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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL AUDIO -

INTERFACE FOR NON-LINEAR PCM ENCODED AUDIO BITSTREAMS

APPLYING IEC 60958 —

Part 3: Non-linear PCM bitstreams according to the AC-3 and

— enhanced AC-3 formats

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standafdization comprising
alll national electrotechnical committees (IEC National Committees). The object of |IEC is to prpmote

infernational co-operation on all questions concerning standardization in the electrical @nd electronic fiel
this end and in addition to other activities, IEC publishes International Standardsj Technical Specific

fis. To
tions,

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC

Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC'National Committee inte

rested

in|the subject dealt with may participate in this preparatory work. International, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates glosely

with the International Organization for Standardization (ISO) in accordapce with conditions determined by

agreement between the two organizations.

THe formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical committee has representation fr

tional
bm all

htional
bf IEC

Pyblications is accurate, IEC cannot be held responsible for the way in which they are used or fgr any

Inforder to promote international uniformity, IEC_National Committees undertake to apply IEC Publidations
trgnsparently to the maximum extent possiblevin their national and regional publications. Any divergence
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indicqted in

the latter.
IEC itself does not provide any attestation of conformity. Independent certification bodies provide confprmity
aspessment services and, in some>areas, access to IEC marks of conformity. IEC is not responsible fpr any

sefvices carried out by independent.certification bodies.
All users should ensure that they’have the latest edition of this publication.

Nq liability shall attach to_IEC or its directors, employees, servants or agents including individual exper
mg¢mbers of its technical\committees and IEC National Committees for any personal injury, property dam
other damage of any hdture whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising ¢out“of the publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Atjention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable-for the correct application of this publication.

Atiention js drawn to the possibility that some of the elements of this IEC Publication may be the sub
paltent rights. IEC shall not be held responsible for identifying any or all such patent rights.

s and
hge or
) and
r IEC

bns is

ect of

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 61937-3 has been prepared by subcommittee technical area 4:
Digital system interfaces and protocols, of IEC technical committee 100: Audio, video and
multimedia systems and equipment.

This third edition of IEC 61937-3 cancels and replaces the second edition published in 2007.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) removal of support for enhanced AC-3 bitstreams with a sampling frequency of 32 kHz;

b) ul)dates to normative and informative references;

c) c

The {

Full i
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This
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stabi
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A bili

arification of pause data-burst usage for enhanced AC-3 bitstreams.

ext of this International Standard is based on the following documents:

CDV Report on voting
100/2720/CDV 100/2934/RVC

nformation on the voting for the approval of this International Standard can be fou
pport on voting indicated in the above table.

document has been drafted in accordance with the)ISO/IEC Directives, Part 2.

of all parts in the IEC 61973 series, published under the general title Digital au
ace for non-linear PCM encoded audio bitstreams applying IEC 60958, can be four
EC website.

nd in

Hio —
d on

ommittee has decided that the cantents of this document will remain unchanged untjil the

ity date indicated on the IEC website under "http://webstore.iec.ch" in the data relat
pecific document. At this date,"the document will be

confirmed,

ithdrawn,

placed by a reyised edition, or

mended.

nhgual version of this publication may be issued at a later date.

ed to

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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DIGITAL AUDIO -
INTERFACE FOR NON-LINEAR PCM ENCODED AUDIO BITSTREAMS
APPLYING IEC 60958 —

Part 3: Non-linear PCM bitstreams according to the AC-3 and
enhanced AC-3 formats

rd .Y

bcope

part of IEC 61937 describes the method used to convey non-linear PCM bitstre

Normative references

gnt constitutes requirements of this document. For dated-references, only the ex

dmendments) applies.

%1937-1:2007, Digital audio interface for non-linear PCM encoded audio bit strg

©1937-2:2007, Digital audio, interface for non-linear PCM encoded audio bit strg

| TS 102 366, Digital Audio Compression (AC-3, Enhanced AC-3) Standard

Terms, definitions and abbreviated terms

ams

following documents are referred to in the text in such a way\that some or all of|their

ition
ding

ams

%1937-1:2007/AMD1:2011, Digital audio interface for non-linear PCM encoded audfo bit
streams applying IEC 60958 — Part 1: Géneral

ams

1he purposes of this document, the following terms and definitions—and—abbrevigtions

¥=

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

SO Online browsing platform: available at http://www.iso.org/obp
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3.1

e
n-this enhanced AC me-y he blo dard

flag used to indicate that the first audio block of an enhanced AC-3 syncframe with a stream
type value of two formed the first audio block in the AC-3 syncframe from which it was
converted

3.2
converter synchronization flag
flag

AC-3| syncframe will form the first block of the AC-3 syncframe output by the onvefsion
procgss

latency
delay time of an external audio decoder to decode an AC-3 or enhanced AC-3 data hurst,
defined as the sum of two values: the receiving delay time and the decoding delay time

3.4
stregm type
parameter of an enhanced AC-3 syncframe identifying the: type of substream of which the
syncirame is a part

Note 1 to entry: An enhanced AC-3 bitstream is constructed.from one or more substreams, with each subgtream
being [constructed from a sequence of syncframes.

