
bursty character of a Partial Transport Stream with gaps of variable length between the Transport
Stream Packets.

4.2.2 Decoding of Trick Play data (Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1, clause 2.4.3.7)

Encoding: Trick mode operation shall be signalled by use of the DSM_trick_mode flag in the header of the
video Packetized Elementary Stream (PES) packets. During trick mode playback the storage
device shall construct a bitstream which is syntactically and semantically correct, except as
outlined in the note below.

Decoding: It is recommended that devices decode the DSM _trick_mode _flag and the eight bit trick mode
field. Devices which decode the trick mode data shall follow the normative requirements detailed
in Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1], 2 for all values of the
trick_mode_control field.

NOTE: Trick Mode Semantic Constraints.
The bitstream delivered to the decoder during trick mode shall comply with the syntax defined in the MPEG-2 standard.
;-i' ;\év:ever, for the following video syntax elements, semantic exceptions apply in the presence of the DSM_trick_mode

. bit_rate;

e vbv_delay;

e repeat first field;

e VvV _axis positive;

o field_sequence;

° subcarrier;
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. burst_amplitude;
. subcarrier_phase.
A decoder cannot rely on the values encoded in these fields when in trick mode.
Similarly, for the systems layer, the following semantic exceptions apply in the presence of the DSM _trick_mode field:
. maximum spacing of PSI information may exceed 400 ms,
. maximum spacing of Presentation Time Stamp or Decoding Time Stamp occurrences may exceed 700 ms;
o PES packets may be void of video data to indicate a change in trick mode byte;

. a PES packet void of video data may contain a Presentation Time Stamp to indicate effective presentation time
of new trick mode control;

e  whentrick_mode statusistrue, the elementary stream buffersin the T-STD may underflow.

5 Video

This clause describes the guidelines for encoding MPEG-2 video, or H.264/AV C video, or HEV C video, or VC-1 video
in DVB broadcast bitstreams, and for decoding this bitstream in the IRD.

Clause 5.1 appliesto 25 Hz MPEG-2 SDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.2 appliesto 25 Hz MPEG-2 HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.3 applies to 30 Hz MPEG-2 SDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.4 appliesto 30 Hz MPEG-2 HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.5 appliesto all H.264/AV C IRDs and broadcasts intended for reception by such IRDs.

Clause 5.6 appliesto H.264/AVC SDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.7 appliesto H.264/AVC HDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.8 appliesto SVC HDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.9 appliesto 25 Hz VC-1 SDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.10 appliesto 25 Hz VC-1 HDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.11 appliesto 30 Hz VC-1 SDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.12 appliesto 30 Hz VC-1 HDTV IRDs and broadcasts intended for reception by such IRDs.

Clause 5.13.1 appliesto al MV C Stereo HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.13.2 appliesto 25 Hz MV C Stereo HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.13.3 appliesto 30 Hz MV C Stereo HDTV IRDs and broadcasts intended for reception by such IRDs.
Clause 5.14 appliesto al HEVC IRDs and broadcast intended for reception by such IRDs.

To allow full compliance to the MPEG-2, H.264/AVC, HEVC and VC-1 standards and upward compatibility with future
enhanced versions, a DVB IRD shall be able to skip over data structures which are currently "reserved", or which
correspond to functions not implemented by the IRD.

This clause is based on Recommendation ITU-T H.262 / 1SO/IEC 13818-2 [2], Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16] and SMPTE ST 421 [20].

The following clauses do not imply that either MPEG-2 video, H.264/AV C video, HEVC video or VC-1 video are
mandatory. The codecs that a given IRD supports will define which of the following clauses the IRD shall comply with.
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5.1 25 Hz MPEG-2 SDTV IRDs and Bitstreams

The video encoding shall conform to Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]. Some of the parameters
and fields are not used in the DVB System and these restrictions are described below. The IRD design shall be made
under the assumption that any legal structure as permitted by Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]
may occur in the broadcast stream even if presently reserved or unused.

51.1 Profile and level

Encoding: Encoded bitstreams shall comply with the Main Profile Main Level restrictions, as described in
Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2], clause 8.2. The
profile_and_level_indication is"01001000" or, if appropriate, "Onnnnnnn”, where
"Onnnnnnn">"01001000", indicating a"simpler" profile or level than Main Profile, Main Level.

Decoding: The 25 Hz MPEG-2 SDTV IRD shall support the decoding of Main Profile Main Level bitstreams.
Support for profiles and levels beyond Main Profile, Main Level is optional. If the IRD encounters
an extension which it cannot decode, such as one whose identification code is Reserved, Picture
Sequence Scaleable, Picture Spatial Scaleable or Picture Temporal Scaleable, it shall discard the
following data until the next start code (to allow backward compatible extensions to be added in
the future).

5.1.2 Frame rate
Encoding: The frame rate shall be 25 Hz, i.e. frame_rate_codeis "0011".

Still pictures may be encoded by use of avideo sequence consisting of a single intra-coded picture (see definition of
il picturesin Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1 [1], clause 2.1.70).

Decoding: All 25 Hz MPEG-2 SDTV IRDs shall support the decoding and display of video material with a
frame rate of 25 Hz interlaced (i.e. frame_rate _code of "0011"). Support of other frame and field
ratesis optional .

25 Hz MPEG-2 SDTV IRDs shall be capable of decoding and displaying still pictures, i.e. video
sequences consisting of a single intra-coded picture (see definition of still pictures in
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1], clause 2.1.70).

5.1.3 Aspect ratio

Encoding: The source aspect ratio in 25 Hz MPEG-2 SDTV bitstreams shall be either 4:3, 16:9 or 2.21:1.
Note that decoding of 2.21:1 aspect ratio is optiona for the 25 Hz MPEG-2 SDTV IRD.

The aspect_ratio_information in the sequence header shall have one of the following three values:

" 4:3 aspect ratio source: "0010";
" 16:9 aspect ratio source: "0011";
L] 2.21:1 aspect ratio source; "0100".

It is recommended that pan vectors for a4:3 window are included in the transmitted bitstream when the source aspect
ratio is 16:9 or 2.21:1. The vertical component of the transmitted pan vector shall be zero.

If pan vectors are transmitted then the sequence_display_extension shall be present in the bitstream and the
aspect_ratio_information shall be set to '0010' (4:3 display). The display_vertical_size shall be equal to the
vertical_size. The display_horizontal_size shall contain the resolution of the target 4:3 display. The value of the
display_horizontal _size field may be calculated by the following equation:

' . . 4 horizontal_size
display_horizontal_size= —X -
3 source aspect ratio
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Table 3 gives some typical examples.

Table 3: Values for display_horizontal_size

horlzo.ntal_s.lze x Source aspect ratio Display_horizontal_size
vertical_size
720 x 576 16:9 540
544 x 576 16:9 408
480 x 576 16:9 360
352 x 576 16:9 264
352 x 288 16:9 264

Decoding:

5.1.4

Encoding:

Decoding:

The 25 Hz MPEG-2 SDTV IRD shall be able to decode bitstreams with values of
aspect_ratio_information of *0010" and "0011", corresponding to 4:3 and 16:9 aspect ratio
respectively. If the IRD has a digital interface, this should be capable of outputting bitstreams with
aspect ratios which are not directly supported by the IRD to alow their decoding and display via
an external unit.

All 25 Hz MPEG-2 SDTV IRDs shall support the use of pan vectors and up sampling to allow a
4:3 monitor to give a full-screen display of a selected portion of a 16:9 coded picture with the
correct aspect ratio. IRDs implementing the 2.21:1 aspect ratio should support the use of pan
vectors and up sampling to allow a 4:3 monitor to give afull-screen display of a selected portion
of the 2.21:1 picture with the correct aspect ratio. Support for pan vectors with non-zero vertical
components is optional. When no pan vectors are present in the transmitted bitstream, the central
portion of the wide-screen picture shall be displayed. The support of vertical resampling to obtain
the correct aspect ratio for aletterbox display of a 16:9 or 2.21:1 coded picture on a 4:3 monitor is
optional.

Luminance resolution

The encoded picture shall have a full-screen luminance resolution (horizontal x vertical) of one of
the following values:

= 720 x 576,
= 544 x 576,
= 480 x 576;
= 352 x 576
= 352 x288.

In addition, non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the IRD).

The 25 Hz MPEG-2 SDTV IRD shall be capable of decoding pictures with luminance resolutions
as shown in table 4 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, IRDs shall be capable of decoding lower picture resolutions and
displaying them at less than full-size after using one of the standard up-conversions, e.g. a
horizontal resolution of 704 pixels within the 720 pixels full-screen display.
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Table 4: Resolutions for Full-screen Display from 25 Hz MPEG-2 SDTV IRD
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Coded Picture Displayed Picture
Horizontal up sampling
Luminance resolution Aspect Ratio 4:3 Monitors 16:9 Monitors
(horizontal x vertical)
720 x 576 4:3 x1 % 3/4 (see note 1)
16:9 x 4/3 (see note 2) x1
2.21:1 x 5/3 (see note 3) x 5/4 (see note 4)
544 x 576 4:3 x 4/3 x 1 (see note 1)
16:9 x 16/9 (see note 2) x 4/3
2.21:1 x 20/9 (see note 3) x 5/3 (see note 4)
480 x 576 4:3 % 3/2 x 9/8 (see note 1)
16:9 x 2 (see note 2) x 312
2.21:1 x 5/2 (see note 3) x 15/8 (see note 4)
352 x 576 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
2.21:1 x 10/3 (see note 3) x 5/2 (see note 4)
352 x 288 4:3 X 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
22111 x 10/3 (see note 3) x 5/2 (see note 4)
(and vertical up sampling x 2) |(and vertical up sampling x 2)
NOTE 1: Up sampling of 4:3 pictures for display on a 16:9 monitor is optional in the IRD, as 16:9 monitors

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:

can be switched to operate in 4:3 mode.

The up sampling with this value is applied to the pixels of the 16:9 picture to be displayed on a
4:3 monitor.

The up sampling with this value is applied to the pixels of the 2.21:1 picture to be displayed on a
4:3 monitor. Up sampling from 2.21:1 pictures for display on a 4:3 monitor is optional in the IRD.
The up sampling with this value is applied to the pixels of the 2.21:1 picture to be displayed on a
16:9 monitor. Up sampling from 2.21:1 pictures for display on a 16:9 monitor is optional in the
IRD.

It is recommended that luminance resolution of 704 pixels represents the "middle" of the picture,
and that it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding at each
side. It is recommended that luminance resolutions, such as 352 pixels, that are natural scalings
of 704 pixels, be upscaled to 704 pixels and padded as above. It is recommended that all other
resolutions be scaled as indicated by the table above. Where this does not result in the expected
720 pixels full-screen display, it is recommended that the result of the scaling be clipped or
padded symmetrically as required to produce a 720 pixels full-screen display.

5.1.5

Encoding:

NOTE:

Chromaticity Parameters

It isrecommended that the chromaticity co-ordinates of the ideal display, opto-electronic transfer

characteristic of theideal display and matrix coefficients used in deriving luminance and

chrominance signals from the red, green and blue primaries be explicitly signalled in the encoded

bitstream by setting the appropriate values for each of the following 3 parametersin the
sequence_display_extension(): colour_primaries, transfer _characteristics, and
matrix_coefficients.

Within 25 Hz MPEG-2 SDTV bitstreams, if the sequence_display_extension() is not present in the

bitstream or colour_description is zero, the chromaticity shall be implicitly defined to be that
corresponding to colour_primaries having the value 5, the transfer characteristics shall be

implicitly defined to be those corresponding to transfer_characteristics having the value 5 and the

matrix coefficients shall be implicitly defined to be those corresponding matrix_coefficients
having the value 5. This set of parameter values corresponds signals compliance with
Recommendation I TU-R BT.1700 Part B [25].

Previous editions of the present document referenced Recommendation ITU-R BT.470[i.4] System B, G,

| colorimetry. Recommendation ITU-R BT.1700 [25] replaces Recommendation ITU-R BT.470 [i.4].
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Chrominance

The operation used to down sample the chrominance information from 4:2:2 to 4:2:0 shall be
indicated by the parameter chroma_420 _type in the picture coding extension. A value of zero
indicates that the fields have been down sampled independently. A value of one indicates that the
two fields have been combined into a single frame before down sampling. It is desirable that the
fields are down sampled independently (i.e. chroma_420 type = 0) to alow the IRD to use less
memory for picture reconstruction.

It isdesirable that the operation used to up sample the chrominance information from 4:2:0 to
4:2:2 should be dependent on the parameter chroma_420 _type in the picture coding extension.

Video sequence header

It is recommended that a video sequence header, immediately followed by an I-frame, be encoded
at least once every 500 ms. If quantizer matrices other than the default are used, the appropriate
intra_quantizer_matrix and/or non_intra_quantizer_maitrix are recommended to be included
in every sequence header.

NOTE 1: Increasing the frequency of video sequence headers and I-frames will reduce channel hopping time but

will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between I-frames may improve trick mode performance, but may reduce the

5.2

efficiency of the video compression.

25 Hz MPEG-2 HDTV IRDs and Bitstreams

The video encoding shall conform to Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]. Some of the parameters
and fields are not used in the DVB System and these restrictions are described below. The IRD design shall be made
under the assumption that any legal structure as permitted by Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]
may occur in the broadcast stream even if presently reserved or unused.

5.2.1

Encoding:

Decoding:

5.2.2

Encoding:

Decoding:

Profile and level

Encoded 25 Hz MPEG-2 HDTV bitstreams shall comply with the Main Profile High Level
restrictions, as described in Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2], clause 8.2.
The profile_and_level_indication is"01000100" or, if appropriate, "Onnnnnnn”, where
"Onnnnnnn">"01000100", indicating a"simpler” profile or level than Main Profile, High Level.

The 25 Hz MPEG-2 HDTV IRD shall support the decoding of Main Profile High Level bitstreams.
This requirement includes support for "simpler" profiles and levels, including Main Profile at
Main Level, as defined in table 8-15 of Recommendation ITU-T H.262 / 1SO/IEC 13818-2 [2].
Support for profiles and levels beyond Main Profile, High Level is optional. If the IRD encounters
an extension which it cannot decode, such as one whose identification code is Reserved, Picture
Sequence Scaleable, Picture Spatial Scaleable or Picture Temporal Scaleable, it shall discard the
following data until the next start code (to allow backward compatible extensionsto be added in
the future).

Frame rate

The frame rate shall be 25 Hz or 50 Hz, i.e. frame_rate_codeis "0011" or "0110".

The source video format for 50 Hz frame rate material shall be progressive. The source video
format for 25 Hz frame rate material may be interlaced or progressive.

Still pictures may be encoded by use of a video sequence consisting of a single intra-coded picture
(see definition of till picturesin Recommendation ITU-T H.222.0/ 1SO/IEC 13818-1 [1],
clause 2.1.70).

All 25 Hz MPEG-2 HDTV IRDs shall support the decoding and display of video material with a
frame rate of 25 Hz progressive, 25 Hz interlaced or 50 Hz progressive (i.e. frame_rate_code of
"0011" or "0110") within the constraints of Main Profile at High Level. Support of other frame
and field ratesis optional.
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25 Hz MPEG-2 HDTV IRDs shall be capable of decoding and displaying still pictures, i.e. video
sequences consisting of a single intra-coded picture (see definition of still pictures in
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1], clause 2.1.70).

Aspect ratio

The source aspect ratio in 25 Hz MPEG-2 HDTYV bitstreams shall be 16:9 or 2.21:1. Note that
decoding of 2.21:1 aspect ratio is optional for the 25 Hz MPEG-2 HDTV IRD.

The aspect_ratio_information in the sequence header shall have the value "0011" or "0100".

The 25 Hz MPEG-2 HDTV IRD shall be able to decode bitstreams with aspect_ratio_information
of value "0011", corresponding to 16:9 aspect ratio. The support of the aspect ratio 2.21:1is
optiond. If the IRD has adigital interface, this should be capable of outputting bitstreams with
aspect ratios which are not directly supported by the IRD to allow their decoding and display via
an external unit.

Luminance resolution

The encoded picture shall have a full-screen luminance resolution within the constraints set by
Main Profile at High Level, i.e. it shall not have more than:

" 1088 lines per frame;
L] 1 920 luminance samples per ling;
" 62 668 800 |luminance samples per second.

It isrecommended that the source video for 25 Hz MPEG-2 HDTV Bitstreams has aluminance
resolution of:

" 1080 lines per frame;
] 1 920 luminance samples per line;
L] with an associated frame rate of 25 Hz, with two interlaced fields per frame.

The source video may or may not be down-sampled prior to encoding.

The use of other encoded video resol utions within the constraints of Main Profile at High Level is
also permitted. Annex A of the present document provides examples of supported full-screen
luminance resolutions. In addition, non full-screen pictures may be encoded for display at less than
full-size.

NOTE 1. Thelimit of 62 668 800 luminance samples per second of Main Profile at High Level excludes the use of

the maximum allowed picture resolution at 50 Hz frame rate.

NOTE 2: If the recommended source video format is encoded without down-sampling it gives 51 840 000

Decoding:

5.2.5

Encoding:

luminance samples per second and therefore falls within the allowed range for Main Profile at High

The 25 Hz MPEG-2 HDTV IRD shall be capable of decoding and displaying pictures with
luminance resolutions within the constraints set by Main Profile at High Level.

Chromaticity Parameters

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded HDTV bitstream by
setting the appropriate values for each of the following 3 parameters in the
sequence_display_extension(): colour_primaries, transfer_characteristics, and
matrix_coefficients.

It isrecommended that 25 Hz MPEG-2 HDTV bitstreams use either Recommendation ITU-R
BT.709 [13] or IEC 61966-2-4 [31] colorimetry.
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BT.709 [13] colorimetry usage is signalled by setting colour _primariesto the value 1,
transfer_characteristicsto the value 1 and matrix_coefficientsto the value 1.

|EC 61966-2-4 [31] colorimetry usage is signalled by setting colour _primariesto the value 1,
transfer _characteristicsto the value 11 and matrix_coefficients to the value 1.

The 25 Hz MPEG-2 HDTV IRD shall be capable of decoding bitstreams that use Recommendation
ITU-R BT.709 [13] colorimetry. It is recommended that appropriate processing be included for the
accurate representation of pictures using Recommendation I TU-R BT.709 [13] colorimetry.

The 25 Hz MPEG-2 HDTV IRD may be capable of decoding bitstreams that use
IEC 61966-2-4 [31] colorimetry.

NOTE 1: The 25Hz MPEG-2 HDTV IRD may not include appropriate processing for the accurate representation of

pictures that use |EC 61966-2-4 [31] colorimetry.

NOTE 2: For the 50 Hz 576P video format the colorimetry standard recommended is Recommendation ITU-R

5.2.6

Encoding:

Decoding:

5.2.7

Encoding:

BT.1358 [i.5].

Chrominance

The operation used to down sample the chrominance information from 4:2:2 to 4:2:0 shall be
indicated by the parameter chroma_420 _type in the picture coding extension. A value of zero
indicates that the fields have been down sampled independently. A value of one indicates that the
two fields have been combined into a single frame before down sampling. It is desirable that the
fields are down sampled independently (i.e. chroma_420 type = 0) to alow the IRD to use less
memory for picture reconstruction.

It is desirable that the operation used to up sample the chrominance information from 4:2:0 to
4:2:2 should be dependent on the parameter chroma_420 _type in the picture coding extension.

Video sequence header

It is recommended that a video sequence header, immediately followed by an I-frame, be encoded
at least once every 500 ms. If quantizer matrices other than the default are used, the appropriate
intra_quantizer_matrix and/or non_intra_gquantizer_maitrix are recommended to be included
in every sequence header.

NOTE 1: Increasing the frequency of video sequence headers and I-frames will reduce channel hopping time but

will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between I-frames may improve trick mode performance, but may reduce the

5.2.8

Decoding:

5.3

efficiency of the video compression.

Backwards Compatibility

In addition to the above, a 25 Hz MPEG-2 HDTV IRD shall be capable of decoding any bitstream
that a 25 Hz MPEG-2 SDTV IRD is required to decode, as described in clause 5.1.

30 Hz MPEG-2 SDTV IRDs and Bitstreams

The video encoding shall conform to Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]. Some of the parameters
and fields are not used in the DVB System and these restrictions are described below. The IRD design shall be made
under the assumption that any legal structure as permitted by Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]
may occur in the broadcast stream even if presently reserved or unused.

5.3.1

Encoding:

Profile and level

Encoded bitstreams shall comply with the Main Profile Main Level restrictions, as described in
Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2], clause 8.2. The
profile_and_level_indication is"01001000" or, if appropriate, "Onnnnnnn”, where
"Onnnnnnn">"01001000", indicating a"simpler" profile or level than Main Profile, Main Level.
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The IRD shall support the syntax of Main Profile. Support for profiles and levels beyond Main
Profile, Main Level isoptional. If the IRD encounters an extension which it cannot decode, such
as one whose identification code is Reserved, Picture Sequence Scaleable, Picture Spatial
Scaleable or Picture Temporal Scaleable, it shall discard the following data until the next start
code (to allow backward compatible extensions to be added in the future).

Frame rate
The frame rate shall be either 24 000/1 001, 24, 30 000/1 001 or 30 Hz, i.e. the frame_rate_code
field shall be encoded with one of the following values: "0001", *0010", "0100" or "0101".
Still pictures may be encoded by use of a video sequence consisting of a single intra-coded picture
(see definition of still picturesin Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1],
clause 2.1.70).
All 30 Hz SDTV IRDs shall support the decoding and display of Main Profile @ Main Level video
with a frame rate of 24 000/1 001, 24, 30 000/1 001 or 30 Hz. Support of other frame ratesis
optional.
IRDs shall be capable of decoding and displaying still pictures, i.e. video sequences consisting of
a single intra-coded picture (see definition of still pictures in Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1], clause 2.1.70).

Aspect ratio

The source aspect ratio in 30 Hz MPEG-2 SDTV bitstreams shall be either 4:3, 16:9 or 2.21:1.
Note that decoding of 2.21:1 aspect ratio is optional for the 30 Hz SDTV IRD.

The aspect_ratio_information in the sequence header shall have one of the following three values:

L] 4.3 aspect ratio source: "0010";
" 16:9 aspect ratio source: "0011";
L] 2.21:1 aspect ratio source; "0100".

It is recommended that pan vectors for a4:3 window are included in the transmitted bitstream
when the source aspect ratio is 16:9 or 2.21:1. The vertical component of the transmitted pan
vector shall be zero.

If pan vectors are transmitted then the sequence_display_extension shall be present in the
bitstream and the aspect_ratio_information shall be set to '0010' (4:3 display). The
display_vertical_size shall be equal to the vertical_size. The display_horizontal_size shall contain
the resolution of the target 4:3 display. The value of the display_horizontal_size field may be
calculated by the following equation:

horizontal_size
source aspect ratio

4
display_horizontal_size = 3 X

Table 5 gives some typical examples.

Table 5: Values for display_horizontal_size

horlzo_ntal_s_lze x Source aspect ratio Display_horizontal_size
vertical_size
720 x 480 16:9 540
640 x 480 16:9 480
544 x 480 16:9 408
480 x 480 16:9 360
352 x 480 16:9 264
352 x 240 16:9 264
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The 30 Hz MPEG-2 SDTV IRD shall be able to decode bitstreams with values of
aspect_ratio_information of *0010" and "0011", corresponding to 4:3 and 16:9 aspect ratio
respectively. If the IRD has a digital interface, this should be capable of outputting bitstreams with
aspect ratios which are not directly supported by the IRD to alow their decoding and display via
an external unit.

All 30 Hz MPEG-2 SDTV IRDs shall support the use of pan vectors and up sampling to allow

a 4:3 monitor to give a full-screen display of a selected portion of a 16:9 coded picture with the
correct aspect ratio. IRDs implementing the 2.21:1 aspect ratio should support the use of pan
vectors and up sampling to allow a 4:3 monitor to give afull-screen display of a selected portion
of the 2.21:1 picture with the correct aspect ratio. Support for pan vectors with non-zero vertical
components is optional. When no pan vectors are present in the transmitted bitstream, the central
portion of the wide-screen picture shall be displayed. The support of vertical resampling to obtain
the correct aspect ratio for aletterbox display of a 16:9 or 2.21:1 coded picture on a 4:3 monitor is
optional.

Luminance resolution

The encoded picture shall have a full-screen luminance resolution (horizontal x vertical) of one of
the following values:

] 720 x 480;
" 640 x 480;
. 544 x 480;
. 480 x 480;
= 352x480;
] 352 x 240.

In addition, non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the IRD).

The 30 Hz MPEG-2 SDTV IRD shall be capable of decoding pictures with luminance resolutions
as shown in table 6 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, IRDs shall be capable of decoding lower picture resolutions and
displaying them at less than full-size after using one of the standard up-conversions, e.g. a
horizontal resolution of 704 pixels within the 720 pixels full-screen display.
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Table 6: Resolutions for Full-screen Display from 30 Hz MPEG-2 SDTV IRD

NOTE 2:

NOTE 3:

NOTE 4:

NOTE 5:

Coded Picture Displayed Picture
Horizontal up sampling
Luminance resolution Aspect Ratio 4:3 Monitors 16:9 Monitors
(horizontal x vertical)
720 x 480 4:3 x1 % 3/4 (see note 1)
16:9 x 4/3 (see note 2) x 1
2:21:1 x 5/3 (see note 3) x 5/4 (see note 4)
640 x 480 4:3 % 9/8 x 27132 (see note 1)
544 x 480 4:3 x 4/3 x 1 (see note 1)
16:9 x 16/9 (see note 2) x 413
2:21:1 x 20/9 (see note 3) x 5/3 (see note 4)
480 x 480 4:3 x 3/2 % 9/8 (see note 1)
16:9 x 2 (see note 2) x 312
2:21:1 x 5/2 (see note 3) x 15/8 (see note 4)
352 x 480 4:3 x 2 % 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
2:21:1 x 10/3 (see note 3) x 5/2 (see note 4)
352 x 240 4:3 x 2 % 3/2 (see note 1)
16:9 x 8/3 (see note 2) X2
2:21:1 x 10/3 (see note 3) x 5/2 (see note 4)
(and vertical up sampling x 2) | (and vertical up sampling x 2)
NOTE 1: Up sampling of 4:3 pictures for display on a 16:9 monitor is optional in the IRD, as 16:9 monitors

can be switched to operate in 4:3 mode.

The up sampling with this value is applied to the pixels of the 16:9 picture to be displayed on a

4:3 monitor.

The up sampling with this value is applied to the pixels of the 2.21:1 picture to be displayed on a
4:3 monitor. Up sampling from 2.21:1 pictures for display on a 4:3 monitor is optional in the IRD.
The up sampling with this value is applied to the pixels of the 2.21:1 picture to be displayed on a
16:9 monitor. Up sampling from 2.21:1 pictures for display on a 16:9 monitor is optional in the IRD.
It is recommended that luminance resolution of 704 pixels represents the "middle" of the picture,
and that it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding at each
side. It is recommended that luminance resolutions, such as 352 pixels, that are natural scalings of
704 pixels, be upscaled to 704 pixels and padded as above. It is recommended that all other
resolutions be scaled as indicated by the table above. Where this does not result in the expected
720 pixels full-screen display, it is recommended that the result of the scaling be clipped or padded
symmetrically as required to produce a 720 pixels full-screen display.

5.3.5

Encoding:

NOTE:

Chromaticity Parameters

It isrecommended that the chromaticity co-ordinates of the ideal display, opto-electronic transfer
characteristic of theideal display and matrix coefficients used in deriving luminance and
chrominance signals from the red, green and blue primaries be explicitly signalled in the encoded
bitstream by setting the appropriate values for each of the following 3 parametersin the
sequence_display_extension(): colour_primaries, transfer_characteristics, and
matrix_coefficients.

Within 30 Hz SDTV bitstreams, if the sequence_display_extension() is not present in the bitstream
or colour_description is zero, the chromaticity shall be implicitly defined to be that corresponding
to colour_primaries having the value 6, the transfer characteristics shall be implicitly defined to
be those corresponding to transfer_characterstics having the value 6 and the matrix coefficients
shall be implicitly defined to be those corresponding matrix_coefficients having the value 6. This
set of parameter values signal's compliance with Recommendation ITU-R BT.1700 Part A [25].

Previous editions of the present document referenced SMPTE ST 170 colorimetry [i.9].
Recommendation ITU-R BT.1700 Part A [25] references SMPTE ST 170 [i.9].

ETSI



5.3.6

Encoding:

Decoding:

5.3.7

Encoding:

57 ETSI TS 101 154 vV2.1.1 (2015-03)

Chrominance

The operation used to down sample the chrominance information from 4:2:2 to 4:2:0 shall be
indicated by the parameter chroma_420 _type in the picture coding extension. A value of zero
indicates that the fields have been down sampled independently. A value of one indicates that the
two fields have been combined into a single frame before down sampling. It is desirable that the
fields are down sampled independently (i.e. chroma_420 type = 0) to alow the IRD to use less
memory for picture reconstruction.

It isdesirable that the operation used to up sample the chrominance information from 4:2:0 to
4:2:2 should be dependent on the parameter chroma_420 _type in the picture coding extension.

Video sequence header

It is recommended that a video sequence header, immediately followed by an I-frame, be encoded
at least once every 500 ms. If quantizer matrices other than the default are used, the appropriate
intra_quantizer_matrix and/or non_intra_quantizer_maitrix are recommended to be included
in every sequence header.

NOTE 1: Increasing the frequency of video sequence headers and I-frames will reduce channel hopping time but

will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between I-frames may improve trick mode performance, but may reduce the

5.4

efficiency of the video compression.

30 Hz MPEG-2 HDTV IRDs and Bitstreams

The video encoding shall conform to Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]. Some of the parameters
and fields are not used in the DVB System and these restrictions are described below. The IRD design shall be made
under the assumption that any legal structure as permitted by Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2]
may occur in the broadcast stream even if presently reserved or unused.

5.4.1

Encoding:

Decoding:

5.4.2

Encoding:

Profile and level

Encoded 30 Hz MPEG-2 HDTV bitstreams shall comply with the Main Profile High Level
restrictions, as described in Recommendation ITU-T H.262 / ISO/IEC 13818-2 [2], clause 8.2.

The profile_and_level_indication is"01000100" or, if appropriate, "Onnnnnnn", where
"Onnnnnnn">"01000100", indicating a"simpler" profile or level than Main Profile, High Level.

The 30 Hz MPEG-2 HDTV IRD shall support the decoding of Main Profile High Level bitstreams.
This requirement includes support for "simpler" profiles and levels, including Main Profile at
Main Level, as defined in table 8-15 of Recommendation ITU-T H.262 / 1ISO/IEC 13818-2 [2].
Support for profiles and levels beyond Main Profile, High Level is optional. If the IRD encounters
an extension which it cannot decode, such as one whose identification code is Reserved, Picture
Sequence Scaleable, Picture Spatial Scaleable or Picture Temporal Scaleable, it shall discard the
following data until the next start code (to alow backward compatible extensions to be added in
the future).

Frame rate

The frame rate shall be 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz,
i.e. frame rate codeis "0001", "0010", *0100", "0101", "0111" or "1000".

The source video format for 24 000/1 001, 24, 60 000/1 001 and 60 Hz frame rate material shall
be progressive. The source video format for 30 000/1 001 and 30 Hz frame rate material may be
interlaced or progressive.

Still pictures may be encoded by use of avideo sequence consisting of a single intra-coded picture
(see definition of still pictures in Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1],
clause 2.1.70).
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All 30 Hz MPEG-2 HDTV IRDs shall support the decoding of video material with a frame rate of
24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz (i.e. frame_rate_code of "0001",
"0010", "0100", "0101", "0111" or "1000™) within the constraints of Main Profile at High Level.
Support of other frame ratesis optional.

30 Hz MPEG-2 HDTV IRDs shall support the display of video whose source frame rate is

24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz progressive. 30 Hz MPEG-2 HDTV
IRDs shall support the display of video whose source frame rate is 30 000/1 001 or 30 Hz
interlaced.

30 Hz MPEG-2 HDTV IRDs shall be capable of decoding and displaying still pictures, i.e. video
sequences consisting of a single intra-coded picture (see definition of still pictures in
Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1], clause 2.1.70).

Aspect ratio

The source aspect ratio in 30 Hz MPEG-2 HDTV bitstreams shall be 16:9 or 2.21:1. Note that
decoding of 2.21:1 aspect ratio is optional for the 30 Hz MPEG-2 HDTV IRD.

The aspect_ratio_information field in the sequence header shall have the value "0011" or "0100".

The 30 Hz MPEG-2 HDTV IRD shall be able to decode bitstreams with aspect_ratio_information
of value "0011", corresponding to 16:9 aspect ratio. If the IRD has a digital interface, this should
be capable of outputting bitstreams with aspect ratios which are not directly supported by the IRD
to alow their decoding and display via an externa unit.

Luminance resolution

The encoded picture shall have a full-screen luminance resolution within the constraints set by
Main Profile at High Level, i.e. it shall not have more than:

= 1088 linesper frame;
= 1920 luminance samples per lineg;
= 62668 800 |luminance samples per second.

It is recommended that the source video for 30 Hz MPEG-2 HDTV Bitstreams has a luminance
resolution of:

" 1080 lines per frame and 1 920 luminance samples per line, with an associated frame rate of
30 000/1 001 (approximately 29,97) Hz with two interlaced fields per frame.

L] The source video may or may not be down-sampled prior to encoding.

" The use of other encoded video resolutions within the constraints of Main Profile at High
Level isaso permitted. Annex A of the present document provides examples of supported
full-screen luminance resolutions. In addition, non full-screen pictures may be encoded for
display at less than full-size.

" The limit of 62 668 800 luminance samples per second of Main Profile at High Level
excludes the use of the maximum allowed picture resolution at 60 Hz and 60 000/1 001 frame
rates.

If the recommended source video format is encoded without down-sampling it gives
62 145 854 |luminance sample per second and therefore falls within the allowed range for Main Profile at
High Level.

The 30 Hz MPEG-2 HDTV IRD shall be capable of decoding and displaying pictures with
luminance resolutions within the constraints set by Main Profile at High Level.
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5.4.5 Chromaticity Parameters

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded HDTV bitstream by
setting the appropriate values for each of the following 3 parameters in the
sequence_display_extension(): colour_primaries, transfer_characteristics, and
matrix_coefficients.

It isrecommended that 30 Hz MPEG-2 HDTV bitstreams use either Recommendation ITU-R
BT.709 [13] or IEC 61966-2-4 [31] colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour_primariesto the value 1,
transfer_characteristicsto the value 1 and matrix_coefficientsto the value 1.

IEC 61966-2-4 [31] colorimetry usageis signalled by setting colour_primariesto the value 1,
transfer_characteristicsto the value 11 and matrix_coefficientsto the value 1.

Decoding: The 30 Hz MPEG-2 HDTV IRD shall be capable of decoding bitstreams that use
Recommendation ITU-R BT.709 [13] colorimetry. It is recommended that appropriate processing
be included for the accurate representation of pictures using Recommendation ITU-R BT.709 [13]
colorimetry.

The 30 Hz MPEG-2 HDTV IRD may be capable of decoding bitstreams that use
IEC 61966-2-4 [31] colorimetry.

NOTE 1: The30Hz MPEG-2 HDTV IRD may not include appropriate processing for the accurate representation of
pictures that use |EC 61966-2-4 [31] colorimetry.

NOTE 2: For the 60 000/1 001 or 60 Hz 480P video format the colorimetry standard recommended is
Recommendation ITU-R BT.1358[i.5].

54.6 Chrominance

Encoding: The operation used to down sample the chrominance information from 4:2:2 to 4:2:0 shall be
indicated by the parameter chroma_420 _type in the picture coding extension. A value of zero
indicates that the fields have been down sampled independently. A value of one indicates that the
two fields have been combined into a single frame before down sampling. It is desirable that the
fields are down sampled independently (i.e. chroma_420 type = 0) to allow the IRD to use less
memory for picture reconstruction.

Decoding: It is desirable that the operation used to up sample the chrominance information from 4:2:0 to
4:2:2 should be dependent on the parameter chroma_420 _type in the picture coding extension.

5.4.7 Video sequence header

Encoding: It is recommended that a video sequence header, immediately followed by an I-frame, be encoded
at least once every 500 ms. If quantizer matrices other than the default are used, the appropriate
intra_quantizer_matrix and/or non_intra_quantizer_matrix are recommended to be included
in every sequence header.

NOTE 1: Increasing the frequency of video sequence headers and I-frames will reduce channel hopping time but
will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between I-frames may improve trick mode performance, but may reduce the
efficiency of the video compression.

