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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies

that are

members of ISO or IEC participate in the development of International Standards through technical

committees established by the respective organization to deal with particular fields of technical

activity.

ISO and IEC technical committees collaborate in fields of mutual interest. Other international

The procedures used to develop this document and those intended for its furtherfmainten
described in the ISO/IEC Directives, Part 1. In particular the different approval criteria neede
different types of ISO documents should be noted. This document was drafted inraccordance
elditorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this do¢ument may be the s
patent rights. ISO shall not be held responsible for identifying any of all such patent rights. O

dn the ISO list of patent declarations received (see www.iso.erg/patents) or the IEC list g
declarations received (see http://patents.iec.ch).

T

ny trade name used in this document is information given for the convenience of users and
onstitute an endorsement.

Q

or an explanation of the voluntary nature of\standards, the meaning of ISO specific te
xpressions related to conformity assessment;*as well as information about ISO's adherend
Vorld Trade Organization (WTO) pringiples in the Technical Barriers to Trade (TH
yww.iso.org/iso/foreword.html.

< < @©

=

his document was prepared by‘Joint Technical Committee ISO/IEC]JTC 1, Information teg
ubcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

[0p)

his second edition cance€ls)and replaces the first edition (ISO/IEC 23003-2:2010), which |
echnically revised. It\also incorporates the Amendments ISO/IEC 23003-2:2010/Amd
50/IEC 23003-2:2010/Amd 2:2015, ISO/IEC 23003-2:2010/Amd 3:2015, ISO/IEC 23003
md 4:2016  and\~ ISO/IEC 23003-2:2010/Amd 5:2016 and the  Technical Co
50/IEC 23003<232010/Cor 1:2012 and ISO/IEC 23003-2:2010/Cor 2:2014.

—_— s = ot

The main.changes compared to the previous edition are as follows:

clarifications on SAOC-DE profile description;

drganizations, governmental and non-governmental, 1n liaison with ISU and IEC, also take part in the
work.

pnce are

] for the
with the

ibject of
etails of

any patent rights identified during the development of the documentwill be in the Introduction and/or

f patent

Hoes not

'ms and
e to the
T) see:

hnology,

as been
1:2015,
2:2010/
rrigenda

Yo 'S L. WaYal
CUITCTCLIVIIS TU OAvUGU

P

A £1 1 £3 43

) V] lJl UIIIT DPCLIIILQLIUII,
— corrections to SAOC-DE profile;

— corrections to MPEG SAOC IS text;

— corrections to the low power mode.

Alist of all parts in the ISO/IEC 23003 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

In the preferred modes of operating, the SAOC system, the transmitted signal can be either mono, stereo
or 3-channel. The audio objects can be represented by a mono, stereo, or 3-channel signal or have the
MPEG surround (MPS) multi-channel background object (MBO) format. The additional parametric data
exhibits a significantly lower data rate than required for transmitting all objects individually, making
the coding very efficient. At the same time, this ensures compatibility of the transmitted signal with
legacy devices.

When a multi-channel rendering setup (e.g. a 5.1 loudspeaker setup) is required, the SAOC system aefls
as a transcoder, converting the additional parametric data to MPS parameters, and interfaces(to't
MPS dedoder that acts as rendering device. For certain rendering setups (e.g. a binaural or plain.stere
setup), the SAOC system behaves as a decoder, using its own rendering engine. Another key féature is
that the [SAOC parametric data from different streams can be merged at parameter level to allow for t
combingtion of SAOC streams, similar to the functionality of a multi-point control unit (M€U).

The International Organization for Standardization (ISO) and International Electrotechnicgl
Commispgion (IEC) draw attention to the fact that it is claimed that compliance with this document m
involve the use of a patent.

ISO and [[EC take no position concerning the evidence, validity and scopetofithis patent right. The holdgr
of this patent right has assured ISO and IEC that he/she is willing to negetiate licences under reasonab
and nonfdiscriminatory terms and conditions with applicants throdghout the world. In this respect, t

statement of the holder of this patent right is registered with [SO\and IEC. Information may be obtaine
from:

[on

Qualcomm Incorporated
6455 Lugk Blvd
US-San Diego, CA92121-2779

Fraunhdfer Institute for Integrated Circuits [IS
Leonrodstrasse 68
DE-80636 Miinchen

LG Electfronics
16 Wooinyeon-Dong Seoch6-Gu
KR-Seoyl 137-724

Koninklijke Philips)Electronics N.V.
High Te¢h Campus 44
NL-5656 AE ;Eindhoven

Electronics and Telecommunications Research Institute
161 Gajeong-dong Yuseong-gu
KR-Daejeon 305-350

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights other than those identified above. ISO and IEC shall not be held responsible for identifying
any or all such patent rights.
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Information technology — MPEG audio technologies — Part 2
Spatial Audio Object Coding (SAOC)

1 Scope

This document speciiies the reference model of the spatial audio object coding (SAUC) techno
$ capable of recreating, modifying and rendering a number of audio objects based on a smaller]
of transmitted channels and additional parametric data.

[y

2 Normative references

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

[l ol

ndated references, the latest edition of the referenced document (includifig any amendments)

50/1EC 23003-1:2007, Information technology — MPEG audio technologies — Part 1: MPEG Sur

et

3 Terms and definitions

o]

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

et

50 and IEC maintain terminological databases for usein standardization at the following addre

— IEC Electropedia: available at http://www.electropedia.org/

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

31

udio object
input audio signal consisting of ong,two or multiple channels, including multi-channel bac
bject (MBO)

2
frame
time segment (3.15) o, which SAOC processing is applied according to the data conveye
cprresponding SAOCFrame() or SAOCDEFrame() syntax elements

3
ybrid filterbank

sfructure; consisting of a quadrature mirror filter (QMF) bank and oddly modulated Nyquist filt
sed to,transform time domain signals into hybrid subband (3.5) samples

ogy that
number

content

pnstitutes requirements of this document. For dated references, only thejedition cited applies. For

hpplies.

round

SSes:

kground

1 in the

er banks,

4

hybrid filtering

filtering step on a quadrature mirror filter (QMF) subband signal resulting in multiple hybrid subbands

(3.5)

Note 1 to entry: The resulting hybrid subbands can be non-consecutive in frequency.

3.5
hybrid subband
subband obtained after hybrid filtering (3.4) of a quadrature mirror filter (QMF) subband

Note 1 to entry: The hybrid subband can have the same time/frequency resolution as a QMF subband.

© ISO/IEC 2018 - All rights reserve
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3.6
input channel
input audio channel corresponding to the channels of an audio object (3.1)

3.7
output channel
audio channel corresponding to a specific speaker

Note 1 to entry: Channel abbreviations and loudspeaker positions are given in Table 1.

3.8
parameter band
one or more hybrid subbands (3.5) applicable to one parameter

3.9
parameter time slot
specific fime slot (3.16) for which the parameter is defined

3.10
parameter set
parameters associated with a specific parameter time slot (3.9)

3.11
parameter subset

parameters associated with a specific parameter time slot (3.9)'and a specific one-to-two (OTT) box d
two-to-three (TTT) box

—

3.12

processing band
one or more hybrid subbands (3.5) defining the finest frequency resolution that could be controlled bly
the parameters

3.13
QMF bahk
bank of gomplex exponentially modulated filters

3.14
QMF subband
subband obtained after~QMF filtering of a time-domain signal, without any additional hybrid filtering
stage

3.15
time segment
group oiconsecutive time slots (3.16)

3.16
time slot
finest resolution in time for spatial audio object (3.1) coding (SAOC) time borders

Note 1 to entry: One time slot equals one subsample in the hybrid quadrature mirror filter (QMF) domain.

2 © ISO/IEC 2018 - All rights reserved
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4 Notations and abbreviated terms

4.1 Notation

The description of the SAOC system uses the following notations:

— vectors are indicated by bold lower-case names, e.g. vector;

— matrices (and vectors of vectors) are indicated by bold upper-case single letter names, e.g. M;

— variables are indicated by italic, e.g. variable;

.2 Operations

*

Y= logio(x)
y|= min(......)
J|= max(.....)
eixp(x)

1 = diag(M)
Y = sort(x)

= trace(M)

ANY

¥

M

4.3 Constants

—+ functions are indicated as func(x).

Hor equations (and flowcharts), normal mathematical (and pseudo-code) interpretation, is
with no rounding or truncation unless explicitly stated.
4

4.2.1 Scalar operations

4.2.2 Vector and matrix operations

is the complex conjugate of x.
is the base-10 logarithm of x.
is the minimum value in the argument list.
is the maximum value in the argumaent list.

is the exponential function of x.

is main diagonal of matrix, M.

is equal to.the’sorted vector x, where the elements of x are sorted in asg
order.

is. sum of all diagonal elements of matrix, M.

is the complex conjugate transpose of M.

hssumed

ending

£ is a constant to avoid division by and logarithm of zero, e.g. £ = 10-°.
04 .5 is a matrix of size A x B consisting of zeros.
I is an identity matrix of size A x A.

4.4 Variables

I,m

a,

D

is the virtual speaker transfer function, defined for binaural output channel, i,

audio object, y, and all parameter time slots, /, and processing bands, m.

is the downmix matrix.

© ISO/IEC 2018 - All rights reserved
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D, is the three-dimensional matrix holding the dequantized, and mapped CLD data
for every OTT box, every parameter set and Mproc bands.

D, is the three-dimensional matrix holding the dequantized, and mapped ICC data
for every OTT or TTT box, every parameter set and M. bands.

) JUURS ) J are the three-dimensional matrices holding the dequantized, and mapped first

- - and second CPC data for every TTT box, every parameter set and Mproc bands.

D.p > D LD 2 are the three-dimensional matrices holding the dequantized, and mapped first

- - and second CLD data for every TTT box, every parameter set and Mpr.c bands.

Dyon is the matrix holding the dequantized, and mapped DCLD data for every,input
channel and every parameter set.

D, is the matrix holding the dequantized, and mapped DMG datafor every input
channel and every parameter set. If DMG data contains information for more
than one downmix channel, Dpwg is a three-dimensionakmatrix holding the
dequantized, and mapped DMG data for every input ¢hannel, every downmix
channel and every parameter set.

D, is the four-dimensional matrix holding the déquantized, and mapped 10C data
for every input channel pair, every parameter set and Mproc bands.

) N is the two-dimensional matrix holdingthe dequantized, and mapped NRG data
for the highest energy within everyparameter set and My, bands.

) IS is the three-dimensional matrix’holding the dequantized, and mapped OLD dath
for every input channel, evéry parameter set and Mproc bands.

| ) N is the three-dimensiohal matrix holding the dequantized, and mapped PDG dath
for every downmixchannel, every parameter set and Mpr.. bands.

D, is the downmix sub-matrix for BGOs.

Do is the-downmix sub-matrix for FGOs.

H", " is’the HRTF parameter which represents the average level with respect to the

nib left and right ear {L, R} for the HRTF database index i, and all processing bands
m.

idxXxxX(]..,...) is a three-dimensional matrix holding the Huffman, and delta decoded indices.
XXX can be any of OLD, IOC, NRG, DCLD, DMG, PDG.

K is the number of hybrid subbands.

L is the number of parameter sets.

M is the number of downmix channels.

Mproc is the number of processing bands.

Mawr is the number of QMF subbands depending on sampling frequency.