3.5

substream identification
sebaleaw»demmeaheﬁ parameter of apenhanced AC-3 syncframe which, in conjunction with
the dtream type parameter, identifies.the substream in the bitstream of which the-erhanced

AC-3 syncframe is a part

3.6
syncfframe
minimum portion of the AC-3 or enhanced AC-3 audio serial bitstream capable of being| fully
decofled, also known @3‘a synchronization frame

3.7 | Abbreviated'terms

ATSC Advanced Television-Standards Systems Committee
ETSI European Telecommunications Standards Institute
IEC | : e . . S

4 Mapping of the audio bitstream on to IEC 61937-1

41 General

The coding of the bitstream and data-burst is in accordance with IEC 61937-1,
IEC 61937-1:2007/AMD1:2011 and IEC 61937-2, including field names such as "Pc", "Pa" and
IIRII.

4.2 AC-3 and enhanced AC-3 burst-info

The 16-bit burst-info contains information about the data that will be found in the data-burst
(see Table 1).
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Table 1 — Fields of burst-info

type data- point R data-burst measured in
type IEC 60958 frames
Value of
el Lelue ot
0-4 Pc bits
5-6
4 0 AC-3 R-AC-3 1536
24+ o Erbrend s Bit 0-of Pa 6144
S e e e
Bits gfl Data-type Data-type Contents Reference |[Repetition period of data-butst measufed in
Pc bits 0-4 bits 5-6 point R
IEC 60958 frames
0 to 6 1 0 AC-3 R-AC-3 1636
1to3 Reserved
210 20 According to IEC 61937
21 0 Enhanced AC-3 | Bit 0 of Pa 6 144
1to3 According todEC 61937
22 to 31 According to IEG61937
7 to 1p According to IEC61937

5 FKormat of AC-3 and enhanced AC-3 data-bursts

5.1

This
such

General

latenpy are specified.

The

clause specifies the audio data:bursts AC-3 and enhanced AC-3. Specific propegrties
as reference points, repetition_periods, the method of filling stream gaps and decoding

Hecoding latency (or detay), indicated for the data-type bits 0-4, should be used by the

transmitter to schedule data-bursts as necessary to establish synchronization between picture

and (¢

5.2

Pause data=bursts for AC-3 and enhanced AC-3 are given in Table 2.

ecoded audio.

Pause data:burst

Table 2 — Repetition period of the pause data-bursts

Data-type bits 0-4 of audio data-burst

Repetition period of pause data-burst

Mandatory

Recommended

AC-3

3 IEC 60958 frames

Enhanced AC-3

4 |[EC 60958 frames
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5.3 Audio data-bursts
5.3.1 AC-3 data

The AC-3 bitstream consists of a sequence of AC-3 syncframes. The data-type bits 0-4 of an
AC 3 data-burst is 1. An AC-3 syncframe represents 1 536 samples of each encoded audio
channel (left, centre, etc.). The data-burst is headed with a burst-preamble followed by the
burst-payload. The burst-payload of each data-burst of AC-3 data shall contain one complete
AC-3 syncframe. Figure 1 shows the structure of the AC-3 data-burst.

The length of the AC-3 data burst will depend on the encoded bit rate (which determmes the
AC_ £ 1 £l Tl H ' £ il AC 2 L + I £ 2l AT

O‘yllullcllllu TOTTg ot OII_G} TITO OPCUNTCOUOIT O U0 TVvOo O unouuuln Ty OO TOGTa Tk o

Stanflard—AB2/B—or The AC-3 bitstream is specified in ETSI TS 102 366 (see |also
ATSE A/52:2012).

A

»le I

<
<

Pa || Pb | Pc | Pd AC-3 burst-payload Pa | Pb | Pc | Pd AGC=3.burst-payload
: | RAC3 | : : | RACE3 |
1 1 1 1 T 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
: AC-3 frame | Stuffing | I AC-3 frame | |
) J 1 ) 1
) 1 ) 1

Regular rate of the A€-3 syncframes

A 4

Repetition period of the burst

E IEC
Figure 1 — AC-3 data-burst; with reference point R
The data-type-dependent info for bits 0-4 of AC-3 is given in Table 3.

Table 3 — Data-type-dependent information
when data-type bits 0-4 =1

Bits of Pc Data-type bits(0-4 Contents
LSB..MSB |dependent, bit number
LSB...MSB
8|to 10 0to 2 Value of ‘bsmod’ parameter in AC-3 elementary stream
1, 12 3'and 4 Reserved

The gata-bursts containing AC-3 syncframes shall occur at a regular rate, with the refefence
point|of each AC-3 data-burst beginning (except in the case of a gap) 1 536-samplingpefriods
frames (IEC 60958 frames) after the reference point of the preceding AC-3 Hata-
burst (of the same bitstream number).