5.4.8 Backwards Compatibility

Decoding: In addition to the above, a 30 Hz MPEG-2 HDTV IRD shall be capable of decoding any bitstream
that a 30 Hz MPEG-2 SDTV IRD is required to decode, as described in clause 5.3.
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5.5 Specifications Common to all H.264/AVC IRDs and
Bitstreams

The specification in this clause applies to the following IRDs and Bitstreams:
e 25HzH.264/AVC SDTV IRD and Bitstream;

. 30 Hz H.264/AVC SDTV IRD and Bitstream;

. 25Hz H.264/AVC HDTV IRD and Bitstream;
e 30HzH.264/AVCHDTV IRD and Bitstream;
J 50 Hz H.264/AVC HDTV IRD and Bitstream;
e 60HzH.264/AVCHDTV IRD and Bitstream;
. 25 Hz MVC Stereo HDTV IRD and Bitstream;

° 30 Hz MVC Stereo HDTV IRD and Bitstream.

55.1 General

The video encoding and video decoding shall conform to Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
Some of the parameters and fields are not used in the DVB System and these restrictions are described below.
H.264/AVC Bitstreams and IRDs shall support some parts of the "Supplemental Enhancement Information (SEI)" and
the "Video usability information (VUI)" syntax elements as specified in Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16], annexes D and E. The H.264/AVC IRD design shall be made under the assumption that any
legal structure as permitted by Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16] and the restrictions that are
specified for the H.264/AVC IRDs may occur in the broadcast stream even if presently reserved or unused.

NOTE: Toimprovetrick modeitisstrongly recommended to disable non-paired fieldsin H.264/AV C Encoder.

5.5.2 Sequence Parameter Set and Picture Parameter Set

Encoding: More than one picture parameter set can be present in the bitstream between two H.264/AVC
RAPs. Between two H.264/AVC RAPs, the content of a picture parameter set with a particular
pic_parameter_set_id shall not change. I.e. if more than one picture parameter set is present in
the bitstream and these picture parameter sets are different from each other, then each picture
parameter set shall have a different pic_parameter_set_id.

Note that multiple PPSs may be present in the H.264/AV C RAP access unit and the number of PPS that may be present
is constrained by clause 4.1.5.2 where the start of the access unit (access_unit_delimiter) and the start of the first slice of
the access unit occurs either in the same transport packet or in 2 successive transport packets.

5.5.2.1  pic_width_in_mbs_minusl and pic_height_in_map_units_minusl

Encoding: The time interval between two changes in pairs of pic_width_in_mbs minusl and
pic_height_in_map_units_minusl shall be greater than or equal to one second. Changing the
pair pic_width_in_mbs_minusl and pic_height_in_map_units minusl requires software
processing in the decoder. Limiting the frequency of this change isto constrain the IRD software
processing required to support aspect ratio changes.

NOTE: A pair of pic_width_in_mbs minusl and pic_height_in_map_units minusl is distinct from another
pair if one or both syntax element values pic_width_in_mbs minusl and
pic_height_in_map_units minusl differ.

If the number of samples per row of the luminance component of the source pictureis not an
integer multiple of 16 and additional samples are padded to make the number of samples per row
of the luminance component an integer multiple of 16, it is recommended that these samples are
padded at the right side of the picture.
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If the number of samples per column of the luminance component of the source pictureis not an
integer multiple of 16 and additional samples are padded to make the number of samples per
column of the luminance component an integer multiple of 16, it is recommended that these
samples are padded at the bottom of the picture.

5.5.3  Video Usability Information
The IRD shall support the use of Video Usability Information of the following syntax elements:
e  Agpect Ratio Information (aspect_ratio_idc);
. Colour Parameter Information (colour_primaries, transfer_characteristics, and matrix_coefficients);
. Chrominance Information (chroma_sample _loc_type top_field and chroma_sample loc_type bottom_field);
e  Timing information (time_scale, num_units in_tick, and fixed_frame rate flag);
. Picture Structure Information (pic_struct_present_flag).
5.5.3.1  Aspect Ratio Information

The support of aspect_ratio_idc values for H.264/AVC SDTV IRDs and Bitstreamsis specified in clause 5.6.1.3 and
for H.264/AVC HDTV IRDs and Bitstreams is specified in clause 5.7.1.2 and for MVCin clause 5.13.1.6.2.

55.3.2 Colour Parameter Information

The support of colour_primaries, transfer_characteristics, and matrix_coefficients values for the

25 Hz H.264/AVC SDTV IRD and Bitstream is specified in clause 5.6.2.1, for the 30 Hz H.264/AVC SDTV IRD and
Bitstream is specified in clause 5.6.3.1, and for H.264/AVC HDTV IRDs and Bitstreams is specified in clause 5.7.1.3
and for MVC Stereo HDTV IRDs in clause 5.13.1.6.2.

55.3.3 Chrominance Information

Encoding: It is recommended to specify the chrominance locations using the syntax elements
chroma_sample loc_type top_field and chroma_sample_loc_type bottom_field inthe VUI. It
is recommended to use chroma sample type equal to O for both fields.

Decoding: H.264/AVC IRDs shall support decoding any allowed values of
chroma_sample_loc_type top_field and chroma_sample_loc_type bottom_field. Itis
recommended that appropriate processing be included for the display of pictures.

5.5.3.4  Timing Information

The support of time_scale and num_units in_tick values for the 25 Hz H.264/AVC SDTV IRD and Bitstream is
specified in clause 5.6.2.2, for the 30 Hz H.264/AVC SDTV IRD and Bitstream is specified in clause 5.6.3.2, for the
25 Hz H.264/AVC HDTV IRD and Bitstream is specified in clause 5.7.2.2, for the 30 Hz H.264/AVC HDTV IRD and
Bitstream is specified in clause 5.7.3.2, for the 50 Hz H.264/AVC HDTV IRD and Bitstream is specified in

clause 5.7.4.2, for the 60 Hz H.264/AVC HDTV IRD and Bitstream is specified in clause 5.7.5.2, for the 25 Hz MVC
Stereo HDTV IRD and Bitstream in clause 5.13.2.2 and for the 25 Hz MV C Stereo HDTV IRD and Bitstream in
clause 5.13.3.2. In the case of still picture the fixed_frame_rate flag shall be equal to 0. In other cases, the
fixed_frame_rate flag shall be equal to 1. The frame rate cannot be changed between two IDR access units.

5.5.35 Picture Structure Information

The support of pic_struct_present_flag in the Bitstream is specified in clause 5.5.4.1 related to use of Picture Structure
information in the Picture Timing SEI and is common to all H.264/AV C IRDs and Bitstreams. For bitstreams that carry
the picture structure information (such as film mode), it is recommended that the pic_struct_present_flag be set to "1"
in the VUI and the picture timing SEI is associated with each access unit in the coded sequence. If the sequence does
not require picture structure information, then the pic_struct_present_flag should be set to "0" in the VUI. Use of this
flag bit in the VUI allows use of picture timing SEI with only the picture structure information without the need to
include HRD information (such as CPB and DPB delay or initial values of the delay in the buffering period SEI).
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Supplemental Enhancement Information

The IRD shall support the use of Supplemental Enhancement Information of the following message types:

. Picture Timing SEI Message;

. Pan-Scan Rectangle SEI Message;

. "User dataregistered by Recommendation ITU-T T.35 SEI message” syntactic element [19]
user_data registered_itu_t_t35 asdefined in clause B.7.

5.54.1

Encoding:

NOTE 1:

Picture Timing SEI Message

It is recommended to transmit a picture timing SEI message for every access unit of a coded video
sequence.

If the H.264/AVC Bitstream contains picture structure information, then the
pic_struct_present flag shall be set to "1" in the VUI and a picture timing SEI message shall be
associated with every access unit. Otherwise the pic_struct_present flag shall be set to "0".

Setting pic_struct_present_flag to "1" indicates the presence of pic_struct that assists decodersin
determining if the picture should be displayed as a frame or one or more fields. Possible values for
pic_struct are defined in table D-1 of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
Progressive coded video sequences (with frame_mbs_only equal to 1) should only use pic_struct values
of 0, 7, 8. Interlace coded video sequences (with frame_mbs_only_flag equal to 0) should only use
pic_struct valuesof 1, 2, 3, 4, 5, 6.

It is recommended that bitstreams avoid mixing interlaced and progressive pic_struct values within a coded video
sequence to allow decoders to maintain a consistent display.

Note that it is recommended to avoid using frame doubling or tripling modes when coding framesin MBAFF mode.

It is recommended that ct_type be explicitly transmitted to convey the original picture scan.

NOTE 2:

NOTE 3:

NOTE 4:

Decoding:

Possible values for ct_type are defined in table D-2 of Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16]. Setting ct_type to 2 may be used to indicate an unknown original picture scan.
The ct_type field may change between progressive and interlaced within a sequence. Progressive ct_types
values may be present within a coded video sequence with interlaced pic_struct values but it is
recommended not to transmit interlaced ct_type values within a coded video sequence with progressive
pic_struct values.

The original picture scan can be quite useful for assisting operations such as deinterlacing and trick
modes. Explicit transmission of the ct_type field is indicated when the clock_timestamp_flag[i] is set
to 1.

L] If atimecodeisto be carried, it is recommended that the full_timestamp_flag isset to "1" and
hours_value, minutes_value, seconds_value and n_frames are used to transport the timecode
values. Time_offset may be ignored and normally carry the value "0", if present.

The default value of time_offset_length is 24 unless specified otherwise by the VUI message HRD
parameters, which in turn requires the presence of additional fieldsin the picture timing SEI message
(cpb_removal_delay and dpb_output_delay).

H.264/AVC IRDs shall support all values defined in pic_struct including all modes requiring field
and frame repetition. The H.264/AV C IRDs need not make use of any other syntax elements
(except pic_struct) in the picture timing SEI message, if these elements are present.

If ct_type is not present, then the value 2" (unknown) shall be inferred.

Note that if present, the picture structure information shall convey the picture output order in the same order as the
Picture Order Count (POC) information in the H.264/AVC Bitstream (per clause D.2.2 of Recommendation ITU-T
H.264 / ISO/IEC 14496-10 [16]). This ensures consistency between the SEI message and the HRD model of
Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
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554.2 Pan-Scan Rectangle SEI Message
Encoding: The pan_scan_rect SEI may be used when appropriate.

Decoding: H.264/AVC IRDs shall support all values specified in pan_scan_rect, except
pan_scan_rect_top_offset[i] and pan_scan_rect_bottom_offset[i]. The IRD need not make use of
pan_scan_rect_top_offset[i] and pan_scan_rect_bottom_offset[i] parametersin the
pan_scan_rect SEI message.

There may be more than one pan_scan_rect SEI message transmitted with an access unit. Any
pan_scan rect SEI messages after the first may be ignored.

The support of the use of pan_scan_rect for up sampling is specified to alow a 4:3 monitor to
give afull-screen display of a selected portion of a 16:9 coded picture with the correct aspect ratio.
The support of vertical resampling to obtain the correct aspect ratio for aletterbox display of a
16:9 coded picture on a 4:3 monitor is optional.

NOTE: Useof AFD asdefined in clause B.3 and Bar Data as defined in clause B.4 may provide a more
convenient mechanism for enabling the full screen display of a selected portion of the coded picture.

5.5.4.3  Still pictures

Encoding: Still pictures shall comply with "AVC still picture™ definition as per Recommendation ITU-T
H.222.0/ ISO/IEC 13818-1 [1]. For Still pictures the frame rate specification for H264 AVC IRDs
shall not apply. The fixed_frame rate flag shall be equal to 0.

NOTE: For display that requires afixed frame refresh according to the IRD frequency, the previously decoded
picture should be displayed till the next pictureis available.

555 Random Access Point
The definition for H.264/AVC RAP in clause 3 shall apply.
For MV C Stereo Bitstreams and MV C Stereo RAP guidelines, please refer to clause. 5.13.1.9.

Encoding: The time interval between H.264/AV C RAPs may vary between programs and also within a
program. The broadcast requirements should set the time interval between H.264/AVC RAPs as
specified in clause 5.5.5.1.

NOTE: TheAU_information_descriptor described in annex D provides a means of signalling information about
Random Access Points that may be used by some applications, and it is recommended that thisis present.

All pictures with PTS greater than or equal to PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of the
H.264/AVC RAP. This means that decoders receiving the RAP shall not need to utilize data
transmitted prior to the RAP to decode pictures displayed after the RAP.

To improve applications such as channel change, it is recommended that the Presentation Time
Stamp of the picture of H.264/AV C RAP be less than or equal to [DTS(rap) + 0,5 seconds] where
DTS(rap) represents the Decoding Time Stamp of the picture of H.264/AVC RAP.

Packetization of random access points shall comply with the following additional rule:

A transport packet containing the PES header of a H.264/AVC RAP shall have an adaptation field.
The payload_unit_start_indicator bit shall be set to "1™ in the transport packet header and the
adaptation_field_control bits shall be set to "11"(as per Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1]). In addition, the random_access_indicator bit in the adaptation header
shall be set to "1". The elementary_stream_priority_indicator bit shall also be set to "1" in the
same adaptation header if this transport packet contains the slice start code of the H.264/AVC
RAP access unit (see clauses 4.1.5.1 and 4.1.5.2).

Decoding: H.264/AVC IRDs shall be able to start decoding and displaying an H.264/AVC Bitstream at an
H.264/AVC RAP.
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555.1 Time Interval Between RAPs

Encoding: The encoder shall place H.264/AVC RAPs in the video elementary stream at least once every 5 s.
It isrecommended that H.264/AV C RAPs occur in the video elementary stream on average at least
every 2 s. Where rapid channel change times are important or for applications such as PVR it may
be appropriate for H.264/AV C RAPs to occur more frequently, such as every 500 ms. The time
interval between successive RAPs shall be measured as the difference between their respective
DTS values.

NOTE 1. Decreasing the timeinterval between H.264/AV C RAPs may reduce channel hopping time and improve
trick modes, but may reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between H.264/AV C RAPs may improve trick mode performance, but may
reduce the efficiency of the video compression.

5.6 H.264/AVC SDTV IRDs and Bitstreams

5.6.1 Specifications Common to all H.264/AVC SDTV IRDs and
Bitstreams
The specification in this clause applies to the following IRDs and bitstreams:
. 25 Hz H.264/AVC SDTV IRD and Bitstream;
e 30HzH.264/AVC SDTV IRD and Bitstream.

5.6.1.1 Sequence Parameter Set and Picture Parameter Set

Encoding: In addition to the provisions set forth in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],
the following restrictions shall apply for the fields in the sequence parameter set:
profile_idc = 77 (Main Profile)
profile_idc = 100 when bitstream complies with High Profile.
See clause 5.6.1.2 for details of when the bitstream may optionally comply with High Profile
constraint_setO_flag =0
constraint_setl_flag =1 (when profile_idc = 77) or
= 0 (when profile_idc = 100)
constraint_set?2 flag =0
constraint_set3 flag = 0 (when profile_idc = 100)
gaps in_frame _num value allowed flag =0 (gaps not allowed)
vui_parameters present_flag =1

5.6.1.2 Profile and level

Encoding: H.264/AVC SDTV Bitstreams shall comply with Main Profile Level 3 restrictions, as described in
Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]. In addition, in applications where
decoders support the High Profile, the encoded bitstream may optionally comply with the High
Profile.

The value of level_idc shall be equal to 30.

Decoding: H.264/AVC SDTV IRDs shall support decoding and displaying of Main Profile Level 3 bitstreams.
Support of the High Profile and other profiles beyond Main Profile is optional. Support of levels
beyond Level 3isoptiona. If the H.264/AVC SDTV IRD encounters an extension which it cannot
decode, it shall discard the following data until the next start code prefix (to allow backward
compatible extensions to be added in the future).
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Aspect ratio

The source aspect ratio in H.264/AVC SDTV Bitstreams shall be either 4:3 or 16:9.
The frame cropping information in the Sequence Parameter Set may be used when appropriate.

H.264/AVC SDTV IRDs shall support decoding and displaying H.264/AVC SDTV Bitstreams with
the values of aspect_ratio_idc and other constraints that are specified in clause 5.6.2 for the 25 Hz
H.264/AVC SDTV IRDs and Bitstreams and clause 5.6.3 for the 30 Hz H.264/AVC SDTV IRDs
and Bitstreams.

The source aspect ratio information shall be derived from the pic_height_in_map_units minusl
and the pic_width_in_mbs_minusl and the frame cropping information coded in the Sequence
Parameter Set as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the
Video Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16], table E-1).

H.264/AVC SDTV IRDs shall support frame cropping.

25 Hz H.264/AVC SDTV IRD and Bitstream

This clause specifies the 25 Hz H.264/AVC SDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.6.1 shall
apply. The specification in the remainder of this clause only applies to the 25 Hz H.264/AVC SDTV IRD and

Bitstream.

5.6.2.1

Encoding:

Decoding:

NOTE:

5.6.2.2

Encoding:

Decoding:

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded 25 Hz H.264/AVC
SDTV Bitstream by setting the appropriate values for each of the following 3 parameters in the
VUI: colour_primaries, transfer_characteristics, and matrix_coefficients.

It is recommended that Recommendation ITU-R BT.1700 Part B [25] colorimetry is used in the
H.264/AV C Bitstream, which is signalled by setting colour_primariesto the value 5,
transfer_characteristicsto the value 5 and matrix_coefficients to the value 5.

25 Hz H.264/AVC SDTV IRDs shall support decoding bitstreams with any allowed values of
colour_primaries, transfer_characteristics and matrix_coefficients. It is recommended that
appropriate processing be included for the accurate representation of picturesusing BT.
Recommendation I TU-R BT.1700 Part B [25] colorimetry.

Previous editions of the present document referenced Recommendation ITU-R BT.470[i.4] System B, G
colorimetry. Recommendation ITU-R BT.1700 [25] replaces Recommendation ITU-R BT.470[i.4].

Frame rate

The frame rate shall be 25 Hz in 25 Hz H.264/AVC Bitstreams. This shall be indicated in the VUI
by setting time_scale and nhum_units_in_tick according to table 7. Time_scale and
num_units_in_tick define the picture rate of the video.

Table 7: time_scale and num_units_in_tick for Progressive and Interlace

Frame Rates for 25 Hz H.264/AVC SDTV

Frame Rate | Interlaced or time_scale Num_units_in_tick
Progressive
25 P 50 1
25 I 50 1

25 Hz H.264/AVC SDTV IRDs shall support decoding and displaying video with a frame rate of
25 Hz within the constraints of Main Profile at Level 3. Support of other frame ratesis optional.
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25 Hz H.264/AVC SDTV Bitstreams shall represent video with luminance resolutions as shown in

table 8. Non full-screen pictures may be encoded for display at less than full-size (when using one
of the standard up-conversion ratios at the 25 Hz H.264/AVC SDTV IRD).

Decoding:

25 Hz H.264/AVC SDTV IRDs shall be capable of decoding pictures with luminance resolutions as

shown in table 8 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, 25 Hz H.264/AVC SDTV IRDs shall be capable of decoding lower
picture resolutions and displaying them at less than full-size after using one of the standard
up-conversions, e.g. a horizontal resolution of 704 pixels within the 720 pixels full-screen display.

Table 8: Resolutions for Full-screen Display from 25 Hz H.264/AVC SDTV IRD
and supported by 25 Hz H.264/AVC HDTV IRD, 50 Hz H.264/AVC HDTV IRD, 25 Hz SVC HDTV IRD
and 50 Hz SVC HDTV IRD

Coded Picture

Displayed Picture
Horizontal up sampling

Luminance resolution

Source Aspect

Aspect_ratio_idc

(horizontal x vertical) Ratio 4:3 Monitors 16:9 Monitors

720 x 576 4:3 2 x 1 x 3/4 (see note 1)
16:9 4 x 4/3 (see note 2) x1

544 x 576 4:3 4 x 4/3 x 1 (see note 1)
16:9 12 x 16/9 (see note 2) x 4/3

480 x 576 4:3 10 x 3/2 x 9/8 (see note 1)
16:9 6 x 2 (see note 2) x 3/2

352 x 576 4:3 6 x 2 x 3/2 (see note 1)
16:9 8 x 8/3 (see note 2) X 2

352 x 288 4:3 2 x 2 x 3/2 (see note 1)
16:9 4 x 8/3 (see note 2) x 2

(and vertical up sampling x 2)

(and vertical up sampling x 2)

NOTE 1: Up sampling of 4:3 pictures for display on a 16:9 monitor is optional in the IRD, as 16:9 monitors can be switched
to operate in 4:3 mode.

NOTE 2:
NOTE 3:

The up sampling with this value is applied to the pixels of the 16:9 picture to be displayed on a 4:3 monitor.
It is recommended that luminance resolution of 704 pixels represents the "middle" of the picture, and that it be

decoded to a 720 pixels full-screen display by placing 8 pixels of padding at each side. It is recommended that
luminance resolutions, such as 352 pixels, that are natural scalings of 704 pixels, be upscaled to 704 pixels and
padded as above. It is recommended that all other resolutions be scaled as indicated by the table above. Where
this does not result in the expected 720 pixels full-screen display, it is recommended that the result of the scaling
be clipped or padded symmetrically as required to produce a 720 pixels full-screen display.

5.6.3

30 Hz H.264/AVC SDTV IRD and Bitstream

This clause specifies the 30 Hz H.264/AVC SDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.6.1 shall
apply. The specification in the remainder of this clause only applies to the 30 Hz H.264/AVC SDTV IRD and

Bitstream.

5.6.3.1

Encoding:

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the

source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded H.264/AVC
Bitstream by setting the appropriate values for each of the following 3 parameters in the VUI :
colour_primaries, transfer_characteristics, and matrix_coefficients.

It is recommended that Recommendation ITU-R BT.1700 Part A [25] colorimetry is used for
video of all other vertical resolutionsin the H.264/AV C Bitstream, which is signalled by setting
colour_primariesto the value 6, transfer_characteristicsto the value 6 and matrix_coefficients
to the value 6.

Decoding:

The 30 Hz H.264/AVC SDTV IRD shall be capable of decoding bitstreams with any allowed values

of colour_primaries, transfer_characteristics and matrix_coefficients. It is recommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.1700 Part A [25] colorimetry.
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NOTE: Previous editions of the present document referenced SMPTE ST 170 colorimetry [i.9].
Recommendation ITU-R BT.1700 Part A [25] references SMPTE ST 170 [i.9].

5.6.3.2 Frame rate

Encoding: The frame rate shall be 24 000/1 001, 24, 30 000/1 001, 30 Hz. This shall be indicated in the VUI
by setting time_scale and num_units in_tick according to table 9. Time_scale and
num_units_in_tick define the picture rate of the video.

Table 9: Time_scal and num_units_in_tick for Progressive and Interlace
Frame Rates for 30 Hz H.264/AVC SDTV

Frame Rate Interlaced or time_scale Num_units_in_tick
Progressive
24 000/ 1 001 P 48 000 1001
24 P 48 1
30 000/ 1 001 P 60 000 1001
30 P 60 1
30 000/ 1 001 I 60 000 1001
30 I 60 1
Decoding: The 30 Hz H.264/AVC SDTV IRD shall support decoding and displaying video with a frame rate

of 24 000/1 001, 24, 30 000/1 001 or 30 Hz within the constraints of Main Profile at Level 3.
Support of other frame ratesis optional.

5.6.3.3 Luminance resolution

Encoding: 30 Hz H.264/AVC SDTV Bitstreams shall represent video with luminance resolutions as shown in
table 10. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the 30 Hz H.264/AVC SDTV IRD).

Decoding: 30 Hz H.264/AVC SDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 10 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, 30 Hz H.264/AVC SDTV IRDs shall be capable of decoding lower
picture resolutions and displaying them at less than full-size after using one of the standard
up-conversions, e.g. a horizontal resolution of 704 pixels within the 720 pixels full-screen display.
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Table 10: Resolutions for Full-screen Display from 30 Hz H.264/AVC SDTV IRD,
and supported by 30 Hz H.264/AVC HDTV IRD, 60 Hz H.264/AVC HDTV IRD, 30 Hz SVC HDTV IRD
and 60 Hz SVC HDTV IRD

. Displayed Picture
Coded Picture Horizontal up sampling
Lum!nance resolu_tlon Source Aspect aspect_ratio 4:3 Monitors 16:9 Monitors
(horizontal x vertical) Ratio _idc
720 x 480 4:3 3 x 1 x 3/4 (see note 1)
16:9 5 x 4/3 (see note 2) x 1
640 x 480 4:3 1 x 9/8 x 27/32 (see note 1)
16:9 14 x 3/2 x 9/8
544 x 480 4:3 5 x 4/3 x 1 (see note 1)
16:9 13 x 16/9 (see note 2) x 4/3
480 x 480 4:3 11 x 3/2 x 9/8 (see note 1)
16:9 7 x 2 (see note 2) x 3/2
352 x 480 4:3 7 x 2 x 3/2 (see note 1)
16:9 9 x 8/3 (see note 2) X 2
352 x 240 4:3 3 x 2 x 3/2 (see note 1)
16:9 5 x 8/3 (see note 2) x 2
(and vertical up sampling x 2) | (and vertical up sampling x 2)

NOTE 1: Up sampling of 4:3 pictures for display on a 16:9 monitor is optional in the IRD, as 16:9 monitors can be
switched to operate in 4:3 mode.

NOTE 2: The up sampling with this value is applied to the pixels of the 16:9 picture to be displayed on a 4:3 monitor.

NOTE 3: Itis recommended that luminance resolution of 704 pixels represents the "middle" of the picture, and that it be
decoded to a 720 pixels full-screen display by placing 8 pixels of padding at each side. It is recommended
that luminance resolutions, such as 352 pixels, that are natural scalings of 704 pixels, be upscaled to 704
pixels and padded as above. It is recommended that all other resolutions be scaled as indicated by the table
above. Where this does not result in the expected 720 pixels full-screen display, it is recommended that the
result of the scaling be clipped or padded symmetrically as required to produce a 720 pixels full-screen
display.

5.7 H.264/AVC HDTV IRDs and Bitstreams
5.7.1 Specifications common to all H.264/AVC HDTV IRDs and
Bitstreams

The specification in this clause applies to the following IRDs and bitstreams:

e 25HzH.264/AVCHDTV IRD and Bitstream;
. 30 Hz H.264/AVC HDTV IRD and Bitstream,
e 50HzH.264/AVCHDTV IRD and Bitstream;
U 60 Hz H.264/AVC HDTV IRD and Bitstream.

5.7.1.1  Sequence Parameter Set and Picture Parameter Set

Encoding: In addition to the provisions set forth in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],
the following restrictions shall apply for the fields in the sequence parameter set:
profile_idc = 100 (High Profile [16])
constraint_setO_flag =0
constraint_setl flag =0
constraint_set? flag =0
constraint_set3 flag =0
gaps in_frame _num value allowed flag = 0 (gaps not allowed)
vui_parameters present flag =1
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Aspect ratio

The source aspect ratio in H.264/AVC HDTYV Bitstreams shall be 16:9.

The source aspect ratio information shall be derived from the aspect_ratio_idc value in the Video
Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16], table E-1).

The frame cropping information in the Sequence Parameter Set may be used when appropriate.

H.264/AVC HDTV IRDs shall support decoding and displaying H.264/AVC HDTYV Bitstreams with
the values of aspect_ratio_idc as specified in table 11.

The source aspect ratio information shall be derived from the pic_height_in_map_units minusl
and the pic_width_in_mbs minusl and the frame cropping information coded in the Sequence
Parameter Set as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the
Video Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16], table E-1).

H.264/AVC HDTV IRDs shall support frame cropping.

Colour Parameter Information

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded H.264/AVC HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coefficients.

It isrecommended that H.264/AVC HDTYV bitstreams use either Recommendation I TU-R
BT.709 [13] or IEC 61966-2-4 [31] colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour _primariesto the value 1,
transfer_characteristicsto the value 1 and matrix_coefficientsto the value 1.

IEC 61966-2-4 [31] colorimetry usageis signalled by setting colour_primariesto the value 1,
transfer_characteristicsto the value 11 and matrix_coefficientsto the value 1.

H.264/AVC HDTV IRDs shall be capable of decoding bitstreams with any allowed values of
colour_primaries, transfer_characteristics and matrix_coefficients. It is recommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

H.264/AVC HDTV IRDs may be capable of decoding bitstreams that use |EC 61966-2-4 [31]
colorimetry.

The H.264/AVC HDTV IRD might not include appropriate processing for the accurate representation of
pictures that use |EC 61966-2-4 [31] colorimetry.

Luminance resolution

H.264/AVC HDTV Bitstreams shall represent video with luminance resolutions as shown in
table 11. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the H.264/AVC HDTV IRD).

H.264/AVC HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 11 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size.
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Table 11: Resolutions for Full-screen Display from H.264/AVC HDTV IRD and SVC HDTV IRD

Coded Picture
Luminance resolution | Source Aspect | aspect_ratio_idc 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1 080 16:9 1 x 1
1440 x 1080 16:9 14 x 4/3
1280 x 1 080 16:9 15 x 3/2
960 x 1 080 16:9 16 x 2
1280 x 720 16:9 1 x 1
960 x 720 16:9 14 x 4/3
640 x 720 16:9 16 x 2

5.7.2 25 Hz H.264/AVC HDTV IRD and Bitstream

This clause specifies the 25 Hz H.264/AVC HDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only appliesto the 25 Hz H.264/AVC HDTV IRD and
Bitstream.

57.2.1 Profile and level

Encoding: 25 Hz H.264/AVC HDTV Bitstreams shall comply with the High Profile Level 4 restrictions, as
specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level_idc shall be equal to 30, 31, 32, or 40.

Decoding: 25 Hz H.264/AVC HDTV IRDs shall support the decoding of High Profile Level 4 bitstreams. This
requirement includes support for High Profile and levels 3 to 4. Support for profiles and levels
other than High Profile, Level 3to 4 isoptional. If the 25 Hz H.264/AVC HDTV IRD encounters
an extension which it cannot decode, it shall discard the following data until the next start code
prefix (to allow backward compatible extensions to be added in the future).

57.2.2 Frame rate

Encoding: The frame rate shall be 25 Hz or 50 Hz. This shall be indicated in the VUI by setting time_scale
and num_units_in_tick according to table 12. Time_scale and num_units in_tick define the
picture rate of the video. The source video format for 50 Hz frame rate material shall be
progressive. The source video format for 25 Hz frame rate material shall be interlaced or
progressive.

Table 12: Time_scal and num_units_in_tick for Progressive and Interlace Frame Rates for
25 Hz H.264/AVC HDTV, 50 Hz H.264/AVC HDTV, 25 Hz SVC HDTV, 50 Hz SVC HDTV
and 25 Hz MVC Stereo HDTV

Frame Rate | Interlaced or Progressive time_scale num_units_in_tick
25 P 50 1
25 I 50 1
50 P 100 1
Decoding: 25 Hz H.264/AVC HDTV IRDs shall support decoding and displaying video with a frame rate of

25 Hz interlaced or progressive, or 50 Hz progressive within the constraints of High Profile at
Level 4. Support of other frame ratesis optional .

5.7.2.3  Backwards Compatibility
Decoding: 25 Hz H.264/AVC HDTV IRDs shall be capable of decoding any bitstream that a 25 Hz

H.264/AVC SDTV IRD is required to decode and resulting in the same displayed pictures as the
25 Hz H.264/AVC SDTV IRD, as described in clause 5.6.2.
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57.3 30 Hz H.264/AVC HDTV IRD and Bitstream

This clause specifies the 30 Hz H.264/AVC HDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only applies to the 30 Hz H.264/AVC HDTV IRD and
Bitstream.

573.1 Profile and level

Encoding: 30 Hz H.264/AVC HDTV Bitstreams shall comply with the High Profile Level 4 restrictions, as
specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level_idc shall be equal to 30, 31, 32, or 40.

Decoding: 30 Hz H.264/AVC HDTV IRDs shall support the decoding of High Profile Level 4 bitstreams. This
requirement includes support for High Profile and levels 3 to 4. Support for profiles and levels
other than High Profile, Level 3to 4 isoptional. If the 30 Hz H.264/AVC HDTV IRD encounters
an extension which it cannot decode, it shall discard the following data until the next start code
prefix (to allow backward compatible extensions to be added in the future).

5.7.3.2 Frame rate

Encoding: The frame rate shall be 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz. This shall be
indicated in the VUI by setting time_scale and num_units_in_tick according to table 13.
Time_scale and num_units_in_tick define the picture rate of the video. The source video format
for 24 000/1 001, 24, 60 000/1 001 and 60 Hz frame rate material shall be progressive. The source
video format for 30 000/1 001 and 30 Hz frame rate material shall be interlaced or progressive.

Table 13: Time_scal and num_units_in_tick for Progressive and Interlace Frame Rates for
30 Hz H.264/AVC HDTV, 60 Hz H.264/AVC HDTV, 30 Hz SVC HDTV, 60 Hz SVC HDTV
and 30 Hz MVC Stereo HDTV

Frame Rate Interlaced or Progressive time_scale Num_units_in_tick
24 000/ 1 001 P 48 000 1001
24 P 48 1
30 000/ 1 001 P 60 000 1001
30 P 60 1
30 000/ 1 001 I 60 000 1001
30 I 60 1
60 000/ 1 001 P 120 000 1001
60 P 120 1
Decoding: 30 Hz H.264/AVC HDTV IRDs shall support decoding and displaying video with a frame rate of

30 000/1 001, 30 Hz interlaced or progressive, or 24 000/1 001, 24, 60 000/1 001 or 60 Hz
progressive within the constraints of High Profile at Level 4. Support of other frame ratesis
optional.

5.7.3.3  Backwards Compatibility

Decoding: 30 Hz H.264/AVC HDTV IRDs shall be capable of decoding any bitstream that a 30 Hz
H.264/AVC SDTV IRD is required to decode and resulting in the same displayed pictures as the
30 Hz H.264/AVC SDTV IRD, as described in clause 5.7.2.

57.4 50 Hz H.264/AVC HDTV IRD and Bitstream

This clause specifies the 50 Hz H.264/AVC HDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only applies to the 50 Hz H.264/AVC HDTV IRD and
Bitstream.

5.7.4.1 Profile and level

Encoding: 50 Hz H.264/AVC HDTV Bitstreams shall comply with the High Profile Level 4.2 restrictions, as
specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
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The value of level _idc shall be equal to 41 or 42.

Decoding: 50 Hz H.264/AVC HDTV IRDs shall support the decoding of High Profile Level 4.2 bitstreams.
This requirement includes support for High Profile and levels 4.1 and 4.2. Support for profiles and
levels other than High Profile, Level 4.1 and 4.2 is optional. If the 50 Hz H.264/AVC HDTV IRD
encounters an extension which it cannot decode, it shall discard the following data until the next
start code prefix (to alow backward compatible extensions to be added in the future).

57.4.2 Frame rate

Encoding: The frame rate shall be 25 Hz or 50 Hz. This shall be indicated in the VUI by setting time_scale
and num_units in_tick according to table 12. Time_scale and hum_units _in_tick define the
picture rate of the video. The source video format for 50 Hz frame rate material shall be
progressive. The source video format for 25 Hz frame rate material shall be interlaced or
progressive.

Decoding: 50 Hz H.264/AVC HDTV IRDs shall support decoding and displaying video with a frame rate of
25 Hz interlaced or progressive, or 50 Hz progressive within the constraints of High Profile at
Level 4.2. Support of other frame ratesis optional.

5.7.4.3 Backwards Compatibility

Decoding: 50 Hz H.264/AVC HDTV IRDs shall be capable of decoding any bitstream that a 25 Hz
H.264/AVC HDTV IRD is required to decode and resulting in the same displayed pictures as the
25 Hz H.264/AVC HDTV IRD, as described in clause 5.7.2.

575 60 Hz H.264/AVC HDTV IRD and Bitstream

This clause specifies the 60 Hz H.264/AVC HDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.7.1 shall
apply. The specification in the remainder of this clause only applies to the 60 Hz H.264/AVC HDTV IRD and
Bitstream.

5.75.1 Profile and level

Encoding: 60 Hz H.264/AVC HDTV Bitstreams shall comply with the High Profile Level 4.2 restrictions, as
specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level_idc shall be equal to 41 or 42.

Decoding: 60 Hz H.264/AVC HDTV IRDs shall support the decoding of High Profile Level 4.2 bitstreams.
This requirement includes support for High Profile and levels 4.1 and 4.2. Support for profiles and
levels other than High Profile, Level 4.1 and 4.2 is optional. If the 60 Hz H.264/AVC HDTV IRD
encounters an extension which it cannot decode, it shall discard the following data until the next
start code prefix (to alow backward compatible extensions to be added in the future).