4 © ISO/IEC 2018 - All rights reserved
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h

M is the OTN/TTN upmix matrix for the prediction mode of operation.
gm is the OTN/TTN upmix matrix for the energy mode of operation.
nergy
M;”k Mgrk are the time and frequency variant pre-matrices, defined for all time slots, n,
’ and all hybrid subbands, k.
Y is the time and frequency variant rendering matrix, defined for all parameter
ren

tilllC D}Utb, l’, aud d}} P1 ULCDD;IIB ll.}dlldb, It

(;gg is the time and frequency variant parametric processing matrix, defined for all
parameter time slots, /, and all processing bands, m.

Mi;g is the time and frequency variant residual processing matrix, defined for all
parameter time slots, /, and all processing bands, m.

Msco is the modification gain for BGOs.

Moo is the modification gain for FGOs.

M is the decoder limited modification gain.

mg”’”’ is the input modification gaing

N is the number of SAOC input channels of audio objects.

Nroo is the number of FGOs.

Niro is the number,of EAO channels.

Nyps is the humber of MPS output channels.

Nigrre isthe number of different HRTFs in the HRTF database.

N, is the number of groups of downmix signals.

N is the number of downmix signals assigned to group g, defined for all group
indices, q.

g is a vector with the indices of the downmix signals assigned to the sam¢ group,
defined for all group indices, g.

P is the frame length.

W[i']’)"G is the time and frequency variant matrix including ADGs, defined for all
parameter time slots, /, and all processing bands, m.

wH" is the time and frequency variant sub-rendering matrix, defined for OTT box, h,

(of the MPS “5-1-5” tree-structure), all parameter time slots, /, and all
processing bands, m.

© ISO/IEC 2018 - All rights reserved 5
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l,m
WPDG
n,k

n,k

is the time and frequency variant matrix including PDGs, defined for all
parameter time slots, /, and all processing bands, m.

is a vector with the hybrid subband (encoder) input channels, defined for all
time slots, n, and all hybrid subbands, k.

is a vector with the hybrid subband (transcoder/decoder) input signals
(downmix and residuals), defined for all time slots, n, and all hybrid subbands,
k.

n,k

e

4.5 Al
ADG
BGO
CLD

CPC

DCLD

DCU
DE
DMG
EAO
FGO
HRTF

ICC

p)breviated terms

is a vector with the (transcoder/decoder) output hybrid subband signals, which
are fed into the hybrid synthesis filter banks, defined for all time slots, n;and alll
hybrid subbands, k.

is the HRTFs parametric representation of the average phase difference,
defined for the HRTF database index, i, and all processing bands; m.

arbitrary downmix gain
background object
channel level difference; describes the energy difference between two channels

channel prediction coefficient; used for recteating three or more channels from twp
channels

downmix channel level difference; describes the gain differences of objects contributing tp
the left and right downmix channel in case of a stereo downmix

distortion control unit

dialogue enhancement

downmix gain; gains.applied to each object before downmixing
enhanced audio-Object

foreground object

head related transfer function

inter channel correlation; describes the correlation between two channels

10C

LD

MBO

MCU

MPS

inter object correlation; describes the correlation between two channels of audio objects
low delay

multi-channel background object

multi-point control unit

mpeg surround

© ISO/IEC 2018 - All rights reserved
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N/A not applicable
NRG absolute object energy; specifies the absolute energy of the object with the highest energy
for the corresponding parameter band
OLD object level difference, describes intensity differences between one object and the object
with the highest energy for the corresponding parameter band
OTN conceptual “One-To-N" unit that takes one channel as input and produces N channels as
output
QTT conceptual “One-To-Two” unit that takes one channel as input and produces two ¢hannels
as output
BDG post(processing) downmix gains; describes intensity differences between the ¢ncoder-
generated downmix and the post(processed) downmix for the orresponding pgrameter
band
QMF quadrature mirror filter
SAC spatial audio coding
JAOC spatial audio object coding
TTN conceptual "Two-To-N" unit that takes two,channels as input and produces N channels as
output
TTT conceptual "Two-To-Three" unit-that takes two channels as input and producgs three
channels as output
Table 1 — Channel-abbreviations and loudspeaker positions
Channel abbreviation Loudspeaker position Figure
L Left front é g 42
R Right front L c R
LFE
C Center front /=
LEE Low frequency enhancement
Ls Left surround Q @
Ls Rs
Rs Right surround

SAUC overview

5.1 General

Spatial audio object coding (SAOC) is a parametric multiple object coding technique. It is designed to
transmit a number of audio objects in an audio signal that comprises M channels. Together with this
backwards compatible downmix signal, object parameters are transmitted that allow for recreation and
manipulation of the original object signals. An SAOC encoder produces a downmix of the object signals
at its input and extracts these object parameters. The number of objects that can be handled is in
principle not limited.

© ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

The object parameters are quantized and coded efficiently into an SAOC bitstream.

The downmix signal can be compressed and transmitted without the need to update existing coders and
infrastructures. The object parameters, or SAOC side information, are transmitted in a low bitrate side
channel, e.g. the ancillary data portion of the downmix bitstream.

On the decoder side, the input objects are reconstructed and at the same time rendered to a certain

number of playback channels. The rendering information containing reproduction level and panning

position for each object is user supplied or can be extracted from the SAOC bitsream (e.g. preset

informa;[on). The rendering information can be time variant. Output scenarios can range from mong to
i

multi-channel (e.g. 5.1) and are independent from both, the number of input objects and the number-gf
downmil channels. Binaural rendering of objects is possible including azimuth and elevation ofj yirtual
object positions. An optional effects interface allows for advanced manipulation of object ‘signals,
besides |evel and panning modification.

The obj¢cts themselves can be mono signals, stereophonic signals, as well as multi-channel signals (e.
5.1 chanpnels). Typical downmix configurations are mono and stereo.

e

5.2 Bgsic structure of the SAOC transcoder/decoder

The SA(C transcoder/decoder module described below may act either as\a stand-alone decoder or as|a
transcoder from an SAOC to an MPS bitstream, depending on the intended output channel configuratio.
Table 2 1llustrates the differences between the two modes of operation.

Table 2 — Operation modes‘ofithe SAOC

SAOC

Output signal # of output # of input SAOC module MPS decoder
i . module .
configuration channels channels output required
mode
Mono/4 tereo/k.)lnaur.al/ 1,20r3 1,2lor 3 Decoder PCM output No
3-cham|1e1 configuration
MJllti-channel MPS bitstream,
. . >2 lor2 Transcoder . Yes
configuration downmix signal

Figure 1| shows the basiezstructure of the SAOC transcoder/decoder architecture. The residugl
process¢r extracts the EAOQs from the incoming downmix using the residual information contained i
the SAOLC bitstream. The downmix pre-processor processes the regular audio objects. The EAOs an|
processe¢d regular audio objects are combined to the output signal for the SAOC decoder mode or to t
MPS downmix sighal for the SAOC transcoder mode. The detailed descriptions of these processi
blocks dre given in the corresponding subclauses, namely, 7.5 and 7.5.4, which describe the SAO
transcoder/decoder functionality and 7.6 explains handling of enhanced audio objects and residugl
processing

[o M)

[¢3)

8 © ISO/IEC 2018 - All rights reserved
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A Downmix processor |
1 1
! EAOs ;
! . 1 Output / MPS downmix
Downmix signal 1 | Residual | signal
: processor : >
| SAOC downmix :
i »  pre-processor |
1
1 1
1 ‘ :
I:::::]::.i::::::::::::i::::::::::::::::::::
| | | —: Parameter processor |
SAOC bitstream 1 I :
——————— T —~4—— SAOC ! _
Rendering matrix | 4 parameter : MPS hitstream
_______ :__ —_—— — P ________I__________’
HRTF parameters processor |
——————— :— —_———— — :
| |
Figure 1 — Overall structure of the SAOC transcoder/decoder architecture
Higure 2 (left) shows a block diagram of an SAOC transcoder unit-It consists of an SAOC pdrameter
processor and a downmix processor module. The SAOC parameter processor decodes the SAOC
bitstream and has furthermore a user interface from which it"receives additional input in|form of
generally time variant rendering information. It provides steering information for the downmix
processor. The SAOC transcoder outputs an MPS bitstream and downmix signal, as an input to [the MPS
decoder. In case of a mono downmix, the downmix pre-processor leaves the downmix signal un¢hanged.
However, in case of a stereo downmiy, it is functional to pre-process the downmix signal to allpw more
flexible object panning than is supported bythe MPS rendering engine alone. In case of a
mono/stereo/binaural/multi-channel output configuration, the SAOC system works in decoder mode
and MPS decoding is omitted [see Figure2-(right)]. Here, the downmix processing module| directly
provides the output signal.
. .
' SAOC transcoder ' SAOC decoder
1 ! 1 !
1 1
MPS !
Downmix ! Downmix downmix Downmix Downmix i Outpu
—»| processor, : —> ——» processor [—T——>
i ! MPS | Output i |
! T ! decoder— ! T !
1 ! 1 1
SAOC ! MPS SAOC ! |
bitstream..! SAOC bitstream bitstream ! SAOC |
— ——3» parameter [T ———WM — — — —!» parameter |
! processor i ! processor i
| [ | [
LA | . S 4 __ |
[ [ [
Rendering Rendering HRTF
matrix matrix/gain parameters

Figure 2 — Block diagrams of the SAOC transcoder (left) and decoder (right) processing modes

© ISO/IEC 2018 - All rights reserved
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5.3 Tools and functionality
5.3.1 General SAOC tools
5.3.1.1 Overview

The SAOC system incorporates a number of tools that allow for flexible complexity and/or quality trade-
off, as well as a diverse set of functionality. In the following subclauses, some key-features of SAOC are
briefly outlined.

5.3.1.2 | Binaural decoding

The SAQC system can be operated in a binaural mode. This enables a multi-channel impression over
headphdnes by means of head related transfer function (HRTF) filtering.

5.3.1.3 | Efficient multipoint control unit support

In ordeq to use the SAOC concept for teleconferencing applications, a multipoint-control unit (MCU
functionplity of combining the signals of several communication partnerss\without decoding/rg
encoding the corresponding audio objects is provided. The MCU combines the input SAOC sidlle
informafion streams into one common SAOC bitstream in a way that the‘parameters representing all
audio opjects from the input bitstreams are included in the resulting output bitstream. These
calculations are performed in the parameter domain without the meéd to analyse the downmix signals
and, therefore, introduce no additional delay in the signal processing chain.

L

5.3.1.4 | External downmix

The SAOC system is capable of handling not only encoder-generated downmixes but als
post(pracessed) downmixes supplied to the encoderiin addition to the input audio object signals. In th
case, popt downmix gains (PDGs) are calculated in the encoder and conveyed as a part of the SAO
bitstream. The difference of the downmix signals-is compensated for at the SAOC decoder side.

) wn O

5.3.1.5 | Multichannel background object

The audio input to a SAOC encoder-can contain a so-called multi-channel background object (MBO]).
Generally, the MBO can be considered as a complex sound scene involving a large and often unknow|
number|of sound sources, for,which no controllable rendering functionality is required. The MBO
represe:llted by a downmix-of the MPS encoded complex sound scene and corresponding MP
parameters.

nn S

5.3.1.6 | Enhanced audio object processing

A special "Karaoke-type" application scenario requires a total suppression of specific objects, typically
the lead|voeals, while keeping the perceptual quality of the background sound scene unharmed. High
sound quality is assured by the incorporation of residual coding enabling a better separation of thle
background object and foreground objects. The EAO processing mode supports reproduction of both
EAO and regular objects exclusively and arbitrary mixtures of these object groups.

5.3.1.7 Distortion control unit

The distortion control unit is incorporated into the SAOC system in order to provide a flexible control
for users and audio content providers over the SAOC rendering functionality and audio output quality.
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5.3.1.8 Predefined rendering information

The SAOC system is capable of starting playback with some initial predefined settings which can be
stored and/or transmitted in SAOC bitstream. These settings can be dynamically updated. The SAOC
system allows instantaneous switching between them if more than one set of predefined settings is
available.