The reference point of an AC-3 data-burst (R-AC-3) is the IEC 60958 frame that occurs two-
thirds of the way through the AC-3 burst-payload. The definition of the two-thirds value is the
closest integer to the value of the AC-3 syncframe size measured in 32-bit words multiplied by
the value 2/3, or:
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Y (26 = IRt (0.5 4 (2/3) x{F 26 in 32.bi |

% x AC3syncframesize = rint(é x AC3syncframesize32)

where:
e AC3syncframesize is "AC-3 syncframe size";
e AC3syncframesize32 is "AC-3 syncframe size in 32-bit words";

e rint() rounds to the nearest integer.

5.3.2 Latency of AC-3 decoding

The |atency of an AC-3 decoder which receives the signal is specified, with réspect tp the
reference point of the AC-3 burst, to be equal to one AC-3 block time, which~is* equal tp the
time Joccupied by 256 PCM samples at the encoded sampling frequency (5,33 ms for 48 kHz
sampling frequency; see Figure 2).

Pa| Pb | Pc | Pd AC-3 burst-payload Pa | Pb | Pc. Pd AC-3 burst-payloag
: | R-AC-3 ! : : | R-AC|3 !
1 1 1 1 1 1 1
1 1 1 I 1 1 1
1 1 1 1 1 1 1
1 1 1 i 1 1 1 1
: AC-3 frame . Stuffing | : :
1 I [} 1 1
) 1 1 ) 1

AC-3 frame

<

\ A

A
A
A 4

>
I

1
1
Regular rate of the AC-3 syncframes '

A
N

Latency of'the AC-3 decoder

IEC

Figure 2 =Latency of AC-3 decoding

It is fecommended that pause _data-bursts be used to fill stream gaps in the AC-3 bitstream,
as described in IEC 61937¢1,vand that pause data-bursts be transmitted with a repetition
period of three IEC 60958 frames, except when other repetition periods are necessary fo fill
the pfrecise stream gaps<length (which may not be a multiple of three IEC 60958 frames), |or to
meet|the requirementon burst spacing (see IEC 61937-1:2007, 6.3.3).

When a stream~gap in an AC-3 stream is filled by a sequence of pause data-bursts, the Pa of
the first pausé\data-burst shall be located one-frame data-burst repetition period following the
Pa of the previous AC-3 syncframe. It is recommended that the sequence(s) of pause fata-
bursts which fill the stream gap should continue from this point up to (as close as pogsible
cons|deting the three IEC 60958 frame length of the pause data-burst) the Pa of the first AC-3
data-burst which follows the siream gap.

The gap length parameter contained in the pause data-burst is intended to be interpreted by
the AC-3 decoder as an indication of the number of decoded PCM samples which are missing
(due to the resulting audio gap). If the sizes of the AC-3 syncframes before and after the
stream gap are not equal (due to a bit rate change in the interrupted AC-3 bitstream), this
value may differ from the actual number of sampling periods of the audio contained in the
stream gap due to the definition of the AC-3 burst reference points.

Some AC-3 decoders may be capable of "concealing" audio gaps. The indication of the audio
gap length (gap-length) which may be included in the payload of the pause data-burst allows
the decoder to know how long an audio gap will need to be concealed, and thus allow the
decoder to optimize the concealment process for the actual audio gap length. AC-3 decoders
will most easily conceal audio gaps that have a length equal to an integral multiple of 256
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samples. Thus, audio gaps of lengths 256, 512, 768, etc. sampling periods of the audio are
strongly preferred, and transmitters should provide stream gaps that represent audio gaps
with this granularity.

It is possible that an audio gap in an AC-3 stream is carried over this interface without there
also being a stream gap. This can happen when the audio gap length is small and there is a
bit rate change in the interrupted AC-3 bit stream, and the bit rate following the gap is larger
than the bit rate prior to the gap. Because of the definition of the reference point of the AC-3
data-burst, it is possible for the Pa of the first burst following a bitstream interruption to be
less than—frame one data-burst repetition period of the audio following the Pa of the burst
preceding the gap, while the reference point of the first burst following the bit stream
[ the
S no
gap to fill with pause bursts, there is no need to send any pause bursts{Fhe audio
decofer will never be starved for data and can calculate the length of the audio gap basgd on
the r¢ference points of the received AC-3 bursts.

5.3.3 Enhanced AC-3 data

An gnhanced AC-3 bitstream is constructed from one or moreg‘_substreams, with |each
subsiream being constructed from a sequence of enhanced AC-3-syncframes. An enhanced
AC-3 syncframe is constructed from blocks of audio data, (éach block representing| 256
samples of audio of each encoded audio channel (left, céntre, etc.). An enhanced AC-3
synciframe can consist of one, two, three, or six blocks of*audio data. The number of blocks
per gnhanced AC-3 syncframe is the same for all substreams present in the bitstream and is
constant for the duration of the bitstream.

The ¢gata-burst is headed with a burst-preamble, followed by the burst-payload. The datajtype
bits -4 of an enhanced AC-3 data-burst is 21}, and the sub-data-type bits 5-6 is 0. Yhen
enha{:ced AC-3 data is being transmitted, the*transmission device shall ensure that both the

dataqtype bits 0-4 and sub-data-type bits“5-6 values are set correctly. Additionally| the
receijving device shall utilize both the .data-type bits 0-4 and sub-data-type bits 5-6 valugs to
ensufe that the content of the dataiburst is correctly identified as enhanced AC-3.| The
structure of the enhanced AC-3 data-burst is shown in Figure 3.