5.7.5.2 Frame rate

Encoding: The frame rate shall be 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz. This shall be
indicated in the VUI by setting time_scale and num_units_in_tick according to table 13.
Time_scale and num_units_in_tick define the picture rate of the video. The source video format
for 24 000/1 001, 24, 60 000/1 001 and 60 Hz frame rate material shall be progressive. The source
video format for 30 000/1 001 and 30 Hz frame rate material shall be interlaced or progressive.

Decoding: 60 Hz H.264/AVC HDTV IRDs shall support decoding and displaying video with a frame rate of
30 000/1 001, 30 Hz interlaced or progressive, or 24 000/1 001, 24, 60 000/1 001 or 60 Hz
progressive within the constraints of High Profile at Level 4.2. Support of other frame ratesis
optional.

5.7.5.3  Backwards Compatibility

Decoding: 60 Hz H.264/AVC HDTV IRDs shall be capable of decoding any bitstream that a 30 Hz
H.264/AVC HDTV IRD is required to decode and resulting in the same displayed pictures as the
30 Hz H.264/AVC HDTV IRD, as described in clause 5.7.3.
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5.8 SVC HDTV IRDs and Bitstreams
5.8.1 Specifications common to all SVC HDTV IRDs and Bitstreams

The specification in this clause applies to the following IRDs and bitstreams:
e 25HzSVCHDTV IRD and Bitstream;

. 30 Hz SVC HDTV IRD and Bitstream;
. 50 Hz SVC HDTV IRD and Bitstream;
. 60 Hz SVC HDTV IRD and Bitstream.

Therestrictions for SYC HDTV Bitstreams and the capabilities for SYC HDTV IRDs are partly specified viaSVC
HDTYV Bitstream Subsets. An SVC HDTV Bitstream Subset is a subset of an SVC HDTV Bitstream that can be
obtained from the SVC HDTV Bitstream by discarding one or more access units and/or one or more VCL NAL units,
starting from VCL NAL units with the largest value of DQId, and associated non-VCL NAL unitsin one or more access
units, similar to the process specified in clause G.8.8.1 of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]. An
SVC HDTYV Bitstream Subset may be identical to the SYC HDTV Bitstream that containsthe SVC HDTV Bitstream
Subset. Some of the restriction for SVC HDTV Bitstreams and capabilities for SVC HDTV IRDs are specified by
specifying restrictions for SVC HDTV Bitstream Subsets.

5.8.1.1 Classes of SVC operation

The video encoding and video decoding shall conform to Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
Some of the parameters and fields are not used in the DVB System and these restrictions are described below. SVC
Bitstreams and IRDs shall support some parts of the "Supplemental Enhancement Information (SEI)", the "Video
usability information (VUI)", and the "SVC Video Usability Information extension (SVC VUI extension)™ syntax
elements as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16], annexes D and E and clauses G.13
and G.14. The SVC IRD design shall be made under the assumption that any legal structure as permitted by
Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16] and the restrictions that are specified for the SVC IRDs may
occur in the broadcast stream even if presently reserved or unused.

5.8.1.1.1 Class S Bitstream
Number of dependency representations:

Decoding: Class S IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
dependency_id greater than 1.

Class S IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subset that does not contain VCL NAL units with dependency_id greater than 1.

Number of layer representations:

Encoding: In class S Bitstreams, VCL NAL units with dependency_id equal to 1 and quality_id equal to 0
shall have ref_layer_dg_id equal to 0.

Decoding: Class S IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
quality_id greater than 0.

Class S IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subset that does not contain VCL NAL units with quality_id greater than 0.

store_ref_base_pic_flag:

Encoding: In class S bitstreams, VCL NAL units with dependency_id less than or equal to 1 shall have
store_ref _base_pic_flag equal to 0.
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5.8.1.1.2 Class Q Bitstream
Number of dependency representations:

Decoding: Class Q IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
dependency_id greater than 0.

Class Q IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subset that does not contain VCL NAL units with dependency_id greater than 0.

Number of layer representations:

Decoding: Class Q IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
quality_id greater than 3.

Class Q IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subset that does not contain VCL NAL units with quality_id greater than 3.

store_ref_base_pic_flag:

Encoding: In class Q Bitstreams, time interval between any two SVC access units (in decoding order) that
contain VCL NAL units with dependency_id equal to 0 and store_ref_base_pic_flag equal to 1
shall be greater than or equal to 100 ms.

5.8.1.1.3 Class M Bitstream
Number of dependency representations:

Decoding: Class M IRDs shall be capable of ignoring VCL NAL units (of an SVC Bitstream) that have
dependency_id greater than 1.

Class M IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subset that does not contain VCL NAL units with dependency_id greater than 1.

Number of layer representations:

Encoding: In class M Bitstreams, VCL NAL units with dependency_id equal to 1 and quality_id equal to 0
shall have ref_layer_dg_id less than 3.

Decoding: Class M IRDs shall be capable of discarding VCL NAL units (of an SVC Bitstream) in a way that
the set of not discarded VCL NAL units does not contain more than 4 different values of DQId (the
value of DQId for VCL NAL units is given by 16 * dependency_id + quality_id), before decoding
and rendering pictures.

Class M IRDs shall be capable of decoding and rendering pictures that are represented by an SVC
Bitstream Subset that does not contain more than 4 different values of DQId (the value of DQId
for VCL NAL units is given by 16 * dependency_id + quality_id).

store_ref _base pic_flag:

Encoding: In class M Bitstreams, time interval between any two SVC access units (in decoding order) that
contain VCL NAL units with dependency_id equal to 0 or 1 and store_ref base_pic_flag equal to
1 shall be greater than or equal to 100 ms.

5.8.1.2  System Considerations

As provided below, certain aspects of an SV C system are signalled using "Video Usability Information” (VUI)
parameters. These include picture colorimetry and picture Chrominance locations. When using SV C video coding, these
parameters are strongly recommended to be identical within each layer of the AVC and SV C associated bitstreams. If
they are not identical, then great care should be taken in system design and operation.
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SVC Sequence Parameter Set and Picture Parameter Set

M ore than one picture parameter set can be present in the bitstreams between two SVC RAPs.
Between two SVC RAPs for the same value of dependency_id, the content of a picture parameter
set with a particular pic_parameter_set_id shall not change. I.e. if more than one picture
parameter set is present in the bitstream and these picture parameter sets are different from each
other, then each picture parameter set shall have a different pic_parameter_set id.

Note that multiple PPSs may be present in an SV C RAP access unit and the number of PPS that may be present is
constrained by clause 4.1.5.2 where the start of the SV C dependency representation (which may be indicated by the
Access Unit Delimiter or the SV C dependency representation delimiter) and the start of the first dice of the SVC
dependency representation occurs either in the same transport packet or in 2 successive transport packets.

5.8.1.3.1

Encoding:

NOTE:

5.8.1.3.2
Encoding:

pic_width_in_mbs_minusl and pic_height_in_map_units_minusl

The time interval between any two of the following changes shall be greater than or equal to one
second:

= achange of DependencyldMax (DependencyldMax specifies the maximum value of
dependency_id present in an access unit);

= for any present value of dependency_id, a change of pic_width_in_mbs_minusl or
pic_heigth_in_map_units_minusl;

= for any present value of dependency_id greater than 0, a change of
scaled_ref layer left_offset, scaled_ref layer_right_offset, scaled_ref layer_top_offset
or scaled_ref_layer _bottom_offset in the layer representations with quality_id egqual to 0;

= for any present value of dependency_id greater than O, achange of ref_layer _dg_id inthe
layer representations with quality_id equal to 0 and no_inter_layer_pred flag equal to O.

Any of the above mentioned changes requires software processing in the decoder. Limiting the frequency
of these changesisto constrain the IRD software processing.

If the number of samples per row of the luminance component of the source picture for any SVC
dependency representation is not an integer multiple of 16 and additional samples are padded to
make the number of samples per row of the luminance component an integer multiple of 16, it is
recommended that these samples are padded at the right side of the picture.

If the number of samples per column of the luminance component of the source picture for any

SV C dependency representation is not an integer multiple of 16 and additional samples are padded
to make the number of samples per column of the luminance component an integer multiple of 16,
it is recommended that these samples are padded at the bottom of the picture.

Subset Sequence Parameter Set

In addition to the provisions set forth in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],
the following restrictions shall apply for the fields in the subset sequence parameter sets
(nal_unit_type is equal to 15):

profile_idc = 86 (Scalable High Profile [16])
constraint_setl flag =1

constraint_set2 flag =0
gaps_in_frame_num_value allowed flag = 0 (gaps not allowed)
vui_parameters present_flag =1

svc_wvui_parameters present flag =1

seq_ref layer_chroma _phase x_plusl flag = chroma_phase x_plusl flag
seq _ref layer_chroma phase y plusl = chroma_phase y plusl
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The SVC Video Usability Information extension shall include information for all present
combinations of dependency _id, quality_id and temporal_id applicable for the subset sequence
parameter set.

NOTE: Restrictions for sequence parameter sets (nal_unit_type equal to 7), which are referenced in VCL NAL
units with dependency_id equal to 0 and quality_id equal to O are specified by the constraints for the SVC
base layer bitstreamin clauses 5.8.2.2, 5.8.3.2, 5.8.4.2 and 5.8.5.2.

5.8.1.4  Video Usability Information

The IRD shall support the use of the following syntax elements in the Video Usability Information of sequence
parameter sets (nal_unit_type is equal to 7) and subset sequence parameter sets (nal_unit_type is equal to 15):

. Aspect Ratio Information (aspect_ratio_idc).
. Colour Parameter Information (colour_primaries, transfer_characteristics, and matrix_coefficients).
. Chrominance Information (chroma_sample loc_type top_field and chroma_sample loc_type bottom _field).

The IRD shall support the use of the following syntax elements in the Video Usability Information of sequence
parameter sets (nal_unit_type is equal to 7):

e  Timing information (time_scale, num_units_in_tick, and fixed_frame_rate flag).
. Picture Structure Information (pic_struct_present_flag).

The IRD shall support the use of the following syntax elements in the SVC Video Usability Information extension of
subset sequence parameter sets (nal_unit_type is equal to 15), for each value i in the range of 0 to num_layers_minus1,
inclusive, with num_layers_minusl being the corresponding field in the SVC Video Usability Information extension:

e  Timing information (time_scale] i ], num_units_in_tick[ i ], and fixed_frame_rate flag[ i ]).
. Picture Structure Information (pic_struct_present flag[ i ]).
58.14.1 Aspect Ratio Information

The support of aspect_ratio_idc valuesfor 25 Hz SYC HDTV IRDs and Bitstreams, 30 Hz SYC HDTV IRDs and
Bitstreams, 50 Hz SVC HDTV IRDs and Bitstreams and 60 Hz SVC HDTV IRDs and Bitstreams is specified in
clauses5.8.2.5, 5.8.3.5, 5.8.4.5 and 5.8.5.5, respectively.

5.8.1.4.2 Colour Parameter Information

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded SVC HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters in the VUI of
all SVC Sequence Parameter Sets: colour_primaries, transfer_characteristics, and
matrix_coefficients.

It is strongly recommended that the VUIs of al SV C Sequence Parameter Sets that are referenced
inthe VCL NAL units of any particular access unit include the same values of colour_primaries,
transfer_characteristics, and matrix_coefficients.

Decoding: SVC HDTV IRDs shall be capable of decoding bitstreams with any allowed values of
colour_primaries, transfer_characteristics and matrix_coefficients in the VUI of the SVC
Sequence Parameter Sets. It is recommended that appropriate processing be included for the
accurate representation of pictures using Recommendation ITU-R BT.709 [13] colorimetry; and it
is recommended that appropriate processing be included for the accurate representation of pictures
using Recommendation ITU-R BT.1700 Part B [25] colorimetry for 25 Hz and 50 Hz SV C IRDs
and Bitstreams and Recommendation I TU-R BT.1700 Part A [25] colorimetry for 30 Hz and
60 Hz SVC IRDs and Bitstreams.
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If aSVC IRD receives a SV C hitstream with an AV C video sub-bitstream and an SV C video
sub-bitstream, and decodes only the AV C video sub-hitstream and outputs a scaled version of this
video sub-bitstream at a resolution matching the SV C video sub-bitstream, it is recommended that
the colour parameters of the AV C video sub-bitstream be converted, if they are different, to match
those of the SV C video sub-bitstream.

5.8.1.4.3 Chrominance Information

Encoding: It is recommended to specify the chrominance locations using the syntax elements
chroma_sample_loc_type top_field and chroma_sample_loc_type bottom_field inthe VUI of
each SV C Sequence Parameter set. It is recommended to use chroma sample type equal to O for
both fields.

It is strongly recommended that the chrominance locations specified by the syntax elements
chroma_phase x_plusl flag and chroma_phase y_plusl of a subset sequence parameter set be
consistent with the chrominance locations specified in the VUI of the same subset sequence
parameter set, as per Recommendation ITU-T H.264 | ISO/IEC 14496-10 [16].

It isrecommended that the reference layer chrominance locations specified by the syntax elements
ref_layer chroma phase x_plusl flagandref layer chroma phase y plusl be consistent with
the chrominance locations specified in the VUI of the SV C sequence parameter set that is
referenced in the reference SV C layer representation (specified by ref layer _dq id), as per
Recommendation ITU-T H.264 | ISO/IEC 14496-10 [16].

Decoding: SVC HDTV IRDs shall support decoding any allowed values of
chroma_sample_loc_type top_field and chroma_sample_loc_type bottom_field. Itis
recommended that appropriate processing be included for the display of pictures.

If aSVC IRD receives a SV C bitstream with an AV C video sub-bitstream and an SVC video
sub-bitstream, and decodes only the AV C video sub-bitstream and outputs a scaled version of this
video sub-bitstream at a resolution matching the SV C video sub-bitstream, it is recommended that
the chrominance parameters of the AV C video sub-bitstream be converted, if they are different, to
match those of the SV C video sub-bitstream.

5.8.1.4.4 Timing Information

The support of time_scale and num_units in_tick valuesin the VUI of sequence parameter setsand time_scal€] i ]
and num_units_in_tick[ i ] values, for al present values of i, in the SVC VUI extension of subset sequence parameter
sets for the 25 Hz SVC HDTV IRD and Bitstream is specified in clause 5.8.2.3, for the 30 Hz SYC HDTV IRD and
Bitstream is specified in clause 5.8.3.3, for the 50 Hz SYC HDTV IRD and Bitstream is specified in clause 5.8.4.3, and
for the 25 Hz SVC HDTV IRD and Bitstream is specified in clause 5.8.5.3. In case of still picture, the value of

fixed frame rate flag in the VUI of sequence parameter sets and the value of fixed frame rate flag[ i ], for all
present values of i, in the SVC VUI extension of subset sequence parameter sets shall be equal to 0. In other cases, the
value of fixed_frame_rate flag in the VUI of sequence parameter sets and the value of fixed_frame rate flag[ i ], for
all present values of i, in the SVC VUI extension of subset sequence parameter sets shall be equal to 1. The framerate
for any video sub-bitstream cannot be changed between two access units that represent SVC IDR pictures for all present
values of dependency _id.
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5.8.1.4.5 Picture Structure Information

The support of pic_struct_present_flag in the VUI of sequence parameter setsand pic_struct_present_flag[ i ], for
the present values of i, in the SVC VUI extension of subset sequence parameter setsis specified in clause 5.8.1.5.1
related to use of Picture Structure information in the Picture Timing SEI and is commonto al SVC HDTV IRDs and
Bitstreams. For sequences that carry the picture structure information (such as film mode), it is recommended that the
pic_struct_present_flag be set to 1 in the VUIs of the sequence parameter sets, the pic_struct_present_flag[ i ] be set
equal to 1 for the present values of i in the SV C VUI extensions of the subset sequence parameter sets and
corresponding picture timing SEI messages are associated with each access unit in the coded sequence. If the sequence
does not require picture structure information, then the pic_struct_present_flag should be set to equal to 0 inthe VUIs
of the sequence parameter sets and the pic_struct_present_flag[ i ] should be set equal to O for the present values of i
in the SVC VUI extensions of the subset sequence parameter sets. Use of the pic_struct_present_flag field in the VUI of
sequence parameter sets and the pic_struct_present_flag[ i ] fieldsin the SVC VUI extension of subset sequence
parameter sets allows use of corresponding picture timing SEI messages with only the picture structure information
without the need to include HRD information (such as CPB and DPB delay or initia values of the delay in the
corresponding buffering period SEI messages).

5.8.1.5  Supplemental Enhancement Information

The IRD shall support the use of Supplemental Enhancement Information of the following message types:
. Picture Timing SEI Message;
. Pan-Scan Rectangle SEI Message;

. "User dataregistered by Recommendation ITU-T T.35 SEI message” syntactic element [19]
user_data registered_itu_t_t35 asdefined in clause B.7;

. Scalable Nesting SEI Message with nested SEI messages being Picture Timing or Pan-Scan Rectangle SEI
messages.

Encoding: The SVC video sub-bitstream shall not contain any NAL units with nal_unit_type equal to 6 (SEI
NAL units).

NOTE 1: All SElI messages that apply to SV C enhancement layers should be included in the AV C video
sub-bitstream (i.e. the video sub-bitstream with dependency_id equal to 0). This ensures that the access
unit re-assembling process does not require any re-ordering of NAL units.

NOTE 2: Even though SV C SEI messages other than those defined above are not precluded, transmission systems
and broadcasters should take into account that the inclusion of any optional SEI messages could
significantly increase the bitrate and buffer utilization of the base layer AV C video sub-bitstream.
(Optional SEI messages include SEI messages other than the following: Picture Timing SEI message,
Pan-Scan Rectangle SEI message, User data registered by Recommendation ITU-T T.35[19] SEI
message, Scalable Nesting SEI message with one or more of the nested SEI messages not being a Picture
Timing SEI message or a Pan-Scan Rectangle SEI message).

5.8.1.5.1 Picture Timing SEI Message

Encoding: If the SVC HDTV Bitstream contains picture structure information, then the
pic_struct_present_flag shall be set equal to 1 in the VUI of the sequence parameter sets, the
pic_struct_present_flag[ i ] shall be set equal to 1 for the present values of i in the SVC VUI
extension of the subset sequence parameter sets and corresponding Picture Timing SEI messages
shall be associated with every access unit. All Picture Timing SEI messages that apply to SVC
layer representations of the same SVC dependency representation shall have the same value of
pic_struct. If the SYC HDTV Bitstream does not contain picture structure information, the
pic_struct_present_flag shall be set to 0 in the VUI of the sequence parameter sets and the
pic_struct_present_flag[ i ] shall be set equal to 1 for the present values of i in the SVC VUI
extension of the subset sequence parameter sets.

Decoding: SVC HDTV IRDs shall support all values defined in pic_struct including all modes requiring field
and frame repetition. The SVC HDTV IRDs need not make use of any other syntax elements
(except pic_struct) in the Picture Timing SEI messages, if these elements are present.
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NOTE: Picture Timing SEl messages are included in corresponding Scalable Nesting SEI messages when their
presenceis signaled by the field pic_struct_present_flag[ i ] in the SV C VUI extension of subset
sequence parameter sets and Picture Timing SEI messages are not included in Scalable Nesting SEI
messages when their presence is signalled by the field pic_struct_present_flag in the VUI of sequence
parameter sets (per Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16]).

If present, the picture structure information conveys the picture output order in the same order as the Picture Order
Count (POC) information in the SVC HDTV Bitstream (per clause D.2.2 of Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16]). This ensures consistency between the SEI message and the HRD model of Recommendation
ITU-T H.264 / ISO/IEC 14496-10 [16].

5.8.1.5.2 Pan-Scan Rectangle SEI Message
Encoding: The pan_scan_rect SEI message may be used when appropriate.

Decoding: SVC HDTV IRDs shall support all values specified in the pan_scan_rect SEI message for all video
sub-bitstreams, except pan_scan_rect_top_offset[i] and pan_scan_rect_bottom_offset[i]. The
SVC HDTYV IRD need not make use of pan_scan_rect_top_offset[i] and
pan_scan_rect_bottom_offset[i] parametersin the pan_scan_rect SElI message.

The support of the use of pan_scan_rect for up sampling is specified to alow a 4:3 monitor to
give afull-screen display of a selected portion of a 16:9 coded picture with the correct aspect ratio.
The support of vertical resampling to obtain the correct aspect ratio for aletterbox display of a
16:9 coded picture on a4:3 monitor is optional.

NOTE 1: Pan-Scan Rectangle SEI messages that apply to dependency representations with dependency _id greater
than O are included in Scalable Nesting SEI messages.

NOTE 2: Use of AFD asdefined in clause B.3 and Bar Data as defined in clause B.4 may provide a more
convenient mechanism for enabling the full screen display of a selected portion of the coded picture.

5.8.1.5.3 Scalable Nesting SEI Message

Encoding: SEI messages that are associated with SVC dependency representations with dependency_id
greater than 0 or with SVC layer representations with dependency_id greater than 0 or quality_id
greater than 0 or with particular bitstream subsets shall be included in Scalable Nesting SEI
messages, as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

Decoding: SVC HDTV IRDs shall support Scalable Nesting SEI messages and shall associate the nested SEI
messages (i.e. SEI messages included in a Scalable Nesting SEI message) with the SVC
dependency representations or SVC layer representations or particular bitstream subsets
indicated by the parameters of the Scalable Nesting SEI message, as specified in Recommendation
ITU-T H.264 / ISO/IEC 14496-10 [16].

5.8.1.5.4 Still pictures

Encoding: Still pictures shall comply with "AVC still picture™ definition as per Recommendation ITU-T
H.222.0 / ISO/IEC 13818-1 [1]. For Still pictures the frame rate specification for SYC HDTV
IRDs shall not apply. The value of fixed_frame_rate flag in the VUI of sequence parameter sets
and the values of fixed frame rate flag[ i ] in the SVC VUI extension of subset sequence
parameter sets shall be equal to 0.

For display that requires a fixed frame refresh according to the IRD frequency, the previoudly decoded picture should be
displayed till the next picture is available.

5.8.1.6 SVC Random Access Point
The definitions of SVC RAP and SVC random access dependency representation in clause 3 shall apply.

Encoding: Thetime interval between SV C RAPs (for each particular value of dependency_id) may vary
between programs and also within a program. The broadcast requirements should set the time
interval between SV C RAPs as specified in clause 5.8.1.6.1.

NOTE: TheAU_information_descriptor described in annex D provides a means of signalling information about
Random Access Points that may be used by some applications, and it is recommended that thisis present.
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For each particular value of dependency_id, all SVC layer pictures with this particular value of
dependency_id and PTS greater than or equal to PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of the SVC
RAP for this particular value of dependency_id. This means that decoders receiving an SVC RAP
for a particular value of dependency_id shall not need to utilize data transmitted prior to this SVC
RAP to decode SVC layer pictures with this particular value of dependency_id that are displayed
after the this SVC RAP.

If an SVC access unit represents an SVC RAP for a particular value of dependency _id, it shall also
represent an SVC RAP for all values of dependency_id in the range from 0 to the particular value
of dependency_id minus 1, inclusive.

If the maximum present value of dependency _id in an SVC access unit is different from the
maximum present value of dependency_id in the previous SVC access unit in decoding order
(when present), the SVC access unit shall represent an SVC RAP for all values of dependency_id
present in the access unit.

To improve applications such as channel change, it is recommended that the Presentation Time
Stamp of the picture of an SVC RAP be less than or equal to [DTS(rap) + 0,5 seconds] where
DTS(rap) represents the Decoding Time Stamp of the picture of the SVC RAP.

Packetization of random access points shall comply with the following additional rule:

A transport packet containing the PES header of an SVC random access dependency
representation shall have an adaptation field. The payload_unit_start_indicator bit shall be set to
"1" in the transport packet header and the adaptation_field_control bits shall be set to "11" (as
per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]). In addition, the

random_access indicator bit in the adaptation header shall be set to "1". The
elementary_stream_priority_indicator bit shall also be set to "1" in the same adaptation header if
this transport packet contains the slice start code of the SVC random access dependency
representation (see clauses 4.1.5.1 and 4.1.5.2).

SVC HDTV IRDs shall be capable of starting decoding and displaying pictures represented by an
SVC HDTYV Bitstream Subset, contained in an SVC HDTV Bitstream, at any SVC RAP with
MaxDIdRAP equal to MaxDIld. MaxDIdRAP represents the maximum value of dependency _id
that is associated with the SVC RAP in the SVC HDTV Bitstream Subset and MaxDId represented
the maximum value of dependency _id that is present in the SVC RAP inthe SYC HDTV
Bitstream Subset.

Time Interval Between SVC RAPs

The encoder shall place SVC RAPs for dependency_id equal to 0 in the video elementary stream at
least once every 5 s. It isrecommended that SVC RAPs for dependency_id equal to 0 occur in the
video elementary stream on average at least every 2 s. Where rapid channel change times are
important or for applications such as PVR it may be appropriate for SV C RAPs for dependency _id
egual to 0 to occur more frequently, such as every 500 ms.

For each time interval in which dependency representations with any particular value of
dependency_id greater than O are present in an SVC HDTV Bitstream, the encoder shall place
SVC RAPs for this particular value of dependency_id in the video elementary stream at least once
every 10 s. It isrecommended that, for each time interval in which dependency representations
with any particular value of dependency_id greater than 0 are present inan SVC HDTV Bitstream,
SVC RAPsfor this particular value of dependency_id occur in the video elementary stream on
average at least every 5s.

The time interval between successive RAPs for a particular value of dependency_id shall be
measured as the difference between their respective DTS values.

An SVC RAP for a particular value of dependency_id may or may not represent an SVC RAP for greater
values of dependency _id.

Decreasing the time interval between SV C RAPs may reduce channel hopping time and improve trick
modes, but may reduce the efficiency of the video compression.
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NOTE 3: Having aregular interval between SV C RAPs may improve trick mode performance, but may reduce the

5.8.2

efficiency of the video compression.

25 Hz SVC HDTV IRD and Bitstream

This clause specifiesthe 25 Hz SVC HDTV IRD and Bitstream. All specifications in clause 5.8.1 shall apply. The
specification in the remainder of this clause only appliesto the 25 Hz SYC HDTV IRD and Bitstream.

5.8.2.1

Encoding:

Decoding:

5.8.2.2

Encoding:

5.8.2.3

Encoding:

Profile and level

25 Hz SVC HDTYV Bitstream Subsets shall comply with the Scalable High Profile Level 4
restrictions, as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level _idc in all sequence parameter sets and subset sequence parameter sets that are
referenced in VCL NAL units of a 25 Hz SVC HDTV Bitstream Subset shall be equal to 30, 31, 32,
or 40.

25 Hz SVC HDTV Bitstreams shall conform to Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16] and shall contain one or more 25 Hz SVC HDTV Bitstream Subsets.
Optionally, 25 Hz SVC HDTYV Bitstreams may contain additional VCL NAL units and associated
non-VCL NAL unitsthat do not belong to any 25 Hz SVC HDTV Bitstream Subset.

25 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures using 25 Hz SVC
HDTV Bitstreams. Support for SV C Bitstreams that do not contain 25 Hz SVC HDTV Bitstream
Subsetsis optional.

25 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures that are represented
by 25 Hz SVC HDTV Bitstream Subsets contained in a 25 Hz SVC HDTV Bitstream. 25 Hz SVC
HDTV IRDs shall be capable of discarding the VCL NAL units of a 25 Hz SVC HDTV Bitstream
that do not belong to a 25 Hz SVC HDTYV Bitstream Subset, before decoding and rendering
pictures. Support for decoding and rendering of pictures that are represented by a SV C Bitstream
Subset with a conformance point beyond the conformance point of 25 Hz SVC HDTV Bitstream
Subsetsis optional.

If the 25 Hz SVC HDTV IRD encounters an extension which it cannot decode, it shall discard the
following data until the next start code prefix (to allow backward compatible extensions to be
added in the future).

25 Hz SVC base layer bitstream

The SVC base layer bitstream of a 25 Hz SVC HDTV Bitstream (and a 25 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 25 Hz H.264/AVC SDTV Bitstream or all
constraints of a 25 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of each video sub-bitstream of a 25 Hz SVC HDTV Bitstream Subset shall be 25 Hz
or 50 Hz. This shall be indicated in the VUI of the sequence parameter sets referenced in VCL
NAL units of the video sub-bitstream by setting time_scale and num_units in_tick according to
table 12 and the SVC VUI extension of the subset sequence parameter sets referenced in VCL NAL
units of the video sub-bitstream by setting time_scal€] i ] and num_units in_tick[ i ] for all
present values of i according to table 12 with substituting time_scale[ i ] for time_scale and
substituting num_units_in_tick[ i ] for num_units_in_tick. The fieldstime_scale and
num_units_in_tick inthe VUI of sequence parameter sets and the fieldstime scale] i ] and
num_units_in_tick[ i ] inthe SVC VUI extension of subset sequence parameter sets define the
picture rate of the video.

The source video format for 50 Hz frame rate video sub-bitstreams of a25 Hz SVC HDTV
Bitstream should be progressive. The source video format for 25 Hz frame rate video
sub-bitstreams of a 25 Hz SV C Bitstream may be interlaced or progressive.

The frame rate of any video sub-bitstream, of a 25 Hz SVC HDTV Bitstream, with a particular
value of dependency_id greater than 0 shall be an integer multiple of the frame rates of all video
sub-bitstreams with smaller values of dependency _id.
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If a 25 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1 and the source format for this video sub-bitstream is interlaced, the source video format for
the video sub-bitstream with dependency_id equal to 0 shall also be interlaced.

Decoding: 25 Hz SVC HDTV IRDs shall support decoding and displaying video, represented by a 25 Hz SVC
HDTV Bitstream Subset, with a frame rate of 25 Hz interlaced or progressive or 50 Hz
progressive. Support of other frame ratesis optional.

5824 Luminance resolution

Encoding: Each video sub-bitstream of a 25 Hz SVC HDTV Bitstream Subset shall represent video with
luminance resolutions as shown in table 8 and table 11. Non full-screen pictures may be encoded
for display at less than full-size (when using one of the standard up-conversion ratios at the 25 Hz
SVCHDTV IRD).

If a 25 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1 and this video sub-bitstream has frame_mbs_only flag equal to 0, the value of
frame_mbs_only _flag for the video sub-bitstream with dependency_id equal to 0 shall also be
equal to 0.

Decoding: 25 Hz SVC HDTV IRDs shall be capable of decoding pictures represented by a 25 Hz SVC HDTV
Bitstream Subset with luminance resolutions as shown in table 8 and table 11 and applying up
sampling to allow the decoded pictures to be displayed at full-screen size.

5.8.2.5  Aspect Ratio Information

For the following specification in this clause, the source aspect ratio information shall be derived from the
pic_height_in_map_units_minusl and the pic_width_in_mbs minusl and the frame cropping information coded in
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstream as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idc in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],

table E-1).

Encoding: The source aspect ratio shall be the same for all video sub-bitstreams of a 25 Hz SVC HDTV
Bitstream Subset.

The source aspect ratio for each video sub-bitstream, of a 25 Hz SVC HDTV Bitstream Subset,
that represents pictures with one of the luminance resolutions shown in table 11 shall be 16:9.

The source aspect ratio for each video sub-bitstream, of a 25 Hz SVC HDTV Bitstream Subset,
that represents pictures with one of the luminance resolutions shown in table 8 shall be either 4:3

or 16:9.
The frame cropping information in the SV C Sequence Parameter Sets may be used when
appropriate.

Decoding: 25 Hz SVC HDTV IRDs shall support decoding and displaying pictures represented by 25 Hz SVC

HDTV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11 or the constraints for aspect_ratio_idc specified in table 8
depending on the represented luminance resolution.

25 Hz SVC HDTV IRDs shall support frame cropping.
5.8.2.6  Backwards Compatibility

Decoding: 25 Hz SVC HDTV IRDs shall be capable of decoding any bitstream that a 25 Hz H.264/AVC
HDTV IRD is required to decode and resulting in the same displayed pictures as the 25 Hz
H.264/AVC HDTV IRD, as described in clause 5.7.2.

5.8.3 30 Hz SVC HDTV IRD and Bitstream

This clause specifies the 30 Hz SVC HDTV IRD and Bitstream. All specifications in clause 5.8.1 shall apply. The
specification in the remainder of this clause only appliesto the 30 Hz SVC HDTV IRD and Bitstream.
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Profile and level

30 Hz SVC HDTV Bitstreams shall comply with the Scalable High Profile Level 4 restrictions, as
specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level_idc in all sequence parameter sets and subset sequence parameter sets that are
referenced in VCL NAL units of a 30 Hz SVC HDTV Bitstream Subset shall be equal to 30, 31, 32,
or 40.

30 Hz SVC HDTV Bitstreams shall conform to Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16] and shall contain one or more 30 Hz SVC HDTV Bitstream Subsets.
Optionaly, 30 Hz SVC HDTV Bitstreams may contain additional VCL NAL units and associated
non-VCL NAL unitsthat do not belong to any 30 Hz SVC HDTV Bitstream Subset.

30 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures using 30 Hz SVC
HDTV Bitstreams. Support for SV C Bitstreams that do not contain 30 Hz SVC HDTV Bitstream
Subsetsis optional .

30 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures that are represented
by 30 Hz SVC HDTV Bitstream Subsets contained in a 30 Hz SVC HDTV Bitstream. 30 Hz SVC
HDTV IRDs shall be capable of discarding the VCL NAL units of a 30 Hz SVC HDTV Bitstream
that do not belong to a 30 Hz SVC HDTYV Bitstream Subset, before decoding and rendering
pictures. Support for decoding and rendering of pictures that are represented by a SV C Bitstream
Subset with a conformance point beyond the conformance point of 30 Hz SVC HDTV Bitstream
Subsetsis optional.

If the 30 Hz SVC HDTV IRD encounters an extension which it cannot decode, it shall discard the
following data until the next start code prefix (to allow backward compatible extensions to be
added in the future).

30 Hz SVC base layer bitstream

The SVC base layer bitstream of a 30 Hz SVC HDTV Bitstream (and a 30 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 30 Hz H.264/AVC SDTV Bitstream or all
constraints of a 30 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of each video sub-bitstream of a 30 Hz SVC HDTV Bitstream Subset shall be

24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz. This shall be indicated in the VUI of
the sequence parameter sets referenced in the VCL NAL units of the video sub-bitstream by setting
time_scale and num_units_in_tick according to table 13 and the SVC VUI extension of the subset
sequence parameter sets referenced in the VCL NAL units of the video sub-bitstream by setting
time_scale] i ] and num_units_in_tickg[ i ] for all present values of i according to table 13 with
substituting time_scale[ i ] for time_scale and substituting num_units_in_tick[ i ] for
num_units_in_tick. Thefieldstime_scale and num_units_in_tick in the VUI of sequence parameter
sets and the fieldstime_scal€] i ] and num_units_in_tick[ i ] in the SVC VUI extension of subset
sequence parameter sets define the picture rate of the video.

The source video format for 24 000/1 001, 24, 60 000/1 001 and 60 Hz frame rate video
sub-bitstreams of a 30 Hz SVC HDTYV Bitstream should be progressive. The source video format
for 30 000/1 001 and 30 Hz frame rate video sub-bitstreams of a30 Hz SVC HDTV Bitstream
may be interlaced or progressive.

The frame rate of any video sub-bitstream, of a 30 Hz SVC HDTYV Bitstream, with a particular
value of dependency_id greater than 0 shall be an integer multiple of the frame rates of all video
sub-bitstreams with smaller values of dependency _id.

If a 30 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1 and the source format for this video sub-bitstream is interlaced, the source video format for
the video sub-bitstream with dependency _id equal to 0 shall also be interlaced.
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Decoding: 30 Hz SVC HDTV IRDs shall support decoding and displaying video, represented by a 30 Hz SVC
HDTV Bitstream Subset, with a frame rate of 30 000/1 001, 30 Hz interlaced or progressive or
24 000/1 001, 24, 60 000/1 001 or 60 Hz progressive. Support of other frame ratesis optional.

5834 Luminance resolution

Encoding: Each video sub-bitstream of a 30 Hz SVC HDTV Bitstream Subset shall represent video with
luminance resolutions as shown in table 10 and table 11. Non full-screen pictures may be encoded
for display at less than full-size (when using one of the standard up-conversion ratios at the 30 Hz
SVC HDTV IRD).

If a 30 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1 and this video sub-bitstream has frame_mbs_only flag equal to 0, the value of
frame_mbs_only _flag for the video sub-bitstream with dependency_id equal to 0 shall also be
equal to 0.

Decoding: 30 Hz SVC HDTV IRDs shall be capable of decoding pictures represented by a 30 Hz SVC HDTV
Bitstream Subset with luminance resolutions as shown in table 10 and table 11 and applying up
sampling to allow the decoded pictures to be displayed at full-screen size.