5.3.1.9 Effects interface

Tmmqmmmmmmmj;ssor of
the SAOC transcoder or decoder. The effects interface allows objects or linear combinationsef-gbjects to
b

e extracted from the downmix for effects processing. There are two types of effects prpcessing
nterfaces. The first type, referred to as the insert effects interface, allows effects-processing to
ndividual objects in the downmix. The second type, referred to as the send effeCts interfacg¢, allows
ffect processing on individual objects or linear combinations thereof.

@ = =

5.3.2 High quality, low power and low delay

-

he SAOC decoder can be implemented in a high quality (HQ) version;a low power (LP) versipn and a
bw delay (LD) version. The main differences are outlined by Table;3"and given in detail in 7.13 and
14.

g =

Table 3 — Outline of difference between the HQ, LP and LD SAOC system

Tool or
functionality HQ system LP system LD system
i : LD QMF,
Filterbank Complex valued QMF Partially complex valued QMF

no Nyquist filferbank

Tool operates on the real-valued part

Aliasing reduction | Not applicable of the frequency range Not applicablg
Residual coding Supported over the entire | Only supported over the complex Not supported
frequency range valued part of the frequency range

Decorrelators Supported Not supported for stereo downmix Supported

5.4 Delay and synchronization

5.4.1 Overview

-

he SAOC decodér introduces a delay when processing the time domain signal coming from a downmix
ecoder. Depéending on whether the SAOC module is working as a decoder or as a transcoder for a
nultichannel renderer (MC-SAOC), i.e. MPS decoder, two different cases are to be taken into accpunt.

= Q.

Hot-all the different cases described in this subclause, the transmission of the SAOC side infgrmation

it Tespect to the transmission of the coded downmix signat 1S done in Such a manner that there is no
need to further delay the downmix signal before the SAOC processing. This means that synchronization
of the spatial data and downmix is achieved at the SAOC decoder/transcoder, following the temporal
relationships described in Clause 8.

5.4.2 High quality and low power processing

5.4.2.1 SAOC decoding mode

The SAOC decoder (mono, stereo, 3-channel or binaural up-mix modes) introduces a total delay of
1 281 time domain samples for the high quality (HQ) mode and 1 601 samples for the low power (LP)

© ISO/IEC 2018 - All rights reserved 11
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mode. As shown in Figure 3, the analysis filterbank as outlined in 7.3 introduces a delay of 704 samples,
while the synthesis filterbank introduces 257 for HQ and 577 for LP. The analysis filterbank processing
delay consists of the QMF and hybrid processing delays, 320 and 384 time domain samples, respectively.
If no real to complex conversion is performed, it shall be replaced by a delay line. This leads to 320 time
samples which are added on top the analysis processing delay for both HQ and LP decoders. The
synthesis filterbank introduces 257 samples delay which is introduced by the QMF synthesis filtering.
The hybrid synthesis does not introduce further delay. For the LP decoder, the complex to real

conversion adds 320 time domain samples to the synthesis processing delay.

SAOC spatial parameters

——————————————————————————————————————————————— 1 SAOC decoder
1
1
I
1
delay A\ 4
Y TIF o hybrid o SAOC | | hybrid \ FIT
QMF analysis 7|  synthesis synthesis QMF
cos to exp exp {6 cos
A N I T R R a0 VT YRR o ImTTT o""I"JQT"B"+"'257"'
LP: 320
Figure 3 — Delay for the different parts of the SAOC decoder
5.4.2.2 | SAOC transcoding mode

The MP$ renderer introduces a delay when processing.the¢’ downmix from the SAOC transcoder. Twjp

cases may be distinguished: mono and stereo downmix:

In case

delay sh
does not

SAOC spatial parameters

f a mono downmix, the signal from the downmix decoder is passed directly to the MPS decode
as no fufrther processing is applied to the downmix, as depicted in Figure 4. The MC-SAOC processinlg
all be equal to the one given by the.SAOC decoder, as the SAOC to MPS parameter processing
introduce any additional delay.

MC-SAOC decoder

—

v
SAOC
transcoder

T

delay A 4
TIE - hybrid - MPS L 5 hybrid FIT
QMF analysis 7| synthesis synthesis QMF

cos to exp

CAPp WU LUS

Figure 4 — Delay for the different parts of the MC-SAOC decoder with mono downmix signal

In case of a stereo downmix, the SAOC transcoder processes the core coder signal to adapt it to the
subsequent MPS decoding, as shown in Figure 5. The delay of the MPS renderer shall be added on top of
the SAOC processing delay. Both the SAOC transcoder and the MPS decoder introduce a delay of

12
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1 281 samples for the HQ mode or of 1 601 samples for the LP mode. Their analysis/synthesis delay is
distributed as described above for the SAOC decoder.

If both modules are not integrated, i.e. they interface via the time domain, the total processing delay
shall be the sum of the delays introduced by each module plus buffering needed for synchronization of
the MPS parameters to the downmix.

The size of buffer B (spatial parameters buffer) is a multiple of the frame length. The downmix buffer A
is needed to synchronize the delayed bitstream and processed downmix. To achieve synchronization,
Formula (1) should be met; both buffer sizes are given in time domain samples:

i iilon)

A(HQ)=B-1281or A(LP)=B-1601

B = N*Frame length so that B= 1 281 (HQ) or B=1 601 (LP); N=0,1,2,3,....

iven an interface via the hybrid QMF domain, the overall processing delay~of the multi
endering is equal to the delay of the SAOC decoding mode.

(1)

Lchannel

A
v\
—1
1
1
1
1
N
N
|
1
1
4

MPEG Surround decoder

SAOC transcoder

N *2 N i
1
delay : 1
1 1
1 1
) TIF ~ ~ hybrid - SAOC { hybrid _ N F/T !
QMF i analysis "1 processing _l’ synthesis DMF |
1 1
1 1
cos to exp T ! exp to cos !

I
) ' |
1 1 1
1 ' i
U D (DU FNPP S S 1_____ B S AU R _———— 1
-‘ 320 |- 320 + 384 1o ! | 0 | HQ: 0 + 25 -h |
1 H LP: 320 i
1 I L h :
v I A b
B i A '
| i
T H i
I 1 1 1
1 1 !
v V ! delay A 4 ! |
1 !
1 1
¢ FIT o hybrid MPS ] hybrid TIF i
QMF - synthesis Nl synthesis ‘:_ analysis LMF : :
1 V!
exp.to cos | cos to exp ' |
1
1 1 .
| "
1 '
1
1
1
1
1
1

_________

Figure 5 — Delay for the different parts of the MC-SAOC decoder with stereo downmix signal

5.4.2.3 Connection to an arbitrary core coder

If the (MC-)SAOC decoder is connected with an arbitrary downmix coder (including HE-AAC) via the
time domain, as shown in Figure 6, the additional delay introduced by the (MC-)SAOC decoder
processing is described in the previous subclauses.

© ISO/IEC 2018 - All rights reserved
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SAOC spatial parameters

———————————————————————————————————————— b (MC) SAOC decoder
:
I
delay *
(MC)
AAC SBR TIF hybrid SAOC hybrid FIT
—> decoder > decoder > QMF angl;lsis synthesis synychSis —> QMF ]
cos to exp exp to cos
""""" |___-96-2-___+--_32_0_--}-__32?)--+___3g4--|_SZO_Cd-ec-od:19__0-|---()__-I-EQ-:_O__-I--__Zs;--‘
SAOC transcoding: LP: 320
time interface: B
freq. interface: 0
Figure 6 — Delay when connecting (MC-)SAOC in the time-domain for an arbitrary.core codec
(including HE-AAC)
If the (MC-)SAOC decoder is directly connected with a High Efficiency AAC decodervia the QMF domain,
as shown in Figure 7, the delay shall be reduced as outlined in ISO/IEC 230034122007, 4.5 for a MPS
decoder| The only additional delay is introduced by the real to complex converter for a LP decoder gr
the delay compensation for a HQ decoder. No hybrid analysis delay is intredticed due to the fact that thie
look-ahead of 384 time domain samples is already available on the SBR-teol of HE-AAC, as described ip
ISO/IEC|14496-3:2009, 8.A.3.
SAOC spatial parameters
—————————————————————————————————————— 1 (MC) SAOC decoder
|
1
delay *
(MC)
C S lecoder w/o ri SAOC ri li
—> dé}:/;\:der > gl@lltzj syn(tjhesis > a:)g?ysci{s syn/?hesis syhnyt';egis > g I\;II—F i
cos to exp exp to cos
"""""""365.35?""+ """" 3 2-0---|_-_0---‘-STAO-C-de-coEm;-O-I---(J-_-‘--H(-):_E """ 57
SAOQC transcoding: LP: 320
time interface: B
freq. interface: 0
Figure 7 — Delay-when connecting (MC-)SAOC with HE-AAC in the QMF domain
5.4.3 LD processing
5.4.3.1 | SAOCDecoding
As outlined in'7.13 for the LD-SAOC processmg, the Hybrld QMF fllterbank is substituted by alD QM .
In additienyno

the analysis and syntheSIS processing delays shall only depend on the LD QMF fllterlng, ie. 160 tlme
domain samples for analysis and 96 for synthesis. This is shown in Figure 8.

14
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SAOC spatial parameters

LD-SAOC decoder

1
1
A\ 4
TIF SAOC FIT
P waw [ synthesis > LpamF >
_____________________________ _>
| 160 {- 0 + 96 |

Figure 8 — Delay for the different parts of the LD-SAOC decoder

4.3.2 SAOC Transcoding

(41|

qually to the non-LD MC-decoders, depending on the number of downmix(channels (mono/ste
rocessing for the LD-MC-SAOC rendering scenarios is performed:differently. Due to tk
pnstraints for a LD-SAOC system, no time domain interface is allowed for the stereo process
ereafter, both mono and stereo downmix cases may be equally deseribed with respect to the
elay, matching the SAOC decoder delay distribution, as depictedin Figure 9 and Figure 10.

O 79 ™

H
d

SAOC spatial parameters

LD=~MC-SAOC decoder

1
1
1
SAOC
processor
T
\ 4
T MPS o
. toavF [®| synthesis | | LDQMF
---------------- |-»

Figure 9 — Delay for the different parts of the LD-MC-SAOC decoder with mono downmi

reo), the
le delay
ng case.
systems

 signal
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Figure 10 — Delay for the different parts of the LD-MC-SAOC decoder with stereo downmix signg

5.4.3.3

If the LD)-(MC-)SAOC decoder is connected with a LD downmix coder (e.g. AAC<LD-or AAC-ELD, with
out SBR
)JSAOCd

Figure

If the LD

with SB
processi

(MC-)SAOC decoder;

SAOC spatial parameters

LD-SAOC ' LD-MPEG Surround
1
|
A 4
TIF SAOC MPS FIT
- LD QMF processor || _p! synthesis LD QMF Ng

==

LD-(MC-)SAOC connection to LD core codec

via the time domain, as shown in Figure 11, the additional delay introduced by the LD-(M(
pcoder processing is described above.