The [enhanced AC-3 burst.payload shall always contain six blocks of coded audio data,
reprgsenting 1 536 samples of PCM audio at the encoded sampling frequency, from-eagh—of
the gvery substreams present in the bitstream. The transmission device shall ensure that the
enhahced AC-3 burstépayload is constructed only from complete enhanced AC-3 syncfrgmes.
It is prohibited to transmit a single enhanced AC-3 syncframe using multiple data-bursts.

The transmission device shall ensure that the first enhanced AC-3 syncframe in the RQurst-
payldad is_the syncframe that has a stream type value of zero or two, and a substfeam
identffication value of zero. When the enhanced AC-3 bitstream is constructed |from

syncirames that consist of six blocks of audio data, one syncframe from—each ¢very
subsmmmﬂﬁhe—bﬁﬂmhﬁ—be—mhﬂedW’ i i i = -

When the enhanced AC-3 bitstream is constructed from syncframes that consist of less than
six blocks of audio, the transmission device shall ensure that the burst-payload contains the
number of enhanced AC-3 syncframes required to deliver six blocks of audio data from-each
every substream in the bitstream. For example, when the bitstream is constructed from
syncframes that consist of two blocks of audio data, the burst-payload shall contain three
enhanced AC-3 syncframes from-each every substream in the bitstream. Additionally, when
the number of blocks per syncframe is less than six, the transmission device shall ensure that
when the first substream in the bitstream has a stream type value of zero, the first syncframe
in the burst-payload shall be the syncframe where the converter synchronization flag is set to
one. When the first substream in the bitstream has a stream type value of two, the first
syncframe in the burst-payload shall be the syncframe where the block identification flag is
set to one.
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The length of the enhanced AC-3 data-burst will depend on the encoded bit rate (which

determines the enhanced AC-3 syncframe-ength size).-The-specificationfor-the-enhanced-AC

3—bitstream—may-befound—in-ATSC-Standard-A/52B—or The enhanced AC 3 bitstream is
specified in ETSI TS 102 366 (see also ATSC A/52:2012).

Enhanced AC-3 Enhanced AC-3

Pa|PbPc|Pd burst-payload Pa[Pb|Pc|Pd burst-payload

| bit 0 of Pa ' ' | bit 0 of Pa ' ' '
! ! Enhanced AC-3 ! ! ! Enhanced AC-3 ! !
i i syncframe(s) i Stuffing | syncframe(s) 1 Stuffin '
1 - >& > € =p »!
1 1 1 1 1 1 1
i Regular rate of Enhanced AC-3 data-bursts E
I: 1
1 1
' Repetition period of the burst '
< > IEC

Figure 3 — Enhanced AC-3 data-burst

The data-type-dependent information for bits 0-4 for enhanced/AC-3 is given in Table 4.

Table 4 — Data-type-dependent information when data-type bits 0-4 = 21
and data-type bits 6-6'= 0

Bitg of Pc Data-type bits 0-4 Contents
LSHB...MSB dependent, bit
number
LSB...MSB
g-10 0-2 Value of.‘bsmod’ parameter in independent substream 0 of the enhanced

AC-3 elementary stream. If the ‘bsmod’ parameter is not present in the
enhanced AC-3 elementary stream, these bits shall be set to ‘0’

11, 12 3-4 Reserved

The feference point of anienhanced AC-3 data-burst is bit 0 of Pa. The data-bursts contgining
enhahced AC-3 syncframes shall occur at a regular rate. The units of burst-length shall pe in
byteg.

Whenp enhanted AC-3 streams are conveyed via the |IEC 61937 interface, the IEC 60958
fram¢ rate<shall always be four times the-sample—rate sampling frequency of the enhgnced
AC-3| bitstream, and the repetition period of the enhanced AC-3 data-burst shall be ¢ 144
sampleperiods frames (IEC 60958 frames). Table 5 shows the relationship between the frame
repetifion period and the TEC 60958 frame rate, and the maximum-—avaihable bursi-payload
size and maximum data rate for the enhanced AC-3 bitstream.

;;

. Encoded sample IEC 60958 frame Burst Maximum-data
Framerepetition rate rate duration rate
periedl
kHz kHz ms kbit/s
6144 32 128 48 4093
6144 444 176:4 34,83 5641
6144 48 192 32 6-140
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Table 5 — Maximum enhanced AC-3 burst-payload size and bitstream data rate per
sampling frequency and IEC 60958 frame rate

Encoded IEC 60958 Data-burst repetition Burst duration | Maximum burst- Maximum
sampling frame rate period payload size data rate
frequency
kHz kHz IEC 60958 frames ms bytes kbit/s
44 1 176,4 6 144 34,83 24 560 5 641
48 192 6 144 32 24 560 6 140
The maximum burst-payload sizes and data rates shown in Table 5 assume a provisign for

two IEC 60958 frames for padding between data-bursts.