5.8.3.5 Aspect Ratio Information

For the following specification in this clause, the source aspect ratio information shall be derived from the
pic_height_in_map_units_minusl and the pic_width_in_mbs minusl and the frame cropping information coded in
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstream as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idc in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],

table E-1).

Encoding: The source aspect ratio shall be the same for all video sub-bitstreams of a 30 Hz SVC HDTV
Bitstream Subset.

The source aspect ratio for each video sub-bitstream, of a 30 Hz SVC HDTV Bitstream Subset,
that represents pictures with on of the luminance resolutions shown in table 11 shall be 16:9.

The source aspect ratio for each video sub-bitstream, of a 30 Hz SVC HDTV Bitstream Subset,
that represents pictures with on of the luminance resolutions shown in table 10 shall be either 4:3
or 16:9.

The frame cropping information in the SV C Sequence Parameter Sets may be used when
appropriate.

Decoding: 30 Hz SVC HDTV IRDs shall support decoding and displaying pictures represented by 30 Hz SVC
HDTV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11 or the constraints for aspect_ratio_idc specified in table 10
depending on the represented luminance resolution.

30 Hz SVC HDTV IRDs shall support frame cropping.
5.8.3.6  Backwards Compatibility

Decoding: 30 Hz SVC HDTYV IRDs shall be capable of decoding any bitstream that a 30 Hz H.264/AVC
HDTV IRD is required to decode and resulting in the same displayed pictures as the 30 Hz
H.264/AVC HDTV IRD, as described in clause 5.7.3.

58.4 50 Hz SVC HDTV IRD and Bitstream

This clause specifies the 50 Hz SVC HDTV IRD and Bitstream. All specifications in clause 5.8.1 shall apply. The
specification in the remainder of this clause only appliesto the 50 Hz SVC HDTV IRD and Bitstream.
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Profile and level

50 Hz SVC HDTV Bitstream Subsets shall comply with the Scalable High Profile Level 4.2
restrictions, as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level_idc in all sequence parameter sets and subset sequence parameter sets that are
referenced in VCL NAL units, of a 50 Hz SVC HDTV Bitstream Subset, that have dependency_id
equal to 0 shall be equal to 30, 31, 32, or 40. The value of level_idc in all subset sequence
parameter sets that are referenced in VCL NAL units, of a 50 Hz SVC HDTV Bitstream Subset,
that have dependency_id equal to 1 shall be equal to 41 or 42.

50 Hz SVC HDTV Bitstreams shall conform to Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16] and shall contain one or more 50 Hz SVC HDTV Bitstream Subsets.
Optionaly, 50 Hz SVC HDTV Bitstreams may contain additional VCL NAL units and associated
non-VCL NAL unitsthat do not belong to any 50 Hz SVC HDTV Bitstream Subset.

50 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures using 50 Hz SVC
HDTV Bitstreams. Support for SV C Bitstreams that do not contain 50 Hz SVC HDTV Bitstream
Subsetsis optional .

50 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures that are represented
by 50 Hz SVC HDTV Bitstream Subsets contained in a 50 Hz SVC HDTV Bitstream. 50 Hz SVC
HDTV IRDs shall be capable of discarding the VCL NAL units of a 50 Hz SVC HDTV Bitstream
that do not belong to a 50 Hz SVC HDTV Bitstream Subset, before decoding and rendering
pictures. Support for decoding and rendering of pictures that are represented by a SV C Bitstream
Subset with a conformance point beyond the conformance point of 50 Hz SVC HDTV Bitstream
Subsetsis optional .

If the 50 Hz SVC HDTV IRD encounters an extension which it cannot decode, it shall discard the
following data until the next start code prefix (to allow backward compatible extensions to be
added in the future).

50 Hz SVC base layer bitstream

The SVC base layer bitstream of a 50 Hz SVC HDTV Bitstream (and a 50 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 25 Hz H.264/AVC SDTV Bitstream or all
constraints of a 25 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of each video sub-bitstream of a 50 Hz SVC HDTV Bitstream Subset shall be 25 Hz
or 50 Hz. This shall be indicated in the VUI of the sequence parameter sets referenced in the VCL
NAL units of the video sub-bitstream by setting time_scale and num_units in_tick according to
table 12 and the SVC VUI extension of the subset sequence parameter sets referenced in the VCL
NAL units of the video sub-bitstream by setting time_scalg] i ] and num_units_in_tick[ i ] for all
present values of i according to table 12 with substituting time_scale[ i ] for time_scale and
substituting num_units_in_tick[ i ] for num_units_in_tick. The fieldstime_scale and

num_units in_tick in the VUI of sequence parameter sets and the fieldstime scale i ] and
num_units_in_tick[ i ] in the SYC VUI extension of subset sequence parameter sets define the
picture rate of the video.

The source video format for 50 Hz frame rate video sub-bitstreams of a50 Hz SVC HDTV
Bitstream should be progressive. The source video format for 25 Hz frame rate video
sub-bitstreams of a 50 Hz SVC HDTV Bitstream may be interlaced or progressive.

If a 50 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1, the source video format for this video sub-bitstream shall be progressive.

The frame rate of any video sub-bitstream, of a 50 Hz SVC HDTV Bitstream, with a particular
value of dependency_id greater than 0 shall be an integer multiple of the frame rates of all video
sub-bitstreams with smaller values of dependency _id.
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Decoding: 50 Hz SVC HDTV IRDs shall support decoding and displaying video, represented by a 50 Hz SVC
HDTV Bitstream Subset, with a frame rate of 25 Hz interlaced or progressive, or 50 Hz
progressive. Support of other frame ratesis optional.

584.4 Luminance resolution

Encoding: Each video sub-bitstream of a 50 Hz SVC HDTV Bitstream Subset shall represent video with
luminance resolutions as shown in table 11. Non full-screen pictures may be encoded for display
at less than full-size (when using one of the standard up-conversion ratios at the 50 Hz SV C
HDTV IRD).

If a 50 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1, the field frame_mbs _only flag shall be equal to 1 for this video sub-bitstream.

If a 50 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1 and the field frame_mbs_only_flag for the video sub-bitstream with dependency_id equal to 0
is equal to 0, the fields pic_height_in_map_units minusl, frame_crop _top offset and
frame_crop_bottom_offset for the video sub-bitstream with dependency_id equal to 1 shall be
equal to 2 * ( picHeightinMapUnitsMinus1DId0 + 1) - 1, 2 * frameCropTopOffsetDId0 and

2 * frameCropBottomOffsetDId0, respectively, with picHeightinMapUnitsMinus1DIdO,
frameCropTopOffsetDI1d0 and frameCropBottomOffsetDId0 being the values of the fields
pic_height_in_map_units minusl, frame_crop_top_offset and frame _crop_bottom_offset,
respectively, for the video sub-bitstream with dependency _id equal to 0.

NOTE: Scaability from an interlaced base layer (with frame_mbs only flag equal to 0) to a progressive
enhancement layer (with frame_mbs_only_flag equal to 1) is only supported when the vertical luminance
resolution isthe same in both layers.

Decoding: 50 Hz SVC HDTYV IRDs shall be capable of decoding pictures represented by a 50 Hz SVC HDTV
Bitstream Subset with luminance resolutions as shown in table 11 and applying up sampling to
allow the decoded pictures to be displayed at full-screen size.

5.8.4.5  Aspect Ratio Information

For the following specification in this clause, the source aspect ratio information shall be derived from the
pic_height_in_map_units_minusl and the pic_width_in_mbs minusl and the frame cropping information coded in
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstream as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idc in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],

table E-1).

Encoding: The source aspect ratio for each video sub-bitstream of a 50 Hz SVC HDTV Bitstream Subset shall
be 16:9.
The frame cropping information in the SV C Sequence Parameter Sets may be used when
appropriate.

Decoding: 50 Hz SVC HDTV IRDs shall support decoding and displaying pictures represented by 50 Hz SVC

HDTV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11.

50 Hz SVC HDTV IRDs shall support frame cropping.
5.8.4.6  Backwards Compatibility

Decoding: 50 Hz SVC HDTV IRDs shall be capable of decoding any bitstream that a 50 Hz H.264/AVC
HDTV IRD is required to decode and resulting in the same displayed pictures as the 50 Hz
H.264/AVC HDTYV IRD, as described in clause 5.7.4.

5.85 60 Hz SVC HDTV IRD and Bitstream

This clause specifiesthe 60 Hz SVC HDTV IRD and Bitstream. All specifications in clause 5.8.1 shall apply. The
specification in the remainder of this clause only appliesto the 60 Hz SVC HDTV IRD and Bitstream.
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Profile and level

60 Hz SVC HDTV Bitstream Subsets shall comply with the Scalable High Profile Level 4.2
restrictions, as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level_idc in all sequence parameter sets and subset sequence parameter sets that are
referenced in VCL NAL units, of a 60 Hz SVC HDTV Bitstream Subset, that have dependency_id
equal to 0 shall be equal to 30, 31, 32, or 40. The value of level_idc in all subset sequence
parameter sets that are referenced in VCL NAL units, of a 60 Hz SVC HDTV Bitstream Subset,
that have dependency_id equal to 1 shall be equal to 41 or 42.

60 Hz SVC HDTYV Bitstreams shall conform to Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16] and shall contain one or more 60 Hz SVC HDTV Bitstream Subsets.
Optionaly, 60 Hz SVC HDTV Bitstreams may contain additional VCL NAL units and associated
non-VCL NAL unitsthat do not belong to any 60 Hz SVC HDTV Bitstream Subset.

60 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures using 60 Hz SVC
HDTV Bitstreams. Support for SV C Bitstreams that do not contain 60 Hz SYC HDTV Bitstream
Subsetsis optional .

60 Hz SVC HDTV IRDs shall be capable of decoding and rendering pictures that are represented
by 60 Hz SVC HDTV Bitstream Subsets contained in a 60 Hz SVC HDTV Bitstream. 60 Hz SVC
HDTV IRDs shall be capable of discarding the VCL NAL units of a 60 Hz SVC HDTV Bitstream
that do not belong to a 60 Hz SVC HDTV Bitstream Subset, before decoding and rendering
pictures. Support for decoding and rendering of pictures that are represented by a SV C Bitstream
Subset with a conformance point beyond the conformance point of 60 Hz SVC HDTV Bitstream
Subsetsis optional .

If the 60 Hz SVC HDTV IRD encounters an extension which it cannot decode, it shall discard the
following data until the next start code prefix (to allow backward compatible extensions to be
added in the future).

60 Hz SVC base layer bitstream

The SVC base layer bitstream of a 60 Hz SVC HDTV Bitstream (and a 60 Hz SVC HDTV
Bitstream Subset) shall obey all constraints of a 30 Hz H.264/AVC SDTV Bitstream or all
constraints of a 30 Hz H.264/AVC HDTV Bitstream.

Frame rate

The frame rate of each video sub-bitstream of a 60 Hz SVC HDTV Bitstream Subset shall be

24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz. This shall be indicated in the VUI of
the sequence parameter sets referenced in the VCL NAL units of the video sub-bitstream by setting
time_scale and num_units_in_tick according to table 13 and the SVC VUI extension of the subset
sequence parameter sets referenced in the VCL NAL units of the video sub-bitstream by setting
time_scale] i ] and num_units_in_tick[ i ] according to table 13 with substituting time_scale[ i ]
for time_scale and substituting num_units_in_tick[ i ] for num_units_in_tick. Thefieldstime_scale
and num_units in_tick inthe VUI of sequence parameter sets and the fieldstime_scale] i | and
num_units_in_tick[ i ] in the SYC VUI extension of subset sequence parameter sets define the
picture rate of the video.

The source video format for 24 000/1 001, 24, 60 000/1 001 and 60 Hz frame rate video
sub-bitstreams of a 60 Hz SV C HDTV Bitstream should be progressive. The source video format
for 30 000/1 001 and 30 Hz frame rate video sub-bitstreams of a60 Hz SVC HDTV Bitstream
may be interlaced or progressive.

If a 60 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1, the source video format for this video sub-bitstream shall be progressive.

The frame rate of any video sub-bitstream, of a 60 Hz SVC HDTV Bitstream, with a particular
value of dependency_id greater than 0 shall be an integer multiple of the frame rates of all video
sub-bitstreams with smaller values of dependency _id.
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60 Hz SVC HDTV IRDs shall support decoding and displaying video, represented by a 60 Hz SVC
HDTV Bitstream Subset, with a frame rate of 30 000/1 001, 30 Hz interlaced or progressive or
24 000/1 001, 24, 60 000/1 001 or 60 Hz progressive. Support of other frame ratesis optional.

Luminance resolution

Each video sub-bitstream of a 60 Hz SVC HDTV Bitstream Subset shall represent video with
luminance resolutions as shown in table 11. Non full-screen pictures may be encoded for display
at less than full-size (when using one of the standard up-conversion ratios at the 60 Hz SV C
HDTV IRD).

If a 60 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1, the field frame_mbs _only flag shall be equal to 1 for this video sub-bitstream.

If a 60 Hz SVC HDTV Bitstream Subset contains a video sub-bitstream with dependency_id equal
to 1 and the field frame_mbs_only_flag for the video sub-bitstream with dependency_id equal to 0
is equal to 0, the fields pic_height_in_map_units minusl, frame_crop _top offset and
frame_crop_bottom_offset for the video sub-bitstream with dependency_id equal to 1 shall be
equal to 2 * ( picHeightInMapUnitsMinus1DId0 + 1) — 1, 2 * frameCropTopOffsetDId0 and

2 * frameCropBottomOffsetDId0, respectively, with picHeightinMapUnitsMinus1DIdO,
frameCropTopOffsetDI1d0 and frameCropBottomOffsetDId0 being the values of the fields
pic_height_in_map_units minusl, frame_crop_top_offset and frame _crop_bottom_offset,
respectively, for the video sub-bitstream with dependency _id equal to 0.

Scalability from an interlaced base layer (with frame_mbs _only_flag equal to 0) to a progressive
enhancement layer (with frame_mbs_only_flag equal to 1) is only supported when the vertical luminance
resolution isthe same in both layers.

60 Hz SVC HDTYV IRDs shall be capable of decoding pictures represented by a 60 Hz SVC HDTV
Bitstream Subset with luminance resolutions as shown in table 11 and applying up sampling to
allow the decoded pictures to be displayed at full-screen size.

Aspect Ratio Information

For the following specification in this clause, the source aspect ratio information shall be derived from the
pic_height_in_map_units_minusl and the pic_width_in_mbs minusl and the frame cropping information coded in
the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of a video
sub-bitstream as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the Video Usability
Information of the sequence parameter sets and subset sequence parameter sets referenced in the VCL NAL units of the
video sub-bitstream (see values of aspect_ratio_idc in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],

table E-1).

Encoding:

Decoding:

5.8.5.6

Decoding:

The source aspect ratio for each video sub-bitstream of a 60 Hz SVC HDTV Bitstream Subset shall
be 16:9.

The frame cropping information in the SV C Sequence Parameter Sets may be used when
appropriate.

60 Hz SVC HDTV IRDs shall support decoding and displaying pictures represented by 60 Hz SVC
HDTV Bitstream Subsets in which each video sub-bitstream obeys the constraints for
aspect_ratio_idc specified in table 11.

60 Hz SVC HDTV IRDs shall support frame cropping.

Backwards Compatibility

60 Hz SVC HDTV IRDs shall be capable of decoding any bitstream that a 60 Hz H.264/AVC
HDTV IRD is required to decode and resulting in the same displayed pictures as the
60 Hz H.264/AVC HDTV IRD, as described in clause 5.7.5.
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25 Hz VC-1 SDTV IRDs and Bitstreams

The video encoding and video decoding shall conform to SMPTE ST 421 [20]. Some of the parameters and fields are
not used in the DVB System and these restrictions are described below. The VC-1 IRD design shall be made under the
assumption that any legal structure as permitted by SMPTE ST 421 [20] and the restrictions that are specified for the
VC-1 IRDs may occur in the broadcast stream even if presently reserved or unused.

5.9.1

Encoding:

Decoding:

5.9.2

Encoding:

Decoding:
5.9.3

Encoding:

Decoding:

5.9.4

Encoding:

Decoding:

Profile, Level and Colour Difference Format

25 Hz VC-1 SDTV Bitstreams shall comply with the restrictions described in SMPTE ST 421 [20]
for Advanced Profile at Level 1.

The value of PROFILE shall be equal to '11" indicating Advanced Profile. The value of LEVEL
shall be equal to '001" indicating Level 1 or, if appropriate, ‘000" indicating Level 0.

25 Hz VC-1 SDTV IRDs shall support decoding and displaying of Advanced Profile bitstreams at
Level 1 using 4:2:0 colour difference format. Support of levels beyond Level 1 isoptional. If the
VC-1 IRD encounters an extension which it cannot decode, it shall discard the following data until
the next start code prefix (to allow backward compatible extensions to be added in the future).

Frame rate

The frame rate in 25 Hz VC-1 SDTV Bitstreams shall be 25 Hz. This shall be indicated by setting
FRAMERATENR to 2 and FRAMERATEDR to 1.

25 Hz VC-1 SDTV IRDs shall support decoding and displaying video with a frame rate of 25 Hz
within the constraints of Advanced Profile at Level 1. Support of other frame ratesis optional.

Aspect ratio

The source aspect ratio in 25 Hz VC-1 SDTV Bitstreams shall be either 4:3 or 16:9. The display
geometry information to optimally render the decoded picture shall be signalled by an appropriate
combination of DISP_HORIZ_SIZE, DISP_VERT_SIZE, ASPECT_RATIO,
ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE.

25 Hz VC-1 SDTV IRDs shall support decoding and displaying 25 Hz VC-1 SDTV Bitstreams with
source aspect ratios of either 4:3 or 16:9. It is recommended that the display process use the
display geometry information signalled by DISP_HORIZ_SIZE, DISP_VERT_SIZE,
ASPECT_RATIO, ASPECT_HORIZ_SIZE and ASPECT_VERT_SI ZE to optimally render
the decoded picture.

Luminance resolution

25 Hz VC-1 SDTV Bitstreams shall represent coded video with luminance resolutions as shown in
table 14. Non full-screen pictures may be encoded for display at less than full-size, when using
one of the standard up-conversion ratios at the 25 Hz VC-1 SDTV IRD (e.g. a horizontal
resolution of 704 pixels within the 720 pixels full-screen display).

25 Hz VC-1 SDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 14 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, 25 Hz VC-1 SDTV IRDs shall be capable of decoding lower picture
resolutions and displaying them at less than full-size after using one of the standard
up-conversions, e.g. a horizontal resolution of 704 pixels within the 720 pixels full-screen display.
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Table 14: Resolutions for Full-screen Display from 25 Hz VC-1 SDTV IRD

Coded Picture D_isplayed Picture_
Horizontal up sampling
Luminance resolu_tlon Source Vldc_ao Aspect 4:3 Monitors 16:9 Monitors
(horizontal x vertical) Ratio
720 x 576 4:3 x 1 x 3/4 (see note 1)
16:9 x 4/3 (see note 2) x1
544 x 576 4:3 x 4/3 x 1 (see note 1)
16:9 x 16/9 (see note 2) x 4/3
480 x 576 4:3 x 3/2 x 9/8 (see note 1)
16:9 x 2 (see note 2) x 3/2
352 x 576 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
352 x 288 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
(and vertical up sampling x 2) | (and vertical up sampling x 2)

NOTE 1:

NOTE 2:

NOTE 3:

Up sampling of 4:3 pictures for display on a 16:9 monitor is optional in the IRD, as 16:9 monitors can be
switched to operate in 4:3 mode.

The up sampling with this value is applied to the pixels of the 16:9 picture to be displayed on a 4:3
monitor.

It is recommended that luminance resolution of 704 pixels represents the "middle" of the picture, and that
it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding at each side. It is
recommended that luminance resolutions, such as 352 pixels, that are natural scalings of 704 pixels, be
upscaled to 704 pixels and padded as above. It is recommended that all other resolutions be scaled as
indicated by the table above. Where this does not result in the expected 720 pixels full-screen display, it
is recommended that the result of the scaling be clipped or padded symmetrically as required to produce
a 720 pixels full-screen display.

5.9.5

Colour Parameter Information

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the

source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded 25 Hz VC-1 SDTV
Bitstream by setting the appropriate values for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

It is recommended that Recommendation ITU-R BT.1700 Part B [25] colorimetry is used in the
25 Hz VC-1 SDTV bitstream, which is signalled by setting COLOR_PRIM to the value 5,
TRANSFER_CHAR to the value 5 and MATRIX_COEFF to the value 6.

Decoding: 25 Hz VC-1 SDTV IRDs shall support decoding bitstreams with any allowed values of

NOTE:

5.9.6

COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.1700 Part B [25] colorimetry.

Previous editions of the present document referenced Recommendation ITU-R BT.470 System B,
G colorimetry [i.4]. Recommendation ITU-R BT.1700 [25] replaces Recommendation ITU-R
BT.4701(i.4].

Random Access Point

Encoding: Where channel change times are important it is recommended that a Sequence Header and

Entry-Point Header are encoded at |east once every 500 ms. In applications where channel change
timeisanissue but coding efficiency iscritical, it is recommended that a Sequence Header and
Entry-Point Header are encoded at |east once every 2 s. For those applications where channel
changetimeis not an issug, it is recommended that a Sequence Header and Entry-Point Header are
sent at least once every 5s.

NOTE 1: Increasing the frequency of Sequence Header and Entry-Point Header will reduce channel hopping time

but will reduce the efficiency of the video compression.
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NOTE 2: Having aregular interval between Entry-Point Headers may improve trick mode performance, but may

reduce the efficiency of the video compression.

NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about

5.10

Random Access Points that may be used by some applications, and it is recommended that thisis present.

25 Hz VC-1 HDTV IRDs and Bitstreams

The video encoding and video decoding shall conform to SMPTE ST 421 [20]. Some of the parameters and fields are
not used in the DVB System and these restrictions are described below. The VC-1 IRD design shall be made under the
assumption that any legal structure as permitted by SMPTE ST 421 [20] and the restrictions that are specified for the
VC-1 IRDs may occur in the broadcast stream even if presently reserved or unused.

5.10.1
Encoding:

Decoding:

Profile, Level and Colour Difference Format

25 Hz VC-1 HDTYV Bitstreams shall comply with the restrictions described in SMPTE ST 421 [20]
for Advanced Profile at Level 3.

The value of PROFILE shall be equal to 11" indicating Advanced Profile. The value of LEVEL
shall be equal to '011" indicating Level 3 or, if appropriate, '010" indicating Level 2, '001'
indicating Level 1 or'000" indicating Level 0.

25 Hz VC-1 HDTV IRDs shall support decoding and displaying of Advanced Profile bitstreams at
Level 3 using 4:2:0 colour difference format. Support of levels beyond Level 3 isoptional. If the
VC-1 IRD encounters an extension which it cannot decode, it shall discard the following data until
the next start code prefix (to allow backward compatible extensions to be added in the future).

5.10.2 Frame rate

Encoding:

Decoding:

The frame rate in 25 Hz VC-1 HDTV Bitstreams shall be 25 Hz or 50 Hz. This shall be indicated
by setting FRAMERATENR to 2 or 4, as appropriate, and FRAMERATEDR to 1.

25 Hz VC-1 HDTV IRDs shall support decoding and displaying video with a frame rate of 25 Hz
or 50 Hz within the constraints of Advanced Profile at Level 3. Support of other frame ratesis
optional.

5.10.3 Aspect ratio

Encoding:

Decoding:

5.10.4

Encoding:

Decoding:

The source aspect ratio in 25 Hz VC-1 HDTV Bitstreams shall be 16:9. The display geometry
information to optimally render the decoded picture shall be signalled by an appropriate
combination of DISP_HORIZ_SIZE, DISP_VERT_SIZE, ASPECT_RATIO,
ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE.

25 Hz VC-1 HDTV IRDs shall support decoding and displaying 25 Hz VC-1 HDTV Bitstreams
with source aspect ratios of 16:9. It is recommended that the display process use the display
geometry information signalled by DISP_HORIZ_SIZE, DISP_VERT_SIZE,
ASPECT_RATIO, ASPECT_HORIZ_SIZE and ASPECT_VERT_SI ZE to optimally render
the decoded picture.

Luminance resolution

25 Hz VC-1 HDTV Bitstreams shall represent video with luminance resolutions as shown in
table 15. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the 25 Hz VC-1 HDTV IRD).

25 Hz VC-1 HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 15 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size.
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Table 15: Resolutions for Full-screen Display from 25 Hz VC-1 HDTV IRD

Coded Picture
Luminance resolution | Source Aspect 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1 080 16:9 x1
1440 x 1 080 16:9 x 4/3
1280 x 1 080 16:9 x 3/2
960 x 1 080 16:9 x 2
1280 x 720 16:9 x1
960 x 720 16:9 x 4/3
640 x 720 16:9 x 2

5.10.5 Colour Parameter Information

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded 25 Hz VC-1 HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

It is recommended that Recommendation ITU-R BT.709 [13] colorimetry isused for all 25 Hz
VC-1 HDTYV Bitstreams, which is signalled by setting COLOR_PRIM to the value 1,
TRANSFER_CHAR to the value 1 and MATRIX_COEFF to the value 1.

Decoding: 25 Hz VC-1 HDTV IRDs shall support decoding bitstreams with any allowed values of
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

5.10.6 Random Access Point

Encoding: Where channel change times are important it is recommended that a Sequence Header and
Entry-Point Header are encoded at |east once every 500 ms. In applications where channel change
timeisanissue but coding efficiency iscritical, it is recommended that a Sequence Header and
Entry-Point Header are encoded at |east once every 2 s. For those applications where channel
changetimeis not an issug, it is recommended that a Sequence Header and Entry-Point Header are
sent at least once every 5s.

NOTE 1: Increasing the frequency of Sequence Header and Entry-Point Header will reduce channel hopping time
but will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.

NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Points that may be used by some applications, and it is recommended that thisis present.

5.10.7 Backwards Compatibility

Decoding: 25 Hz VC-1 HDTV IRDs shall be capable of decoding any bitstream that a 25 Hz VC-1 SDTV IRD
is required to decode and resulting in the same displayed pictures as the 25 Hz VC-1 SDTV IRD.

5.11 30 Hz VC-1 SDTV IRDs and Bitstreams

The video encoding and video decoding shall conform to SMPTE ST 421 [20]. Some of the parameters and fields are
not used in the DVB System and these restrictions are described below. The VC-1 IRD design shall be made under the
assumption that any legal structure as permitted by SMPTE ST 421 [20] and the restrictions that are specified for the
VC-1 IRDs may occur in the broadcast stream even if presently reserved or unused.
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Profile and level

30 Hz VC-1 SDTV Bitstreams shall comply with the restrictions described in SMPTE ST 421 [20]
for Advanced Profile at Level 1.

The value of PROFILE shall be equal to '11' indicating Advanced Profile. The value of LEVEL
shall be equal to '001" indicating Level 1 or, if appropriate, ‘000 ‘indicating Level 0.

30 Hz VC-1 SDTV IRDs shall support decoding and displaying of Advanced Profile bitstreams at
Level 1 using 4:2:0 colour difference format. Support of levels beyond Level 1 isoptional. If the
VC-1 IRD encounters an extension which it cannot decode, it shall discard the following data until
the next start code prefix (to allow backward compatible extensions to be added in the future).

5.11.2 Frame rate

Encoding:

Decoding:

The frame rate in 30 Hz VC-1 SDTV Bitstreams shall be 24 000/1 001, 24, 30 000/1 0001 or
30 Hz. This shall be indicated by setting FRAMERATENR to 1 or 3 and FRAMERATEDR to 1
or 2, as appropriate.

30 Hz VC-1 SDTV IRDs shall support decoding and displaying video with a frame rates of
24 000/1 001, 24, 30 000/1 0001 or 30 Hz within the constraints of Advanced Profile at Level 1.
Support of other frame ratesis optional.

5.11.3 Aspect ratio

Encoding:

Decoding:

The source aspect ratio in 30 Hz VC-1 SDTV Bitstreams shall be either 4:3 or 16:9. The display
geometry information to optimally render the decoded picture shall be signalled by an appropriate
combination of DISP_HORIZ_SIZE, DISP_VERT_SIZE, ASPECT_RATIO,
ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE.

30 Hz VC-1 SDTV IRDs shall support decoding and displaying 30 Hz VC-1 SDTV Bitstreams with
source aspect ratios of either 4:3 or 16:9. It is recommended that the display process use the
display geometry information signalled by DISP_HORIZ_SIZE, DISP_VERT_SIZE,
ASPECT_RATIO, ASPECT_HORIZ_SIZE and ASPECT_VERT_SI ZE to optimally render
the decoded picture.

5.11.4 Luminance resolution

Encoding:

Decoding:

30 Hz VC-1 SDTV Bitstreams shall represent coded video with luminance resolutions as shown in
table 16. Non full-screen pictures may be encoded for display at less than full-size, when using
one of the standard up-conversion ratios at the 30 Hz VC-1 SDTV IRD (e.g. ahorizontal
resolution of 704 pixels within the 720 pixels full-screen display).

30 Hz VC-1 SDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 16 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size. In addition, 30 Hz VC-1 SDTV IRDs shall be capable of decoding lower picture
resolutions and displaying them at less than full-size after using one of the standard
up-conversions, e.g. a horizontal resolution of 704 pixels within the 720 pixels full-screen display.
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Table 16: Resolutions for Full-screen Display from 30 Hz VC-1 SDTV IRD

NOTE 2:
NOTE 3:

Coded Picture D_isplayed Picture_
Horizontal up sampling
Luminance resolu_tlon Source Vldc_ao Aspect 4:3 Monitors 16:9 Monitors
(horizontal x vertical) Ratio
720 x 480 4:3 x 1 x 3/4 (see note 1)
16:9 x 4/3 (see note 2) x1
640 x 480 4:3 x 9/8 x 27132 (see note 1)
16:9 x 3/2 x 9/8
544 x 480 4:3 x 4/3 x 1 (see note 1)
16:9 x 16/9 (see note 2) x 4/3
480 x 480 4:3 x 3/2 x 9/8 (see note 1)
16:9 x 2 (see note 2) x 3/2
352 x 480 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
352 x 240 4:3 x 2 x 3/2 (see note 1)
16:9 x 8/3 (see note 2) x 2
(and vertical up sampling x 2) | (and vertical up sampling x 2)
NOTE 1: Up sampling of 4:3 pictures for display on a 16:9 monitor is optional in the IRD, as 16:9 monitors can be

switched to operate in 4:3 mode.

The up sampling with this value is applied to the pixels of the 16:9 picture to be displayed on a 4:3 monitor.
It is recommended that luminance resolution of 704 pixels represents the "middle" of the picture, and that
it be decoded to a 720 pixels full-screen display by placing 8 pixels of padding at each side. It is
recommended that luminance resolutions, such as 352 pixels, that are natural scalings of 704 pixels, be
upscaled to 704 pixels and padded as above. It is recommended that all other resolutions be scaled as
indicated by the table above. Where this does not result in the expected 720 pixels full-screen display, it is
recommended that the result of the scaling be clipped or padded symmetrically as required to produce a
720 pixels full-screen display.

5.11.5 Colour Parameter Information

Encoding:

Decoding:

NOTE:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded 30 Hz VC-1 SDTV
Bitstream by setting the appropriate values for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

It is recommended that Recommendation ITU-R BT.1700 Part A [25] colorimetry is used for
30 Hz VC-1 SDTV bitstreams, which is signalled by setting COLOR_PRIM to the value 6,
TRANSFER_CHAR to the value 6 and MATRIX_COEFF to the value 6.

30 Hz VC-1 SDTV IRDs shall support decoding bitstreams with any allowed values of
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.1700 Part A [25] colorimetry.

Previous editions of the present document referenced SMPTE ST 170 colorimetry [i.9].

Recommendation ITU-R BT.1700 Part A [25] references SMPTE ST 170 [i.9].

5.11.6 Random Access Point

Encoding:

Where channel change times are important it is recommended that a Sequence Header and
Entry-Point Header are encoded at least once every 500 ms. In applications where channel change
timeisanissue but coding efficiency is critical, it is recommended that a Sequence Header and
Entry-Point Header are encoded at |east once every 2 s. For those applications where channel
changetimeis not an issug, it is recommended that a Sequence Header and Entry-Point Header are
sent at least once every 5s.

NOTE 1: Increasing the frequency of Sequence Header and Entry-Point Header will reduce channel hopping time
but will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.
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NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about

5.12

Random Access Points that may be used by some applications, and it is recommended that thisis present.

30 Hz VC-1 HDTV IRDs and Bitstreams

The video encoding and video decoding shall conform to SMPTE ST 421 [20]. Some of the parameters and fields are
not used in the DVB System and these restrictions are described below. The VC-1 IRD design shall be made under the
assumption that any legal structure as permitted by SMPTE ST 421 [20] and the restrictions that are specified for the
VC-1 IRDs may occur in the broadcast stream even if presently reserved or unused.

5.12.1
Encoding:

Decoding:

Profile, Level and Colour Difference Format

30 Hz VC-1 HDTYV Bitstreams shall comply with the restrictions described in SMPTE ST 421 [20]
for Advanced Profile at Level 3.

The value of PROFILE shall be equal to '11" indicating Advanced Profile. The value of LEVEL
shall be equal to ‘011" indicating Level 3 or, if appropriate, ‘010" indicating Level 2, '001’
indicating Level 1 or'000' indicating Level 0.

30 Hz VC-1 HDTV IRDs shall support decoding and displaying of Advanced Profile bitstreams at
Level 3 using 4:2:0 colour difference format. Support of levels beyond Level 3 isoptional. If the
VC-1 IRD encounters an extension which it cannot decode, it shall discard the following data until
the next start code prefix (to allow backward compatible extensions to be added in the future).

5.12.2 Frame rate

Encoding:

Decoding:

The frame rate in 30 Hz VC-1 HDTV Bitstreams shall be 24 000/1 001, 24, 30 000/1 0001, 30,
60 000/1 000 or 60 Hz. This shall be indicated by setting FRAMERATENRto 1, 3 or 5 and
FRAMERATEDR to 1 or 2, as appropriate.

30 Hz VC-1 HDTV IRDs shall support decoding and displaying video with a frame rate of
24 000/1 001, 24, 30 000/1 0001, 30, 60 000/1 000 or 60 Hz within the constraints of Advanced
Profile at Level 3. Support of other frame ratesis optional.

5.12.3 Aspect ratio

Encoding:

Decoding:

The source aspect ratio in 30 Hz VC-1 HDTV Bitstreams shall be 16:9. The display geometry
information to optimally render the decoded picture shall be signalled by an appropriate
combination of DISP_HORIZ_SIZE, DISP_VERT_SIZE, ASPECT_RATIO,
ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE.

30 Hz VC-1 HDTV IRDs shall support decoding and displaying 30 Hz VC-1 HDTV Bitstreams
with source aspect ratios of 16:9. It is recommended that the display process use the display
geometry information signalled by DISP_HORIZ_SIZE, DISP_VERT_SIZE,
ASPECT_RATIO, ASPECT_HORIZ_SIZE and ASPECT_VERT_SIZE to optimally render
the decoded picture.

5.12.4 Luminance resolution

Encoding:

Decoding:

30 Hz VC-1 HDTYV Bitstreams shall represent video with luminance resolutions as shown in
table 17. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the 30 Hz VC-1 HDTV IRD).

30 Hz VC-1 HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 17 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size.
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Table 17: Resolutions for Full-screen Display from 30 Hz VC-1 HDTV IRD

Coded Picture
Luminance resolution | Source Aspect 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1 080 16:9 x1
1440 x 1 080 16:9 x 4/3
1280 x 1 080 16:9 x 3/2
960 x 1 080 16:9 x 2
1280 x 720 16:9 x1
960 x 720 16:9 x 4/3
640 x 720 16:9 x 2

5.12.5 Colour Parameter Information

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded 30 Hz VC-1 HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters:
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF.

It is recommended that Recommendation ITU-R BT.709 [13] colorimetry is used for all 30 Hz
VC-1 HDTYV Bitstreams, which is signalled by setting COLOR_PRIM to the value 1,
TRANSFER_CHAR to the value 1 and MATRIX_COEFF to the value 1.

Decoding: 30 Hz VC-1 HDTV IRDs shall support decoding bitstreams with any allowed values of
COLOR_PRIM, TRANSFER_CHAR and MATRIX_COEFF. It isrecommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation ITU-R BT.709 [13] colorimetry.

5.12.6 Random Access Point

Encoding: Where channel change times are important it is recommended that a Sequence Header and
Entry-Point Header are encoded at |east once every 500 ms. In applications where channel change
timeisanissue but coding efficiency iscritical, it is recommended that a Sequence Header and
Entry- Point Header are encoded at least once every 2 s. For those applications where channel
changetimeis not an issug, it is recommended that a Sequence Header and Entry-Point Header are
sent at least once every 5s.

