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Foreword

This European Standard was taken over by CEN from the work of ISO/IEC/JTC 1 “Information technology” of the Interna-
tional Organization for Standardization (ISO) and the International Electrotechnical Commission (IEC) has been taken as a
European Standard by the CEN Technical Board.

This European Standard shall be given the status of a national standard, either by publication of an identical text or by
endorsementaat the latest by 1996-11, and conflicting national standards shall be withdrawn at the latest by 1996-11.
AccordingﬁCEN/CENELEC Internal Regulations, the national standards organizations of the following countries are
bound to annoufice this European Standard:

Austria, BeldiumyDenmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Netherlands, Norway,
Portugal, Spai en, Switzerland and the United Kingdom.

Endorsement n
The text of the Internatitandard ISO/IEC 13818-3 : 1995 was approved by CEN as a European Standard without any

modification. O
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Foreword

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

In the field of information technology, ISO and IEC have established a joint
technical committee, ISO/IEC JTC 1. Draft International Standards adopted by the
joint technical committee are circulated to national bodies for voting. Publication
as an International Standard requires approval by at least 75 % of the national
bodies casting a vote.

International Standard ISO/IEC 13818-3 was prepared by Joint Technical
Committee ISO/IECJTC 1, Information technology, Subcommittee SC 29,
oding of audio, picture, multimedia and hypermedia information.

* .
@/IEC 13818 consists of the following parts, under the general title Information

nology — Generic coding of moving pictures and associated audio

infc@ion:
—Part I: Systems
— P Video

— Part } : [0

Annexes A andéb‘ an integral part of this part of ISO/IEC 13818. Annexes C
to E are for information only.
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Introduction

ISO/IEC 13818 was prepared by SC29/WG11, also known as MPEG (Moving Pictures Expert Group). MPEG
was formed in 1988 to establish a standard for the coded representation of moving pictures and associated audio
storage media.

8 s published in three parts. Part 1 - systems - specifies the system coding layer of the standard.
i lexed structure for combining audio and video data and means of representing the timing
information n ‘to replay synchronised sequences in real-time. Part 2 - video - specifies the coded
representation ts\go data and the decoding process required to reconstruct pictures. Part 3 - audio - specifies
the coded represefitation of audio data and the decoding process required to decode audio signals.

It defines a

0.1 Extension @OHEC 11172-3 Audio Coding to Lower Sampling Frequencies

In order to achieve better au ality at very low bit rates (<64 kbit/s per audio channel), in particular if
compared with CCITT Stan 22 performance, three additional sampling frequencies are provided for
ISO/IEC 11172-3 layers I, Il and he additional sampling frequencies are 16 kHz, 22,05 kHz and 24 kHz.
This allows corresponding audio b: idths of approximately 7,5 kHz, 10,3 kHz and 11,25 kHz. The syntax,
semantics, and coding techniques of 15(: 11172-3 are maintained except for a new definition of the

sampling frequency field, the bitrate index , and the bit allocation tables. These new definitions are valid if
the ID bit in the ISO/IEC 11172-3 heade S Zero. To obtain the best audio performance, the parameters of
the psychoacoustic model used in the cncodeQﬁve to be changed accordingly.

With these sampling frequencies, the duration&&e audio frame corresponds to :

Layer - Sampling Frequency uf%z/\
16 22,05 ’54//,
I 24 ms 17,41.. ms 16 ms
I [ 72ms | 5224.ms | 48ms L/‘
I 36 ms 26,12.. ms 24 ms Qé

0.2 Low bitrate coding of multichannel audio

0.21  Universal multichannel audio system SO

A standard on low bit rate coding for mono or stereo audio signals was established @ G-1 Audio in
[SO/IEC 11172-3. This standard is applicable for carrying of high quality digital audie”signals associated with
or without picture information on storage media or transmission channels with limited

The ISO/IEC 11172-3 audio coding standard can be used together with both MPEG-1 and -2 Video as
long as only two-channel stereo is required. MPEG-2 Audio (ISO/IEC 13818-3) provides the ion to 3/2
multichannel audio and an optional low frequency enhancement channel (LFE).