5.3.4

The

and decoding delay time.

The

Latency of the enhanced AC-3 decoder

atency of an enhanced AC-3 decoder is defined as the sum of the receiving delay

time

receiving delay time is the time taken to receive the complete enhanced AC-3 hurst-

payldad and is dependent on the encoded bitrate of the enhanced AC-3 bitstream. Fofr the
purpdses of maintaining synchronization (for example, with wideo), it is recommended that a
consfant value of receiving delay time be assumed. This ¥alue is calculated on the basgis of

the rmaximum possible size of an enhanced AC-3 bufst-payload and is equal to the

occupied by 6 142 frames (IEC 60958 frames) at the IEC 60958 frame rate.

time

The gecoding delay time is equal to the time ocgcupied by 1 792 PCM samples at the encpded
sampgling frequency or 7 168 frames (IEC 60958 frames) at the |IEC 60958 frame rate. See
Figure 4.

Enhanced AC-3 Enhanced AC-3 Enhanced AC-3
Pa|Pp|PcIPd| rst-payload PalRbIPc|Pd| rst-payload Pa|Pb[Pc(Pdf prst-paylpad
! bit 4 of Pa ' Enhanced AC-3 | ! bit 0 of Pa ' Enhanced AC-3 ' ! bit 0 of Pa ! Egh::figrc:]é\((sl)% !
! | syncframe(s) | Stuffing’, | syncframe(s) | Stuffing | ' y '
| < it »i < it 1l —1P>
1 ' ' 1 ' ' '
; Regylar rate of Enhanced AC-3 data-bursts |
-~ 1
L Repetition period of the data-burst ‘E
1 il
i Latency of Enhanced AC-3 decoder
~ " IEC

Figure 4 — Latency of enhanced AC-3 decoding

It is recommendedthat pause data=bursts beusedtofitt streamgaps—mtheemntanced-AC-3

bitstream, as described in IEC 61937-1, and that pause data-bursts be transmitted with a
repetition period of four IEC 60958 frames, except when other repetition periods are
necessary to fill the precise stream gap length (which may not be a multiple of four IEC 60958
frames), or to meet the requirement on burst spacing (see IEC 61937-1:2007, 6.3.3).

When a stream gap in an enhanced AC-3 stream is filled by a sequence of pause data-bursts,
the Pa of the first pause data-burst shall be located one-frame data-burst repetition period
following the Pa of the previous enhanced AC-3-frame data-burst. It is recommended that the
sequence(s) of pause data-bursts which fill the stream gap should continue from this point up
to (as close as possible considering the four IEC 60958 frame lengths of the pause data-
burst) the Pa of the first enhanced AC-3 data-burst which follows the stream gap.
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The gap length parameter contained in the pause data-burst is intended to be interpreted by
the enhanced AC-3 decoder as an indication of the number of decoded PCM samples which
are missing (due to the resulting audio gap). The gap length parameter indicates the gap
length measured in IEC 60958 frames at the IEC 60958-¢cleck frame rate. As the-cleck frame
rate of the IEC 60958 interface is always four times the sampling-rate frequency of the coded
audio stream when delivering enhanced AC-3 data, the value of the gap-length parameter is
four times the number of PCM audio samples which would be missing in the decoded output
signal. For example, a gap-length value of "4" would indicate that one sample is missing in
the decoded output signal.

If the sizes of the enhanced AC-3 syncframes before and after the stream gap are not equal
(due[fo a g P ; udio
sampling periods indicated by the gap-length parameter may differ from the actual number of
sampling periods of the audio contained in the stream gap due to the definition” of the
enhanced AC-3 burst reference points.

Some¢ enhanced AC-3 decoders may be capable of "concealing" audio gaps. Fhe indicatipn of
the dudio gap length (gap-length), which may be included in the payload of the pause fata-
bursf, allows the decoder to know how long an audio gap will need to be‘concealed and, fthus,
to optimize the concealment process for the actual audio gap. ‘length. Enhanced AC-3
decogders will most easily conceal audio gaps that have a length equal to an integral multiple
of 296 decoded output samples. Thus, audio gap-length valués,of 1 024, 2 048, 3 072] etc.
IEC 60958 frames are strongly preferred, and transmitters Should provide stream gapg that
reprgsent audio gaps with this granularity.

It is jpossible that an audio gap in an enhanced AC-3 stream is carried over this intefface
withqut there also being a stream gap. This can happen when the audio gap length is gmall,
therd is a bit rate change in the interrupted ehhanced AC-3 bit stream, and the bit| rate
following the gap is larger than the bit rate prior to the gap. Because of the definition gf the
refergence point of the enhanced AC-3 data¢burst, it is possible for the Pa of the first fata-
burstl following a bitstream interruption to.be less than-frame one data-burst repetition pgriod

io following the Pa of the datazburst preceding the gap, while the reference pojnt of
rst data-burst following the bitstream interruption is more than one-frame data-purst
repefition period-ef-the—audio after\the reference point of the data-burst preceding the[gap.
When this case occurs, since there is no stream gap to fill with pause bursts, there is no pheed
to sehd any pause bursts. Thetaudio decoder will never be starved for data and can calculate
the length of the audio gap-based on the reference points of the received enhanced AC-3
data{bursts.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DIGITAL AUDIO -