SAOQOC spatial parameters

LD-AME)SAOC decoder

A 4
(MC)
TIF SAQC FIT
AAC-EILD = pamr [P syhthesis > wavF [T

11 — Delay when connecting LD-(MC-)SAOC in the time-domain for a LD core codec (e.g.
AAC-LD or AAC-ELD)

-(MC-)SAOC decodér;is connected with a LD core coder via the frequency domain (e.g. AAC-EL
R), as shown in-Figure 12, the additional delay introduced by the LD-(MC-)SAOC decodd

=~ U

g shall be reduced with respect to the description above, as no analysis is performed in the LI

16
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SAOC spatial parameters

LD- (MC-)SAOC decoder

A 4
SBR wo (MC)
_ synthesis - SAOC FIT
AAC-EILD > LD-QMF "| processing > LD QMF >

Figure 12 — Delay when connecting LD-(MC-) SAOC in the frequency-domain fora LD cor
(e.g. AAC-ELD with SBR)

5.5 SAOC Profiles and levels

3.5.1 General

-

his subclause defines profiles and their levels for SAOC.

omplexity units are defined to give an approximation of the deceder complexity in terms of pr|
ower and RAM usage required for the SAOC decodingj/transcoding process. The apprd
rocessing power is given in “processor complexity units*{(PCU), specified in MOPS. The apprc
[AM usage is given in “ram complexity units” (RCU), specified in kWords (1 000 words).

solso o lliem)

Note that the following three profiles are indepéndent from each other and are not intend
nteroperable on a bitstream or decoder levelsDue to the underlying concept of SAOC, the ny
output channels is independent of the bitstféam. Depending on the decoder capabilities, th
channel configuration is selected via the user interface of the decoder.

s

(41 |

.5.2 Baseline profile

hannels, based on the maximum number of supported downmix channels of two. Rendering

T
profile, all SAOC decoders,use the hybrid QMF filterbank and allow rendering to at least tw
C
than two output chanuels is optional.

>

n envisioned application scenario for the baseline profile includes, e.g. the following interactiv

with SAOC data describing the objects present in the track. With this, the user can create his or
're-"mix 0f/the music or the sounds in the stereo (or mono) track, by playing back such obje
tracksiwith a control similar to that of a multi-track mixing desk and are therefore free to adjust
l¢vel, 'spatial position, etc. of instruments, sounds or dialogue according to their preferences.

e codec

pcessing
ximated
ximated

bd to be
mber of
b output

he baseline profile is the generic SAOC profile for all applications that are not delay critical. Within this

b output
to more

e re-mix

application: a‘stereo (or mono) compressed signal or “track” can be provided to the consumer along

her own
ct-based
relative

NOTE  ISO/IEC 23000-12 defines several brands that refer to the SAOC baseline profile.
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5.5.3 LD profile

The SAOC-LD profile is targeted at applications that require low-delay operation. Within this profile, all
SAOC decoders use the LD-QMF filterbank and allow rendering to at least two output channels.
Rendering to more than two output channels is optional, with one exception: Level 3 requires the

support

for at least 5 output channels and includes a low-delay version of MPS as the rendering engine.

An envisioned application scenario for the LD profile includes, e.g. the following telecommunication
application: existing monophonic infrastructures for telecommunication may be extended in their

functionflity easily by introducing SAOC with a single downmix channel. Telecommunication termina
equippef with an SAOC extension are able to pick up several sound sources (objects), mix them into

single (
coders
While s
termina

554 D

The did
enhance
allow re
number

An envi
applicat
dialogue
to enhar
informa

using MPEG-4 AAC or HE-AAC) and therefore th¢“legacy decoders will simply playback the defau

broadca

The defi

onophonic) downmix signal which is transmitted in a compatible way by using thecexistin|
e.g. speech coders). The side information is conveyed in a hidden, backward compatible wa}
ich advanced terminals produce an output object stream containing several ebjects, legad
s will simply be considered as producing an object stream with a single embedded object.

< 09 9 w»n

ialogue enhancement (SAOC-DE) profile

logue enhancement profile is targeted at broadcast applications that desire dialogue
ment functionality. Within this profile, all SAOC decoders use thezhybrid QMF filterbank and
ndering to mono, stereo or 3-channel output. The number of output channels is equal with the
of downmix channels.

sioned application scenario for the SAOC-DE profile includes, e.g. the following broadcasting
on: by adding only a moderate bitrate overhead to @.sual broadcast transport bitstream (t
and background signals are already mixed together), the user will be provided with the optio
ice or attenuate the dialogue level in relation to*all other signals contained in the mix. The si
fion is conveyed in a backwards-compatible;way together with the encoded audio signal (e.

===

—+ .0 0D

5t mixed signal.

hition of the profiles and levels of SAOC is given in Table 4.

18
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Table 4 — SAOC profiles and levels

Profiles Baseline profile SAOC:DE LD profile
profile

Levels 1 2 3 4 1 2 1 2 3
Hybrid QMF bank X X X X X X — — —
LD-QMF bank — — — — — — X X X
Max number of residual channels 0 2 4 4 0 3 — — —
Max sampling rate [kHz] 48 48 48 96 48 48 48 48 48
Maxumberof objects 8 16 32 32 6 6 8 32 32
Max number of downmix channels 2 2 2 2 3 3 1 2 2
[Min number of required output 9 2 9 9 1 1 2 > 5
channels?
Use of decorrelator yes yes | yes | yes | no no | yes | yes yes
PCU HQ decoder 12.2 | 204 | 339|678 | 124 | 22.1 ("84 | 20.7 || 39.3b
PCU LP decoder 6.6 | 122 | 23.0[46.0) 114 | 21«0 ) N/A | N/A || N/A
PCU addition for transcoding 1.1 1.1 1.1 | 23 [ NJALN/A| 0.7 | 11 N/A
PCU reduction for integrated 68 | -6.8 | -6.8 | -6.8 | NJA'N/A | -3.6 | -6.5 || N/A
transcoding
RCU HQ decoder 5.7 9.8 | 13.5| 175,63 | 123 | 3.6 | 4.2 17.9¢
RCU LP decoder 4.8 54 | 57 103y 73 | 79 |[NJA[N/A|[[ N/A
RCU reduction for integrated ~1.3 | -13 | -1.34313 | N/A | N/A | -0.6 | -1.3 || N/A
transcoding

. Every SAOC decoder has to support rendering of SAOC content.for every number of output channels up to the mhaximum
number, as selected by the user interface. If the number of output’channels >2, MPS is used to render the output $ignals in
baseline and LD profiles. In SAOC-DE profile, the number of‘output channels shall be equal with the number of Hownmix
channels.

PCU number includes SAOC (20.7), transcoding overhead (1.1), reduction for integrated transcoding (-6.5) and ap LD-MPS
‘5-2-5" decoder (24).

RCU number includes SAOC (4.2), reduction for integrated transcoding (-1.3) and an LD-MPS “5-2-5" decoder (15).

The SAOC decoder type is defined by the four conditions:

profile: baseline, LD oi\SAOC-DE profile;
level: 1 to 4 (for baseline), 1 to 3 (for LD) or 1 to 2 (for SAOC-DE);
-+ HQ/LP: only applicable for baseline and SAOC-DE profiles;

—+ MPS transeoding support for baseline and LD profiles if the number of output channels >2.

Hor baselifie and LD profiles:

- decoding to mono/stereo/binaural output. Transcoding to 5.1 is supported.

ordidlaoue enhancomant (SAQCDE) nrafila:
or-aidiogue-ennaicenent oY e £-Pprotie:

— decoding to mono/stereo/3-channel output. No transcoding to 5.1 is supported;

— multi-channel background object (MBO) processing, DCU processing, MCU processing, separation
metadata and send effects interface are not supported;

— post-downmix gain processing (PDG) is supported only in combination with post(processing) re-
application processing step;

— insert effects interface is supported only if no modification range control (MRC) settings are
transported in the bitstream.
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6 Syntax

6.1 Payloads for SAOC

Table 5 — Syntax of SAOCSpecificConfig()

Syntax No. of bits  Mnemonic
SAOCSpecificConfig()
{
bsSamplingFrequencylndex; 4 uimsbf
if ( bsSamplingFrequencylndex == 15 {
BhsSamplingFrequency; 24 uimsbf
}
bsLowDelayMode; 1 uimsbf
bsFreqRes; 3 uimsbf
if ( bsLowDelayMode ==0) {
bsFrameLength; 7 uimsbf
}elsg {
BhsFrameLength; 5 uimsbf
}
bsNumODbjects; 5 uimsbf
for (j=0; i<bsNumObjects+1; i++ ) {
BsRelatedTo[i][i] = 1;
for(j=i+1; j<bsNumObjects+1; j++) {
bsRelatedTo[i][j]; 1 uimsbf
bsRelatedTo[j][i] = bsRelatedTo[i][j];
j
}
bsTransmitAbsNrg; 1 uimsbf
bsNymDmxChannels; 1 uimsbf
if (b§NumDmxChannels == 1) {
sTttDualMode; 1 uimsbf
if (bsTttDualMode) {
bsTttBandsLow; 5 uimsbf
bsTttBandsHigh = numBands; Note
Yelse {
bsTttBandsLow = numBands;
j
}
bsPdgFlag; 1 uimsbf
bsOnelOC; 1 uimsbf
bsDduFlag; 1 uimsbf
if ( bsDcuFlag == 1)~
sDcuMandatory; 1 uimsbf
sDcuDynamic; 1 uimsbf
if ( bsDeuDynamic ==0) {
bsDcuMode; 1 uimsbf
bsDecuParam; 4. wimsbf
}
}else {

}

bsDcuMandatory = 0;
bsDcuDynamic = 0;
bsDcuMode = 0;
bsDcuParam = 0;

ByteAlign();
SAOCExtensionConfig();

}

NOTE numBands is defined in Table 36 and depends on bsFreqRes.

20
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Syntax No. of bits ~ Mnemonic
SAOCDESpecificConfig()
{
bsVersion; 4 uimsbf
if (bsVersion ==0) {
bsSamplingFrequencylndex; 4 uimsbf
if ( bsSamplingFrequencylndex == 15 {
bsSamplingFrequency; 24 uimsbf
}
bsFreqRes; 3 uimsbf
bsFrameLength; 7 uimsbf
bsNumODbjects; 3 uimsbf
bsNumFGOs; 3 uimsbf
for (i=0; i<bsNumObjects+1; i++ ) {
bsRelatedTo[i][i] = 1;
for( j=i+1; j<bsNumObjects+1; j++) {
bsRelatedTo[i][j]; 1 uimsbf
bsRelatedTo[j][i] = bsRelatedTo[i][j];
}
}
bsNumDmxChannels; 3 uimsbf
bsPdgFlag; 1 uimsbf
bsOnelOC; 1 uimsbf
bsDeLimitFlag; 1 uimsbf
if ( bsDeLimitFlag==1){
bsDeLimitFgo; 4 uiEsbf
bsDeLimitBgo; 4 uimsbf
}else {
bsDeLimitFgo = 0;
bsDeLimitBgo = 0;
}
bsDcuFlag; 1 uimsbf
if (bsDcuFlag==1) {
bsDcuMandatory; 1 uimsbf
bsDcuDynamic; 1 uiI:sbf
if (bsDcuDynamic==0) {
bsDcuMode; 1 uimsbf
bsDcuParam; 4 uiEsbf
}
}else {
bsDeuMandatory = 0;
bsDcuDynamic = 0;
bsDcuMode = 0;
bsDcuParam = 0;
vapAlign O
SAOCExtensionConfig();
}
}
NOTE numBands is defined in Table 36 and depends on bsFreqRes.
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Table 7 — Syntax of SAOCExtensionConfig()

Syntax No. of bits Mnemonic
SAOCExtensionConfig()
{
SaocExtNum = 0;
while (BitsAvailable() >= 8) { Note 1
bsSaocExtType; 4 uimsbf
SaocExtType[SaocExtNum] = bsSaocExtType;
acocbEsAN T Lo,
dnt = bsSaocExtLen; 4 uimsbf
if (cnt==15) {
cnt += bsSaocExtLenAdd; 8 uimsbf

)
if (cnt==15+255) {

cnt += bsSaocExtLenAddAdd; 16 uimsbf
J
bitsRead = SAOCExtensionConfigData(bsSaocExtType) Note 2
{tFillBits = 8*cnt-bitsRead;
sFillBits; nFillBits bslbf

NOTE 1 [The function BitsAvailable() returns the number of bits available torbe'read.
NOTE 2 [SAOCExtensionConfigData() returns the number of bits read.