Multichannel audio systems provide enhanced stereophonic stereo performance compared to conve two
channel audio systems. It is recognised that improved presentation performance is desirable not only ﬁ
applications with accompanying picture but also for audio-only applications. A universal and compa

multichannel audio system applicable to satellite or terrestrial television broadcasting, digital audio
broadcasting (terrestrial and satellite), as well as other non-broadcasting media, e.g., L

CATV  Cable TV Distribution

CDAD Cable Digital Audio Distribution 0
ENG Electronic News Gathering (including Satellite News Gathering)

IPC Interpersonal Communications (video conference, videophone, etc.)

ISM Interactive Storage Media (optical disks, etc.)

NDB Network Database Services (via ATM, etc.)

iv
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DSM Digital Storage Media (digital VTR, etc.)
EC Electronic Cinema

HTT Home Television Theatre

ISDN Integrated Services Digital Network

)seems 10 be very attractive to the manufacturer, producer, and consumer.

is part of ISO/IEC 13818 describes an audio subband coding system called ISO/MPEG-Audio Multichannel,
6};'@1 can be used to transfer high quality digital multichannel and/or multilingual audio information on
ge media or transmission channels with limited capacity. One of the basic features is the backwards
atibility to ISO/IEC 11172-3 coded mono, stereo or dual channel audio programmes. It is designed for use
in diffesent applications as considered by the ISO/MPEG audio group and the specialist groups TG10/1, 10/2
and @éf the ITU-R (previously CCIR).

0.2.2 @)&sentation of multichannel audio

0.2.2.1 The %ereo plus LFE format

Regarding stereopho@ entation, specialist groups of ITU-R, SMPTE, and EBU recommend the use of an
additional centre loudsQS hannel C and two surround loudspeaker channels LS and RS, augmenting the
front left and right loudsp&‘rz channels L and R. This reference audio format is referred to as "3/2-stereo”

(3 front / 2 surround loudsp “hannels) and requires the transmission of five appropriately formatted audio
signals.

For audio accompanying picture @aﬁons (e.g. HDTV), the three front loudspeaker channels ensure
sufficient directional stability and ity of the picture related frontal images, according to the common
practice in the cinema. The dominan it is the "stable centre”, which is guaranteed at any location of the
listener and important for most of the

Additionally, for audio-only applications, -stereo format has been found to be an improvement over two-
channel stereophony. The addition of one pair und loudspeaker channels allows improved realism of

added to any of these configurations. The purpose o annel is to enable listeners to extend the low
frequency content of the reproduced programme in terms of both frequency and level. In this way it is the same
as the LFE channel proposed by the film industry for thei ital sound systems.

auditory ambience.
A low frequency enhancement channel (in this paQ%O/IEC 13818 called LFE channel) can, optionally, be

The LFE channel should not be used for the entire low frequ content of the multichannel sound
presentation. The LFE channel is optional at the receiver, and ould only carry low frequency sound
effects, which may have a high level. The LFE channel is not in in any dematrixing operation in the
decoder. The sampling frequency of the LFE channel corresponds &ﬁampling frequency of the main
channels, divided by a factor of 96. This provides 12 LFE samples within.one audio frame. The LFE channel is
capable of handling signals in the range from 15 Hz to 120 Hz. /

0222 Compatibility O/

Downwards compatibility. é
A hierarchy of audio formats providing a lower number of loudspeaker channels an de presentation
performance (down to 2/0-stereo or even mono) and a corresponding set of downw. mixing,equations are
recommended in ITU-R Recommendation 775 : "Multichannel stereophonic audio system d without
accompanying picture”, November 1992. Alternative lower level audio formats which may sed in
circumstances where economic or channel capacity constraints apply, are 3/1, 3/0, 2/2, 2/1, 2/ 1/0.
Corresponding loudspeaker arrangements are 3/2, 3/1, 3/0, 2/2, 2/1, 2/0, and 1/0. 0
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Backwards compatibility.