INTERFACE FOR NON-LINEAR PCM ENCODED AUDIO BITSTREAMS

APPLYING IEC 60958 —

Part 3: Non-linear PCM bitstreams according to the AC-3 and

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comj
all| national electrotechnical committees (IEC National Committees). The object oft IEC is to pr

this end and in addition to other activities, IEC publishes International Standardsj Fechnical Specificg
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC'National Committee inte
in |[the subject dealt with may participate in this preparatory work. International, governmental and
gopernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates d
with the International Organization for Standardization (ISO) in accordapce with conditions determin|
agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interns
copsensus of opinion on the relevant subjects since each teghnical committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for intérnational use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Publications is accurate, IEC cannot be held responsible for the way in which they are used or fq
miginterpretation by any end user.

In|order to promote international uniformity, IEC._National Committees undertake to apply IEC Publig
transparently to the maximum extent possiblesin their national and regional publications. Any diver
befween any IEC Publication and the correspending national or regional publication shall be clearly indicg
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conf]
aspessment services and, in some>areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent.certification bodies.

Alllusers should ensure that they’/have the latest edition of this publication.

Nd liability shall attach to IEC or its directors, employees, servants or agents including individual exper
megmbers of its technical"committees and IEC National Committees for any personal injury, property dam
othher damage of any hdture whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising (out-of the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable-for the correct application of this publication.

At{ention js drawn to the possibility that some of the elements of this IEC Publication may be the sub
patentrights. IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 61937-3 has been prepared by subcommittee technical area 4:
Digital system interfaces and protocols, of IEC technical committee 100: Audio, video and
multimedia systems and equipment.

This third edition of IEC 61937-3 cancels and replaces the second edition published in 2007.
This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

removal of support for enhanced AC-3 bitstreams with a sampling frequency of 32 kHz;

b) updates to normative and informative references;

c) clarification of pause data-burst usage for enhanced AC-3 bitstreams.
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The text of this International Standard is based on the following documents:

CDV Report on voting
100/2720/CDV 100/2934/RVC

Full information on the voting for the approval of this International Standard can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 61973 series, published under the general title Digitah auflio —
Interface for non-linear PCM encoded audio bitstreams applying IEC 60958, can,bé found on
the IEC website.

The ¢gommittee has decided that the contents of this document will remain‘unchanged untjl the
stability date indicated on the IEC website under "http://webstore.iec.ch™\in the data relatpd to
the specific document. At this date, the document will be
e rg¢confirmed,

e withdrawn,

e re¢placed by a revised edition, or

e amended.

A bilingual version of this publication may becissued at a later date.
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DIGITAL AUDIO -
INTERFACE FOR NON-LINEAR PCM ENCODED AUDIO BITSTREAMS
APPLYING IEC 60958 —

Part 3: Non-linear PCM bitstreams according to the AC-3 and
enhanced AC-3 formats

1 $Scope

This [part of IEC 61937 describes the method used to convey non-linear PCM bitstrégams
encofed according to the AC-3 and enhanced AC-3 formats.

2 Normative references

The following documents are referred to in the text in such a way\that some or all of|their
contgnt constitutes requirements of this document. For dated- references, only the exition
cited|applies. For undated references, the latest edition of the/referenced document (inclliding
any gmendments) applies.

IEC 61937-1:2007, Digital audio interface for non-linear PCM encoded audio bit streams
applying IEC 60958 — Part 1: General

IEC $1937-1:2007/AMD1:2011, Digital audio interface for non-linear PCM encoded audfo bit
streams applying IEC 60958 — Part 1: General

IEC ©1937-2, Digital audio interface forlnon-linear PCM encoded audio bit streams applying
IEC 60958 — Part 2: Burst-info

ETSIITS 102 366, Digital Audio(Compression (AC-3, Enhanced AC-3) Standard

3 Terms, definitions'and abbreviated terms

For the purposes of this document, the following terms and definitions apply.

ISO and IEC, maintain terminological databases for use in standardization at the follgwing
addresses:

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

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

3.1

block identification flag

flag used to indicate that the first audio block of an enhanced AC-3 syncframe with a stream
type value of two formed the first audio block in the AC-3 syncframe from which it was
converted

3.2

converter synchronization flag

flag used for synchronization by a device that converts an enhanced AC-3 bitstream to a
bitstream compliant with an AC-3 decoder and indicates that the first block in this enhanced
AC-3 syncframe will form the first block of the AC-3 syncframe output by the conversion
process
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delay time of an external audio decoder to decode an AC-3 or enhanced AC-3 data-burst,
defined as the sum of two values: the receiving delay time and the decoding delay time

3.4
stre

am type

parameter of an enhanced AC-3 syncframe identifying the type of substream of which the
syncframe is a part

Note 1 to entry: An enhanced AC-3 bitstream is constructed from one or more substreams, with each substream

being

3.5
sub

para
para

3.6

constructed from a sequence of syncirames.