Table 8 — Syntax of SAOCExtensionConfigData(0)

Syntax No. of bits Mnemonic
SAOCExtensionConfigData(0)
{
if (bsDeLimitFlag==1) {
KsDeLimithoEAO; 4 uimsbf
sDeLimitBgoEAO; 4 uimsbf
}elsg {

BsDeLimitFgoEAO = 0;
BsDeLimitBgoEAO = 0;

}
if (b$DcuFlag==1) {
sDcuFlag2; 1 uimsbf
if (( bsDcuFlag2 ==1)* && ( bsDcuDynamic ==0)) {
bsDcuModeé2; 1 uimsbf
bsDcuParam?2; 4 uimsbf
j
}
ResidualConfig();
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Table 9 — Syntax of ResidualConfig()

Syntax No. of bits ~ Mnemonic
ResidualConfig()
{
bsResidualSamplingFrequencylIndex; 4 uimsbf
bsResidualFramesPerSAOCFrame; 2 uimsbf
bsNumEAO; 2 uimsbf
for (i=0; i<bsNumEAO + 1; i++) {
bsResidualPresent][i]; 1 uimsbf
if ( bsResidualPresent][i] ) { L
bsResidualBands([i]; 5 uimsbf
}
bsTtnDualMode[i]; 1 uimsbf
if (bsTtnDualMode[i]) {
bsTtnBandsLow(i]; 5 uimsbf
}else {
bsTtnBandsLow([i] = numBands; Nojte
}
}
}
NOTE numBands is defined in Table 36 and depends on bsFreqRes.
Table 10 — Syntax of SAOCExtensionConfigData(1)
Syntax No. of bits  Mnemonic
SPAOCExtensionConfigData(1)
{
}
Table 11 — Syntax of SAOCExtensionConfigData(2)
Syntax No. of bits  Mnemonic
SPAOCExtensionConfigData(2)
{
SpatialSpecificConfig(); Nojte
}
NOTE SpatialSpecificConfig()'is defined in ISO/IEC 23003-1:2007, Table 5.
Table 12 — Syntax of SAOCExtensionConfigData(3)
Syntax No. of bits  Mnemonic
SPAOCExtensionConfigData(3)
{
}
Table 13 — Syntax of SAOCExtensionConfigData(8)
Syntax No. of bits ~ Mnemonic
SAOCExtensionConfigData(8)
{
ObjectMetaData();
}
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Table 14 —Syntax of ObjectMetaData()

Syntax No. of bits ~ Mnemonic
ObjectMetaData()
for (i=0; i<bsNumObjects+1; i++ ) {
bsNumByteMetaData[i]; 8 uimsbf
for (j=0; j<bsNumByteMetaData[i]; j++ ) {
bsMetaData[i][j]; 8 bslbf
}
}
}
Table 15 — Syntax of SAOCExtensionConfigData(9)
Syntax No. of bits’ Mnemonic
SAOCExtensionConfigData(9)
{
Pres¢tConfig();
}
Table 16 — Syntax of PresetConfig()
Syntax No. of bits ~ Mnemonic
PresetCopfig()
{
bsNumPresets; 4 uimsbf
for (|=0; i<bsNumPresets+1; i++ ) {
lsNumBytePresetLabel [i]; 8 uimsbf
r (j=0; j<bsNumBytePresetLabel[i]; j++ ) {
bsPresetLabel[i][j]; 8 bslbf
)
sPresetMatrix[i]; 1 uimsbf
if (bsPresetMatrix[i]) {
PresetMatrixData();
Yelse {
PresetUserData();
b
}
}
Table 17 — Syntax of PresetMatrixData()
Syntax No. of bits  Mnemonic
PresetMdtrixData()
{
bsPresetMatrixType; 2 uimsbf
for(i=0; i<bsNumObjects+1; i++) {
numChannels = PresetMatrixType[bsPresetMatrixType];
for( j=0; j<numChannels; i++ ) {
bsPresetMatrixElements[i][j]; 5 uimsbf
}
}
}
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Table 18 — Syntax of PresetUserData()

Syntax No. of bits ~ Mnemonic
PresetUserData()
{
for(i=0; i<6; i++) {
bsPresetUserDataldentifier([i]; 8 bslbf
}
bsPresetUserDatalen; 12 uimsbf
PresetUserDataContainer(bsPresetUserDataldentifier);
}
Table 19 — Syntax of SAOCExtensionConfigData(10)
Syntax N@. ‘of bits Mremonic
SPAOCExtensionConfigData(10)
{
SeparationMetaData();
}
Table 20 — Syntax of SeparationMetaData()
Syntax No. of bits  Mnemonic
SeparationMetaData()
{
bsNumSeparationPairs; 4 uimsbf
for (i=0; i<bsNumSeparationPairs+1; i++) {
bsSeparationMainObjectID[i]; 5 u1Esbf
bsSeparationSubObjectID[i]; 5 uimsbf
}
}
Table 21 — Syntax of SAOCFrame()
Spntax No. of bits Mnemonic
SAOCFrame()
{
SAOCFramingInfo();
bsindependencyFlag; 1 uimsbf
for(i=0; i<bsNumObjects+1; i++) {
idxOLD[ilsEcDataSaoc(OLD, i, numBands);
}
if ( bsTranSmitAbsNrg ) {
idXNRG = EcDataSaoc(NRG, 0, numBands);
j;
k=0;
incldx1=0:
iocldx2=0;

for(i=0; i<xbsNumObjects+1; i++) {
idxIOC[i][i] = 0;
for(j=i+1; j<bsNumObjects+1; j++ ) {
if ( bsRelatedTo[i][j]!=0) {
if (bsOnelOC==0){
idxIOC[i][j] = EcDataSaoc(IOC, k, numBands);

k++;
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}

}else {
if(k==0){
idxIOC[i][j] = EcDataSaoc(IOC, k, numBands);
k++;
iocldx1=i;
iocldx2=j;
}else {
idxIOC[i][j] = idxIOC[iocldx1][iocldx2];
}
}
}else {

idxIOC[i][j] = 5;

}
idxIOC[j][i] = idxIOC[i][j];
J

idxDMG = EcDataSaoc(DMG, 0, bsNumObjects+1);
if (b§NumDmxChannels ==1) {

idxDCLD = EcDataSaoc(DCLD, 0, bsNumObjects+1);

}
if (bsPdgFlag==1) {

for (i=0; ixbsNumDmxChannels + 1; i++) {
idxPDG[i] = EcDataSaoc(DCLD, i, numBands);

if (bsDcuFlag == 1) && ( bsDcuDynamic == 1) {

}

if ( bsIndependencyFlag==1){
bsDcuDynamicUpdate = 1;
Yelse {
bsDcuDynamicUpdate;

if ( bsDcuDynamicUpdate ==1) {
bsDcuMode;
bsDcuParam;

)

Byteflign();
SAO(ExtensionFrame();

}

Note
1 uimsbf
1 uimsbf
4 uimsbf

NOTE n¥@imBands is defined in”Table 36 and depends on bsFreqRes.
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Table 22 — Syntax of SAOCDEFrame()

Syntax No. of bits ~ Mnemonic
SAOCDEFrame()
{
SAOCDEFramingInfo();
if (bsVersion ==0) {
bsIndependencyFlag; 1 uimsbf

for(i=0; i<xbsNumObjects+1; i++) {
idxOLD[i] = EcDataSaoc(OLD, i, numBands);

}
k=0;
iocldx1=0;
iocldx2=0;
for(i=0; i<xbsNumObjects+1; i++) {
idxIOC[i][i] = 0;
for( j=i+1; j<bsNumObjects+1; j++) {
if ( bsRelatedTo[i][j]!=0) {
if (bsOnelOC==0){
idxIOC[i][j] = EcDataSaoc(IOC, k, numBands);
k++;
}else {
if(k==0)
idxIOC[i][j] = EcDataSaoc(IOC, k, numBands);
k++;
iocldx1=i;
iocldx2=j;
}else {
idxIOC[i][j] = idxIOC[iockdx1][iocldx2];

}
}else {

idxIOC[i][j] = 5;

idxIOC[j][i] = idxIOC[i]{];
}
}

for (i=0; ixbsNumDmxChannels + 1; i++) {
idxDMG[i] = EcPataSaoc(DMG, i, bsNumObjects+1);
}
if (bsPdgFlag==1) {
for ((=0;yi<bsNumDmxChannels + 1; i++) {
idxPDG[i] = EcDataSaoc(DCLD, i, numBands); Nojte
¥
}
if*( bsDeLimitFlag==1) {
if ( bsIndependencyFlag ==1) {

bsDel imif”pdafp =1;

}else {
bsDeLimitUpdate; 1 uimsbf
}
if (bsDeLimitUpdate==1) {
bsDeLimitFgo; 4 uimsbf
bsDeLimitBgo; 4 uimsbf
}

}
if ( bsDcuFlag == 1) && ( bsDcuDynamic==1) {
if ( bsIndependencyFlag==1) {
bsDcuDynamicUpdate = 1;
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}else {
bsDcuDynamicUpdate; 1 uimsbf

}
if (bsDcuDynamicUpdate ==1) {
bsDcuMode; 1 uimsbf
bsDcuParam; 4 uimsbf
}
}
ByteAlign();
SAOCExtensionFrame();

}
}

NOTE n¥@imBands is defined in Table 36 and depends on bsFreqRes.

Table 23 — Syntax of SAOCFraminglInfo()

Syntax No. of bits Mnemonic
SAOCFraminglnfo()
{
bsFramingType; 1 uimsbf
If (bsLowDelayMode == 0) {
bsNumParamSets; 3 uimsbf
}elsg {
hsNumParamSets; 1 uimsbf
}
for (ps=0; ps<numParamSets; ps++) {
if (bsFramingType) { Note 1
bsParamSlot[ps]; nBitsParamSlot uimsbf
Note 2
Yelse {
bsParamSlot[ps] =ceil(numSlots*(ps+1) /aumParamSets)-1; Notes 1
and 3
)
}
}

NOTE 1 jnumParamSets is defined by, nimParamSets = bsNumParamSets + 1.
NOTE 2 nBitsParamSlot is definedaceerding to nBitsParamSlot = ceil[log2(numSlots)].
NOTE 3 jhumSlots is defined by aumSlots = bsFrameLength + 1.
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Table 24 — EcDataSaoc()