NOTE 1: Increasing the frequency of Sequence Header and Entry-Point Header will reduce channel hopping time
but will reduce the efficiency of the video compression.

NOTE 2: Having aregular interval between Entry-Point Headers may improve trick mode performance, but may
reduce the efficiency of the video compression.

NOTE 3: The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Points that may be used by some applications, and it is recommended that thisis present.

5.12.7 Backwards Compatibility

Decoding: 30 Hz VC-1 HDTV IRDs shall be capable of decoding any bitstream that a 30 Hz VC-1 SDTV IRD
is required to decode and resulting in the same displayed pictures as the 30 Hz VC-1 SDTV IRD.

5.13 MVC Stereo HDTV IRDs and Bitstreams

5.13.1 Specifications common to all MVC Stereo HDTV IRDs and
Bitstreams

The specification in this clause applies to the following IRDs and Bitstreams:
. 25 Hz MVC Stereo HDTV IRD and Bitstream,;
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° 30 Hz MVC Stereo HDTV IRD and Bitstream.

In addition to the constraints applicable to the H.264/AV C Stereo High Profile Level 4 of Recommendation ITU-T
H.264 / ISO/IEC 14496-10 [16], the constraints listed in the following clauses apply to the MV C Stereo HDTV IRDs
and Bitstreams defined in the present document.

NOTE: TheH.264/AVC HDTV IRD and Bitstream specification appliesto MV C Stereo IRDs and Bitstreams as
far as the Base view Bitstream of an MV C Stereo HDTV Bitstream is compliant with the H.264/AVC
HDTYV Bitstream specification.

5.13.1.1 Introduction

The video encoding and video decoding shall conform to Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
Some of the parameters and fields are not used in the DVB System, or they shall take certain predetermined values.
These restrictions are described below.

MVC Stereo HDTV Bitstreams and IRDs shall support some parts of the "Supplemental Enhancement Information
(SEI)", the "Video usability information (VUI)", the "MVC SEI messages"”, and the "MVC Video Usability Information
extension (MVC VUI extension)" syntax elements as specified in Recommendation ITU-T H.264 /

ISO/IEC 14496-10 [16], annexes D and E and clauses H.13 and H.14.

5.13.1.2 Composition of MVC Stereo HDTV Bitstreams
Encoding: MVC Stereo HDTYV Bitstreams, as defined in the present document, shall contain a single MVC
Stereo Base view bitstream and a single MVC Stereo Dependent view bitstream.

The MVC Stereo Base view bitstream and the MVC Stereo Dependent view bitstream shall be sent
in separate elementary streams and on separate PIDs.

Decoding: MVC Stereo IRDs shall support the decoding of MVC Stereo HDTV Bitstreams, for which MVC
Stereo Base view bitstream and MVC Stereo Dependent view bitstream are sent in separate
elementary streams and on separate PIDs.

5.13.1.3 MVC Sequence Parameter Set and Picture Parameter Set
The sub-section appliesto MV C Base view video only.

Encoding: In addition to the provisions relating to the MVC Stereo High Profile set forth in Recommendation
ITU-T H.264 / ISO/IEC 14496-10 [16], the following restrictions apply for the fields in the
sequence parameter set:

profile_idc = 100 (High Profile [16])
constraint_setO flag =0

constraint_setl flag =0

constraint_set2 flag =0

constraint_set3 flag =0

gaps in_frame _num value allowed flag = 0 (gaps not allowed)
vui_parameters present flag =1

Both, the pic_parameter_set_id and the seq_parameter_set_id in the MVC Base view video stream
may only refer to those PPSs and SPSs present in the MVC Base view video stream. Additionally,
the values of the pic_parameter_set_id and the seq_parameter_set_id parameters shall not be
re-used in the MVC Dependent view video stream.

More than one PPS can be present between two MV C Stereo RAPs in the bitstream.

Multiple PPSs may be present in an MV C Stereo RAP access unit. Additionally, the following
constraints apply:

. there shall be at least one and at most 30 PPSs in the first dependent unit in a coded video
sequence;
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. there shall be one or zero PPSs in each dependent unit, except for the first dependent unit in
a coded video sequence.

5.13.1.4 pic_width_in_mbs_minusl and pic_height_in_map_units_minusl

Encoding: The values of pic_width_in_mbs_minus1 and pic_height_in_map_units_minusl shall not change
in an MVC Stereo HDTV Bitstream and they shall take the same value in the Base and Dependent
view bitstreams.

If the number of samples per row of the luminance component of the source picture for any MVC
view component is not an integer multiple of 16 and additional samples are padded to make the
number of samples per row of the luminance component an integer multiple of 16, itis
recommended that these samples are padded at the right side of the picture.

If the number of samples per column of the luminance component of the source picture for any
MV C view component is not an integer multiple of 16 and additional samples are padded to make
the number of samples per column of the luminance component an integer multiple of 16, itis
recommended that these samples are padded at the bottom of the picture.

5.13.1.5 Subset Sequence Parameter Set

Encoding: In addition to the provisions set forth in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16],
the following restrictions shall apply for the fields in the subset sequence parameter sets
(nal_unit_type is equal to 15):

mvc_vui_parameters present_flag =1

In embedded sequence_parameter_set_data():

profile_idc = 128 (Stereo High Profile [16])
In embedded seq_parameter_set_mvc_extension()

num_level values signalled_minusl =0

In embedded mvc_vui_parameters_extension())

VUi_mvc_num_ops minusl =0
vui_mvc_low_delay hrd flag = 0 (if present)
vui_mvc_pic_struct_present_flag = 0/1 (same value as 'pic_struct_present_flag'

SPS of Base view)

The SPS encoded in the Subset SPS shall take the same values as the SPS of the Base view, with the exception of
seq_parameter_set id, and profile_idc. Exactly one Subset SPS shall be provided in the first Dependent view
component of every coded video sequence (in decoding order). This Subset SPSis referenced by all PPSsin a coded
video sequence and no other Subset SPS shall appear in a coded video sequence.

5.13.1.6 Video Usability Information

In addition to the requirements specified in clause 5.5.3, the VUI parameters, vui_parameters(), which are encoded in
SPS in Subset SPS for MVC Dependent view video stream, shall have the same values as the VUI parameters in SPS of
the corresponding MVC Base view video stream, except for the following parameter, which if present, may take
different values:

. hrd_parameters()
. max_dec_frame buffering
. num_reorder_frames

. max_bytes per_pic_denom

ETSI



5.13.1.6.1

99 ETSI TS 101 154 vV2.1.1 (2015-03)

MVC VUI parameters

The MVC VUI parameters extension (mvc_vui_parameters_extension()), shall be present in the Dependent view
bitstream and encoded in the Subset SPS, and they shall have the same values as VUI parameters in SPS for
corresponding view bitstream except for the following parameters, which, if present, may take different values:

. hrd_parameters()

5.13.1.6.2

Encoding:

Decoding:

5.13.1.6.3

Encoding:

Decoding:

5.13.1.6.4

Encoding:

Decoding:

Aspect Ratio

The source aspect ratio in MVC Stereo HDTV Bitstreams shall be 16:9. The aspect ratio shall be
the same for Base view and Dependent view video.

The source aspect ratio information shall be derived from the aspect_ratio_idc value in the Video
Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16], table E-1).

The frame cropping information in the Sequence Parameter Set may be used when appropriate.

MVC Stereo HDTV IRDs shall support decoding and displaying MVC Stereo HDTV Bitstreams
with the values of aspect_ratio_idc as specified in table 18.

The source aspect ratio information shall be derived from the pic_height_in_map_units minusl
and the pic_width_in_mbs minusl and the frame cropping information coded in the Sequence
Parameter Set as well as the sample aspect ratio encoded with the aspect_ratio_idc value in the
Video Usability Information (see values of aspect_ratio_idc in Recommendation ITU-T H.264 /
ISO/IEC 14496-10 [16], table E-1).

MVC Stereo HDTV IRDs shall support frame cropping for the resolutions specified in table 18.

Colour Parameter Information

The chromaticity coordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in each of the encoded MVC Stereo
Base view and Dependent view bitstreams by setting the appropriate values for each of the
following 3 parameters in the VUI: colour_primaries, transfer_characteristics, and
matrix_coefficients.

These parameters shall take the same values for Base and Dependent view components.

It is recommended that Recommendation ITU-R BT.709 [13] colorimetry is used for all MVC
Stereo HDTV bitstreams, which is signalled by setting colour _primariesto the value 1,
transfer_characteristicsto the value 1 and matrix_coefficientsto the value 1.

MVC Stereo HDTV IRDs shall be capable of decoding MVC Bitstreams with any allowed values of
colour_primaries, transfer_characteristics and matrix_coefficients. It is recommended that
appropriate processing be included for the accurate representation of pictures using
Recommendation I TU-R BT.709 [13] colorimetry.

Luminance Resolution

MVC Stereo HDTYV Bitstreams shall represent video with luminance resolutions as shown in
table 18. Non full-screen pictures may be encoded for display at less than full-size (when using
one of the standard up-conversion ratios at the MV C Stereo HDTV IRD).

MVC Stereo HDTV IRDs shall be capable of decoding pictures with luminance resolutions as
shown in table 18 and applying up sampling to allow the decoded pictures to be displayed at
full-screen size.
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Table 18: Resolutions for Full-screen Display from MVC Stereo HDTV IRD

Coded Picture
Luminance resolution | Source Aspect | aspect_ratio_idc 16:9 Monitors
(horizontal x vertical) Ratio Horizontal up sampling
1920 x 1 080 16:9 1 x 1
1440 x 1080 16:9 14 x 4/3
1280 x 1 080 16:9 15 x 3/2
960 x 1 080 16:9 16 x 2
1280 x 720 16:9 1 x 1
960 x 720 16:9 14 x 4/3
640 x 720 16:9 16 x 2

5.13.1.7 HRD Conformance

The MVC Stereo Dependent view video bitstream shall conform to Type 2 (NAL level) HRD conformance, with output
timing conformance.

The HRD parameters (hrd_parameters()), if present in VUI parameters (vui_parameters()), in SPS encoded in Subset
SPS for MVC Stereo Dependent view video stream shall fulfill HRD conformance for the MVC Stereo Dependent view
component.

The HRD parameters (hrd_parameters()), if present in MVC VUI parameters encoded in Subset SPS,
(mvc_vui_parameters_extension()) shall conform to HRD conformance for both MVC Stereo Base view component and
MVC Stereo Dependent view component as MVC Stereo access unit. In other words, the timing for decoding and
presentation shall be the same for Base and Dependent view components, even though the specific values for the
hrd_parameters() might be different.

NOTE: Aspointed out below, HRD parameters in vui_parameters(), when present, might be different from those
HRD parametersin mvc_vui_parameters_extensions().

Furthermore, for each of these view components independently, and within the accuracy of their respective clocks, the
Decoding Time Stamp and Presentation Time Stamp shall indicate the same instant in time as the nominal CPB
removal time and the DPB output time in the HRD respectively when picture timing SEI information is transmitted (per
clause 2.4.3.7 of Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]). This ensures consistency between the STD
model of Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] and the HRD model of Recommendation ITU-T
H.264 / 1SO/IEC 14496-10[16].

5.13.1.8 Supplemental Enhancement Information

In addition to the requirements specified in clause 5.5.4, the IRD shall support the use of the following message type,
which shall be sent in MVC Stereo Base view component:

. Multiview View Position SEI message, which is used to indicate which of base or dependent view corresponds
to the left or right eye, as well asto indicate that the MV C Base view component containing the SEI message
ispart of an MVC Stereo HDTV bitstream and as such is associated to an MV C Dependent view component.
Clause 5.13.1.8.3 gives further details on the Multiview View Position SEI message.

Furthermore, the IRD shall support the use of the following message type, which shall only be sent in MVC Stereo
Dependent access units:

e Scalable Nesting SEI Message.
Additionally, the following applies:

. The IRD may support the use of the multi_region_disparity message, as specified in clause B.11, which, when
present in the MVC Stereo HDTV Bitstream, shall be included in a "User data registered by Recommendation
ITU-T T.35 [19] SEI message"” contained in an MVC scalable nesting SEI message, and which shall be sent
for every MVC Stereo Dependent view component.

. When Buffering Period SEI and/or Picture Timing SEI are encoded in the MVC Stereo Base view bitstream,
same SEIs shall be encoded in the MVC scalable nesting SEI message of the MVC Stereo Dependent view
bitstream with the same values, except for seq_parameter_set_id, which shall be different.
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If decoded reference picture marking syntax is repeated using a Decoded reference picture marking repetition
SEI message in a MVC Stereo Base view component, then the same syntax shall be repeated in the
Corresponding view component of the MVC Stereo Dependent view bitstream by using a Decoded reference
picture marking repetition SEI.

All SEI messages present for the Dependent view shall be placed inside the MVC scalable nesting SEI
message.

5.13.1.8.1 Prohibited SEI messages

The following SEI messages shall not be present in the MVC Base view bitstream:

Non-required view component SEI message (since all (two) views are used).
View dependency change SEI message (because there is just one dependent view).
MYV C scalable nesting SEI message (because operating points are not used in MV C Stereo High Profile).

"User data registered by Recommendation ITU-T T.35[19] SEI message" containing the message
multi_region_disparity().

The following SEI messages shall not be present in the MVC Dependent view bitstream:

The MVC Dependent view bitstream shall not contain any SEI message outside the MVC scalable nesting SEI
message.

Following SEI messages shall not be present in the MVC scalable nesting SEI message:
- Stereo video information SEI message.

- Pan-scan rectangle SEI message.

- Non-required view component SEI message.

- View dependency change SEI message.

- Multiview View Position SEI message (because it is already transmitted in the MVC Base view
bitstream).

5.13.1.8.2 Order of SEI Messages

SEI messages in the dependent unit shall be stored in the following order:

MV C scalable nesting SEI message containing a Buffering period SEI message (if present)

MYV C scalable nesting SEI message containing a " User data registered by Recommendation ITU-T T.35[19]
SEI message", which itself contains the message multi_region_disparity() as defined in clause B.11.Multi
region disparity may be sent in the Dependent view bitstream for each access unit.

Other SEI messagesin the MV C scalable nesting SEI message (if present)

5.13.1.8.3 Multiview View Position SEI message

Encoding: The Multiview View Position SEI message shall be present in every access unit of an MVC Stereo

Base view bitstream.

Its presence signal s that the H.264/AV C access unit containing the SEI messageisan MV C Stereo
Base view component associated to an MV C Stereo Dependent view component.

The Multiview View Position SEI message associates the base and dependent view to the left and
right eye.

The value of the syntax element num_views minusl shall be set to '1".

Decoding: MVC Stereo IRDs shall support the Multiview View Position SEI message.
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MVC Stereo IRDs shall ignore Multiview View Position SEI messages with a value of
num_views _minusl not equal to '1".

Random Access Point

The definition for MVC Stereo RAP in clause 3 shall apply.

Encoding:

NOTE:

Decoding:

5.13.1.9.1
Encoding:

NOTE 1

NOTE 2:

NOTE 3:

Thetimeinterval between MV C Stereo RAPs may vary between programs and also within a
program. The broadcast requirements should set the time interval between MV C Stereo RAPs as
specified in clause 5.13.1.9.1.

The AU_information_descriptor described in annex D provides a means of signalling information about
Random Access Points that may be used by some applications, and it is recommended that thisis present.

The AU_information_descriptor may be present in the Base view bitstream and it shall not be
present in the Dependent view bitstream.

All pictures with PTS greater than or equal to PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of the MVC
Stereo RAP. This means that decoders receiving the RAP shall not need to utilize data transmitted
prior to the RAP to decode pictures displayed after the RAP, at either Base or Dependent view.
See clause 1.1 for details.

To improve applications such as channel change, it is recommended that the Presentation Time
Stamp of the picture of MV C Stereo RAP be less than or equal to [DTS(rap) + 0,5 seconds] where
DTS(rap) represents the Decoding Time Stamp of the picture of MV C Stereo RAP.

Packetization of random access points shall comply with the following additional rule:

A transport packet containing the PES header of an MVC Stereo RAP or an MVC Stereo random
access view component shall have an adaptation field. The payload_unit_start_indicator bit shall
be set to "1" in the transport packet header and the adaptation_field _control bits shall be set to
"11" (as per Recommendation ITU-T H.222.0 / ISO/IEC 13818-1 [1]). In addition, the
random_access indicator bit in the adaptation header shall be set to "1". The
elementary_stream_priority_indicator bit shall also be set to "1" in the same adaptation header if
this transport packet contains the slice start code of the MVC Stereo Base view component (see
clauses 4.1.5.1 and 4.1.5.2).

MVC Stereo IRDs shall be able to start decoding and displaying an MVC Stereo Bitstream at an
MVC Stereo RAP.

Time Interval Between RAPs

The encoder shall place MVC Stereo RAPs in the MVC Stereo bitstream at least once every 5 s. It
is recommended that MV C Stereo RAPs occur in the MV C Stereo bitstream on average at least
every 2 s. Where rapid channel change times are important or for applications such as PVR it may
be appropriate for MV C Stereo RAPsto occur more frequently, such as every 500 ms. The time
interval between successive RAPs shall be measured as the difference between their respective
DTS values.

Decreasing the time interval between MV C Stereo RAPs may reduce channel hopping time and improve
trick modes, but may reduce the efficiency of the video compression.

Having aregular interval between MV C Stereo RAPs may improve trick mode performance, but may
reduce the efficiency of the video compression.

3D trick-modes should be used with care, as they might cause the rendered video to deviate from the
recommended production guidelines (e.g. fast-forwarding of 3D video).
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5.13.1.10 Additional constraints
5.13.1.10.1 Constraints Common to Base and Dependent Views

In addition to Base and Dependent view adopting the same values (except if noted otherwise) for the parameters as
described in previous clauses, the following parameter values shall not change for the duration of the presentation:

o level_idc, which shall be equal to '40'.
. frame-rate , which shall be derived from time_scale / num_units_in_tick / 2.

. Coded Picture Buffer size (CPB), CpbSize[cpb_cnt_minusl], derived from cpb_size scale and
cpb_size value_minusl, when hrd_parameters() are present).

. Maximum input bit-rate to the CPB. The maximum input bitrate is BitRate[cpb_cnt_minusl], derived from
bit_rate scale and bit_rate value_minusl, when hrd_parameters() is present.

NOTE: Base and Dependent views may have different values for hrd_parameters(), see clause.5.13.1.8.
e frame_mbs only flag

. entropy_coding_mode _flag. The entropy_coding_mode_flag shall have the same value for base and dependent
view and shall not change in the bitstream

e  view_id in the nal_unit_header_mvc_extension() in the Dependent view bitstream, which shall take a value
different from zero. View_id shall be set to zero, '0’, for the Base view video, see clause 5.13.1.10.2.1.

5.13.1.10.2 MVC Stereo Base view constraints

5.13.1.10.2.1 Prohibited NAL units

Following NAL units shall not be present in the MVC Stereo Base view component video for reasons of backwards-
compatibility:

. Prefix NAL unit, nal_unit_type = 14: thisNAL unit is specified in Recommendation ITU-T H.264 /
I SO/IEC 14496-10 [16] to convey the nal_unit_header_mvc_extension() for MV C Base view video. However,
the use of this NAL unit is disallowed for DVB services. Therefore, the following constant values shall be
assumed for the parameters in the nal_unit_header_mvc_extension():

- non_idr_flag shall be set according to nal_unit_type of corresponding Base view component. E.g. if
nal_unit_type of Base view component is set to '5' (IDR picture), non_idr_flag shall be set to 0,
otherwise non_idr_flag shall be setto'1'.

- priority_id shall be set to '0' (highest priority).
- view_id shall be set to '0' (base view).
- temporal_id in the Base and Dependent view components shall be set to the same val ue.
- anchor_pic_flag in the Base and Dependent view components shall be set to the same value.
- inter_view_flag shall be setto'1'.

. Coded dlice extension NAL unit, nal_unit_type = 20.

e  Subset Sequence Parameter set NAL unit, nal_unit_type = 15.

5.13.1.10.3 MVC Stereo Dependent view constraints

In the Coded slice extension NAL unit, nal_unit_type = 20, the svc_extension_flag shall be set to ‘0", meaning dependent
video bitstream complies with annex H of Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

Furthermore, the following clauses apply.
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5.13.1.10.3.1 Prohibited NAL units

The following NAL units shall not be present in the MVC Stereo Dependent view component video for reasons of
backwards-compatibility:

. Access unit delimiter NAL unit, nal_unit_type = 9.

e Sequence parameter set extension NAL unit, nal_unit_type = 13.

. Coded dlice of the auxiliary coded picture without partitioning NAL unit , nal_unit_type = 19.
5.13.1.11 Access Unit Structure
For MV C Base view video, the AU structure is that of the H.264/AV C video, as per the present document.

For MV C Dependent view video, figure 1 shows an overview of the Dependent Unit structure for the first and
subseguent Units in a coded video sequence.

First Dependent AU in coded video sequence
View Component of Dependent View

Exactly one 1-30 n slices
— T S R
VDRD_nal_wnit Subset SPS PFES(s) SEl{s) Exﬁds?gnslji;?[s} Filler Data i End of Sﬂquenoe—I;End of Stream |
== e Ve ]
SEI message(s) in
MVC scalable nesting
SE|
Subsequent Dependent AU in coded video sequence
View Component of Dependent View
n slices
ERSPRP oo e P T —
VDRD_nal_unit PPS | sE® E:;“ﬂ‘;?;’nsjsﬁ(sj | Filer Daia —kndmsmuenm | End of Swream |
| S |
Must be present
SEEmazsaneee) Il — — — May be present
MW C scalable nesting
SEI

Figure 1. AU Structure for Dependent video

The first Dependent Unit in a coded video sequence of shall be composed of following NAL units, which shall be present
in this order:

e  View and dependency representation delimiter NAL unit, VDRD_nal_unit (nal_unit_type = 24).
. Exactly one Subset SPS NAL unit.
. One or more PPS NAL units.

. One or more SEI NAL units (if present).
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One or more coded dlice extension NAL unit(s) (nal_unit_type = 20) as required by number of slicesin the
anchor picture.
A Filler data NAL unit (if required) (see note 1).
An End of sequence NAL unit ( if applicable) (see note 2).

An End of stream NAL unit (if applicable) (see note 3).

Any subsequent Dependent Units in a coded video sequence of MVC Dependent view video shall have following NAL
units, in this order:

Exactly one View and dependency representation delimiter NAL unit (nal_unit_type = 24)

One or zero PPS NAL units.

One or more SEI NAL units, if present.

Following NAL unit is repeated by number of dlices:

- Coded dice extension NAL unit(s), i.e. coded slice of an anchor picture or a non-anchor picture.
A Filler data NAL unit (see note 1) (if required).

An End of sequence NAL unit (see note 3) (if applicable).

An End of stream NAL unit (see note 3) (if applicable).

NOTE: Filler data NAL unit can be placed in any position unless it precedes the first slice NAL unit.

When an End of sequence NAL unit exists in MVC Stereo Base view component, an End of sequence NAL unit shall
exist in MVC Stereo Dependent view component in a same access unit.

When an End of stream NAL unit exists in MVC Stereo Base view component, an End of stream NAL unit shall exist in
MVC Stereo Dependent view component in a same access unit.

5.13.2 25 Hz MVC Stereo HDTV IRD and Bitstream

This clause specifies the 25 Hz MV C Stereo HDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.13.1

shall apply.
5.13.2.1 Profile and level
Encoding: 25 Hz MVC Stereo HDTV Bitstreams shall comply with the Stereo High Profile Level 4
restrictions, as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].
The value of level_idc shall be equal to 40. Base and Dependent view bitstreams shall have the
same level _idc value.
Decoding: 25 Hz MVC Stereo HDTV IRDs shall support the decoding of Stereo High Profile Level 4

bitstreams. This requirement includes support for Stereo High Profile and levels 3 to 4. Support
for profiles and levels other than High Profile Level 3 to 4 is optional. If the 25 Hz MVC Stereo
HDTV IRD encounters an extension which it cannot decode, it shall discard the following data
until the next start code prefix (to allow backward compatible extensions to be added in the
future).

5.13.2.2 Frame rate

Encoding: The frame rate shall be 25 Hz or 50 Hz. This shall be indicated in the VUI by setting time_scale

and num_units_in_tick according to table 12. Time_scale and num_units in_tick define the
picture rate of the video. The source video format for 50 Hz frame rate material shall be
progressive. The source video format for 25 Hz frame rate material shall be interlaced or
progressive.
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25 Hz MVC Stereo HDTV IRDs shall support decoding and displaying video with a frame rate of
25 Hz interlaced or progressive, or 50 Hz progressive within the constraints of High Profile at
Level 4.

Support of other frame ratesis optional.

5.13.2.3 Backwards Compatibility

Decoding:

25 Hz MVC Stereo HDTV IRDs shall be capable of decoding any bitstream that a 25 Hz
H.264/AVC SDTV IRD and a H.264/AVC HDTV IRD are required to decode and resulting in the
same displayed pictures as the 25 Hz H.264/AVC SDTV IRD and 25 Hz H.264/AVC HDTV IRD,
as described in clauses 5.6.2 and 5.7.2.

5.13.3 30 Hz MVC Stereo HDTV IRD and Bitstream

This clause specifies the 30 Hz MV C Stereo HDTV IRD and Bitstream. All specifications in clauses 5.5 and 5.13.1
shall apply. The specification in the remainder of this clause only applies to the 30 Hz MV C Stereo HDTV IRD and

Bitstream.

5.13.3.1 Profile and level

Encoding:

Decoding:

30 Hz MVC Stereo HDTYV sub-bitstreams shall comply with the Stereo High Profile Level 4
restrictions, as specified in Recommendation ITU-T H.264 / ISO/IEC 14496-10 [16].

The value of level _idc shall be equal to 40.

30 Hz MVC Stereo HDTV IRDs shall support the decoding of Stereo High Profile Level 4
bitstreams. This requirement includes support for Stereo High Profile and levels 3 to 4. Support
for profiles and levels other than Stereo High Profile, Level 3to 4 isoptional. If the 30 Hz MVC
Stereo HDTV IRD encounters an extension which it cannot decode, it shall discard the following
data until the next start code prefix (to allow backward compatible extensions to be added in the
future).

5.13.3.2 Frame rate

Encoding:

Decoding:

5.13.3.3

Decoding:

5.14
5.14.1

The frame rate shall be 24 000/1 001, 24, 30 000/1 001, 30, 60 000/1 001 or 60 Hz. This shall be
indicated in the VUI by setting time_scale and num_units_in_tick according to table 13.
Time_scale and num_units_in_tick define the picture rate of the video. The source video format
for 24 000/1 001, 24, 60 000/1 001 and 60 Hz frame rate material shall be progressive. The source
video format for 30 000/1 001 and 30 Hz frame rate material shall be interlaced or progressive.

30 Hz MVC Stereo HDTV IRDs shall support decoding and displaying video with a frame rate of
30 000/1 001, 30 Hz interlaced or progressive, or 24 000/1 001, 24, 60 000/1 001 or 60 Hz
progressive within the constraints of High Profile at Level 4.

Support of other frame rates is optional.

Backwards Compatibility

30 Hz MVC Stereo HDTV IRDs shall be capable of decoding any bitstream that a 30 Hz H.264/AVC
SDTV IRD and a 30 Hz H.264/AVC SDTV IRD are required to decode and resulting in the same
displayed pictures as the 30 Hz H.264/AVC SDTV IRD and 30 Hz H.264/AVC SDTV IRD , as described
in clauses 5.7.2 and 5.7.3.

HEVC IRDs and Bitstreams

Specifications Common to all HEVC IRDs and Bitstreams

The specification in this clause applies to the following IRDs and bitstreams:

. HEVCHDTV IRD and Bitstream,;

. HEVC UHDTYV IRD and Bitstream.
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5.14.1.1 General

The video encoding and video decoding shall conform to Recommendation ITU-T H.265 / ISO/IEC 23008-2:2013 [35].
Some of the parameters and fields are not used in the DV B System and these restrictions are described below. HEVC
Bitstreams and IRDs shall support some parts of the "Supplemental Enhancement Information (SEI)" and the "Video
usability information (VUI)" syntax elements as specified in Recommendation ITU-T H.265 /

ISO/IEC 23008-2:2013 [35], annexes D and E. The HEVC IRD design shall be made under the assumption that any
structure conforming to Recommendation ITU-T H.265 / ISO/IEC 23008-2:2013 [35] and the restrictions that are
specified for the HEVC IRDs may occur in the broadcast stream even if presently reserved or unused.

NOTE: The present document has no defined provision for the encoding or decoding of 3DTV services using
HEVC. Future versions of the present document may define mechanisms for the support of such
HEV C-coded services.

5.14.1.2 Video Parameter Set

Decoding: HEVC IRDs conforming to the present document may ignore the content of all VPS NAL units as
defined in Recommendation ITU-T H.265/ 1SO/IEC 23008-2:2013 [35], clause 7.4.3.1. Where the
value of syntax elements in the VPS differ from those carried in or derived from the SPS, the SPS
values (including derived values) shall take precedence.

NOTE: Future versions of the present document may require use of the video parameter set and so future IRDs
may be required to process the video parameter set.

5.14.1.3 Sequence Parameter Set

Encoding: The time interval between two successive changes in general_profile idc, general_tier_flag or
level_idc carried in the HEVC_descriptor shall be greater than or equal to one second.

When the value of pic_height_in_luma_samplesis changed between 1 080 and 540, and the
picture rate is changed between 25 and 50 or 30 000/1 001 and 60 000/1 001,
sps_max_num_reorder_picgtemporal_id_max], where temporal_id_max is signalled in the
HEVC video descriptor, expressed in seconds shall be kept constant.

The value of no_output_of_prior_pics flag shall be provided in the bitstream and not assumed to
be inferred by the decoder.

NOTE 1: Limiting the frequency of profile, tier or level changeisto constrain the IRD complexity, while enabling
seamless switching between field and frame decoding when processing HEV C Bitstreams of interlaced
video content. |n addition, the recommended signaling is provided to help the IRD to perform a
continuous "bumping" process (described in section C5.4.2 of Recommendation ITU-T H.265/
ISO/IEC 23008-2:2013 [35]) at aframe and field transition.

If padding is required to align the number of samples per row, it isrecommended that these
samples are padded at the right side of the picture.

If padding is required to align the number of samples per column, it is recommended that these
samples are padded at the bottom of the picture.

NOTE 2: Video formats with vertical sizes of 1 080 lines can be coded as either 1 080 lines or 1 088 lines with a
conformance cropping window of 1 080 lines. If 1 088 linesis used to code 1 080 line pictures, the
conformance cropping window is defined with conf_win_top_offset equal to 0 and
conf_win_bottom_offset equal to 4. The formulato determine the number of linesto crop from the
bottom is SubHeightC * conf_win_bottom_offset and SubHeightC has a value of 2 when
chroma_format_idc equal 1.
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When the value of pic_height_in_luma_samplesis changed between 1 080 and 540, and the
picture rate is changed between 25 and 50 or 30 000/1 001 and 60 000/1 001, the variable
NoOutputOfPriorPicsFlag shall not be inferred to be equal to 1 and shall be set to the value of
no_output_of prior_pics flag.

When conformance_window_flag is equal to 1, HEVC IRDs shall apply the conformance
cropping window signalled with conf_win_left_offset, conf_win_right_offset,
conf_win_top_offset, and conf_win_bottom_offset, as specified in Recommendation ITU-T H.265
/ 1SO/IEC 23008-2:2013 [35], clause 7.4.3.2.

5.14.1.4 Picture Parameter Set

Encoding:

M ore than one picture parameter set can be present in the bitstream between two HEVC
DVB_RAPs. Between two HEVC DVB_RAPs, the content of a picture parameter set with a
particular pps_pic_parameter_set_id shall not change. I.e. if more than one picture parameter set
is present in the bitstream and these picture parameter sets are different from each other, then
each picture parameter set shall have a different pps_pic_parameter_set_id.

5.14.1.5 Video Usability Information

Encoding:

Decoding:

514.15.1
Encoding:

Decoding:

HEVC Bitstreams shall set vui_parameters present flagto 1 in the active Sequence Parameter
Set, i.e. HEVC Bitstreams shall contain a Video Usability Information syntax structure.

In the hrd_parameters, if present, the following restrictions shall apply:
sub_pic_hrd_params present_flag =0

The HEVC IRD shall support the use of Video Usability Information of the following syntax
elements:

Aspect Ratio Information (aspect_ratio_idc);

Overscan Information (overscan_appropriate flag);

Video Range (video_full_range flag);

Colour Parameter Information (colour_primaries , transfer_characteristics , and matrix_coeffs);

Chrominance Information (chroma_loc_info_present_flag, chroma_sample loc_type top_field and
chroma_sample_loc_type bottom field);

Picture Structure Information (frame_field_info_present_flag);

Default Display Window (default_display_window_flag, def disp_win_left offset,
def_disp_win_right_offset, def_disp win_top offset and def_disp_win_bottom_offset);

Timing information (vui_time_scale and vui_num_units_in_tick).

Aspect Ratio and Overscan Information

The display aspect ratio of the HEVC coded frame, after conformance cropping is applied, shall
be 16:9. Where source images of other aspect ratios, such as letterboxed or pillarboxed, are
formatted within 16:9 frames, signaling of AFD/Bar data documented in annex B, and Default
Display Window documented in clause 5.14.1.5.7, are recommended.

The sample aspect ratio information shall be signalled in the bitstream using the aspect_ratio_idc
value in the Video Usability Information (see values of aspect_ratio_idc in Recommendation
ITU-T H.265 / ISO/IEC 23008-2:2013 [35], table E-1).

HEVC HDTV Bitstreams shall represent square pixels indicated by aspect_ratio_idc equal to 1,
except for the cases listed in table 20 and table 21.

HEVC IRDs shall support decoding and displaying of 16:9 HEVC Bitstreams with the values of
aspect_ratio_idc set to 1 and to the additional values specified in table 20 and table 21.
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HEVC IRDs shall support conformance cropping. Support of annex B AFD/Bar Data and Default
Display Window VUI is strongly recommended.

HEVC IRDs shall make use of pic_width_in_luma_samples, pic_height_in_luma_samples,
aspect_ratio_idc and the conformance cropping window to (where necessary) rescale the coded
video frame both horizontally and vertically to fill the 16:9 output raster.

The IRD should signal the over scan_appropriate_flag and annex B AFD/Bar Datato the display,
so that the display can optimize the presentation of the decoded video taking account of viewer
preferences and the display aspect ratio. The IRD should not apply overscan scaling itself as
overscan is adisplay function, and should only be applied once.

IRDs with integrated displays may combine the separate IRD and display scaling stepsinto a
single process.

5.14.1.5.2 Video Range

The Recommendation ITU-R BT.2020 [36], Recommendation ITU-R BT.709 [13] and Recommendation ITU-R
BT.601-7 [38] specifications provide additional headroom above the specified reference white level and below the
specified reference black level to accommodate the small variationsin signal level that occur in live TV production and
to allow signal transients to pass through the system. Thisis signalled to an IRD by setting the video_full_range flag
equal to "0". It isimportant to maintain the additional headroom through to the output of the IRD in order to preserve
detail in the highlights and lowlights of a scene.

Encoding: Asthe coded video signals conform to Recommendation I TU-R BT.2020 [36], Recommendation
ITU-RBT.709 [13] or IEC 61966-2-4 [31], the video_full_range flag shall equal "0".

Decoding: Regardless of the value of the video_full_range flag, it is strongly recommended that the IRD
preserves the full 8 or 10 bit signal range.

NOTE: Whenthevideo full_range flagisequal to "0", the HEVC IRD should not apply clipping at the
indicated black and white reference level s or tone mapping between the indicated black and white
reference levels.

5.14.1.5.3 Colour Parameter Information

The support of colour_primaries, transfer_characteristics, and matrix_coeffs values for the HEVC HDTV IRDs and
Bitstreamsiis specified in clause 5.14.2.3 and for the HEVC UHDTV IRDs and Bitstreams in clause 5.14.3.3.

5.14.15.4 Chrominance Information

Encoding: The chrominance locations shall be specified by setting chroma_loc_info_present_flag to 1 and
using the syntax elements chroma_sample_loc_type top field and
chroma_sample_|loc_type bottom_field in the VUI.

It is recommended to use chroma sample type equal to O for progressive content.

Chroma samples location may be modified prior to HEV C encoding when processing interlaced
content. If chroma samples are displaced from their original location prior to HEV C encoding, the
obtained chroma samples location is signaled in the VUI by setting

chroma_sample loc_type top_field and chroma _sample loc_type bottom_field to the new
location as described in Recommendation ITU-T H.265 / 1SO/IEC 23008-2:2013 [35], figure E-1.