For several applications, the intention is to extend the existing 2/0-stereo sound system by transmitting
additional audio channels (centre, surround) without making use of simulcast operation. This provision of
backwards compatibility with existing receivers implies the use of compatibility matrices: the decoder of the
previous gegeration must reproduce the two conventional basic stereo signals Lo/Ro, and the multichannel
decoder %&;s the complete 3/2-stereo presentation L/C/R/LS/RS” from the basic stereo signal and the
extensioft signdls.

It is recogni at backward compatibility may not be required for all applications of MPEG-2 Audio.
Therefore, no @vard compatible (NBC) audio coding systems free of the constraints of backward
compatibility ar einf evaluated for optional use with the standard.

0.2.2.3 Multiﬁngu@cgfbnity

Particularly for HDTV app
multilingual commentaries
the five-channel sound system, f

gns, multichannel stereo performance and bilingual programmes or

required. This standard provides for alternative audio channel configurations in
ample a bilingual 2/0 stereo programme or one 2/0, 3/0 stereo sound plus
accompanying services (e.g. "clean’dialogue” for the hard-of-hearing, commentary for the visually impaired,
multilingual commentary etc.). An t configuration is the reproduction of commentary dialogue (e.g.
via centre loudspeaker) together with the on music/effect stereo downmix (examples are documentation
film, sport reports). }D

*

0.2.3 Basic Parameters of the Multi@nnel Audio Coding System

The transmission of the five audio signals of a 3/2'sound system requires five transmission channels (although,

in the context of bitrate reduced signals, these are not sarily independent). In order that two of the
transmitted signals can provide a stereo service on the the source sound signals are generally combined
in a linear matrix prior to encoding. These combined sigh d their transmission channels) are identified by
the notation TO, T1, T2, T3 and T4. :

7
0.2.3.1 Compatibility with ISOAEC 11172-3 ®

Backwards and forwards compatibility with an ISO/IEC 11172-3 decéfs provided.

O/IEC 11172-3 audio decoder
ists of a left and right channel
optionally, the basic stereo
io' configuration. Appropriate

For a multichannel audio bit stream, backwards compatibility means, th
properly decodes the basic stereo information. The basic stereo informati
that constitute an appropriate downmix of the audio information in all chann
information may consist only of the left and right channel of the multichannel 4
downmix equations are given by equation pairs (1) and (2), (3) and (4), and (5) an

Lo= L+xxC+yxLS 1)

A
Ro= R+xxC+zxRS 2) @/
Q

Ro= Eli 8; O
: >3

Lo= L+xxC-yx%jS (5)
Ro= R+xxC+y«jS ©6) §
where jS is derived from LS and RS by calculation of the mono component, bandwidth limitation to the ran L

100-7000 Hz, half Dolby®" B-type encoding, and 90 degrees phase shifting (Prologic®' surround matrixing). 0

or

1Dolby and Prologic are registered trademarks of Dolby Laboratories Licensing Corp.

vi



©ISO/IEC ISO/IEC 13818-3:1995(E)

Compatibility with existing surround sound decoders by use of equations (5) and (6) has not been verified at the
time of printing of this part of ISO/IEC 13818.

Forwards compatibility means that an MPEG 2 multichannel audio decoder is able to decode properly an
ISO/IEC 11172-3 audio bit stream.

) The following combinations are possible:

j/ ‘ Basic Lo, Ro Multichannel
(p Stereo Extension

Layer I1 Layer Il mc

aner i Layer Il mc

@yer I Layer Hl mc
2

This part of Ié 13818 describes the combinations of the basic Lo, Ro stereo of Layer I, II and III and the
“multichannel ex®ngion of Layer I mc and Layer 1l mc.

The ISO/MPEG-A ultichannel system provides full compatibility with the ISO Standard 11172-3. This
compatibility is realise@ by coding the basic stereo information in conformance with ISO/IEC 11172-3 and
exploiting the ancillary 161(1 of the ISO/IEC 11172-3 audio frame and an optional extension bit stream for

the multichannel extension.

The complete ISO/TEC 11172Q9mme incorporates four different types of information:

- Header information within th 32 bits of the ISO/IEC 11172-3 audio frame.