Syntax No. of bits ~ Mnemonic
EcDataSaoc(dataType, paramldx, stopldx) Note 1
{
dataSets = 0;
for (ps=0; ps<bsNumParamSets + 1; ps++) {
bsXXXdataMode[paramldx][ps]; 2 uimsbf
if ( bsXXXdataMode[paramldx][ps] ==3) {
dataSets++;
i
}
setldx = 0;
while (setldx < dataSets) {
If (dataSets-setldx > 1) {
bsDataPairXXX|[paramldx][setldx]; 1 uimsbf
}else{
bsDataPairXXX[paramldx][setldx] = 0;
}
bsQuantCoarseXXX[paramldx][setldx]; 1 uiEsbf
bsFreqResStrideXXX[paramldx][setldx]; 2 uimsbf
dataDim = (stopldx-1)/pbStride+1; Note 2
SAOCEcDataPair(dataType, paramldx, setldx, dataDim,
bsDataPairXXX[paramldx][setldx],
bsQuantCoarseXXX[paramldx][setldx]);
if (bsDataPairXXX[paramldx][setldx]) {
bsXXXQuantCoarse[paramldx][setldx+1] =
bsXXXQuantCoarse[paramldx][setldx];
bsFreqResStrideXXX[paramldx][setldx+ 1]\
bsFreqResStrideXXX[paramldx][setldx];
}
setldx += bsDataPairXXX[paramldx][setldx]+1;
}
stopldxXXX[paramldx] = stopldx;
}
NOTE 1 XXXis to be replaced by the value of dataType (OLD, IOC, NRG, DCLD, DMG).
NOTE 2 pbStride is defined in ISO/IEC 23003-1:2007, Table 70 and depends on bsFreqResStride[][].
Furthermore, the division shall be interpreted as ANSI C integer division.
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Table 25 — Syntax of SAOCEcDataPair()

Syntax No. of bits ~ Mnemonic
SAOCEcDataPair(dataType, paramldx, setldx, dataBands, pairFlag, coarseFlag) Note 1
{

mixedTimePair_flag = 0;
bsPcmCodingXXX[paramldx][setldx]; 1 uimsbf
if (bsPcmCoding[paramldx][setldx]) {

if (coarseFlag) {

numQuantSteps = numQuantStepsXXXCoarse; Note 2
Jelse {
numQuantSteps = numQuantStepsXXXFine; Note 2
b
daDataPair = GroupedPcmData( dataType, pairFlag, numQuantSteps, Note’3
dataBands );
}elsg {

dllowDiffTimeBack = ('bsIndependencyFlag) || (setldx>0);
aaDataPairMsbDiff, aPgOffset, mixedTimePair_flag) =
§AOCDiffHuffData( dataType, pairFlag, allowDiffTimeBack, dataBands );

aDataPairLsb[0] = LsbData( dataType, coarseFlag, dataBands ); Note 4
if (pairFlag) {
aaDataPairLsb[1] = LsbData( dataType, coarseFlag, dataBands ); Note 4
b

}
bsDiffTypeXXX[paramldx][setldx] = bsDiffType[0];
bsDiffTimeDirectionXXX[paramldx][setldx] = bsDiffTimeDirection[0];
mixedTimePairXXX[paramldx][setldx] = mixedTimePair_flag;
if (pairFlag) {
BsDiffTypeXXX[paramldx][setldx+1] = bsDiffType[1];
BsDiffTimeDirectionXXX[paramldx][setldx+1] = bsDiffTimeDirection[1];
BsPcmCodingXXX[paramldx][setldx+1] =
bsPcmCodingXXX[paramldx][setldx];
mixedTimePairXXX[paramldx][setldx+1] ='mixedTimePair_flag;
}
for (]¥g=0; pg<dataBands; pg++) {

if (bsPcmCodingXXX[paramldx][setldx]) {
bsXXXpcm[paramldx][setldx}{pg] = aaDataPair[0][pg];
Yelse {
bsXXXmsbDiff[paramldx][setldx][pg] = aaDataPairMsbDiff[0][pg];
bsXXXlIsb[paramldx][$etldx][pg] = aaDataPairLsb[0][pg];
)

f (pairFlag) {
if (bsPcmCGodingXXX[paramldx][setldx+1]) {

bsXXXpcm[paramldx][setldx+1][pg] = aaDataPair[1][pg];

} elsed
bsXXXmsbDiff[paramldx][setldx+1][pg] =aaDataPairMsbDiff[1][pg];
bsXXXlsb[paramldx][setldx+1][pg] = aaDataPairLsb[1][pg];

—-

}
}

NOTE 1 XXX is to be replaced by the value of dataType (OLD, IOC, NRG, DCLD, DMG, PDG).

NOTE 2 numQuantStepsXXXCoarse and numQuantStepsXXXFine is defined in Table 48 and depends on
dataType.

NOTE 3 GroupedPcmData() is defined in ISO/IEC 23003-1:2007, Table 25.

NOTE 4 LsbData() is defined in ISO/IEC 23003-1:2007, Table 31.
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Syntax No. of bits Mnemonic
SAOCDiffHuffData(dataType, pairFlag, allowDiffTimeBackFlag, dataBands)
{
mixedTimePair_flag = 0;
bsDiffType[0] = DIFF_FREQ;
bsDiffType[1] = DIFF_FREQ;
if ( pairFlag || allowDiffTimeBackFlag ) {
bsDiffType[0]; 1 uimsbf
i
if ( pairFlag && ( ( bsDiffType[0] == DIFF_FREQ ) || allowDiffTimeBackFlag) ) {
bsDiffType[1]; 1 uimsbf
}
bsCodingScheme; 1 uinpsbf
if ( bsCodingScheme == HUFF_1D ) {
(aaHuffData[0]) = SAOCHuffDatalD( dataType, aDiffType[0],dataBands );
if ( pairFlag) {
(aaHuffData[1]) =
SAOCHuffDatalD( dataType, aDiffType[1],dataBands );
}
}else {
bsPairing = FREQ_PAIR;
(aaHuffData[0]) =
SAOCHuffData2DFreqPair( dataType, aDiffType[0],/dataBands );
If ( pairFlag ) {
(aaHuffData[1]) =
SAOCHuffData2DFreqPair( dataType, aDiffType[1], dataBands );
}
}
if ( (bsDiffType[0] == DIFF_TIME) || (bsDiffType[1] == DIFF_TIME) ) {
bsDiffTimeDirection[0] = BACKWARDS;
if (pairFlag) {
bsDiffTimeDirection[1] = BACKWARDS;
}
}
return (aaHuffData, aPgOffsetymixedTimePair_flag);
}
© ISO/IEC 2018 - All rights reserved 31



https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

Table 27 — Syntax of SAOCHuffData1D()

Syntax No. of bits Mnemonic
SAOCHuffDatalD(dataType, diffType, dataBands)
{
pgOffset = 0;
if ( diffType == DIFF_FREQ ) {
aHuffDatalD[0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1.x viclbf
Notes 1 and
3
pgOtiset = 1;
}
for (j=pgOffset; i<dataBands; i++ ) {
dHuffDatalD[i] = 1Dhuff_dec(hcod1D_XXX_YY, bsCodeW); 1.x viclbf
Notes 1, 2
and 3
if (aHuffDatalD[i] !=0){
bsSign; 1 uimsbf
if ( bsSign ) {
aHuffDatalD[i] = -aHuffData1D[i];
}
)
}
return (aHuffDatalD);
}
NOTE 1 [KXX s to be replaced by the value of dataType (OLD, IOC, NRG, DCLD, DMG, PDG).
NOTE 2 [YY is to be replaced by “DF” or “DT”, depending on the value‘of diffType.
NOTE 3 [1Dhuff dec() is defined in ISO/IEC 23003-1:2007, Annex:A.1.
Table 28 — Syntax of SAOCHuffData2DFreqPair()
Syntax No. of bits  Mnemonic
SAOCHuffData2DFreqPair(dataType, diffType, dataBands)
{
Lavldlx = 1Dhuff dec(hcodLavIdx, bsCodeW); 1.3 viclbf
lav =|lavTabXXX[Lavldx]; NOTE 1
pgOffset = 0;
if ( diffType == DIFF_FREQ){
dqHuffData2D[0] =.¥Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1.x viclbf
Note 6
pgOffset = 1;
}
escapeCode =hcod2D_XXX_YY_FP_LL_escape; Notes 2, 3, 4
and 5
escCptr= 0;
for ( i=pgOffset; i<dataBands; i+=2) {
(aTmp[0], aTmp[1]) = 2Dhuff dec(hcod2D_XXX_YY_FP_LL, bsCodeW); 1.x viclbf
Notes 3,4, 5
and 6
if (bsCodeWord != escapeCode ) {
aTmpSym = SymmetryData( aTmp );
aHuffData2D[i] = aTmpSym[0];
aHuffData2D[i+1] = aTmpSym[1];
}else {
aEscList[escCntr++] = i;
}
32
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}
if (escCntr>0){
aaEscData = GroupedPcmData(dataType, 1, 2*lav+1, escCntr);
for (i=0; i<escCntr; i++) {
aHuffData2D[aEscList[i]] = aaEscData[0][i] - lav;
aHuffData2D[aEscList[i]+1] = aaEscData[1]]i] - lav;
}
}
if ( (dataBands-pgOffset) % 2 ) { Note 7
aHuffData2D[dataBands-1] = 1Dhuff dec(hcod1D XXX YY, bsCodeW): 1.x viclbf
Notes 3, 4
and 6
if (aHuffData2D[dataBands-1] !=0) {
bsSign; 1 uinmpsbf
if ( bsSign ) {
aHuffData2D[dataBands-1] = -aHuffData2D[dataBands-1];
}
}
}

return (aHuffData2D);

OTE 1 lavTabXXX is defined in Table 46 and Table 47.

OTE 2 The escape code tables are defined in Table A.6, Table A.7 and‘Dable A.8.

OTE 3 XXXis to be replaced by the value of dataType (OLD, IOC,NRG, DCLD, DMG, PDG).
OTE 4 YY is to be replaced by “DF” or “DT”, depending on the®alue of diffType.

OTE 5 LLis to be replaced by the value of lav.

OTE 6 1Dhuff dec() and 2Dhuff_dec() are defined in ISOHEC 23003-1:2007, Annex A.1.
OTE 7 % denotes the modulo operator (ANSI C integer@math) and returns the remainder of the division.

Zz zZ Z Z Z Z~

Table 29 — Syntax of SAOCExtensionFrame()

Spntax No. of bits Mremonic
SJAOCExtensionFrame()
{
for (ec=0; ec<SaocExtNum; ec++) {
if (SaocExtType[ec]<8)%
cnt = bsSaocExtLen; 8 uimsbf
if (cnt==255){
cnt +=-bsSaocExtLenAdd; 16 uimsbf
}
if (cnt>0) {
bitsRead = SAOCExtensionFrameData(SaocExtType[ec]) Note 1
¥
nFillBits = 8*cnt-bitsRead;
bsFillBits; nFillBits bs]bf
}
>
}

NOTE 1 SAOCExtensionFrameData() returns the number of bits read.
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Table 30 — Syntax of SAOCExtensionFrameData(0)

Syntax No. of bits ~ Mnemonic

SAOCExtensionFrameData(0)
{
if ( bsDeLimitFlag==1){
if ( bsIndependencyFlag==1){
bsDeLimitEaoUpdate = 1;

}else {
bsDeLimitEaoUpdate; 1 uimsbf
;l‘( bsDeLimitEaoUpdate ==1) {
bsDeLimitFgoEAO; 4 uimsbf
bsDeLimitBgoEAO; 4 aimsbf

if ( (psDcuFlag==1) && ( bsDcuFlag2 == 1) && ( bsDcuDynamic==1)) {
if ( bsindependencyFlag==1) {
bsDcuDynamicUpdate2 = 1;

Yelse {
bsDcuDynamicUpdate2; 1 uimsbf
if ( bsDcuDynamicUpdate2 ==1){
bsDcuMode?2; 1 uimsbf
bsDcuParam2; 4 uimsbf
)
}
SAO(ResidualData();
}
Table 31 — Syntax.of SAOCResidualData()
Syntax No. of bits ~ Mnemonic
SAOCResfdualData()
{
for (i=0; i<bsNumEAO + 1; i++) {
if (bsResidualPresent([i]) {
individual_channel_streain(0); Note 1
)
}
}

NOTE 1 [individual_chdnnél_stream(0) according to MPEG-2 AAC Low Complexity profile bitstream syntax
described in ISO/IEC'13818-7:2006, 6.3.