Decoding: HEVC IRDs shall support decoding any allowed values of chroma_sample_loc_type top field
and chroma_sample_loc_type bottom_field. It is recommended that appropriate processing be
included for the display of pictures.

5.14.1.55 Picture Structure Information

The support of frame_field_info_present_flag in HEV C Bitstreamsiis specified in clause 5.14.1.6.1 related to use of
Picture Structure information in the Picture Timing SEI and is common to all HEV C IRDs and Bitstreams. Use of this
flag bit in the VUI allows use of picture timing SEI with only the picture structure information without the need to
include HRD information (such as CPB and DPB delay or initial values of the delay in the buffering period SEI).
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Encoding: HEVC Bitstreams shall set frame field_info_present_flag to "1" in the VUI and a picture timing
SEI message shall be associated with each access unit in the coded sequence.

Decoding: HEVC IRDs shall support decoding of the picture timing SEI message.

5.14.1.5.6 Default Display Window

The support of Default Display Window specified in the VUI isintended to help HEVC IRDs to display the active area
according to the display characteristics. It is provided as an option to complement annex B AFD/Bar Data signaling.

Encoding: HEV C Bitstreams may set default_display_window_flag to "1" in the VUI and signal using
def_disp_win_left_offset, def_disp_win_right_offset, def_disp_win_top_offset, and
def_disp_win_bottom_offset, the active area of the decoded picture that isintended to be
displayed.

If both annex B AFD/Bar Data and Default Display Window are signaled in the HEV C Bitstream,
they are expected to describe the same active area.

Decoding: HEVC IRDs may use Default Display Window signaling to adjust the decoded picture display in
the absence of annex B AFD/Bar Data signaling. If both Default Display Window and annex B
AFD/Bar Data are signaled in the HEV C Bitstream, HEV C IRDs may ignore Default Display
Window signaling as annex B AFD/Bar Data signaling takes precedence.

NOTE: HEVC IRDs may blank parts of the pictures that are outside the Default Display Window.

5.14.1.5.7 Timing Information

The support of vui_time _scale, vui_num_units_in_tick and elemental_duration_in_tc_minusl[temporal_id_max]
values for the HEV C IRDs and Bitstreamsis specified in clause 5.14.1.7.

5.14.1.6 Supplemental Enhancement Information

Encoding: All prefix SEls shall not occur after the first VCL NAL unit of the access unit. All suffix SEls shall
not occur before the last VCL NAL unit of the access unit.

NOTE: HEVC alows SEI messages (both prefix and suffix SEI) to occur between the first and the last VCL NAL
units of an access unit. The constraint in the present clause forbids SEI messages from occurring between
thefirst and the last VCL NAL units of an access unit.

Decoding: HEVC IRDs shall support the use of Supplemental Enhancement Information of the following
message types:

L] Picture Timing SEI Message;
" Recovery Point SEI Message;

L] "User dataregistered by Recommendation ITU-T T.35 SEI message” syntactic element [19]
user_data registered_itu t t35 asdefined in clause B.8a.

5.14.1.6.1 Picture Timing SEI Message

Encoding: HEVC Bitstreams shall contain a picture timing SEI message for every access unit of a coded
video sequence and frame field info_present_flag shall be set to 1 in the VUI.

The value of pic_struct shall not be equal to 1 or 2.

NOTE 1: Setting frame_field_info_present_flag to "1" indicates the presence of pic_struct to determineif the
picture should be displayed as aframe or one or more fields. Possible values for pic_struct are defined in
table D-2 of Recommendation ITU-T H.265 / ISO/IEC 23008-2:2013 [35]. The pic_struct values 1 and 2
are not allowed in bitstreams since these values do not carry field relationship information which may be
needed by the IRD to avoid field parity loss in presence of transmission errors. Thisimplies that non-
paired fields are to be avoided in HEV C Bitstreams, and that HEV C IRD may not be able to display
correctly HEV C Bitstreams containing non-paired fields.
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NOTE 2: Inthe context of HEVC, paired fields are two fields that are in consecutive access unitsin decoding order
as two coded fields of opposite parity of the same frame, regardless their display order.

Decoding: HEVC IRDs shall support all values defined in pic_struct including all modes requiring field and
frame repetition except pic_struct values 1 and 2. The HEV C IRDs need not make use of any
other syntax elements (except pic_struct) in the picture timing SEI message, if these elements are
present.

5.14.1.6.2 Recovery Point SEI Message
Encoding: The recovery point SEI message shall not be present in access units that do not contain an HEVC

DVB_RAP. When present, the recovery_poc_cnt shall be set to 0, exact_match_flag shall be set to
1, and broken_link_flag shall be set to 0.

5.14.1.7 Frame rate

Encoding: The frame rate for progressive material shall be 24 000/1 001, 24, 25, 30 000/1 001, 30, 50, 60

000/1 001 or 60 Hz for all allowed luminance resolutions.

The frame rates for interlaced material shall be 25 and 30 000/1 001 Hz.
These two frame rates for interlaced material are only applicable to luminance resolutions with
1080 lines.

The frame rate shall be indicated in the VUI by setting vui_time_scale, vui_num_units in_tick
syntax elements and, if HEVC Temporal sub-layers are present, by setting
elemental_duration_in_tc_minusl[temporal_id_max] in the hrd_parameters(), where

temporal_id_max is signalled in the HEVC video descriptor (as per clause 4.1.8.19a).

Table 19 lists the frame rates that shall be supported and the recommended values for signalling
them.

Table 19: Progressive and Interlaced Frame Rates for HEVC Bitstreams
and recommended values for signalling

Output Frame Interlaced elemental_duration vui_time_scale vui_num_units Allowed
Rate or _in_tc_minus1 _in_tick pic_struct
Progressive [temporal_id_max
(note 2)]
24 000/1 001 P 0 24 000 1001 0,7,8
24 P 0 24 1 0,7,8
25 P 0 o5 1 0,7,8
25 | (encoded 3,4,5,6
as frames) 0 50 2
25 | (encoded 9,10,11,12
as fields) 0 50 1
30 000/1 001 P 0 30 000 1001 0,7,8
30 000/1 001 | (encoded 3,4,5,6
as frames) 0 60 000 2 002
30 000/1 001 | (encoded 9,10,11,12
as fields) 0 60 000 1001
30 P 0 30 1 0,7,8
50 P 0 50 1 0,7,8
60 000/1 001 P 0 60 000 1001 0,7,8
60 P 0 60 1 0,7,8

NOTE 1. Theinterlaced frame rates are only applicable to the luminance resolutions with 1 080 lines.
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NOTE 2: Other values of vui_time _scale, vui_num_units in_tick and

Decoding:

elemental_duration_in_tc_minusl[temporal_id_max] may be used in the future, where alower frame
rate signal is carried as an HEV C temporal video sub-bitstream of a higher frame rate HEV C bitstream
(seeclause 5.14.1.9.1). Inthat case, it is expected that the HEV C temporal video sub-bitstream will be
transported in a different transport stream PID than that of the higher frame rate extension.

50 Hz HEVC HDTV IRDs shall support decoding and displaying of video with an output frame
rate of 25 interlaced or progressive; 50 Hz progressive. Support of other output frame ratesis
optional.

60 Hz HEVC HDTV IRDs shall support decoding and displaying of video with an output frame
rate of 30 000/1 001 interlaced or progressive; 24 000/1 001, 24, 30, 60 000/1 001 or 60 Hz
progressive. Support of other output frame ratesis optional .

HEVC UHDTV IRDs shall support decoding and displaying of video with the output frame rates
supported by 50 Hz HEVC HDTV IRDs and 60 Hz HEVC HDTV IRDs.

The frame rate shall be calculated using the VUI and VUI hrd_parameters() syntax elements
vui_time_scale, vui_num_units in_tick and
elemental_duration_in_tc_minusl[temporal_id_max]. The highest TemporalID to be decoded is
indicated by temporal_id_max, carried in the HEV C video descriptor.

The frame rates that shall be supported and the recommended values for signalling them are listed
in table 19.

NOTE 3: Frame rates may be signalled using values other than those listed in table 19. In particular,

5.14.1.8

Encoding:

elemental_duration_in_tc_minusl{temporal_id_max] is expected to be greater than "0" when alower
framerate signal is carried as an HEV C temporal video sub-bitstream of a higher frame rate HEV C
bitstream (see clause 5.14.1.9.1). In that case, it is expected that the HEV C temporal video sub-bitstream
will be transported in a different transport stream PID than that of the higher frame rate extension.

Random Access Point

An HEVC DVB_RAP shall include exactly one Video Parameter Set (that is active), exactly one
Sequence Parameter Set (that is active) with VUI, at least one Picture Parameter Set, and
optionally a recovery point SEI message which shall be present if the nal_unit_type of the HEVC
DVB_RAP is equal to TRAIL_R. The VPS, SPS, and PPS that are required for decoding the
associated picture shall precede SEI NAL units in this access unit. The recovery point SEI
message, when present, shall precede all other SEI NAL units in an HEVC DVB_RAP.

The nal_unit_type of each VCL NAL unit of an HEVC DVB_RAP picture shall be equal to one of
BLA W _LP,BLA W RADL, BLA N_LP, IDR_W_RADL, IDR_N_LP, CRA_NUT or TRAIL_R
that contains only slices with slice_type equal to 2 (I slice) (per Recommendation ITU-T H.265 |
ISO/IEC 23008-2:2013 [35]).

If a NAL unit contains a HEVC DVB_RAP, the value of nuh_temporal_id plusl shall be equal to
1.

NOTE 1: For progressive content coding, it isrecommended that HEV C IRAP pictures (IDR, BLA or CRA) are

The time interval between HEVC DVB_RAPs may vary between programs and also within a
program. The broadcast requirements should set the time interval between HEVC DVB_RAPs as
specified in clause 5.14.5.1.

All pictures with PTS greater than or equal to PTS(rap) shall be fully reconstructible and
displayable, where PTS(rap) represents the Presentation Time Stamp of the picture of the HEVC
DVB_RAP. This means that decoders receiving the HEVC DVB_RAP shall not need to utilize data
transmitted prior to the HEVC DVB_RAP to decode pictures displayed after the HEVC DVB_RAP.

To improve applications such as channel change, it is recommended that the Presentation Time
Stamp of the picture of HEVC DVB_RAP be less than or equal to [DTS(rap) + 0,67 seconds]
where DTS(rap) represents the Decoding Time Stamp of the picture of HEVC DVB_RAP.
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Packetization of random access points shall comply with the following additional rule:

A transport packet containing the PES header of a HEVC DVB_RAP shall have an adaptation
field. The payload_unit_start_indicator bit shall be set to 1" in the transport packet header and
the adaptation_field_control bits shall be set to "11" (as per Recommendation ITU-T H.222.0 /
ISO/IEC 13818-1 [1]). In addition, the random_access_indicator bit in the adaptation header
shall be set to "1". The elementary_stream_priority indicator bit shall also be set to "1" in the
same adaptation header if this transport packet contains the first slice start code of the HEVC
DVB_RAP access unit (see clauses 4.1.5.1 and 4.1.5.2).

Both the random_access indicator and elementay_stream_priority_indicator bits shall be set to
"1" in the adaptation field of a transport packet containing the PES packet header of HEVC
DVB_RAP if this transport packet also contains the first slice start code of HEVC DVB_RAP
picture. Otherwise a transport packet with the elementary_stream_priority_indicator bit set to
"1" may follow the transport packet with the random_access indicator bit set to "1".

HEVC IRDs shall be able to start decoding and displaying an HEVC Bitstream at an HEVC
DVB_RAP.

NOTE 2: Inthe case where elementary_stream_priority_indicator and random_access indicator are used to

5.14.1.8.1

Encoding:

NOTE 1

NOTE 2:

NOTE 3:

5.14.1.9

identify the HEVC DVB_RAP, it should be noted that a VPS, SPS, PPS and any SEI may exceed one or
more transport packet in length.

Time Interval Between Random Access Points

The encoder shall place HEVC DVB_RAPS in the video elementary stream at least once every 5 s.
It is recommended that HEVC DVB_RAPs occur in the video elementary stream on average at
least every 2 s. Where rapid channel change times are important or for applications such as PVR it
may be appropriate for HEV C DVB_RAPs to occur more frequently, such as every 1 second. The
time interval between successive HEVC DVB_RAPs shall be measured as the difference between
their respective DTS values.

Decreasing the time interval between HEVC DVB_RAPs may reduce channel hopping time and improve
trick modes, but may reduce the efficiency of the video compression.

Having aregular interval between HEVC DVB_RAPs may improve trick mode performance, but may
reduce the efficiency of the video compression.

Due to the nature of video encoding, the HEVC DVB_RAP period may not be exactly aligned to whole
seconds.

Scalability

HEVC Temporal sub-layers are components of a single bitstream, analogous to the tiers described in annex D of the
present document, and signalled using the nuh_temporal_id_plusl inthe NAL unit header. That is, each HEVC
Temporal sub-layer represents a set of pictures that are only dependent upon pictures of an equivalent or lower
numbered sub-layer. HEV C Temporal sub-layers can be beneficially used to assist trick modes.

Extensions might be added in future versions of the present document to support, for example, higher frame rate, high
dynamic range, wide colour gamut, 3D or higher spatial resolution enhancements. It is expected that such extensions
would use additional transport stream PIDs to allow such servicesto be introduced in a backwards compatible manner.

Decoding:

5.14.19.1
Encoding:

HEVC IRDs shall skip over data structures which are currently "reserved"” (as per
Recommendation ITU-T H.265 / ISO/IEC 23008-2:2013 [35], clause 3.122), or which correspond
to functions not implemented by the HEVC IRD.

Temporal sub-layers

HEVC Bitstreams and HEVC temporal video sub-bitstreams shall be carried on a single Transport
Stream PID with stream_type equal to 0x24. Only HEVC Bitstreams and HEVC temporal video
sub-bitstreams:

obeying the limits associated with level 4.1 for HDTV HEVC Bitstreams shall be carried within this
PID
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L] obeying the limits associated with level 5.1 for UHDTV HEVC Bitstreams shall be carried within
this PID

Decoding: HEVC IRDs shall decode HEVC Bitstreams and HEVC temporal video sub-bitstreams with
stream_type equal to 0x24.

HEVC IRDs shall decode HEVC Bitstreams and HEVC temporal video sub-bitstreams with
sps max_sub_layers minusl greater than 0.

NOTE: HEVC IRDsare not required to use the temporal substream extraction process described in
Recommendation ITU-T H.265 / |SO/IEC 23008-2:2013 [35], clause 10 to decode and display the HEVC
Bitstreamsin the Transport Stream PID with stream_type equal to 0x24.

5.14.1.9.2 Layer Sets

Encoding: HEVC Bitstreams and HEVC video sub-bitstreams shall set the NAL unit header nuh_layer_id
equal to 0 for Transport Streams with stream_type equal to 0x24.

Decoding: HEVC IRDs may ignore all NAL units with values of nuh_layer_id not equal to 0.

NOTE 1: Itispossiblethat future versions of the present document may allow non-zero values, but that these
streams should still be decodable by HEV C IRDs compliant with the present document.

NOTE 2: It isexpected that NAL units with values of nuh_layer _id other than O would occur on a different PID
(or separate but associate bitstream carriage) and so would not be expected to be seen by a decoder
compliant to the present document.

NOTE 3: HEVC Layer sets may be used in future versions of the present document to support for example, high
dynamic range, wide colour gamut, 3D or higher spatial resolution extensions.

5.14.1.10 HEVC Seamless splicing

Seamless splicing of HEV C video may be accomplished by conforming to the constraints of ANSI/SCTE 172 [i.20],
"Constraints on AV C Video Coding for Digital Program Insertion".

NOTE: While ANSI/SCTE 172 is currently drafted with AV C in mind, the constraints are fully applicable to
HEVC and DVB expects that SCTE will produce an updated document which explicitly includes HEVC.

5.14.2 HEVC HDTV IRDs and Bitstreams

This clause specifiesthe HEVC HDTV IRDs and Bitstreams. All specifications in clause 5.14.1 shall apply. The
specification in the remainder of this clause only appliesto the HEVC HDTV IRDs and Bitstreams.

Two HEVC HDTV IRDs are defined in the present document: HEVC HDTV 10-bit IRD and HEVC HDTV 8-bit IRD
with the capabilities defined in the definitions.

5.14.2.1 Profile, tier and level

Encoding: In addition to the provisions set forth in Recommendation ITU-T H.265 /
ISO/IEC 23008-2:2013 [35], the following restrictions shall apply for the fields in the sequence
parameter set:

bit_depth_luma_minus8 =0or2
bit_depth_chroma_minus8 = bit_depth_luma_minus3
vui_parameters present flag =1

sps_extension_flag =0

In addition to the provisions set forth in Recommendation ITU-T H.265 /
ISO/IEC 23008-2:2013 [35], the following restrictions shall apply for the fields in the
profile_tier_level syntax structure in the sequence parameter set:

general_tier_flag =0

general_profile_idc = 1 (Main profile) or 2 (Main 10 profile)
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HEVC HDTV Bitstreams shall obey the limits in Recommendation ITU-T H.265 /
ISO/IEC 23008-2:2013 [35], table A.1 and table A.2 associated to Level 4.1.

general_level _idc shall be less than or equal to 123 (level 4.1), unless the HEVC Bitstream is a
HEVC temporal video sub-bitstream. In this case, sps max_sub_layers minusl shall be greater
than "0", sub_layer_level present_flag[i] where 'i" is equal to temporal_id_max carried within
the HEVC Video Descriptor shall be equal to "1", and sub_layer _level idc[i] where 'i' is equal to
temporal_id_max carried within the HEVC Video Descriptor shall be less than or equal to 123"
(level 4.1).

It is recommended that bitstreams which are compliant with the Main profile set
general_profile_compatibility flag[ 1] to 1.

As specified in annex A of Recommendation ITU-T H.265 / ISO/IEC 23008-2:2013 [35], the value
of bit_depth_luma_minus8 and bit_depth_chroma_minus8 shall be equal to 0 when
general_profile_idc is equal to 1 or general_profile_compatibility flag[1] is equal to 1.

NOTE 1: Inthe Main 10 Profile and the Main Profile, chroma_format_idcisequal to '1'.

Decoding:

HEVC HDTV 10-bit IRDs shall support the decoding of HEVC HDTV Bitstreams.
HEVC HDTV 8-bit IRDs shall support the decoding of HEVC HDTV Bitstreams within the
constraints of the definition.

If temporal extensions are added in future versions of the present document, general_level idc
may be greater than 123 (level 4.1). When sps_max_sub_layers minusl is greater than "0", IRDs
may ignore general_level _idc and shall make use of the sub_layer level_idc][i] syntax element,
where 'i* is equal to temporal_id_max carried within the HEVC Video Descriptor, to determine
whether a bitstream or sub-bitstream can be decoded.

The HEVC HDTV IRD may ignore sequence parameter set extensions signalled by
sps_extension_flag setto"1".

NOTE 2: HEVC HDTV IRDs are not required to decode and display correctly HEV C Bitstreams or HEVC
temporal video sub-bitstreams that do not obey the constraints and limits associated to the Main or Main
10 Profile, Main Tier, Level 4.1.

5.14.2.2 Luminance resolution

Encoding:

Decoding:

HEVC HDTV encoders shall, as a minimum, represent video with the luminance resolutions
shown in table 20. Pictures may be down-scaled and encoded at less than full size using the
reciprocal of the scaling ratios shown in the table. Additional luminance resolutions may be
supported, but they shall be square pixel formats indicated by aspect_ratio_idc equal to "1".

Where non 16:9 sources are re-formatted and encoded within a 16:9 frame, AFD/bar data defined
in clause B.3 and default display window defined in clause 5.14.1.5.6 should be included within
the bitstream to assist the IRD in displaying the content.

HEVC HDTV IRDs shall be capable of decoding pictures with luminance resolutions shown in
table 20. HEVC IRDs shall be able to reconstruct the image size to allow the decoded pictures to
be displayed at full-screen size.

Table 20: Resolutions for Full-screen Display from HEVC HDTV IRD

Scan Example up-sampling
Luminance resolution (interlace/ Aspect ratio for 1920x1080 display
Horizontal Vertical progressive) Coded |Aspect_ratio_i | Horizontal | Vertical
Frame dc
1920 1080 | and P 16:9 1 x1 x1
1440 1080 land P 16:9 14 X 4/3 x1
1 600 900 P 16:9 1 X 6/5 X 6/5
1280 720 P 16:9 1 x 3/2 x 312
960 720 P 16:9 14 X2 x 3/2
960 540 P 16:9 1 X2 X2
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5.14.2.3 Colour Parameter Information

Encoding: The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded HEVC HDTV
Bitstream by setting the appropriate values for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coeffs.

HEVC HDTV Bitstreams shall use Recommendation ITU-R BT.709 [13] or optionally

IEC 61966-2-4 [31] colorimetry for luminance resolutions shown in table 20. For other luminance
resolutions, usage of Recommendation ITU-R BT.709 [13] should be used except for interlaced
resolutions with heights of 576 or 480 lines where Recommendation ITU-R BT.601-7 [38] is

appropriate.

NOTE: Interlaced Standard Definition resolutions are not currently defined for HEV C bitstreams and IRDs in the
present document. Nonethel ess, the above clause states that BT.601 [38] colorimetry should be used if
encoders support those resolutions.

BT.709 [13] colorimetry usage is signalled by setting colour _primariesto the value 1,
transfer_characteristicsto the value 1 and matrix_coeffs to the value 1.

IEC 61966-2-4 [31] colorimetry usage is signalled by setting colour_primariesto the value 1,
transfer_characteristicsto the value 11 and matrix_coeffs to the value 1.

Decoding: HEVC HDTV IRDs shall be capable of decoding bitstreams that use Recommendation ITU-R
BT.709 [13] colorimetry. It is recommended that appropriate processing be included for the accur
ate representation of pictures using Recommendation ITU-R BT.709 [13] colorimetry.

HEVC HDTV IRDs may be capable of decoding bitstreams that use |IEC 61966-2-4 [31]
colorimetry.

5.14.3 HEVC UHDTYV IRDs and Bitstreams

This clause specifiesthe HEVC UHDTYV IRDs and Bitstreams. All specifications in clause 5.14.1 shall apply. The
specification in the remainder of this clause only appliesto the HEVC UHDTYV IRDs and Bitstreams.

5.14.3.1 Profile, tier and level

Encoding: In addition to the provisions set forth in Recommendation ITU-T H.265 /
ISO/IEC 23008-2:2013 [35], the following restrictions shall apply for the fields in the sequence
parameter set:

bit_depth_luma_minus8 =0or2
bit_depth_chroma _minus8 = bit_depth_luma_minus8
vui_parameters present_flag =1

sps_extension_flag =0

In addition to the provisions set forth in Recommendation ITU-T H.265 /
ISO/IEC 23008-2:2013 [35], the following restrictions shall apply for the fields in the
profile_tier_level syntax structure in the sequence parameter set:

general_tier_flag =0
general_profile idc = 2 (Main 10 profile)

HEVC UHDTV Bitstreams shall obey the limits in Recommendation ITU-T H.265 /
ISO/IEC 23008-2:2013 [35], table A.1 and table A.2 associated to Level 5.1.
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general_level_idc shall be less than or equal to 153 (level 5.1), unless the HEVC Bitstream is a
HEVC temporal video sub-bitstream. In this case, sps_max_sub_layers minusl shall be greater
than "0", sub_layer_level present_flag[i] where 'i* is equal to temporal_id_max carried within
the HEVC Video Descriptor shall be equal to "1™, and sub_layer_level_idc[i] where 'i' is equal to
temporal_id_max carried within the HEVC Video Descriptor shall be less than or equal to "153"
(level 5.1).

It is recommended that bitstreams which are compliant with the Main profile set
general_profile_compatibility flag[ 1] to 1.

NOTE 1: Inthe Main 10 Profile, chroma_format_idc isequal to '1".

Decoding:

HEVC UHDTV IRDs shall support the decoding of Main 10 Profile and Main Profile, Main Tier,
Level 5.1 bitstreams within the constraints of the present document.

If temporal extensions are added in future versions of the present document, general_level_idc
may be greater than 153 (level 5.1). When sps max_sub_layers minusl is greater than "0", IRDs
may ignore general_level_idc and shall make use of the sub_layer level idc[i] syntax

element, where 'i" is equal to temporal_id_max carried within the HEVC Video Descriptor, to
determine whether a bitstream or sub-bitstream can be decoded.

HEVC UHDTYV IRDs may ignore sequence parameter set extensions signalled by
sps_extension_flag setto"1".

NOTE 2: HEVC UHDTYV IRDs are not required to decode and display correctly HEV C Bitstreams or HEVC
temporal video sub-bitstreams that do not obey the constraints and limits associated to the Main or Main
10 Profile, Main Tier, Level 5.1.

5.14.3.2 Luminance resolution

Encoding:

Decoding:

HEVC UHDTV encoders shall, as a minimum, represent video with the luminance resolutions
shown in table 21 and the luminance resolutions shown in table 20. Pictures may be down-scaled
and encoded at less than full size using the reciprocal of the scaling ratios shown in those two
tables. Additional luminance resolutions may be supported, but they shall be square pixel formats
indicated by aspect_ratio_idc equal to "1".

Where non 16:9 sources are re-formatted and encoded within a 16:9 frame, AFD/bar data defined
in clause B.3 and default display window defined in clause 5.14.1.5.6 should be included within
the bitstream to assist the IRD in displaying the content.

HEVC UHDTV IRDs shall be capable of decoding pictures with luminance resolutions shown in
table 21 and luminance resolutions shown in table 20. HEVC IRDs shall be able to reconstruct the
image size to allow the decoded pictures to be displayed at full-screen size.

Table 21: Resolutions for Full-screen Display from HEVC UHDTV IRD

Scan Example up-sampling for
Luminance resolution (interlace/ Aspect ratio 3840x2160 display
Horizontal Vertical progressive) Coded Aspect_ratio_i | Horizontal Vertical
Frame dc

3840 2160 P 16x9 1 1 1

2 880 2 160 P 16x9 14 X 4/3 x1

3 200 1800 P 16x9 1 X 6/5 X 6/5

2 560 1440 P 16x9 1 x 3/2 x 3/2

5.14.3.3 Colour Parameter Information

Encoding:

The chromaticity co-ordinates of the ideal display, opto-electronic transfer characteristic of the
source picture and matrix coefficients used in deriving luminance and chrominance signals from
the red, green and blue primaries shall be explicitly signalled in the encoded HEVC Bitstream by
setting the appropriate values for each of the following 3 parameters in the VUI:
colour_primaries, transfer_characteristics, and matrix_coeffs.
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HEVC UHDTV Bitstreams shall use Recommendation ITU-R BT.709 [13] or Recommendation
ITU-R BT.2020 [36] non-constant luminance colorimetry.

BT.709 [13] colorimetry usage is signalled by setting colour _primariesto the value 1,
transfer_characteristicsto the value 1 and matrix_coeffsto the value 1.

BT.2020 non-constant luminance [36] colorimetry usage is signalled by setting colour_primaries
tothevalue9, transfer_characteristicsto the value 14 and matrix_coeffs to the value 9.

Decoding: HEVC UHDTV IRDs shall be capable of decoding bitstreams that use Recommendation ITU-R
BT.709 [13] or Recommendation ITU-R BT.2020 non-constant luminance [36] colorimetry. Itis
recommended that appropriate processing be included for the accurate representation of pictures
using Recommendation ITU-R BT.709 [13] colorimetry.

NOTE 1: TheHEVC UHDTV IRDs might not include appropriate processing for the accurate representation of
pictures using Recommendation I TU-R BT.2020 non-constant luminance [36] colorimetry. DVB
anticipates that BT.2020 colour primaries will be used together with future versions of the present
document. Equipment makers should consider including the capability to map BT.2020 colour primaries
for BT.709 displays.

NOTE 2: Where IRDs implement a transformation of the colour space of the coded bitstream to match the
capabilities of the display (e.g. from a Recommendation ITU-R BT.2020 non-constant luminance [36]
bitstream to a Recommendation ITU-R BT.709 [13] display), it is recommended that the colour space
conversion does not:

" impose a hard limit such that all bitstream colours outside of the gamut of the display are placed on
the outer boundary of the display gamut;

. linearly scale the wider gamut of the bitstream to fit within the gamut of the display.

5.14.3.4 Backwards Compatibility

Decoding: HEVC UHDTYV IRDs shall be capable of decoding any bitstream that a HEVC HDTV IRD is
required to decode and resulting in the same displayed pictures as the HEVC HDTV IRD, as
described in clause 5.14.2.

6 Audio

This clause describes the guidelines for encoding MPEG-1 or MPEG-2 Layer |1 backward compatible audio, or AC-3
audio, or Enhanced AC-3 audio, or DTS audio, or DTS-HD audio, or MPEG-4 AAC audio, or MPEG-4 HE AAC
audio, or MPEG-4 HE AAC v2 audio, or combinations of MPEG Surround audio with MPEG-1 Layer ||, MPEG-4
AAC audio, or MPEG-4 HE AAC audio, or MPEG-4 HE AAC v2 audio in DV B broadcast bitstreams, and for decoding
this bitstream in the IRD.

The following clauses do not imply that either MPEG-1 audio, or MPEG-2 Layer |l backward compatible audio, or
AC-3 audio, or Enhanced AC-3 audio, or DTS audio, or DTS-HD audio, or MPEG-4 AAC audio, or MPEG-4 HE AAC
audio, or MPEG-4 HE AAC v2 audio, or combinations of MPEG Surround with MPEG-1 Layer II, MPEG-4 AAC
audio, or MPEG-4 HE AAC audio, or MPEG-4 HE AAC v2 audio are mandatory. The codecs that a given IRD
supports will define which of the following clauses the IRD shall comply with.

The recommended level for reference tones for transmission is 18 dB below clipping level, in accordance with EBU
Recommendation R.68 [11].

It isrecommended that IRDs handle loudness normalization in accordance with EBU Recommendation R 128 [i.18] and
EBU Tech 3344 [i.19].

6.1 MPEG-1 and MPEG-2 backward compatible audio

MPEG-1 and MPEG-2 backward compatible audio encoding shall conform to either ISO/IEC 11172-3 [9] or
ISO/IEC 13818-3 [3]. Some of the parameters and fieldsin ISO/IEC 11172-3 [9] and I SO/IEC 13818-3 [3] are not used
in the DVB System and these restrictions are described bel ow.
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The design of an IRD compatible with MPEG-1 and/or MPEG-2 backward compatible audio should be made under the
assumption that any legal structure as permitted by 1SO/IEC 11172-3 [9] or ISO/IEC 13818-3 [3] may occur in the
broadcast stream even if presently reserved or unused. To allow full compliance to ISO/IEC 11172-3 [9] and

ISO/IEC 13818-3 [3] and upward compatibility with future enhanced versions, a DVB IRD shall be able to skip over
data structures which are currently "reserved"”, or which correspond to functions not implemented by the IRD. For
example, an IRD which is not designed to make use of the ancillary data field shall skip over that portion of the
bitstream.

This clause is based on ISO/IEC 11172-3 [9] (MPEG-1 audio) and I SO/IEC 13818-3 [3] (MPEG-2 backward
compatible audio).

Optionally, also the combination of MPEG-1 Layer Il with MPEG Surround is supported. The encoding and decoding
of MPEG Surround complies with ISO/IEC 23003-1 [29] and [31]. MPEG Surround creates a (mono or stereo)
downmix from the multi-channel audio input signal. This downmix is encoded using a core audio codec, in this case
MPEG-1 Layer Il. In addition, MPEG Surround generates a spatial image parameter description of the multi channel
audio that is added as an ancillary data stream to the core audio codec. Legacy mono or stereo decoders ignore the
ancillary data and play back a stereo respectively mono audio signal. MPEG Surround capable decoders will first
decode the mono or stereo core codec audio signal and then use the spatial image parameters extracted from the
ancillary data stream to generate a high quality multi channel audio signal.

MPEG Surround Encoder

stereo
or  SUTTEE FEPE "EETPRTTETEE MPEG Surround Decoder
mono 2 H
i v = Manual
downmi > Edownmi Stereo or chi,
automatic - o Spatial cha
Quomix 1y . L
bl downmix e | multi channel
multi channel Johp 1, (optional) hutomatic reconstruction chiy,
signal : downmix Ty
ochN 1y spatial
parameters Spatial
o t
estimation parameters

Figure 1a: Principle of MPEG Surround, the downmix is coded using MPEG-1 Layer Il
This clause is based on ISO/IEC 11172-3 [9] and Recommendation ITU-T H.222.0/ ISO/IEC 13818-1 [1] and [31].

6.1.1 Audio mode

Encoding: MPEG-1 and MPEG-2 backward compatible audio shall be encoded in one of the following
modes:
L] ISO/IEC 11172-3 [9] single channel;
" ISO/IEC 11172-3 [9] joint stereo;
. ISO/IEC 11172-3 [9] stereo;
" I SO/IEC 13818-3 [3] multi-channel audio, backwards compatible to ISO/IEC 11172-3[9]

(dematrix procedure = 0, 1 or 2).

In addition, audio may be encoded in ISO/IEC 11172-3 [9] dual channel mode, as specified by
ETSI TS 102 005 [i.3], in atransmission intended both as a contribution feed and for
Direct-To-Home (DTH) reception. However, thisis not recommended. Care needs to be taken to
ensure that the optional dual channel decoding mode is supported in the DTH IRD. Furthermore,
there may be problems due to the left/right channel selection being performed by different
equipment from the decoding unit (e.g. decoding may be by a set-top-box but left/right channel
selection and audio balance may be performed by the TV set).
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IRDs compatible with MPEG-1 and/or MPEG-2 backward compatible audio shall be capable of
decoding the following audio modes:
" ISO/IEC 11172-3 [9] single channel;
. ISO/IEC 11172-3 [9] joint stereo;
. ISO/IEC 11172-3 [9] stereo.

IRDs compatible with MPEG-1 and/or MPEG-2 backward compatible audio shall be capable of
decoding at least the ISO/IEC 11172-3 [9] compatible basic stereo information from an
ISO/IEC 13818-3 [3] multi-channel audio bitstream. Full decoding of an ISO/IEC 13818-3 [3]
multi-channel audio bitstream is optional.

Support for decoding of 1SO/IEC 11172-3 [9] dual channel isoptional.

Layer

An ISO/IEC 11172-3 [9] encoded bitstream shall use either Layer I or Layer Il coding
(layer ="11" or "10" respectively). Use of Layer Il is recommended.

An ISO/IEC 13818-3 [3] multi-channel encoded bitstream shall use Layer Il coding
(layer = "10").

IRDs shall be capable of decoding Layer | and Layer Il. In case the IRD supports MPEG
Surround decoding, it shall support the combination of MPEG-1 Layer Il with MPEG Surround.
The IRD shall interpret these formats in accordance with MPEG-1 and MPEG Surround audio
syntax.

Bitrate

The value of bitrate_index in the encoded bitstream shall be one of the 14 values from "0001" to
"1110"(inclusive).

For Layer I, these correspond to bitrates of: 32 kbits/s, 64 kbitg/s, 96 kbits/s, 128 kbits/s,
160 kbits/s, 192 kbits/s, 224 kbits/s, 256 kbits/s, 288 kbits/s, 320 kbits/s, 352 kbits/s, 384 khits/s,
416 kbitg/s or 448 kbits/s.

For Layer 1, these correspond to bitrates of: 32 kbits/s, 48 kbits/s, 56 kbits/s, 64 kbits/'s, 80 kbitg/s,
96 kbits/s, 112 kbits/s, 128 khits/s, 160 kbits/s, 192 kbits/s, 224 kbits/s, 256 kbits/s, 320 kbits/s and
384 kbits/s.

For ISO/IEC 13818-3 [3] encoded bitstreams with total bitrates greater than 384 kbit/s, an
extension bitstream shall be used. The bitrate of that extension may bein the range of 0 to
682 khit/s.

IRDs shall be capable of decoding bitstreams with a value of bitrate_index from "0001" to
"1110"(inclusive). Support for the free format bitrate (bitrate_index = "0000") is optional.

Sampling frequency

The audio sampling rate of primary sound services shall be 32 kHz, 44,1 kHz or 48 kHz. Sampling
rates of 16 kHz, 22,05 kHz, 24 kHz, 32 kHz, 44,1 kHz or 48 kHz may be used for secondary sound
services.

The IRD shall be capable of decoding audio with sampling rates of 32 kHz, 44,1 kHz and 48 kHz.
Support for sampling rates of 16 kHz, 22,05 kHz and 24 kHz is optional.