- Cyclic Redundancy Check (CRC@isting of 16 bits, just after the header information (optional).

- Audio data, for Layer II consisting 0 ﬂwllocation (BAL), scalefactor select information (SCFSI),
scalefactors (SCF), and the subband

- Ancillary data. Due to the large number oféﬁercnt applications which will use the ISO/IEC 11172-3
Standard, the length and usage of this field a;{& specified.

The variable length of the ancillary data field ena acking the complete extension information of the
channels T2/T3/T4 into the first part of the ancillary eld. If the MC encoder does not use all of the
ancillary data field for the multichannel extension information, the remaining part of the field can be used for
other ancillary data. é

The bit rate required for the multichannel extension informa ay vary on a frame by frame basis,
depending on the sound signals. The overall bit rate may be in d above that provided for in ISO/IEC
11172-3 by the use of an optional extension bit stream. The maxi bit rate, including the extension bit
stream, is given by the following table:

Sampling Frequency | Layer | Maximum Total Bit Rate @/(

32kHz I 903 kbit/s

32kHz ) 839 kbit/s O
32 kHz I 775 kbit/s Q

44.1 kHz I 1075 kbit/s

44.1 kHz I 1011 kbit/s @

44.1kHz 1 947 kbit/s L
48 kHz I 1130 kbit/s 0
48 kHz I 1066 kbit/s
48 kHz 1 1002 kbit/s

vii
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0.2.3.2 Audio Input/Output Format

Sampling frequencies : 48, 44.1 or 32 kHz
Quantisation : up to 24 bits/sample PCM resolution
The following'¢ombinations of audio channels can be applied as inputs to the audio encoder:
a) Five els, using the 3/2 configuration
L, C, “two surround channels LS, RS
b) Five ch , using the 3/0 + 2/0 configuration
L, C, Rof fir ramme plus L2, R2 of second programme

c) Four channels,
L, C, R plus sin

the 3/1 configuration
ound channel S

d) Four channels, usin
L, R plus two surroun nels LS, RS

€) Four channels, using Lhe%ﬂo configuration
L, R of first programme pl of second programme

f) Three channels using the 3/0 cm@nﬁon
L, C, R without surround

*
g) Three channels using the 2/1 conﬁgM
L, R with single surround channel S

h) Two channels, using the 2/0 configuration
Stereo or dual channel mode (as in ISO/IE 172-3)

i) One channel, using the 1/0 configuration

Single channel mode (as in ISO/IEC 11172-3) ¢
The different combinations of audio input signals are enco transmitted within the up to five available
transmission channels TO, T1, T2, T3, and T4, of which chan and T1 are the two basic channels of
ISO/IEC 11172-3 and convey the backwards compatible signals d Ro. Transmission channels T2, T3, and
T4 together form the multichannel extension information, which i atibly transmitted within the ISO/IEC
11172-3 ancillary data field and an optional extension bit stream.
After multichannel decoding, the up to five audio channels are recovered then be presented in any
convenient format at the choice of the listeners:
a) Five channels, using the 3/2 configuration ®

Front: Left (L) and right (R) channels plus centre channel (C) O

Surround:  Left surround (LS) and right surround (RS) ®
b) Four channels, using the 3/1 configuration /K

Front: Left (L) and right (R) channels plus centre channel (C) @

Surround:  Mono surround (S) /
<) Four channels, using the 2/2 configuration ®

Front: Left (L) and right (R) channel O’

Surround:  Left surround (LS) and right surround (RS) , j
d) Three channels, using the 2/1 configuration

Front: Left (L) and right (R) channels

Surround:  Mono surround (S) @
e) Three channels using the 3/0 configuration !

Front: Left (L) and right (R) channel plus centre channel (C)

Surround:  No surround 0
f) Two channels, using the 2/0 configuration

Front: Left (L) and right channel (R)

Surround: No surround

viii
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g) One channel output, using the 1/0 configuration
Front: Mono channel (Mo)
Surround:  No surround

A low frequency enhancement channel can, optionally, be added to any of these configurations.
)Outputs may be required to provide discrete signals, or may be combined in accordance with downward mixing,
6)r upwards conversion equations, as defined in ITU-R Recommendation 775.