Table 32 — Syntax of SAOCExtensionFrameData(1)

Syntax No. of bits = Mnemonic

SAOCExtenstonfranmebatat

{
}

PresetConfig();
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Table 33 — Syntax of SAOCExtensionFrameData(2)

Syntax

No. of bits Mnemonic

SAOCExtensionFrameData

{
}

SpatialFrame();

(2)

No

tel

NOTE 1 SpatialFrame() is

defined in ISO/IEC 23003-1:2007, Table 15.

Table 34 — Syntax of SAOCExtensionFrameData(3)

w

ntax

No. of bits M

emonic

w

AOCExtensionFrameData

ObjectMetaData();

(3)

4.2 Definition

vl

yteAlign()

(0]

AOCSpecificConfig()
IAOCDESpecificConfig()

W

hsVersion

Up to 7 fill bits to achieve byte alignment-with respect to the beginning
syntactic element in which ByteAlign{) occurs.

Syntactic element that contains the’SAOC configuration data (header).

Syntactic element that contdins the SAOC configuration data (header) in
SAOC-DE profile.

Defines the version of the bitstream according to Table 35.

Table 35 — bsVersion

bf the

case of

bsVersion Meaning
0 SAOC-DE profile, levels 1 and 2
1..:15 Reserved
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bsSamplingFrequencylndex
See ISO/IEC 14496-3:2009, 1.6.3.4.

bsSamplingFrequency See ISO/IEC 14496-3:2009, 1.6.3.3.

bsFreqRes Defines the number of parameter bands according to Table 36.
Table 36 — bsFreqRes

bsFreaR numBands
skreqres bsLowDelayMode==0 | bsLowDelayMode==1

0 N/A N/A

1 28 23

2 20 15

3 14 12

4 10 9

5 7 7

6 5 5

7 4 4
bsLowDelayMode Indicates whether the SAOC operates in HQ or LD mode ‘according to Table 37.

Table 37 — bsLowDelayMode

bsLowDelayMode Meaning
0 HQ operation mode
1 LD operation mede (see 7.14)

In case of SAOC-DE profile, bsLowDelayMode shall be set to 0.

bsTttBandsHigh Same as bsTttBandsLow butfer high band range. The high band range is
bsTttBandsLow <= pb < bsTttBandsHigh.

bsFramgLength Defines the number oftime slots in an SAOC frame.

bsNum@bjects Defines the number of object channels for which SAOC parameters are
transmitted.

In case of(stereo or multi-channel objects, each channel counts as separate

object.
bsNumKGOs Defines the number of FGOs according to Table 38.
Table 38 — bsNumFGOs
bsNumFGOs Meaning
0 Nggo =1
1 Npgo =2
2 Nggo =3
3,7 N/A
bsRelatedTo[i][j] Defines whether an object has relation with other objects. More precisely,

bsRelatedTo[i][j] == 1 means that object i and object j are related, i.e. have
correlation, whereas bsRelatedTo[i][j] == 0 means that this is not the case.
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bsTransmitAbsNrg  Defines whether absolute energy parameters are transmitted. These are
necessary for delay-free merging of SAOC bitstreams in an MCU bitstream
combiner.
bsNumDmxChannels Defines the number of downmix channels according to Table 39.
Table 39 — bsNumDmxChannels
bsNumDmxChannels Meaning
0 mono downmix
1 stereo downmix
2 3-channel downmix
3,7 N/A
hsTttDualMode Indicates if transcoding to the TTT box operates in different modes for 3 low
and high band range according to Table 40.
Table 40 — bsTttDualMode
bsTttDualMode Meaning
0 same TTT transcoding mode for full band range (i.ef no
separate high‘band range)
1 different TTT transcoding modes for low and high Hand
ranges
hsTttBandsLow Defines the number of parameter bands for which TTT transcoding shonld be
processed according toprediction or energy based scheme.
Prediction based schétne should be used for the parameter band range:
0 <=pb < bsTttBandsLow.
Energy based scheme should be used for the parameter band range:
bsTttBandsLow <= pb < numBands.
hsTtnDualMode Indicates if transcoding to the OTN/TTN box operates in different modgs for a
low and high band range according to Table 41.
Table 41 — bsTtnDualMode[i]
bsTtnDualMode[i] Meaning
0 same OTN/TTN transcoding mode for full band range (i.e.
no separate high band range)
1 different OTN/TTN transcoding modes for low and fhigh
band ranges
hsTtnBandsLow Defines the number of parameter bands for which OTN/TTN tralllscoding
should be processed according to prediction or energy based scheme.
Prediction based scheme should be used for the parameter band range:
0 <= pb < bsTtnBandsLow. Energy based scheme should be used for the
parameter band range: bsTtnBandsLow <= pb < numBands.
bsPdgFlag Defines whether PDG parameters are transmitted according to Table 42.
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bsDcuFlag

bsDcuFlag2

Table 42 — bsPdgFlag

bsPdgFlag Meaning
0 PDG parameters are not transmitted
1 PDG parameters are transmitted

Defines whether the values bsDcuMode and bsDcuParam are transmitted in
the bitstream.

Defines whether the values bsDcuMode?2 and bsDcuParam?2 are transmitte

bsDcuMandatory

bsDcuDynamic
bsDcuDE:

bsDcuDynamicUpdate2

namicUpdate Defines whether the values bsDcuMode and bsDcuParam are updated. More

in the bitstream.

[72)

If bsDcuMandatory == 1, then the DCU shall be applied using the parameter
bsDcuMode and bsDcuParam as transmitted in the bitstream.
bsDcuMandatory == 0, then the DCU parameters bsDcuMode anﬁ
bsDcuParam transmitted in the bitstream are only recommended values an
also other DCU settings could be used.

-

Enables dynamic signaling of the values bsDcuMode and bsDcuParam.

precisely, bsDcuDynamicUpdate == 1 means thatthe values bsDcuMode and
bsDcuParam are updated in the current frame, whereds
bsDcuDynamicUpdate == 0 means that theé previously transmitted values arle
kept.

Same as bsDcuDynamicUpdate but for application only in strict EAO mode.

bsDcuMode Defines the distortion-free targetimatrix type for the DCU according to Table 43.
Table 43 —bsDcuMode

bsDcuMode Meaning
0 Downmix-similar target matrix
1 Best-effort target matrix

bsDcuMode2 Same as bsDcuMode but for application only in strict EAO mode.

bsDcuParam Defines'the parameter value for the DCU algorithm according to Table 44.

Table 44 — bsDcuParam parameters quantization table

idx 0 1 2 3 4 5 6 7
DcuParam[idx] 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
idx 8 9 10 11 12 13 14 15
DcuParam[idx] 0.40 0.45 0.50 0.60 0.70 0.80 0.90 1.00

bsDcuParam?2 Same as bsDcuParam, but for application only in strict EAO mode.

bsOnelOC Indicates if only a single IOC parameter is conveyed common to all objects
which have relation with other, signalled by bsRelatedTo[i][j] == 1.

bsDeLimitFlag Defines whether the values bsDeLimitFgo, bsDeLimitFgoEAO, bsDeLimitBgo,
and bsDeLimitBgoEAOQO are transmitted in the bitstream. In case of baseline or
LD profiles, bsDeLimitFlag shall be set to 0.

bsDeLimitFgo Defines the value representing the lowest acceptable modification boundary
related to the FGO for the modification range control algorithm according to
Table 45.
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Table 45 — bsDeLimitFgo, bsDeLimitFgoEAO, bsDeLimitBgo and

bsDeLimitBgoEAO parameters quantization table

Qo

bjectMetaData()

o

sNumEAO

o

sResidualFramesPerSAOCFrame

idx 0 1 2 3 4 5 6 7
Delelt[ldX] 10-7.50 10-2.25 10-2.00 10-1.75 10-1.50 10-1.25 10-1.10 10-0.95
idx 8 9 10 11 12 13 14 15
Delelt[ldX] 10-0.80 10-0.65 10-0.50 10-0.40 10-0.30 10-0.20 10-0.10 1
hsDeLimitBgo Defines the value representing the lowest acceptable modification bourjdary
related to the BGO for the modification range control algorithm aceording to
Table 45.
hsDeLimitFgoEAQO Same as bsDeLimitFgo but for application only in strict EAQ-mode.
hsDeLimitBgoEAO Same as bsDeLimitBgo but for application only in strict-EAO mode.
hsObjectMetaDataAvailable

Defines whether or not metadata informationffor the encoded objects is
transmitted.

Syntactic element that contains a metadata description of the the encoded
objects.

Defines the number of EAO channéls.

Indicates the number of residual frames per SAOC frame, ranging from ¢ne to
four according to ISOAEC 23003-1:2007, Table 56.

hsNumByteMetaData[i]
Defines the nuniber of bytes used for the metadata description of an object, i.

hsMetaData[i][j] Defines theumetadata description (interpreted as a string in UTF-8 encoding
format),

SAOCFrame() Syntactic element that contains the data of an SAOC frame (payload).

SAOCDEFrame() Syntactic element that contains the data of an SAOC frame (payload) if case of
SAOC-DE profile.

SAOCFraminghnfo() Syntactic element that contains information about the number of paramjeter
sets and their associated time slots.

hsIndependencyFlag Indicates if lossless coding of the current SAOC frame is done independé¢ntly of
the previous SAOC frame, i.e. whether the current SAOC frame can be d¢coded
without knowledge about the previous SAOC frame.

bsDeLimitUpdate Defines whether the values bsDeLimitFgo, bsDeLimitFgoEAO, bsDeLimitBgo
and bsDeLimitBgoEAO are updated. More precisely, bsDeLimitUpdate ==
means that the values bsDeLimitFgo, bsDeLimitFgoEAO, bsDeLimitBgo, and
bsDeLimitBgoEAO are wupdated in the current frame, whereas
bsDeLimitUpdate == 0 means that the previously transmitted values are kept.

bsDeLimitEaoUpdate Defines whether the values bsDeLimitFgoEAO and bsDeLimitBgoEAO are
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whereas bsDeLimitEaoUpdate == 0 means that the previously transmitted
values are kept.

EcDataSaoc() Syntactic element that contains all parameter subsets of a given parameter in
the SAOC frame. However, the changes described in Table 46 and Table 47
apply.

Table 46 — lavTabXXXdf
Lavid lavTabDCLD/DMG/PDGdf lavTablOCdf lavTabOLDdf  lavTabNRGdf
aviax [Lavidx] [Lavidx] [Lavidx] [Lavidx]
0 3 1 3 3
1 5 3 6 5
2 7 5 9 7
3 9 7 12 9
NOTE This table replaces ISO/IEC 23003-1:2007, Table 76 and shall be applied enly'in case
diffType == DIFF_FREQ.

Table 47 — lavTabXXXdt

Lavidx lavTabDCLD/DMG/PDGdt lavTablOCdt lavTabOLDPdt lavTabNRGdt
[Lavidx] [Lavidx] [Lavidx] [Lavidx]

0 3 1 3 3

1 5 3 6 6

2 7 5 9 9

3 9 7 12 12

NOTE This table replaces ISO/IEC 23003-1:20075.Fable 76 and shall be applied only in case

diffType == DIFF_TIME.

SAOCEcDataPair() Syntactic element that contains one or two temporally subsequent parametd
subsets of a given parameter in the SAOC frame.

—

SAOCDiffHuffData() Syntactic element that contains one or two temporally subsequent parametg
subsets of a given parameter in the SAOC frame, where the quantized values ar
coded using a comibination of differential coding and Huffman coding.