Emphasis

The encoded bitstream shall have no emphasis (emphasis = "00").

The IRD shall be capable of decoding audio with no emphasis. Support for 50/15 microseconds
de-emphasis and Recommendation ITU-T J.17 [10] de-emphasis (emphasis="01" or "11") is
optional.
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6.1.6 Cyclic redundancy code
Encoding: The parity check word (crc_check) shall be included in the encoded bitstream.

Decoding: It isrecommended that the IRD use crc_check to detect errors and subsequently invoke suitable
concealment or muting mechanisms.

6.1.7 Prediction

Encoding: ISO/IEC 13818-3 [3] multichannel encoded bitstreams shall not use mc_prediction
(mc_prediction_on equals "0™).

Decoding: The IRD shall be capable of decoding ISO/IEC 13818-3 [3] multichannel encoded bitstreams
which do not use mc_prediction.

6.1.8 Multilingual

Encoding: ISO/IEC 13818-3 [3] multichannel encoded bitstreams shall not contain multilingual channels
(no_of _multilingual_channelsequals "0").

Decoding: The IRD shall be capable of decoding ISO/IEC 13818-3 [3] multichannel encoded bitstreams
which do not contain multilingual channels.

6.1.9 Extension Stream

Encoding: When an ISO/IEC 13818-3 [3] encoded bitstream uses an extension stream, it is recommended
that a continuous stream of extension frames is maintained for the duration of a programme, even
if atotal bitrate of less than 384 kbits/s would be sufficient to encode individual frames. This
prevents undesired resets of the audio decoder.

6.1.10 Ancillary Data

Encoding: I SO/IEC 13818-3 [ 3] stereo or multichannel encoded bitstreams may contain ancillary data as
described in annex C. It is recommended to include the data in the bitstream.

e |norder to support the contribution of DAB signals, the ancillary data field may embed the
DAB ancillary datafield [18].

e Inorder to support the transmission of RDS datato DV B receivers and analogue FM
transmitters, the ancillary data field may embed RDS data via the UECP protocol.

o |f datafields according to DVD-Video extended ancillary data (as described in annex C) or
ancillary data according to the DAB specification [18] are used, they have, for backward
compatibility reasons, to be the first datafield at the end of the audio frame. This meansthat a
common usage of DVD-Video and DAB datais excluded.

Decoding: The IRD may interpret the ancillary datafield in an |SO/IEC 13818-3 [3] stereo or multichannel
bitstream as described in annex C and it is recommended that the contribution IRD make use of
this data.

6.1.11 MPEG Surround configurations, profiles and levels

The baseline MPEG Surround profile is defined in ISO/IEC 23003-1 [29] and | SO/IEC 23003-1:2007/Cor:2008,
Technical Corrigendum 1 [30]. For the combination of MPEG Surround with MPEG-1 Layer 1, the baseline MPEG
Surround profile shall be used together with the restrictions defined in clauses 6.1.1 to 6.1.10.

The MPEG Surround bitstream payload shall comply with level 3 or 4 of the Baseline MPEG Surround profile.
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Encoding: In case of the combination of MPEG-1 Layer Il with MPEG Surround, the MPEG Surround
bitstream shall be embedded into the ancillary data of the MPEG-1 Layer Il bitstream using the
AncDataElement() bitstream element as defined in ISO/IEC 23003-1 [29]. For MPEG-1 Layer I,
the spatial frame length, indicated by the bsFrameLength parameter, shall correspond to the
MPEG-1 Layer Il frame length. Hence, the bsFrameLength shall be one of the following values:
{17, 35}, resulting in effective MPEG Surround frame lengths of 1 152 and 2 304 time domain
samples respectively.

Decoding: The IRD, if compatible with MPEG-1 Layer Il audio and capable of decoding MPEG Surround
and capable of providing 7.1 channels or more of output, shall be capable of providing decoder
output according to MPEG Surround Baseline profile level 4.

The IRD, if compatible with MPEG-1 Layer Il audio and capable of decoding MPEG Surround
and capable of providing more than two and up to 5.1 channels of output shall be capable of
providing decoder output according to MPEG Surround Baseline profile level 3.

The IRD, if compatible with MPEG-1 Layer Il audio and capable of decoding MPEG Surround
and capable of providing 2.0 channels of output shall be capable of providing decoder output
according to MPEG Surround Baseline profile level 1.

6.2 AC-3 and Enhanced AC-3 audio

The coding and decoding of AC-3 and Enhanced AC-3 elementary streamsis based upon ETSI TS 102 366 [12].

IRDs compatible with AC-3 shall decode all bitrates and sample rates listed in ETSI TS 102 366 [12] (not including
annex E).

IRDs compatible with Enhanced AC-3 shall additionally decode Enhanced AC-3 streams with data rates from 32 kbps
to 3 024 kbps and support all sample rates listed in ETSI TS 102 366 [12], annex E.

Enhanced AC-3 hit streams are similar in nature to standard AC-3 bit streams, but are not backwards compatible
(i.e. they are not decodable by standard AC-3 decoders). Some constraints are placed on the PES layer for the case of
multiple audio streams intended to be reproduced in exact sample synchronism as described in clause 6.2.1.

6.2.1 AC-3 and Enhanced AC-3 PES constraints
6.2.1.1 Encoding

In some applications, the audio decoder may be capable of simultaneously decoding two elementary streams containing
different programme elements, and then combining the programme elements into a compl ete programme.

Most of the programme elements are found in the main audio service. Another programme element (such as a spoken
narration of the picture content intended for the visually impaired listener, a specialy created dialogue based audio
service for the hearing impaired listener, or additional audio services such as a spoken director's commentary or
aternative languages) may be found in an associated audio service.

In order to have the audio from the two elementary streams reproduced in exact sample synchronism, it is necessary for
the original audio elementary stream encoders to have encoded the two audio programme elements frame
synchronoudly; i.e. if audio stream 1 has sample O of frame n taken at time t 0, then audio stream 2 should aso have
frame n beginning with its sample O taken the identical timet0. If the encoding of multiple audio services is done frame
and sample synchronous, and decoding is intended to be frame and sample synchronous, then the PES packets of these
audio services shall contain identical values of PTS, which refer to the audio access units intended for synchronous
decoding.

Audio services intended to be combined together for reproduction according to the mixing process defined in ETSI
TS 102 366 [12] (annex E) shall meet the following constraints:

e  Audio services intended to be combined together for reproduction shall be encoded at an identical sample
rate.

. The main programme audio shall be encoded as either an AC-3 or an Enhanced AC-3 elementary stream. The
associated audio service shall be encoded as an Enhanced AC-3 elementary stream.
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. The Enhanced AC-3 elementary stream carrying the associated audio service shall contain mixing metadata
for use by the decoder to control the mixing process.

e  When mixing metadata is present in the Enhanced AC-3 elementary stream, the AD_Descriptor defined in
clause E.1 shall not be present in the PES encapsulation of the Enhanced AC-3 elementary stream.

. The main programme shall contain from 1 to 7.1 channels of audio. The Enhanced AC-3 elementary stream
that carries the associated audio services to be mixed with the main programme audio shall contain no more
than two audio channels, and shall not contain more audio channels than the main audio programme.

. Dual-mono coding mode is not supported for either the main programme or associated audio service.

e  The encoding of the associated audio service and subsequent creation of the associated audio service
elementary stream shall be done with knowledge of the encoding of the main programme stream.

e  The pgmscl field in the associated programme bitstream should be set to a positive value. It is recommended
this be positive 12 dB to match the default user volume adjustment setting in the decoder.

6.2.1.2  Decoding

If audio access units from two audio services which are to be simultaneously decoded have identical values of PTS
indicated in their corresponding PES headers, then the corresponding audio access units shall be presented to the
audio decoder for simultaneous synchronous decoding. Synchronous decoding means that for corresponding audio
frames (access units), corresponding audio samples are presented at the identical time.

If the PTS values do not match (indicating that the audio encoding was not frame synchronous) then the audio

frames (access units) of the main audio service may be presented to the audio decoder for decoding and presentation at
the time indicated by the PTS. An associated service, which is being simultaneously decoded, may have its audio
frames (access units), which arein closest time alignment (as indicated by the PTS) to those of the main service being
decoded, presented to the audio decoder for simultaneous decoding. In this case the associated service may be
reproduced out of sync by as much as 1/2 of aframetime. (Thisistypically satisfactory; a visually impaired narration
does not require highly precise timing.)

A minimum functionality mixer is described in clause E.4 of ETSI TS 102 366 [12]. IRDs that implement this mixing
method shall set the default user volume adjustment of the associated programme level to minus 12 dB.

The IRD may use the 1SO 639 [27] language descriptor to indicate the language of the content of the associated
programme. As the associated services are carried in separate elementary streams to the main service different
languages may be indicated for each programme stream.

6.2.1.3  Byte-alignment

The AC-3 and Enhanced AC-3 elementary stream shall be byte-aligned within the MPEG-2 data stream. This means
that the initial 8 bits of an AC-3 or Enhanced AC-3 frame shall reside in a single byte, which is carried by the MPEG-2
data stream.

6.2.2 Enhanced AC-3 with multiple independent substreams - PES
constraints

6.2.2.1  Encoding

In some applications, the audio decoder may be capable of simultaneously decoding two different programme elements,
carried as separate independent substreams within a single Enhanced AC-3 elementary stream, and then combining the
programme elements into a complete programme.

Most of the programme elements are found in the main audio service. Another programme element (such as a spoken
narration of the picture content intended for the visually impaired listener, a specially created dialogue based audio
service for the hearing impaired listener or additional audio services such as a spoken director's commentary) may be
found in one or more independent substreams carried in the same Enhanced AC-3 hitstream as the main programme.

The Enhanced AC-3 elementary stream shall contain no more than three independent substreams in addition to the
independent substream containing the main audio programme. The main audio programme shall only be delivered in
independent substream 0.
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When mixing metadata is present in one of more substreams of the Enhanced AC-3 elementary stream, the
AD_Descriptor defined in clause E.1 shall not be present in the PES encapsulation of the Enhanced AC-3 elementary
stream.

In order to have the independent substreams containing audio from the main programme and the associated audio
service reproduced in exact sample synchronism, it is necessary for the Enhanced AC-3 encoder to have encoded all of
the audio programme elements frame synchronoudly; i.e. if the independent substream O has sample 0 of frame n taken
at timet 0, then independent substream 1 should also have frame n beginning with its sample 0 taken the identical
timetO.

Independent substreams intended to be combined together for reproduction according to the mixing process defined in
ETSI TS 102 366 [12] (annex E) shall meet the following constraints:

. Independent substreams intended to be combined together for reproduction shall be encoded at an identical
sample rate.

. The independent substream carrying the associated audio service shall contain mixing metadata for use by the
decoder to control the mixing process.

e  The independent substream that carries the main programme shall contain from 1 to 5.1 channels of audio.
The independent substream that carries the associated audio services to be mixed with the main programme
audio shall contain no more than two audio channels, and shall not contain more audio channels than the
main audio programme.

. Dual-mono coding mode is not supported for either the main programme or associated audio service.

e  The encoding of the associated audio service and subsequent creation of the associated audio service
substream shall be done with knowledge of the encoding of the main programme substream.

e  The pgmscl field in the associated programme substream should be set to a positive value. It is recommended
this be positive 12 dB to match the default user volume adjustment setting in the decoder.

6.2.2.2 Decoding
IRDs shall be able to accept Enhanced AC-3 elementary streams that contain more than one independent substream.

For TV-broadcasting applications, noticeably public service broadcasting, there is often a requirement for commentary
or narration audio services to provide for different languages or Visually Impaired or Hearing Impaired audiences. To
alow cost effective transmission and reproduction of these servicesit is strongly recommended that IRDs be able to
select additional independent substreams carried in an Enhanced AC-3 elementary stream and mix the selected
independent substream with the main audio programme. A minimum functionality mixer is described in clause E.4 of
ETSI TS 102 366 [12]. IRDs that include this mixing capability shall set the default user volume adjustment of the
associated programme level to minus 12 dB.

The IRD may use the 1SO 639 [27] language descriptor to indicate the language of the content of the main programme.
As the associated programmes are carried in the same elementary stream as the main programme, the IRD shall
assume that the language of associated programmes carried in independent substreams is the same as that of the main
programme. To deploy associated programmes with different languages than the main programme, separate Enhanced
AC-3 elementary streams shall be used, as described in clauses 6.2.1.1 and 6.2.1.2.

IRDs that support multiple different output-interfaces, for example headphone output or baseband anal ogue outputs,
may optionally support separate mixes for each output created by multiple Enhanced AC-3 decoders.

6.3 DTS audio

The coding and decoding of DTS coded elementary streamsis based upon ETSI TS 102 114 [15].
IRDs compatible with DTS audio shall decode all bitrates and sample rates listed in ETSI TS 102 114 [15].

Some constraints are placed on the PES layer for the case of multiple audio streams intended to be reproduced in exact
sample synchronism as described in clause 6.3.1.
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6.3.1 DTS and DTS-HD PES Constraints
6.3.1.1 Encoding

In some applications, the audio decoder may be capable of simultaneously decoding two elementary streams containing
different programme elements, and then combining the programme elements into a compl ete programme.

Most of the programme elements are found in the main audio service. Another programme element (such as a narration
of the picture content intended for the visually impaired listener) may be found in the associated audio service.

In order to have the audio from the two elementary streams reproduced in exact sample synchronism, it is necessary for
the original audio elementary stream encoders to have encoded the two audio programme el ements frame
synchronously; i.e. if audio stream 1 has sample O of frame n taken at time t 0, then audio stream 2 should &l so have
frame n beginning with its sample O taken the identical timetO0. If the encoding of multiple audio services is done frame
and sample synchronous, and decoding is intended to be frame and sample synchronous, then the PES packets of these
audio services shall contain identical values of PTS, which refer to the audio access units intended for synchronous
decoding.

Audio services intended to be combined together for reproduction shall be encoded at an identical sample rate.

6.3.1.2 Decoding

If audio access units from two audio services which are to be simultaneously decoded have identical values of PTS
indicated in their corresponding PES headers, then the corresponding audio access units shall be presented to the
audio decoder for simultaneous synchronous decoding. Synchronous decoding means that for corresponding audio
frames (access units), corresponding audio samples are presented at the identical time.

If the PTS values do not match (indicating that the audio encoding was not frame synchronous) then the audio

frames (access units) of the main audio service may be presented to the audio decoder for decoding and presentation at
the time indicated by the PTS. An associated service, which is being simultaneously decoded, may have its audio
frames (access units), which arein closest time alignment (as indicated by the PTS) to those of the main service being
decoded, presented to the audio decoder for simultaneous decoding. In this case the associated service may be
reproduced out of sync by as much as 1/2 of aframe time. (Thisistypically satisfactory; avisually impaired narration
does not require highly precise timing.)

6.3.1.3  Byte-alignment

The DTS and DTS-HD elementary streams shall be byte-aligned within the MPEG-2 data stream. This means that the
initial 8 bits of a DTS/DTS-HD frame shall reside in a single byte, which is carried by the MPEG-2 data stream.

6.4 MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2
audio

The coding and decoding of MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 elementary streamsiis based
upon | SO/IEC 14496-3 [17].

The MPEG-4 AAC and the MPEG-4 High Efficiency AAC Profiles are subsets of the MPEG-4 High Efficiency AAC
v2 profile. HE AAC adds the AOT SBR to the MPEG-4 AAC Profile. HE AAC v2 adds the AOT PS to the MPEG-4
High Efficiency AAC profile to improve the audio quality at low bitrates. Every HE AAC decoder can decode an HE
AAC v2 bitstream, but will not be able to use the parametric stereo information and will therefore replay on a mono
signal.
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Figure 2: Typical bitrate range of the HE AAC v2, HE AAC and AAC for stereo

Figure 2 indicates the typical bitrate ranges for the use of MPEG-4 HE AAC v2, MPEG-4 HE AAC and MPEG-4 AAC
on the encoder side for stereo. The actual bitrates for the use of the different tools is dependent from the encoder
implementation.

Optionally, aso the combination of MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 with MPEG

Surround is supported. The encoding and decoding of MPEG Surround complies with |SO/IEC 23003-1:2007 [29] and
ISO/IEC 23003-1:2007/Cor:2008 [30]. MPEG Surround creates a (mono or stereo) downmix from the multi-channel
audio input signal. This downmix is encoded using a core audio codec, in this case MPEG-4 AAC, HE AAC or HE
AAC v2. In addition, MPEG Surround generates a spatial image parameter description of the multi channel audio that is
added as an ancillary data stream to the core audio codec. Legacy mono or stereo decoders ignore the ancillary data and
playback a stereo respectively mono audio signal. MPEG Surround capable decoders will first decode the mono or
stereo core codec audio signal and then use the spatial image parameters extracted from the ancillary data stream to
generate a high quality multi channel audio signal.

MPEG Surround Encoder

stereo

or T STTIIE ST STTPTEOPIELS MPEG Surround Decoder
mono ' ; E
downmi 2 gd,\g\;av:ﬁl Stereo or chly
automatic - mono Spatial cha
«hl downmix _:} douamli—s)  uiti channel g
multi channel oopp 1 (optional) hutomatic reconstruction chiy,
signal downmix i
ochN 1y spatial
parameters Spatial
estimation parameters

Figure 3: Principle of MPEG Surround, the downmix is coded using MPEG-4 AAC,
HE AAC or HE AAC v2
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6.4.1 LATM/LOAS formatting

The MPEG-4 HE AAC or HE AAC v2 elementary stream data shall be first encapsulated in the LATM multiplex format
according to ISO/IEC 14496-3 [17].

When MPEG Surround is used then the combination of MPEG Surround as specified in ISO/IEC 23003-1 [29] and [31]
with MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2 as specified in ISO/IEC 14496-3 [17] is transmitted
using LOAS/LATM, being also specified in ISO/IEC 14496-3 [17]. First, the combined MPEG-4 AAC/MPEG Surround,
MPEG-4 HE AAC/MPEG Surround or MPEG-4 HE AAC v2/MPEG Surround shall be formatted using the LATM
multiplex format.

The AudioMuxElement() multiplex element format shall be used.

The LATM formatted MPEG-4 HE AAC or HE AAC v2 elementary stream data shall be encapsulated in the LOAS
transmission format according to ISO/IEC 14496-3 [17]. The AudioSyncStream() version shall be used.
AudioSyncStream() adds a sync word to the audio stream to allow for synchronization.Semantics: The semantics of the
AudioMuxElement() and AudioSyncStream() formatting are described in ISO/IEC 14496-3 [17].

Encoding: The MPEG-4 HE AAC and HE AAC v2 elementary streams shall be formatted with
AudioMuxElement() LATM multiplex format, and AudioSyncStream() LOAS transmission
format.

The MPEG-4 AAC/MPEG Surround, MPEG-4 HE AAC/MPEG Surround and MPEG-4 HE AAC
v2/MPEG Surround elementary streams shall be formatted with AudioMuxElement() LATM
multiplex format, and AudioSyncStream() LOAS transmission format.

The following limitations to the LATM multiplex shall apply:
" audioMuxVersion shall be "0";

L] numLayer shall be "0", as no scalable profile is used; When MPEG Surround is used this
indicates that a single layer is present consisting of MPEG-4 AAC, MPEG-4 HE AAC or
MPEG-4 HE AAC v2 with embedded MPEG Surround data;

" numProgram shall be "0", as there is only one audio program per LATM multiplex;

" numSubFrames shall be 0", as there is only one PayloadMux() (access unit) per LATM
AudioMuxElement();

L] allStreamsSameTimeFraming shall be 1", as all payloads belong to the same access unit;

" the fields tar aBuffer Fullness and latmBuffer Fullness shall be set to their largest

respective value, indicating that buffer fullness measures are not used in DVB context;

L] the value for framel engthFlag contained in the GASpecificConfig shall be set to 0,
indicating that the transform length of the IMDCT for AAC is 1 024 samples for long and
128 for short blocks.

In case of the combination MPEG-4 AAC with MPEG Surround, the Audio Object Type (AOT)
element, audioObjectType, shall be set to the value 2 (indicating AAC-LC).

In case of the combination MPEG-4 HE AAC with MPEG Surround or the combination of MPEG-4
HE AAC v2 with MPEG Surround, the Audio Object Type (AOT) element, audioObjectType, shall
be set to the value 5 (indicating SBR). Furthermore, separate fill elements shall be employed to
embed the SBR(/PS) extension data elements sbr_extension_data(), described in

ISO/IEC 14496-3 [17], and MPEG Surround spatial audio data SpatialFrame(), described in
ISO/IEC 23003-1 [29] and [31].

The spatial frame length, indicated by the bsFramel ength parameter, shall correspond to the
MPEG-4 AAC frame length. Hence, the bsFramel ength shall be any of the following values:
{15, 31, 63}, resulting in effective MPEG Surround frame lengths of 1 024, 2 048 and 4 096 time
domain samples respectively.

Decoding: These formats shall be read by the IRD, and the IRD shall interpret these formats in accordance
with MPEG-4 audio syntax.
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In case the IRD supports MPEG Surround decoding, these formats shall be read by the IRD, and
the IRD shall interpret these formats in accordance with MPEG-4 and MPEG Surround audio
syntax.

6.4.2 Profiles and Levels
6.4.2.1 Profiles and Levels for AAC, HE AAC and HE AAC v2

MPEG-4 AAC, HE AAC and HE AAC v2 are defined in ISO/IEC 14496-3 [17], section 1.5.2 as AAC Profile, High
Efficiency AAC Profile and High Efficiency AAC v2 Profile respectively.

Encoding: The encoder shall use either the MPEG-4 AAC Profile, the MPEG-4 High Efficiency AAC Profile
or the MPEG-4 High Efficiency AAC v2 Profile. Use of the MPEG-4 HE AAC Profileis
recommended.

Monaural, stereo and parametric stereo MPEG-4 HE AAC v2 bitstreams shall comply with level 2
restrictions.

Monaural and stereo MPEG-4 AAC and HE AAC bitstreams shall comply with level 2 restrictions,
respectively.

Multichannel audio up to 5.1 channel bitstreams shall comply with the level 4 restrictions
respectively. Coupling Channel Elements (CCEs) according to ISO/IEC 14496-3 [17] shall not be
used.

Decoding: The IRD, if compatible with MPEG-4 AAC audio, shall be capable of decoding MPEG-4 AAC,
MPEG-4 High Efficiency AAC or the MPEG-4 High Efficiency AAC v2 Profile bitstreams.

A MPEG-4 HE AAC v2 monaural, stereo and parametric stereo enabled decoder shall support
decoding MPEG-4 HE AAC v2 Profile Level 2 bitstreams. This requirement does include support
for lower levels, but not other profiles. Support for other profiles and for levels beyond Level 2 is
optional.

A MPEG-4 AAC and HE AAC monaural and stereo enabled decoder shall support decoding
MPEG-4 High Efficiency AAC Profile Level 2 bitstreams. This requirement does include support
for lower levels, but not other profiles. Support for other profiles and for levels beyond Level 2 is
optional.

MPEG-4 AAC, HE AAC or HE AAC v2 multi-channel enabled decoder shall support decoding
MPEG-4 AAC Profile, MPEG-4 High Efficiency AAC Profile or High Efficiency AAC v2 Profile
Level 4 bitstreams respectively. This requirement does include support for lower levels, but not
other profiles. Support for other profiles and for levels beyond Level 4 is optional. Support for
Coupling Channel Elements (CCESs) according to ISO/IEC 14496-3 [17] isoptiondl. If an IRD
supports higher levels than level 2 then it shall also support Matrix-Mixdown according to
ISO/IEC 14496-3 [17], section 4.5.1.2.2. It shall further support the application of
downmixing_levels_ MPEG4 in ancillary data (annex C).

6.4.2.2 Profiles and Levels for MPEG Surround in combination AAC, HE AAC and HE
AAC v2

The Baseline MPEG Surround Profile is defined in 1SO/IEC 23003-1 [29] and | SO/IEC 23003-1:2007/Cor:2008 [30].
For the combination of MPEG Surround with MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2, the Baseline
MPEG Surround Profile will be employed together with the AAC Profile, High Efficiency AAC Profile or High
Efficiency AAC v2 Profile respectively. The AAC or HE AAC or HE AAC v2 bitstream payloads shall comply with

level 2 or level 4 of the respective profile. The MPEG Surround bitstream payload shall comply with level 3, 4 or 5 of
the Baseline MPEG Surround profile.

Encoding: In combination with MPEG Surround, MPEG-4 AAC, MPEG-4 HE AAC or MPEG-4 HE AAC v2
bitstream payloads shall comply with the restrictions of level 2 of their respective profile. If the
MPEG Surround bitstream payload complies to Level 5 of the Baseline MPEG Surround profile,
bitstream payloads shall comply to Level 4 of the AAC or HE_AAC profile.
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Decoding: The IRD, if compatible with MPEG-4 HE AAC audio at Level 4 and capable of decoding MPEG
Surround and capable of providing 7.1 channels or more of output, shall be capable of providing
decoder output according to MPEG Surround Baseline profile level 5.

The IRD, if compatible with MPEG-4 HE AAC audio up to Level 3 and capable of decoding
MPEG Surround and capable of providing 7.1 channels or more of output, shall be capable of
providing decoder output according to MPEG Surround Baseline profile level 4.

The IRD, if compatible with MPEG-4 HE AAC audio and capable of decoding MPEG Surround
and capable of providing more than two and up to 5.1 channels of output shall be capable of
providing decoder output according to MPEG Surround Baseline profile level 3.

The IRD, if compatible with MPEG-4 HE AAC audio and capable of decoding MPEG Surround
and capable of providing up to 2.0 channels of output shall be capable of providing decoder
output according to MPEG Surround Baseline profile level 1.

6.4.3 Dynamic Range Control

The MPEG-4 AAC Dynamic Range Control (DRC) tool is defined in ISO/IEC 14496-3 [17], clause 4.5.2.7. For more
detailed information on the MPEG-4 AAC Dynamic Range Control tool see ISO/IEC 14496-3 [17].

Encoding: It is strongly recommended that the encoder uses the MPEG-4 AAC Dynamic Range Control
(DRC) tool.
Decoding: The IRD shall support the MPEG-4 AAC Dynamic Range Control (DRC).If a program reference

level is not transmitted in the bitstream, it is strongly recommended that a program reference level
of -23 dB is assumed.

It is strongly recommended that each IRD operates either at a target level of -23 dB or at a target
level of -31 dB.

Details of how Dynamic Range Control should be applied are specified in clause C.5.4.

6.5 Random Access Points with MPEG-4 Audio

The definition for MPEG-4 AAC, MPEG-4 HE AAC and MPEG-4 HE AAC v2 RAP in clause 3 shall apply.

6.5.1 Definition of RAP with MPEG-4 Audio

In contrast to MPEG-2, MPEG-4 audio streams may not be accessible and decodable with full fidelity with each single
access unit (AU). The reason for thisis to save bit-rate by not transmitting static information with each AU. The
following section describes required constraints to start decoding of MPEG-4 audio at a given AU.

6.5.1.1 RAP with the LATM/LOAS transport header

The LATM/LOAS transport format carries the " StreamMuxConfig" (SMC). This structure carries essential, but quasi-
static information such as sampling rate or channel configuration. As these parameters change rather seldomin
broadcast applications, this structure need not be transmitted with each access unit, but is expected to be present
periodicaly to allow for random access to the stream.

Encoding: For a RAP, within AudioMuxElement(), useSameStreamMux shall be set to "0";
i.e. StreamMuxConfig() is present.

Within the scope of the present document, useSameConfig is always set to "0". See clause 6.4.1, where both,
numProgram and numLayer shall be "0" yielding to useSameConfig to be set to "0" as well. In consequence an
AudioSpecificConfig() is aways contained in a StreamM uxConfig().

6.5.1.2 RAP with the AAC Profile

AAC-LC istheonly Audio Object Type used in the AAC Profile. In addition to the given constraints with the
LATM/LOAS transport header (see clause 6.5.1.1), the following constraints shall be satisfied for this AOT.

Encoding:  If channel configuration O is used, the ProgramConfigElement() (PCE) containing the actual channel
configuration shall be present in the bitstream for a RAP.
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6.5.1.3 RAP with the HE AAC Profile

The HE AAC profile is based on the AAC profile and is extended by the Audio Object Type SBR; therefore all
constraints from the AOT AAC-LC (see clause 6.5.1.2) shall also be fulfilled.

In contrast to the AAC configuration that is completely described by the AudioSpecificConfig(), the Audio Object
Type SBR decoder needs additional configuration parameters. These parameters are transmitted inside the SBR header
which is not required to be contained in every access unit.

To alow the decoder to access and instantaneously fully decode a HE AAC profile bit stream, it is necessary to transmit
an sbr_header () in the first access unit after a RAP (RAP access unit).

Encoding: For a RAP in case of the Audio Object Type SBR, the bs_header_flag shall be set to "1";
i.e. sbr_header() is present.

NOTE 1: The use of toolsthat rely on preceding frames (i.e. time differential coding of parameters) is prohibited
for frames containing an SBR header by the MPEG-4 Audio Conformance (1SO/IEC 14496-26 [41],
clause 7.17.1.2.1.4). Thisrestriction ensures that a RAP frame can be completely decoded and processed.

NOTE 2: According to ISO/IEC 14496-3 [17], section 4.5.2.8.2.1, "aslong as no SBR header part is present, the
SBR decoder performs upsampling and delay adjustment only". Therefore, audio playback may start even
if sbr_header () was not yet received, but only with reduced quality. Therefore, ISO/IEC 14496-3 [17]
recommends: "In continuous broadcast applications, SBR extension data el ements with an SBR header
part are typically sent twice per second. In addition, a SBR header part can any time be inserted, if an
instantaneous, possibly program dependent, change of header parametersis required” (see
ISO/IEC 14496-3 [17], clause 4.5.2.8.2.1).

6.5.1.4 RAP with the HE AAC v2 Profile

The HE AAC v2 profileis based on the HE AAC profile and is extended by the Audio Object Type Parametric Stereo
(PS); therefore all constraints from the HE AAC profile (see clause 6.5.1.3) shall also be satisfied.

Aswith the Audio Object Type SBR, the configuration parameters for the Audio Object Type PS payload are
transmitted inside the PS header information, which is not required to be contained in every access unit.

To alow the decoder to access and instantaneously fully decode a HE AAC v2 profile bit stream, it is necessary to
transmit PS header information in the first access unit of a sequence (RAP AU).

Encoding: For aRAP in case of the Audio Object Type Parametric Stereo, enable ps header should be set
to"1", i.e. the PS decoder configuration data is transmitted.

NOTE 1: The use of toolsthat rely on preceding frames (i.e. time differential coding of parameters) for frames with
enable ps header = 1 is prohibited by the MPEG-4 Audio Conformance (ISO/IEC 14496-26 [41],
clause 7.18.1.3). This restriction ensures that an RAP frame can be completely decoded and processed.

NOTE 2: Asthe Audio Object Type Parametric Stereo conformance requires a PS header with every SBR header
(see ISO/IEC 14496-26 [41], clause 7.18.1.3), this requirement is also implicitly inherited from the Audio
Object Type SBR requirements.

NOTE 3: According to ISO/IEC 14496-3 [17], clause 8.6.5.1, "a conformant decoder that receives PS data shall
output the mono signal in the two output channels until afirst ps_data() element with enable ps header
== 1isreceived and in which for all enabled parameters frequency differential coding is employed and
num_env>0, ensuring that the PS data can be decoded correctly.”

Therefore audio playback may start even if ps_data() may not be decoded.

6.5.1.5 RAP with AAC-LC / HE AAC plus MPEG Surround

As MPEG Surround is based on an AAC-LC or HE AAC core coder, all restrictions for AAC-LC and HE AAC shall
also apply for MPEG Surround respectively. Further restrictions are as follows, for details see | SO/IEC 23003-1 [29].

Encoding: For a RAP in case of MPEG Surround, the Spatial SpecificConfig() data structure shall be
transmitted, i.e. in sac_extension_data(), ancType and ancStart shall be set to "1".
Additionally, the coding of RAP frames shall be independent of previous frames. Therefore the
bitstream payload element bsl ndependencyFlag shall be set to "1".
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6.5.1.6  RAP with Dynamic Range Control and MPEG-4 Audio ancillary data

Encoding: For a RAP, both dynamic_range_info() and MPEG4 _ancillary_data() shall be present in access
unit. Further, prog_ref _level_present shall be set to 0x1, i.e. the program reference level is
present in dynamic_range_info(). In MPEG4 _ancillary_data(),
downmixing_levels MPEG4 _statusshall be set to "1".

6.5.2 Time interval Between RAPsS

Encoding: The encoder shall place MPEG-4 AAC, HE AAC or HE AAC v2 RAPs in the audio elementary
stream at least every 2 seconds.
It is recommended that MPEG-4 AAC, HE AAC or HE AAC v2 RAPs occur in the audio
elementary stream on average at least every 500 ms. Further it is recommended those audio frames
in the audio elementary stream whose PTS values are closest to the PTS values of the RAPs of the
associated video elementary stream are also coded as RAPs.

NOTE: PTSof HE AAC v2 RAP usualy will not be identical to that of associated video elementary stream RAP,
therefore the associated audio/video RAPs should have closest PTS values.
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Annex A (informative):

Examples of Full screen luminance resolutions for SDTV
and 25 Hz /30 Hz HDTV

Table A.1: Examples of MPEG-2 screen resolution

vertical_size horizontal_size aspect_ratio [frame_rate code Progressive Decodeable by
value value information (see note) or Interlace MPEG-2 SDTV
IRD
1080 1920 16:9 25 P N
1080 1920 16:9 23,976, 24, P N
29,97, 30
1080 1920 16:9 25 [ N
1080 1920 16:9 29,97, 30 [ N
720 1280 16:9 25, 50 P N
720 1280 16:9 23,976, 24, P N
29,97, 30, 59,94,
60
576 720 16:9 50 P N
576 720 4:3,16:9 25 P Y
576 720 4:3,16:9 25 | Y
576 544 4:3,16:9 25 P Y
576 544 4.3, 16:9 25 | Y
576 480 4:3,16:9 25 P Y
576 480 4:3,16:9 25 | Y
576 352 4.3, 16:9 25 P Y
576 352 4.3, 16:9 25 | Y
480 720 16:9 59,94, 60 P N
480 720 4:3,16:9 23,976, 24, P Y
29,97, 30
480 720 4.3, 16:9 29,97, 30 | Y
480 640 4:3 23,976, 24, P Y
29,97, 30
480 640 4:3 29,97, 30 | Y
480 544 4.3, 16:9 23,976, 29,97 P Y
480 544 4:3, 16:9 29,97 | Y
480 480 4:3,16:9 23,976, 29,97 P Y
480 480 4:3,16:9 29,97 [ Y
480 352 4.3, 16:9 23,976, 29,97 P Y
480 352 4:3, 16:9 29,97 | Y
288 352 4:3,16:9 25 P Y
240 352 4:3,16:9 23,976, 29,97 P Y
NOTE: Shaded "frame_rate code" values indicate 30 Hz bitstreams, clear values 25 Hz bitstreams.
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Table A.2: Examples of H.264/AVC Screen Resolution

Vertical Horizontal size | Aspect ratio Frame rate Progressive Decodable by
size (see note) or Interlaced H.264/AVC SDTV IRD
1080 1920, 1 440, 16:9 23,976, 24 P N

1 280, 960 25 [ N

P N

29,97, 30 [ N

720 1 280, 960, 640 16:9 25, 50 P N

23,976, 24, 29,97, P N
30, 59,94, 60

576 720 4:3,16:9 25 P Y

| Y

544, 480, 352 4:3, 16:9 25 P Y

| Y

480 720, 640, 544, 4:3,16:9 23,976, 24, 29,97, P Y

480, 352 30

29,97, 30 [ Y

288 352 4:3 25, 50 P Y

25 | Y

240 352 4:3 23,976, 24, 29,97, P Y
30, 59,94, 60

29,97, 30 | Y

NOTE: Shaded "frame rate code" values indicate 30 Hz hitstreams, clear values 25 Hz bitstreams.