L 4

@3.3 Composite Coding Modes

additio smitted signals T2, T3 and T4, it is necessary to have flexibility in the choice of the channels
T2, T3 an SO/MEC 13818-3 allows, independently for a number of frequency regions, the selection of a
number of ¢ inations of three out of the five signals L, C, R, LS, RS to be transmitted in T2, T3, T4.

Dyn?,’l‘ ransmission Channel Switching
In or e%de a better orthogonality between the two compatible signals TO and T1, and the three

Dynamic Cros

According to a bina hearing model, it is possible to determine the portion of the stereophonic signal which
is irrelevant with res| the spatial perception of the stereophonic presentation. The stereo-irrelevant signal
components are not mas t they do not contribute to the localisation of sound sources. They are ignored in
the binaural processor of the human auditory system. Therefore, stereo-irrelevant components of any stereo
signal (L, C, R. LS or RS) ma( reproduced via any loudspeaker, or via several loudspeakers of the
arrangement, without affectingji stereophonic impression. This can be done independently for a number of

frequency regions.

Adaptive Multichannel Predictio; .

In order to make use of the statistica.l@annel dependencies, adaptive multichannel prediction is used for
redundancy reduction. Instead of transmifting.the actual signals in the transmission channels T2, T3, T4, the
corresponding prediction error signals are itted. A predictor of up to 2nd order with delay compensation
is used. .
Phantom Coding of Centre /

Due to the fact that the human auditory system uses intensity cues of the audio signal for localisation at
higher frequencies, it is possible to transmit the high fi ncy part of the centre channel in the front left and
right channels, constituting a phantom source at the locaw the centre loudspeaker.

0.2.3.4 Encoder and Decoder Parameters ®
Encoding and decoding: :®
similar to ISO/IEC 11172-3. Ve

Coding modes: @/

312, 3/0 + 2/0, 3/1, 2/0 + 2/0, 3/0, 2/2, 2/1, 2/0, 1/0 @

second stereo programme, O,
up to 7 additional multilingual or commentary channels,

associated services 6

Subband filter transforms:

Number of subbands: 32
Sampling frequency: Fs/32 L

Bandwidth of subbands: Fs/64
Additional decomposition by MDCT (Layer I only): 0

Frequency Resolution: 6 or 18 components per subband

ix
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Information technology — Generic coding of moving
pictures and associated audio information —

art 3:
éudio

O’ Section 1: General

This part of ISO/
coded representati
storage media, and
input of the encoder

3818 specifies the extension of ISO/IEC 11172-3 to lower sampling frequencies, the
ultichannel and muitilingual high quality audio for broadcasting, transmission and
od for decoding of multichannel and mulitilingual high quality audio signals. The
}tput of the decoder are compatible with existing PCM standards.

*

1.2 Normative refe U&p

The following standards contain p ions which, through reference in this text, constitute provisions of this
part of ISO/IEC 13818. At the time'of publication, the editions indicated were valid. All standards are subject
to revision, and parties to agreements on this part of ISO/IEC 13818are encouraged to investigate the
possibility of applying the most recent of the standards indicated below. Members of IEC and ISO
maintain registers of currently valid Inte a@al Standards.

nolo

ISOMEC 11172-3: 1993, Information techno ,%nging of moving pictures and associated audio for digital
storage media at up 1o about 1,5 Mbit/s - Part :)ﬂdio.

CCIR Recommendation. 601-1: 1990, Encoding p ters of digital television for studios.
CCIR Recommendation 648: 1986, Recording of audigfsignals.

CCIR Recommendation 775: 1992, Multichannel stereop ound system with and without accompanying
picture.

CCIR Report 955-2: 1990, Sound broadcasting by satellite fo@ le and mobile receivers, including Annex
IV Summary description of Advanced Digital System Il. ®

IEC 908: 1987, Compact disc digital audio system. /g
IEEE Draft Standard P1180/D2: 1990, Specification for the implement@}& 8 inverse discrete cosine

transform.
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