eter of an enhanced AC-3 syncframe which, in conjunction with the\ stream

]aream identification
eter, identifies the substream in the bitstream of which the syncframe is‘'a’part

syncfframe

mini

mum portion of the AC-3 or enhanced AC-3 audio serial bitstream capable of being

type

fully

decofed, also known as a synchronization frame
3.7 | Abbreviated terms
ATSC Advanced Television Systems Comniittee
ETSI European Telecommunications Standards Institute
4 Mapping of the audio bitstream on to IEC 61937-1
4.1 General
The [ coding of the bitstream and data-burst is in accordance with IEC 61937-1,
IEC $1937-1:2007/AMD1:2011 and\JEC 61937-2, including field names such as "Pc", "Pal and
IIRII-
4.2 | AC-3 and enhanced AC-3 burst-info
The [16-bit burst-info.'contains information about the data that will be found in the data-purst
(see [Table 1).
Table 1 — Fields of burst-info
Bits TI Da.ta-type Da.ta-type Contents Refe.rence Repetition period of data-burst measufed in
Pc kits 0-4 bits 5-6 point R IEC 60958 frames
0to6 1 0 AC-3 R-AC-3 1536
1to03 Reserved
2to 20 According to IEC 61937
21 0 Enhanced AC-3 | Bit 0 of Pa 6 144
1to3 According to IEC 61937

22 to 31 According to IEC 61937

7 to 15 According to IEC 61937
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5 Format of AC-3 and enhanced AC-3 data-bursts

5.1

General

This clause specifies the audio data-bursts AC-3 and enhanced AC-3. Specific properties
such as reference points, repetition periods, the method of filling stream gaps and decoding
latency are specified.

The decoding latency (or delay), indicated for the data-type bits 0-4, should be used by the
transmitter to schedule data-bursts as necessary to establish synchronization between picture

and decoded audio.

5.2

Pause data-burst

Pausfe data-bursts for AC-3 and enhanced AC-3 are given in Table 2.

Table 2 — Repetition period of the pause data-bursts

Data-type bits 0-4 of audio data-burst

Repetition period of pause data-burst

Mandatory

Recommended

AC-3

3 IEC 60958 frames

Enhanced AC-3

4 |[EC 60958 frames

5.3
5.3.1

The

AC 3
chan
bursf
AC-3

The length of the AC-3 data-burst will depend on the encoded bit rate (which determine

AC-3 data

Audio data-bursts

\C-3 bitstream consists of a sequence.of AC-3 syncframes. The data-type bits 0-4
data-burst is 1. An AC-3 syncframé&‘represents 1 536 samples of each encoded audio
nel (left, centre, etc.). The data-burst is headed with a burst-preamble followed b
-payload. The burst-payload of-each data-burst of AC-3 data shall contain one com
syncframe. Figure 1 shows the structure of the AC-3 data-burst.

of an

y the
plete

5 the

AC-3 syncframe size). «The AC-3 bitstream is specified in ETSI TS 102 366 (see|also
ATSE A/52:2012).
Pa || Pb | Pc |-Pd AC-3 burst-payload Pa | Pb | Pc | Pd AC-3 burst-payload
: | R-AC-3 ! : : ' R-ACE3 !
1 1 1 1 1 1 1
I 1 1 I I 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1
| AC-3 frame : Stuffimg i i AC-3frame |
i . > > i . g
1 1
1 1
' Regular rate of the AC-3 syncframes '
3 g
| Repetition period of the burst |
* > IEC

Figure 1 — AC-3 data-burst, with reference point R

The data-type-dependent info for bits 0-4 of AC-3 is given in Table 3.
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Table 3 — Data-type-dependent information
when data-type bits 0-4 = 1

2017

Bits of Pc Data-type bits 0-4 Contents
LSB..MSB dependent, bit number
LSB...MSB
8 to 10 0to2 Value of ‘bsmod’ parameter in AC-3 elementary stream
11,12 3and 4 Reserved

The
poin

(IEC (60958 frames) after the reference point of the preceding AC-3 data-burst (of.the

bitst

The

thirdg of the way through the AC-3 burst-payload. The definition of the two-thirds value i
st integer to the value of the AC-3 syncframe size measured in 32-bjt' words multipli¢d by
the vplue 2/3, or:

close

wherg:

5.3.2 Latency of AC-3 decoding

The

reference point of the AC-3 burst, 10 be equal to one AC-3 block time, which is equal t

ata-bursts containing AC-3 syncframes shall occur at a regular rate, with the reference

t| of each AC-3 data-burst beginning (except in the case of a gap) 1 536_fr

ream number).

eference point of an AC-3 data-burst (R-AC-3) is the IEC 60958 frame\that occurs

%x AC3syncframesize = rint(% x AC3syncffamesize32)

AC3syncframesize is "AC-3 syncframe size";
AC3syncframesize32 is "AC-3 syncframe size in 32-bit words";

rint() rounds to the nearest integer.