Table A.3: Examples of VC-1 screen resolution

Vertical Horizontal size | Aspect ratio Frame rate Progressive |Decodable by VC-1
size (see note) or Interlaced SDTV IRD
1080 1920, 1 440, 16:9 23,976, 24 P N

1 280, 960 25 [ N
P N
29,97, 30 [ N
720 1 280, 960, 640 16:9 25, 50 P N
23,976, 24, 29,97, 30, P N
59,94, 60
576 720 4:3,16:9 25 P Y
| Y
544, 480, 352 4:3,16:9 25 P Y
| Y
480 720, 640, 544, 4:3,16:9 23,976, 24, 29,97, 30 P Y
480, 352 29,97, 30 | Y
288 352 4:3 25,50 P Y
25 | Y
240 352 4:3 23,976, 24, 29,97, 30, P Y
59,94, 60
29,97, 30 | Y
NOTE: Shaded "frame_rate" values indicate 30 Hz bitstreams, clear values 25 Hz bitstreams.
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Table A.4: Examples of HEVC Bitstreams Resolutions

Vertical size |Horizontal size |Display aspect Frame rate Progressive or Decodable by
ratio (see note) Interlaced HEVC HDTV IRD

2160 3 840, 2 880 16:9 25, 50 P N

24 000/1 001, 24, 30 P N

000/1 001, 30, 60
000/1 001, 60

1800 3200 16:9 25, 50 P N

24 000/1 001, 24, 30 P N

000/1 001, 30, 60
000/1 001, 60

1440 2560 16:9 25, 50
24 000/1 001, 24, 30
000/1 001, 30, 60
000/1 001, 60

T|T
Z\2

1080 1920, 1 440 16:9 24 000/1 001, 24
25

50
30 000/1 001, 30

60 000/1 001, 60

900 1600 16:9 25, 50
24 000/1 001, 24, 30
000/1 001, 30, 60
000/1 001, 60

TU|0O|7T|TV|—|T|0|—|T0
<|<|[=<|=<|=<|=<|<]<]|<

720 1280, 960 16:9 25, 50
24 000/1 001, 24, 30
000/1 001, 30, 60
000/1 001, 60

T|T0
<|=<

540 960 16:9 25, 50 P Y

24 000/1 001, 24, 30 P Y

000/1 001, 30, 60
000/1 001, 60

NOTE: Shaded frame rate values indicate bitstreams that might not be able to be decoded by 50 Hz HEVC
HDTV IRDs.
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Annex B (normative):
Auxiliary Data in the Video Elementary Stream

B.1 Overview

Certain picture-related types of data may be carried in the video elementary stream. While the "outer wrapper" is codec
dependent, the basic data structures are shared in common between MPEG-2, H.264/AVC, HEVC, and VC-1. These
picture-related data types include Active Format Description (AFD), bar data, North American-style closed captions
and disparity for graphics placement in plano-stereoscopic 3DTV.

Transmission of these descriptions and use of these descriptions by areceiver are both optional.

B.2 Common Syntax and Semantics

The payload isidentified by use of several identifier values. Each one specifies the underlying payload syntax. In the
case of the DVB1_data() structure, thereis an additional sub-identifier and several sub-structures are used.

Table B.1: Values for user_identifier

user_identifier user_structure()
0x47413934 (GA94') DVB1_data()
0x44544731 (DTG1) afd_data()

NOTE: Vauesof the user_identifier are registered with SMPTE-RA.
user_identifier: A 32 bit field whose value indicates the contents of the user_structure() asindicated in table B.1.

user_structure(): Thisisavariable length data structure defined by the value of user_identifier and table B.1. The two
possible structures are shown in tables B.2 and B.3.

Table B.2: Afd_data() Syntax

Syntax No. of Bits| Identifier
afd_data() {
‘0" 1 bslbf
active_format_flag 1 bslbf
reserved (set to '00 0001") 6 bslbf
if (active_format_flag == 1) {
reserved (setto '1111") 4 bslbf
active format 4 bslbf
}
}

active format_flag: A 1 bit flag. A value of "1" indicates that an active format is described in this data structure.
active_format: A 4 bit field describing the "area of interest” in terms of its aspect ratio within the coded frame.

Table B.3: DVB1_data() Syntax

Syntax No. of Bits| Identifier

DVB1_data() {
user_data_type_code 8 uimsbf
user_data_type_structure()

}

user_data_type code: An 8-bit value that identifies the type of user datato follow inthe user_data_type structure().
The values are defined in table B.4.
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Table B.4: Values for user_data_type_code

user_data_type_code user_data_type_structure()
0x00 to 0x02 DVB Reserved
0x03 cc_data()
0x04 DVB Reserved
0x05 DVB Reserved
0x06 bar_data()
0x07 multi_region_disparity()
0x08 to OxFF DVB Reserved

user_data_type structure: Thisisavariable length set of data defined by the value of user _data type code and
table B.7 (bar data) or table B.9 (closed captions) or table B.14 (multi region disparity).

B.3  Active Format Description (AFD)

The AFD describes the portion of the coded video frame that is "of interest”. It isintended for use in networks that
deliver mixed formats to a heterogeneous receiver population. The format descriptions are informative in nature and are
provided to assist receiver systems to optimize their presentation of video. The AFD may be supplemented by "bar
data", which describes the size of either apair of top and bottom bars ("letterbox™") or apair of side bars ("pillar-box").
This permits adisplay of either 4:3 or 16:9 aspect ratio to best display a picture of any aspect ratio.

The AFD isintended for use where there are compatibility problems between the source format of a programme, the
format used for the transmission of that programme, and the format of the target receiver population. For example, a
wide-screen production may be transmitted as a 14:9 letter-box within a4:3 coded frame, thus optimized for the viewer
of a4:3 TV, but causing problems to the viewer of awide screen TV. The appropriate AFD may be transmitted with the
video to indicate to the receiver the "area of interest” of the image, thereby enabling areceiver to present theimagein
an optimum fashion (which will depend on the format and functionality of the receiving equipment combined with the
viewer's preferences). In this example, the functionality provided by the AFD is analogous to (but different from) that
provided by Wide Screen Signalling (WSS) described in ETSI EN 300 294 [14].

In addition, the AFD extends WSS by allowing the "area of interest" of afull-frame 16:9 (anamorphic) image to be
described, for example to indicate that the centre 4:3 portion of the image has been protected such that a set-top box
connected to a4:3 set may perform a centre cut-out without removing any essential picture information.

The AFD itself does not describe the aspect ratio of the coded frame (as thisis described el sewhere in the MPEG-2,
H264/AVC, HEVC, or SMPTE VC-1 video syntax).

B.3.1 Coded Frame in MPEG-2 Video

The active_format is used by the decoder in conjunction with the "source aspect ratio". The source aspect ratio is
derived from the "Display Aspect Ratio" (DAR) signalled in the aspect_ratio_infor mation, the horizontal_size,
vertical_size, and display_horizontal_size and display_vertical_sizeif present (see Recommendation ITU-T H.262 /
ISO/IEC 13818-2 [2]):

. If sequence_display_extension() is not present:
source aspect ratio = DAR
. If sequence display_extension() is present:

display_horizontal_size y vertica_sze
display vertica _size  horizontal_size

source aspect ratio = DARX

B.3.2 Coded Frame in H264/AVC Video

The active_format is used by the receiver in conjunction with picture size and shape information as indicated in the
"sequence parameter set RBSP" and the aspect_ratio_idc field of the "VUI parameters’. In particular, the picture
width, picture height, frame cropping information, and sample aspect ratio are important for proper use of active_format
(see ISO/IEC 14496-10 [16]).
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The combination of source aspect ratio and active_format allows the receiver to identify whether the "area of interest” is
the whole of the frame (e.g. source aspect ratio 16:9, active format 16:9 center), aletterbox within the frame

(e.g. source aspect ratio 4:3, active_format 16:9 center), or a"pillar-box™ within the frame (e.g. source aspect ratio 16:9,
active format 4:3 center).

B.3.3 Coded Frame in VC-1 Video

The active_format is used by the decoder in conjunction with the sample aspect ratio signalled in aVC-1 elementary
stream by means of the ASPECT_RATIO field in the sequence header as defined in SMPTE ST 421 [20].

The combination of sample aspect ratio and active_format allows the decoder to identify whether the "area of interest”
isthe whole of the frame (e.g. source aspect ratio 16:9, active_format 16:9 centre), aletterbox within the frame

(e.g. source aspect ratio 4:3, active_format 16:9 centre), or a”pillar-box" within the frame (e.g. source aspect ratio 16:9,
active format 4:3 centre).

B.3.4 Common Semantics of AFD

The combination of source aspect ratio and active_format allows the decoder to identify whether the "area of interest” is
the whole of the frame (e.g. source aspect ratio 16:9, active format 16:9 centre), aletterbox within the frame

(e.0. source aspect ratio 4:3, active_format 16:9 centre), or a"pillar-box" (see note) within the frame (e.g. source aspect
ratio 16:9, active_format 4:3 centre).

NOTE: "Pillar-box" describes aframe that the image fails to fill horizontally, in the same way that a"Letterbox”
describes a frame that the image failsto fill vertically.

Table B.5: Active_format

Active_format Aspect ratio of the "area of interest"

0000 AFD unknown (see below)
0001 Reserved
0010 box 16:9 (top)
0011 box 14:9 (top)
0100 box > 16:9 (centre)

0101 to 0111 Reserved
1000 Active format is the same as the coded frame
1001 4:3 (centre)
1010 16:9 (centre)
1011 14:9 (centre)
1100 Reserved
1101 4:3 (with shoot and protect 14:9 centre)
1110 16:9 (with shoot and protect 14:9 centre)
1111 16:9 (with shoot and protect 4:3 centre)

AFD 0000 indicates that information is not available and is undefined. Unless bar datais available, receivers and video

equipment should interpret the active format as being the same as the coded frame. AFD "0000", when accompanied by
bar data, signals that the image's aspect ratio is narrower than 16:9, but is not either 4:3 or 14:9. The bar data should be

used to determine the extent of the image.

AFD "0100", which should be accompanied by bar data, signals that the image's aspect ratio is wider than 16:9, asis
typically the case with widescreen features. The bar data should be used to determine the height of the image.

The complete set of Active Formats described in the present document isillustrated in table B.6. Note that for each
format two example illustrations have been given, corresponding to the source aspect ratio of the coded frame being 4:3
and 16:9. The AFD may also be used with coded frames of other aspect ratios. For example a coded frame of 2.21:1
with active_format 10 would represent a 16:9 image centred (pillar-box) within a2.21:1 frame.

The Active Formats areillustrated using the following diagrammatic representation.
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. Grey regions that lie outside the smallest rectangle enclosing the white
Bounding box represents regions indicate areas of the picture that may be cropped by the receiver

the coded frame // without significant loss to the viewer

/

contain useful information
and should be cropped by
the receiver where

Black regions indicate areas
of the picture that do not

\

appropriate : ; \The smallest rectangle enclosing the white
regions indicates the area of essential
picture information which should always be
displayed by all receivers
Figure B.1
Table B.6: Active Formats lllustrated
Active_format Illustration of described format
Value Description In 4:3 coded frame In 16:9 coded frame
0000 to 0001 reserved
0010 box 16:9 (top) :E i: { )
0011 box 14:9 (top) 2 E I{ }I
0100 box > 16:9 (centre) E
0101 to 0111 reserved
1000 As the coded frame { } { )
O @
1001 4:3 (centre) { } II
(see note)
1010 16:9 (centre) @ ( }
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Active _format lllustration of described format
Value Description In 4:3 coded frame In 16:9 coded frame

[

1011 14:9 (centre) @
1100 reserved
4:3
1101 (with shoot and protect
14:9 centre)
1
16:9
1110 (with shoot and protect
14:9 centre)
16:9
1111 (with shoot and protect
4:3 centre)

NOTE: It is recommended to use the 4:3 coded frame mode to transmit 4.3 source material rather than
using a pillar-box to transmit it in a 16:9 coded frame. This allows for higher horizontal resolution on

both 4:3 and 16:9 sets.

B.3.5 Relationship with Pan Vectors

Encoding: Encoded bitstreams may optionally include pan vectors and AFDs.

Decoding: The decoder may use the AFD as part of the logic that decides how the IRD processes and
positions the reconstructed image for display on a monitor, where the monitor aspect ratio does not
match the source aspect ratio (e.g. whether to use pan vectors, or generate a letterbox display).

B.3.6 Coded Frame in HEVC Video

The active_format is used by the receiver in conjunction with picture size and shape information as indicated in the
"seguence parameter set RBSP" and the aspect_ratio_idc field of the "V UI parameters'. In particular, the picture
width, picture height, frame cropping information, and sample aspect ratio are important for proper use of active_format
(see Recommendation ITU-R H.265 / 1SO/IEC 23008-2:2013 [35]).

The combination of the aspect ratio of the coded frame and active format allows the receiver to identify whether the
"area of interest" isthe whole of the frame (e.g. aspect ratio 16:9, active_format 16:9 center), or a"pillar box" within
the frame (e.g. aspect ratio 16:9, active format 4:3 center).

B.4 Bar data

Table B.7 describes the syntax of bar data. Bar data should be included in video user data whenever the rectangul ar
picture area containing useful information does not extend to the full height or width of the coded frame and AFD alone
isinsufficient to describe the extent of the image. See clause B.3.4.

NOTE 1. Bar dataisintended to facilitate a fixed-pixel display's picture optimization. Images are not expected to
be resized or scaled, rather to permit backlights to be turned off in the signalled bar. Please consult
SMPTE ST 2016-1 and clause B.4.2 for additional information.
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NOTE 2: Inthe case of HEVC coded video, certain "decimated" sub-rasters are documented in clauses 5.14.2.2 and
5.14.3.2 which decimate the production image in both horizontal and vertical axesto help with bitrate
efficiency. As AFD/Bar Data might not work properly in combination with such sub-rasters, the HEVC
Default Display Window documented in clause 5.14.1.5.6 can be used as an alternative.

Bar datais constrained (below) to be signalled in pairs, either top and bottom bars or left and right bars, but not both
pairs at once. Bars may be unequal in size. One bar of a pair may be zero width or height.

Table B.7: Bar Data Syntax

Syntax No. of Bits| Identifier
bar_data() {
top_bar_flag 1 bslbf
bottom_bar_flag 1 bslbf
left_bar_flag 1 bslbf
right bar flag 1 bslbf
reserved (setto "1111") 4 bslbf
if (top_bar_flag =="1") {
marker_bits (set to "11") 2 bslbf
line_number_end_of top bar 14 uimsbf
}
if (bottom_bar flag =="1") {
marker_bits (set to "11") 2 bslbf
line number start of bottom bar 14 uimsbf
}
if (left_bar_flag =="1") {
marker_bits (set to "11") 2 bslbf
pixel_number_end_of left_bar 14 uimsbf
}
if (right_bar_flag =="1") {
marker_bits (set to "11") 2 bslbf
pixel_number_start _of right_bar 14 uimsbf
}
}

Designation of line numbers for line_number_end_of top_bar and line_number_start_of bottom_bar is video
format-dependent and shall conform to the applicable standard indicated in table B.8.

NOTE 3: The range of line numbers and pixels within the coded frame for each image format is specified in table 2
of SMPTE ST 2016-1:2009 [23].

Table B.8: Line Number Designation

Video Format Applicable Standard

480 Interlaced 4:3 SMPTE ST 125 [i.8]

480 Interlaced 16:9 SMPTE ST 267 [i.10]
480 Progressive SMPTE ST 293 [i.12]
720 Progressive SMPTE ST 296 [i.13]

1 080 Interlaced SMPTE ST 274 [i.11]

1 080 Progressive SMPTE ST 274 [i.11]

2 160 Progressive SMPTE ST 2036-1 [37]

top_bar_flag: This flag shall indicate, when set to 1", that the top bar data is present. If left_bar_flag is "1", this flag
shall be set to "0".

bottom_bar_flag: This flag shall indicate, when set to ""1", that the bottom bar data is present. This flag shall have the
same value as top_bar_flag.

left_bar_flag: This flag shall indicate, when set to "1", that the left bar data is present. If top_bar_flag is "1", this flag
shall be set to "0".

right_bar_flag: This flag shall indicate, when set to "1", that the right bar data is present. This flag shall have the
same value as left_bar_flag.
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line_number_end_of_top_bar: A 14-bit unsigned integer value representing the last line of a horizontal letterbox bar
area at the top of the reconstructed frame. Designation of line numbers shall be as defined per each applicable standard
in table B.8.

line_number_start_of_bottom_bar: A 14-bit unsigned integer val ue representing the first line of a horizontal
letterbox bar area at the bottom of the reconstructed frame. Designation of line numbers shall be as defined per each
applicable standard in table B.8.

pixel_number_end_of _left_bar: A 14-bit unsigned integer value representing the last horizontal luminance sample of
avertical pillar-box bar area at the left side of the reconstructed frame. Pixels shall be numbered from zero, starting
with the leftmost pixel.

pixel_number_start_of right_bar: A 14-bit unsigned integer value representing the first horizontal luminance sample
of avertical pillar-box bar area at the right side of the reconstructed frame. Pixels shall be numbered from zero, starting
with the leftmost pixel.

additional_bar_data: Reserved for future DVB definition.

B.4.1 Recommended Receiver Response to Bar Data

Receiving device designers are strongly encouraged to study Consumer Electronics Association (CEA) bulletin
CEB16 [24], which contains recommendations regarding the processing of bar data.

B.4.2 Relationship Between Bar Data and AFD

Certain combination of Active Format Description and bar data may be present in video user data (either, neither, or
both). Please consult clause 5 of SMPTE ST 2016-1 for detailed guidance on this subject. Note that AFD data may not
aways exactly match bar data because AFD primarily deals with 4.3, 14:9, and 16:9 aspect ratios while bar data can
represent nearly any aspect ratio.

NOTE: SMPTE ST 2016-1 provides guidance for signaling aspect ratios other than 4:3, 14:9, and 16:9. In part it
says "AFD '0000', when accompanied by Bar Data, signals that the active image's aspect ratio is narrower
than 16:9, but isnot 4:3 or 14:9. ... AFD code '0100' signals that the active image aspect ratio is wider
than 16:9." Content producers are expected to correctly code AFD/bar data with their source video
images.

B.5 Closed Captions

The caption data, (aswell as AFD and bar data) is carried in the user data of the video elementary stream.
The underlying structure, cc_data(), is common across MPEG-2, H.264/AVC, HEVC and VC-1.

B.5.1 Syntax and Semantics of cc_data()

The syntax for cc_data() is shown in table B.9.
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Table B.9: cc_data Syntax

Syntax No. of Bits| Identifier
cc_data() {
reserved (set to "1") 1 bslbf
process_cc_data_flag 1 bslbf
zero_bit (set to "0") 1 bslbf
cc_count 5 uimsbf
reserved (setto "1111 1111") 8 bslbf
for (i=0;i<cc_count;i++){
one_bit (set to "1") 1
reserved (setto "1111") 4
cc_valid 1 bslbf
cc_type 2 bslbf
cc data 1 8 bslbf
cc_data_2 8 bslbf
}
marker_bits ="11111111" 8 bslbf
}

process cc_data flag: Thisflag is set to indicate whether it is necessary to processthe cc_data. If it is set to 1", the
cc_data shall be parsed and its meaning processed. When it is set to ""0", the cc_data shall be discarded.

zero_bit: This bit shall be "0" to maintain backwards compatibility with previous versions of CEA-708-E [26].

cc_count: This 5-bit integer indicates the number of closed caption constructs following thisfield. It can have values 0
through 31. The value of cc_count shall be set according to the frame rate and coded picture structure (field or frame)
such that a fixed bandwidth of 9 600 bits per second is maintained for the closed caption payload data. Sixteen (16) bits
of closed caption payload data are carried in each pair of thefieldscc_data 1 and cc_data 2.

one_bit: This bit shall be "1" to maintain backwards compatibility with previous versions of CEA-708-E [26].

cc_valid: Thisflagissetto"1" toindicate that the two closed caption data bytes that follow are valid. If set to "0" the
two data bytes are invalid, as defined in CEA-708-E [26].

cc_type: Denotes the type of the two closed caption data bytes that follow, as defined in CEA-708-E [26].
cc_data 1: Thefirst byte of a closed caption data pair as defined in CEA-708-E [26].
cc_data 2: The second byte of a closed caption data pair as defined in CEA-708-E [26].

B.6  Auxiliary Data and MPEG-2 video
B.6.1 Coding

The Auxiliary Data (AFD, bar data, and caption data) is carried in the video elementary stream at the picture level as
shown in table B.10. The repetition rate of the Auxiliary Data depends upon its payload.

When present, caption data shall be carried in the data structure cc_data(), within the picture user data syntax as
shown in table B.9, and shall be present for every picture. Receivers may ignore caption data.

When present, bar data shall be carried in the data structure bar_data(), within the picture user data syntax as shown
in table B.7. After any sequence_header() such bar data shall appear before the next picture_data() within
extension_and_user_data(2). After introduction, such bar data shall remain in effect until:

1) the next sequence_header (); or
2) extension_and_user_data(2) containing abar_data() structure which contains new bar data; or
3) extension_and_user_data(2) containing AFD per clause B.3.4.

After any sequence_header (), unless AFD data is present specifying otherwise, the absence of bar data shall indicate
that the rectangular picture area containing useful information extends to the full height and width of the coded frame.
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B.6.2 Syntax and Semantics

Table B.10 is provided to show the syntax that is required for picture extension and user data (specifically
extension_and_user_data(2)) as defined by MPEG-2 video (1SO/IEC 13818-2 [2]).

Table B.10: Auxiliary Data for MPEG-2 video

Syntax No. of Bits| Identifier
user_data() {
user_data_start_code 32 bslbf
user_identifier 32 bslbf
user_structure()
}

In accordance with the bit stream syntax in table B.10, more than one picture user data construct may follow any given
picture header. However, no more than one picture user data construct using the same user_identifier or
user_data_type_code shall follow any given picture header.

Receiving devices are expected to silently discard any unrecognized video user data encountered in the video bit stream.
For example, if an unrecognized 32-bit identifier is seen following the user _data_start_code, or an unrecognized 8-bit
user_data type codeis seen following the DVB_identifier, data should be discarded until another start code is seen.

user_data_start_code: This shall be set to 0x0000 01B2 per ISO/IEC 13818-2 [2].
user_identifier: Thisisa32 bit code that indicates the contents of the user _structure() asindicated intable B.1.

user_structure(): Thisisavariable length data structure defined by the value of user _identifier and table B.1.

B.7  Auxiliary Data and H264/AVC, MVC Stereo or SVC
video

B.7.1 Coding

The Auxiliary Datais carried in the data as Supplemental Enhancement Information in H.264/AVC's "User data
registered by Recommendation ITU-T T.35 [19] SEI message" syntactic element (see clauses D.8.5 and D.9.5 of
I|SO/IEC 14496-10 [16]).

Encoding: Support for the encoding of Auxiliary Datais optional.

Decoding: Support for the decoding of Auxiliary Datais optional.

B.7.2 Syntax and Semantics

The Auxiliary Data (AFD, bar data, caption data and multi_region_disparity) is carried in the video elementary stream
as Supplemental Enhancement Information in H.264/AV C's "User data registered by Recommendation ITU-T T.35
SEI message" syntactic element [19]. The syntax of Auxiliary Dataisillustrated in table B.11.

Table B.11: Active Format Description for H264/AVC video

user_data_registered_itu_t t35(payloadSize) { Descriptor Notes
itu_t_t35_country code b(8) 0xB5
ltu_t_t35_provider_code u(16) 0x0031
user_identifier f(32)
user_structure()

}

itu_t_t35 country_code: This 8 bit field shall have the value 0xB5.

itu_t_t35 provider_code: This 16 bit field shall have the value 0x0031.
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user_identifier: Thisisa32 bit code that indicates the contents of the user_structure() asindicated in table B.1.

NOTE: InMPEG-2, the only discriminator within user_data is this 32-bit value. In the context of H.264/AVC,
the value of user_identifier isused in addition to country and provider codes to definitively identify this
asAuxiliary Data.

user_structure(): Thisisavariable length data structure defined by the value of user_identifier and table B.1.

B.7.3 Auxiliary Data in MVC Stereo HDTV Bitstreams

When present in MVC Stereo HDTV Bitstreams, the active format descriptor, bar data and closed caption data shall be
the same for both base and dependent view bitstreams and may be transmitted in the MVC Stereo Base view bitstream.

When present in MVC Stereo HDTV Bitstreams, the multi_region_disparity() data shall be sent in the
user_data_registered_itu_t t35() SEI message, which is contained in MVC scalable nesting SEI message of every MVC
Stereo Dependent view component. When present in MVC Stereo HDTV Bitstreams, the multi region disparity data
shall be present for every MVC Stereo Dependent view component.

B.8 Auxiliary Data and VC-1 video
B.8.1 Coding

The Auxiliary Datais carried in the user data of the video elementary stream as defined in SMPTE ST 421 [20]. After
each sequence start (and repeat sequence start) the default aspect ratio of the area of interest is that signalled by the
sequence header and sequence display extension parameters. When present, after introduction, an AFD or bar data
persists until the next sequence start or until another AFD or different bar datais introduced.

Encoding: Support for the encoding of Auxiliary Datais optional.

The Auxiliary Data may be inserted in the video elementary stream as sequence level, entry-point
level or frame level user data as specified in SMPTE ST 421 [20]. For example, it could be
inserted once per sequence, once per entry-point, or once per frame. It may be changed for each
frame. Caption data, when present, shall be inserted once per frame.

After introduction, such an AFD remains in effect until the next sequence start or until anew AFD isintroduced.
Decoding: Support for the decoding of Auxiliary Datais optional.

A decoder that supports the decoding of Auxiliary Data shall be capable of decoding it from the
sequence level, entry-point level and frame level locations specified in SMPTE ST 421 [20].

B.8.2 Syntax and Semantics

The Auxiliary Datais carried in the user data of the video elementary stream as defined in SMPTE ST 421 [20]. The
syntax isillustrated in table B.12.

Table B.12: Auxiliary Data for VC-1 video

Syntax No. of Bits| Identifier
user_data() {
VC1 user data start code 32 bslbf
user_identifier 32 bslbf

user_structure()

}

VC1 _user_data start_code: This 32-bit field shall be set to 0x0000011D to indicate the beginning of a user data
structure in the VC-1 elementary stream.

user_identifier: Thisisa 32 bit code that indicates the contents of the user_structure() asindicated in table B.1.

user_structure(): Thisisavariable length data structure defined by the value of user_identifier and table B.1.
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B.8a Auxiliary Data and HEVC video
B.8a.1 Coding

The Auxiliary Datais carried in the data as Supplemental Enhancement Information in HEVC's "User data registered by
Recommendation ITU-T T.35[19] SEI message" syntactic element (see clauses D.2.6 and D.3.6 of Recommendation
ITU-T H.265/ ISO/IEC 23008-2:2013 [35]).

Encoding: Support for the encoding of Auxiliary Datais optional.
When the "User data registered by Recommendation ITU-T T.35 [19] SEI message" is present in
an HEVC Bitstream, it shall be a prefix SEI message (i.e. nal_unit_type shall be equal to
PREFIX_SEI_NUT).

Decoding: Support for the decoding of Auxiliary Datais optional.

B.8a.2 Syntax and Semantics

The Auxiliary Data (AFD, bar data, caption data and multi_region_disparity) is carried in the video elementary stream
as Supplemental Enhancement Information in HEVC's "User data registered by Recommendation ITU-T T.35 SEI
message" syntactic element [19] which shall be the same as for H.264/AVC. See clause B.7.2 for the syntax and
semantics.

B.9 Relationship with Wide Screen Signalling (WSS)

The AFD and bar data provide a super-set of the aspect ratio signalling specified in ETSI EN 300 294 [14]. The
mapping of source aspect ratio and active_format to WSS Aspect Ratio isgiven in table B.13.

Table B.13: Support for WSS

Sequence Active Format WSS
Header Description
Source aspect Value Code Description
ratio (Bits 0-3)
1001 0001 full format 4:3
1011 1000 box 14:9 Centre
0011 0100 box 14:9 Top
4:3 1010 1101 box 16:9 Centre
0010 0010 box 16:9 Top
0100 1011 box > 16:9 Centre
1101 0111 full format 4:3
(shoot and protect 14:9 Centre)
16:9 1010 1110 full format 16:9 (anamorphic)

Asadl-digital systems are constructed, there may remain legacy (or even regulatory) requirements to provide WSS
support at some IRD outputs. It is recommended that transmission systems make use of SMPTE ST 2016-1:2009 [23]
for signalling AFD and bar data in the incoming video, and that IRDs provide support for this on digital outputs.

Encoding: Incoming aspect ratio signalling (whether originating via WSS or AFD) should be placed in the
video elementary stream per the present document. If desired, the encoder may also carry
equivalent WSS data per ETSI EN 300 294 [14] in a separate PID.

Decoding: IRDs shall pass AFD and bar data values to their digital video outputs. Such values may be
trandated, per table B.13 into analogue WSS waveforms for appropriate placement on anal ogue
outputs.

B.10 Aspect Ratio Ranges

The labels 4:3, 14:9, 16:9 and > 16:9 used in the AFD shall correspond to the aspect ratio ranges specified in ETSI
EN 300 294 [14] (note that the corresponding active lines specified in ETSI EN 300 294 [14] do not, in general, apply).
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B.11 Multi Region Disparity

This clause describes how to convey depth information in the form of disparity values so as to enable the overlay of
additional information (graphics, menus, etc) such that a depth violation between the plano-stereoscopic video and
graphicsis avoided.

For each frame, one maximum disparity value is transmitted. Regions are defined according to a set of predefined
image partitioning patterns. For each region of each frame, exactly one minimum disparity value is transmitted.

B.11.1 Syntax and Semantics of Multi Region Disparity

The syntax for multi_region_disparity() is shown in table B.14.
Table B.14: Multi Region Disparity Syntax

Syntax No. of bits |Identifier
multi_region_disparity() {
multi_region_disparity_length 8 uimsbf

if ( ((multi_region_disparity_length > 1) && (multi_region_disparity_length < 6)) ||
(multi_region_disparity_length == 10) || (multi_region_disparity_length == 17) )

{
number_of regions = multi_region_disparity length -1
max_disparity_in_picture 8 tcimsbf
for (i=0; i<number_of_regions, i++) {
min_disparity_in_region_i 8 tcimsbf
}

} else if (multi_region_disparity length == 0) {
/* there is no disparity information to deliver */
} else {
for (i=0;i<N;i++) {
reserved_for_future_use 8 bslbf

}
}

}

multi_region_disparity_length: The multi_region_disparity_length is an 8-bit field specifying the number of bytesin
the multi_region_disparity() immediately following the byte defining the value of this field. Furthermore, it signals the
type of region pattern. The multi_region_disparity_length field has alimited set of values that correspond to predefined
image partitioning patterns specified below in table B.15, all other values are prohibited or reserved for future use.

Each image partitioning pattern defines several regions of the image. The boundaries between the regions shall be
located at one quarter, one half and three quarters of the coded image width and height before cropping (for example,
for images of size 1920x1080, the size 1920x1088 shall be used to determine the position of the boundaries in the
transmitted picture). The different region partitioning patterns are al based on these partition boundaries. Each regionis
identified by a number increasing from left to right and from top to bottom.

Table B.15: Meaning of multi_region_disparity_length

Value Meaning of the value
0 no disparity information is to be delivered
1 Prohibited
2 one minimum_disparity_in_region is coded as representing the minimum value in overall picture
(see figure B.3)
3 two vertical minimum_disparity_in_regions are coded (see figure B.4)
4 three vertical minimum_disparity_in_regions are coded (see figure B.5)
5 four minimum_disparity_in_regions are coded (see figure B.6)
6to9 reserved for future use
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Value Meaning of the value
10 nine minimum_disparity_in_regions are coded (see figure B.7)
11 to 16 reserved for future use
17 sixteen minimum_disparity_in_regions are coded (see figure B.2)
18 to 255 reserved for future use

NOTE 1: Each region is made up to align to the 4 x 4 partition boundaries as shown in figure B.2. The patterns
defined in figures B.3 to B.7 are based on the pattern from figure B.2 by spatially combining some of the
regions.

NOTE 2:

When multi_region_disparity lengthis set to 0, the IRD is recommended to use a safer display method

while graphics are present, to avoid viewer's eye strain. One of the safer display methodsis to switch
video to 2D, while graphics are overlaid onto the video with a slight disparity, which can retain aviewer's
3D experience.

NOTE 3:

The value of multi_region_disparity_|length should not be modified within an event, except to switch to

the value '0' on a frame-by-frame basis to indicate that no disparity valueis signalled for a picture.

max_disparity_in_picture: this field specifies the maximum disparity value in a picture. The value signalled isatwo's
complement integer in the range [-128, +127].

min_disparity_in_region_i: this field specifies the minimum disparity valuein regioni. The value signalled isatwo's
complement integer in the range [-128, +127]. The identifier i for each region depends on the value of
multi_region_disparity length. Figures B.2 to B.7 show the regions and their associated number for each allowed

pattern.

The disparity value is the difference between the horizontal positions of a pixel representing the same point in spacein
the right and | eft views. The differenceis given in number of pixels relative to a screen with a horizontal size of

1920 pixels. Particularly, if right position minus left position is a positive value, it refers to a point behind the display
screen, and if it isanegative value, it refersto a point in front of the display screen. Max (maximum) disparity givesthe
farthest, while min (minimum) disparity gives the closest point in depth.

region 0 region 1 region 2 region 3
[RO] [R1] [R2] [R3]
region 4 region 5 region 6 region 7/
[R4] [R5] [R6] [R7]
region 8 region9 | region 10 | region 11
[R8] [RI] [R10] [R11]
region 12 | region 13 | region 14 | region 15
[R12] [R13] [R14] [R15]

Figure B.2: Size and position of regions for multi_region_disparity_length =17
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region 0
[RO]

NOTE: RO spatially encompasses all the regions defined in figure B.2.

Figure B.3: Size and position of regions for multi_region_disparity_length =2

region 0
[RO]

region 1
[R1]

NOTE: RO spatially encompasses the regions RO to R7 defined in figure B.2 and R1 spatially encompasses the
regions R8 to R15 defined in figure B.2.

Figure B.4: Size and position of regions for multi_region_disparity_length =3

ETSI



NOTE:

NOTE:

149

ETSI TS 101 154 vV2.1.1 (2015-03)

region O
[RO]

region 1
[R1]

region 2
[R2]

RO spatially encompasses the regions RO to R3 defined in figure B.2, R1 spatially encompasses the
regions R4 to R11 defined in figure B.2 and R2 spatially encompasses the regions R12 to R15 defined in

figure B.2.

Figure B.5: Size and position of regions for multi_region_disparity_length = 4

region O region 1
[RO] [R1]
region 2 region 3
[R2] [R3]

RO spatially encompasses the regions RO, R1, R4, R5 defined in figure B.2, R1 spatially encompasses the
regions R2, R3, R6, R7 defined in figure B.2, R2 spatially encompasses the regions R8, R9, R12, R13
defined in figure B.2 and R3 spatially encompasses the regions R10, R11, R14, R15 defined in figure B.2.

Figure B.6: Size and position of regions for multi_region_disparity_length =5
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region O region 1 region 2
[RO] [R1] [R2]
region 3 region 4 region 5
[R3] [R4] [R5]
region 6 region 7 region 8
[R6] [R7] [R8]

RO is identical to the region RO defined in figure B.2, R1 spatially encompasses the regions R1 and R2
defined in figure B.2, R2 is identical to the region R3 defined in figure B.2, R3 spatially encompasses the
regions R4 and R8 defined in figure B.2, R4 spatially encompasses the regions R5, R6, R9, R10 defined in
figure B.2, R5 spatially encompasses the regions R7 and R11 defined in figure B.2, R6 is identical to the
region R12 defined in figure B.2, R7 spatially encompasses the regions R13 and R14 defined in figure B.2
and R8 is identical to the region R15 defined in figure B.2.

Figure B.7: Size and position of regions for multi_region_disparity_length =10
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Annex C (normative):
Implementation of Ancillary Data for MPEG Audio

C.1  Scope

This annex contains the guidelines required to include ancillary datain the MPEG Audio elementary stream.

The IRD design should be made under the assumption that any structure as permitted by this annex may occur in the
broadcast stream. The IRD is not required to make use of this data but its use is recommended.

C.2 Introduction

An MPEG audio elementary stream provides for the inclusion of ancillary data. This data can be used to convey
specific information about the audio content to the decoder, allowing the broadcaster to control rendering of the content
to agreater extent. The data includes dynamic range control information and dialogue normalization information.

In case of MPEGL streams or MPEG2 streams without an extension stream (MPEG audio format 1), ancillary data
described in thisannex is placed at the end of each base frame.

In case of MPEG2 streams with extension stream (MPEG audio format 2), the ancillary data described in thisannex is
placed at the end of each base frame.

In case of MPEG4 streamsin LATM/LOAS format, the ancillary data described in this annex is placed into
data_stream_element() (see ISO/IEC 14496-3 [17], table 4.10).

C.3 DVB Compliance

The ancillary data format described in this annex does not introduce any additional elements to the DVB transport
stream. It is compliant with the present document and compatible with all MPEG audio decoders.

Presence and type of ancillary datain audio elementar