atency of an AC-3 decoder which receives the signal is specified, with respect t

HMes
pame

two-
s the

b the
b the

time [occupied by 256 PCM samples at the encoded sampling frequency (5,33 ms for 48§ kHz
sampling frequency; see Figure '2).
Pa| Pb | Pc | Pd AC-3 burst-payload Pa | Pb | Pc | Pd AC-3 burst-payloag
: | R-AC-3 ! : : | R-AC|3 !
1 1 1 1 1 1 1
1 1 1 I 1 1 1
1 1 1 1 1 1 1
1 1 1 i 1 1 1 1
: AC-3 frame . Stuffing | : AC-3 frame :
2 . . 2 ; g
1 1
' Regular rate of the AC-3 syncframes '
;: >
| Latency of the AC-3 decoder
h IEC

Figure 2 — Latency of AC-3 decoding

It is recommended that pause data-bursts be used to fill stream gaps in the AC-3 bitstream,
as described in IEC 61937-1, and that pause data-bursts be transmitted with a repetition
period of three IEC 60958 frames, except when other repetition periods are necessary to fill
the precise stream gap length (which may not be a multiple of three IEC 60958 frames), or to
meet the requirement on burst spacing (see IEC 61937-1:2007, 6.3.3).
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When a stream gap in an AC-3 stream is filled by a sequence of pause data-bursts, the Pa of
the first pause data-burst shall be located one data-burst repetition period following the Pa of
the previous AC-3 syncframe. It is recommended that the sequence(s) of pause data-bursts
which fill the stream gap should continue from this point up to (as close as possible
considering the three IEC 60958 frame length of the pause data-burst) the Pa of the first AC-3
data-burst which follows the stream gap.

The gap length parameter contained in the pause data-burst is intended to be interpreted by
the AC-3 decoder as an indication of the number of decoded PCM samples which are missing
(due to the resulting audio gap). If the sizes of the AC-3 syncframes before and after the
stream gap are not equal (due to a bit rate change in the interrupted AC-3 bitstream), this
h the

Som¢ AC-3 decoders may be capable of "concealing" audio gaps. The indication‘of the audio
gap llength (gap-length) which may be included in the payload of the pause data-burst ajlows
the decoder to know how long an audio gap will need to be concealed, .and thus allow the
decofer to optimize the concealment process for the actual audio gap length. AC-3 decaders
will most easily conceal audio gaps that have a length equal to an integral multiple of 256
samgples. Thus, audio gaps of lengths 256, 512, 768, etc. sampling‘periods of the audip are
strongly preferred, and transmitters should provide stream gapscthat represent audio [gaps
with this granularity.

It is possible that an audio gap in an AC-3 stream is carried over this interface without there
also peing a stream gap. This can happen when the audio gap length is small and therg is a
bit rgqte change in the interrupted AC-3 bit stream, and the bit rate following the gap is larger
than [the bit rate prior to the gap. Because of the definition of the reference point of the AC-3
data-{burst, it is possible for the Pa of the first burst following a bitstream interruption {o be
less than one data-burst repetition period of the ‘audio following the Pa of the burst precg¢ding
the gap, while the reference point of the first(burst following the bit stream interruption is more
than|one data-burst repetition period of\the audio after the reference point of the purst
precgeding the gap. When this case oceurs, since there is no stream gap to fill with pause
bursts, there is no need to send any-pause bursts. The audio decoder will never be starved
for data and can calculate the length of the audio gap based on the reference points df the
received AC-3 bursts.

5.3.3 Enhanced AC-3 data

An gnhanced AC-3 (bifstream is constructed from one or more substreams, with |each
subsiream being constructed from a sequence of enhanced AC-3 syncframes. An enhanced
AC-3] syncframe.is’ constructed from blocks of audio data, each block representing| 256
samples of audio of each encoded audio channel (left, centre, etc.). An enhanced AC-3
synciframe can’ consist of one, two, three, or six blocks of audio data. The number of bjocks
per gnhanced AC-3 syncframe is the same for all substreams present in the bitstream and is
constant for the duration of the bitstream.

The data-burst is headed with a burst-preamble, followed by the burst-payload. The data-type
bits 0-4 of an enhanced AC-3 data-burst is 21, and the data-type bits 5-6 is 0. When
enhanced AC-3 data is being transmitted, the transmission device shall ensure that both the
data-type bits 0-4 and data-type bits 5-6 values are set correctly. Additionally, the receiving
device shall utilize both the data-type bits 0-4 and data-type bits 5-6 values to ensure that the
content of the data-burst is correctly identified as enhanced AC-3. The structure of the
enhanced AC-3 data-burst is shown in Figure 3.

The enhanced AC-3 burst-payload shall always contain six blocks of coded audio data,
representing 1 536 samples of PCM audio at the encoded sampling frequency, from every
substream present in the bitstream. The transmission device shall ensure that the enhanced
AC-3 burst-payload is constructed only from complete enhanced AC-3 syncframes. It is
prohibited to transmit a single enhanced AC-3 syncframe using multiple data-bursts.


https://iecnorm.com/api/?name=f45a010da9a9ecf283479d815788f59c
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