D =

bsPcm(odingXXX Indicates whether PCM coding is applied.

GroupedPcmData() Syntactic“element that contains one or two temporally subsequent parametdr
subsets of a given parameter in the SAOC frame, where groups of quantized
values are represented by a single PCM code. numQuantSteps depends on thli
data type XXX and whether coarse or fine quantization is used and is defined i

Table 48.
Table 48 — numQuantSteps
XXX (dataType) numQuantStepsXXXCoarse = numQuantStepsXXXFine
DCLD, DMG, PDG 15 31
10C 4 8
OLD 8 16
NRG 32 64

SAOCExtensionConfig() Syntactic element that acts as container to carry extensions to the SAOC audio
configuration. The presence of the SAOC extension of type bsSaocExtType (see
Table 49) is signaled by the presence of a
SAOCExtensionConfigData(bsSaocExtType) element in
SAOCExtensionConfig().
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SaocExtNum Helper variable storing the number of the SAOC extension containers present.
bsSaocExtType Indicates type of the SAOC extension data according to Table 49.
Table 49 — bsSaocExtType
bsSaocExtTyp Meaning SAOCExtensionFrameData()
0 Residual coding data
1 Dynamic preset information
2 MBO MPS data present
3 nynnmit‘ nh}'nt‘f metadata
4.7 N/A
8 Static object metadata
9 Static preset information Hot present
10 Separation metadata P
11..15 N/A
SaocExtTypeli] Helper variable storing the type of spatial extension data carried in the
extension container i.
HsSaocExtLen Number of bytes in SAOCExtensionConfigData() or

SAOCExtensionFrameData().

hsSaocExtLenAdd Additional number of bytes in SAOCExtensionConfigData() or
SAOCExtensionFrameData().

sSaocExtLenAddAdd Further additional number of bytes in SAOCExtensionConfigData().

o o

sFillBits Fill bits, to be ignored.

w

AOCExtensionConfigData(bsSacExtType)
Instance of the SAOGExtensionConfigData that carries configuration data for the
SAOC extension ofitype bsSaocExtType (see Table 49).

SAOCExtensionConfigData(0)
Syntacticselement that, if present, indicates that modification range control
information (in case of SAOC-DE profile), residual coding informatjon, and
corresponding DCU parameters are available.

SAOCExtensionConfigData(1)
Syntactic element that, if present, indicates that dynamic preset information is
available.

SAOCExtensionConfigData(2)
Syntactic element that, if present, indicates that the MBO MPS data is avjilable.

SAOCExtensionConfigData(3)
Syntactic element that, if present, indicates that dynamic object mefadata is
available.

SAOCExtensionConfigData(8)
Syntactic element that, if present, indicates that metadata information is
available.

SAOCExtensionConfigData(9)
Syntactic element that, if present, indicates that static preset information is
available.

SAOCExtensionConfigData(10)
Syntactic element that, if present, indicates that separation metadata is
available.
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SeparationMetaData()
Syntactic element that contains a metadata description of the separated objects.

bsNumSeparationPairs
Defines the number of pairs of the separated objects.

bsSeparationMainObjectIDJi]
Defines the object ID of the main object which is separated from mixed signals.
[ts value is in the range of 0 to bsNumObjects.

bsSeparnationSubObjectID[i]
Defines the object ID of the sub object which is separated from mixed signals.
Its value is in the range of 0 to bsNumObjects.

PresetConfig() Syntactic element that contains all preset rendering data.
bsNumPresets Defines the number of available rendering presets.
bsNumBytePresetLabel|[i]

Defines the number of bytes used for the text label of the'preset i.

bsPresetLabel[i][j] Defines the text label for the preset i (interpreted as.a string in UTF-8 encoding
format).

bsPresegtMatrix Defines the preset data representation typeaccording to Table 50.
Table 50 — bsPresetMatrix

bsPresetMatrix Meaning
0 User-defined preset representation format
1 Matrix-baséd preset representation format

PresetMptrixData() Syntactic element that contains the preset rendering parameters in the matrix-
based representation/format.

bsPresetMatrixType Defines the rendering configuration according to Table 51.
Table 51 — bsPresetMatrixType

bsPresetMatrixType Meaning

Mono playback system
Stereo playback system
5.1 playback system
3.0 playback system

WN =R O

PresetMpatrixType[bsPresetMatrixType]

Defines the number of upmix channels according to Table 52.

Tabla 52 PracatMatrixTuvne
118 o4 —FeéSetviadtFbx+t €

bsPresetMatrixType 0 1 2 3
PresetMatrixType[bsPresetMatrixType] 1 2 5 N/A
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bsPresetMatrixElements|[i][j]

Defines the preset rendering matrix. Namely, the output level of the audio

object channel i for the upmix channel j.

PresetUserData() Syntactic element that contains the preset rendering parameters in t
defined preset representation format.

bsPresetUserDataldentifier(i]

he user-

Defines the identifier for the user-defined preset i representation format

(interpreted as a string in UTF-8 encoding format).

hsPresetUserDatalLen Defines the length in bytes for the preset data included into
PresetUserDataContainer() container element.

PresetUserDataContainer()

Syntactic element that contains preset rendering data’ in the user
preset representation format and has ~aV length of
bsPresetUserDataLen bytes.

>

1l bitstream variables which are not explicitly described here are(defined in ISO/IEC 2300
nodifications and amendments to these definitions are specified imAnnex A.

o=

71 SAOC processing
7-1 Compressed data stream decoding and dequantization of SAOC data

7.1.1 General

This subclause describes the decoding and deguantization of the bitstream payload into varia
are used in the SAOC transcoder/decoder.

7.1.2 Dequantization of the SAOC parameters

-

he dequantization of the 10C parameters follows the same rules as defined in ISO/IEC 23003
.1.8 for the MPS ICC parameters, the decoding of the DMG, DCLD and PDG parameters those of|
LD parameters.

OO

-

he dequantization of the OLD (i.e. relative energy) parameters is done by applying the dequat
inction deq(index, \parameterType) as defined in ISO/IEC 23003-1:2007, 6.1.8 in combination
arameter quantization table given in Table 53.

o lll=?

Table 53— OLD parameter quantization table

-defined
exactly

3-1. Any

bles that

-1:2007,
the MPS

ntization
with the

iflx 0 1 2 3 4 5 6 7
diLD[idx] 10-150 1045 10-40 10-35 1030 10-25 10-22 10{1
idx 8 9 10 11 12 13 14 15
OLD[idx]  10-16 1013 10-10 10-08 10-06 10-04 10-02 1

The dequantization of the NRG (i.e. absolute energy) parameters is done by applying the dequantization

function deq(index, parameterType) as defined in ISO/IEC 23003-1:2007, 6.1.8 in combination
parameter quantization table given in Table 54.
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Table 54 — NRG parameter quantization table

idx 0 1 2 3 4 5 6 7
NRG[idx] 5010945 5010930 5010915 5010900 5010885 5010870  50-10-85  50.10-840
idx 8 9 10 11 12 13 14 15
NRG[idx] 5010825 5010810 501079 5010780 5010765 5010750 5010735 5010720
idx 16 17 18 19 20 21 22 23
NRG[idx] 5010705 501069 5010675 5010660  5010-645 5010630  50-10-615  50-10-600
idx 24 25 26 27 28 29 30 31
NRG[idx] 5010585 5010570 5010555 5010540 5010525 5010510 501095 _ 50-10-480
idx 32 33 34 35 36 37 38 39
NRG[ldX 50.10-4.65 50.10-4.50 50.10-4.35 50.10-5.20 50.10-4.05 50.10-3.90 50.10-3.75 50.10-3.60
idx 40 41 42 43 44 45 46 47
NRG[ldX 50.10-3.45 50.10-3.30 50.10-3.15 50.10-3.00 50.10-2.85 50.10-2.70 50.10-2.55 50.10-2.40
idx 48 49 50 51 52 53 54 55
NRG[ldX 50.10-2.25 50.10-2.10 50.10-1.95 50.10-1.80 50.10-1.65 50.10-1.50 50.10-1.35 50.10-1.20
idx 56 57 58 59 60 61 62 63
NRG[idx] 5010105 501009 5010075 5010060 5010045 5010030  50:10015 50

The decpding of the SAOCFrame() data or SAOCDEFrame() data results inthe parameter indices idxXXX
of the qyantized OLD, I0C, NRG, DCLD, DMG and PDG parameters that aréelisted in Table 55, where

pi+0..N-1, ps=0...L-1, pb=0.M -1, pd=0:.M-1.

proc

Table 55 — Dimensions and value ranges of the'parameter indices idxXXX

Paraméter idxOLD idxNRG idx10C idxDMG idxDCLD idxPDG
Dimengion [pi][ps][pb] [ps][pb] [pil[pi][psHpb] [ps][pi] [ps][pi] [ps][pb][pd]
Value range 0..15 0..63 0.7 -15..15 -15..15 -15..15

[}

The dedoding follows largely the procedure described in ISO/IEC 23003-1, taking into account th
following differences. The pseudo code-defining the preprocessing step in ISO/IEC 23003-1:200
6.1.2.3.2is altered in the following way:

~I

setfldxStart = dataSetIdxfps];
staftBand = startBandXXXT{pil;
stopBand = stopBandXXX:|pi];
pbSkride = pbStrideBable[bsFreqResStrideXXX[pi] [setIdx]];
datpBands = (stopBand - startBand - 1)/pbStride + 1; /*ANSI C integer
math*/
aGrpupToBandw= createMapping (startBand, stopBand, pbStride);
for| (pg=0;4pg<dataBands; pg++) {
pb =._aGroupToBand[pg];
tnp, = 1dxXXX[pi] [ps-1] [pbl;
swltch (XXX) {
case DCLD, DMG:

if (bsQuantCoarseXXX[pi] [setIdx]) {

tmp = (tmp/2)+7; /* ANSI C integer math */

}
else {
tmp = tmp+15;
}
break;
case IOC:
if (bsQuantCoarseXXX|[pi] [setIdx]) {
tmp = tmp/2; /* ANSI C integer math */
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ed in the

tmp = tmp/2; /* ANSI C integer math */
}
break;
case NRG:
if (bsQuantCoarseXXX[pi] [setIdx]) {
+mp = fmp 7: * _ANSTI C %hfcgav math *
}
break;
}
1dxXXXmsb [pi] [setIdxStart-1][pg] = tmp;
}
The pseudo code defining the postprocessing step in ISO/IEC 23003-1:2007, 6.1.2.3.2 is alterg
following way:
for (i=0; i<=bsDataPairXXX[pi] [setIdxStart]; i+ {
setldx = setIdxStart+i;
ps = paramSet[setIdx];
paramHandled[ps] = 1;
for (pg=0; pg<dataBands; pgt+) {
tmp = idxXXXnotMapped[pi] [setIdx] [pg]l:
switch (XXX) {
case DCLD, DMG:
if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = (tmp-7)*2;
if (tmp==-14) ,thmp=-15;
if (tmp==14) (Ctmp=15;
}
else {
tmp =Stmp-15;
}
break;
case IQC-
rfN(bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp*2;
}
break;
case OLD:
if (bsQuantCoarseXXX([pi] [setIdx]) {
if (tmp > 0 ) {
TP = TP 17
}
}
break;
case NRG:
if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp*2;
}
break;
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pbStart = aGroupToBand[pg]:;

pbStop = aGroupToBand[pg+l];

for (pb=pbStart; pb<pbStop; pbt++) {
1dxXXX[pi] [ps] [pb] = tmp;

}

The psellldo code in ISO/IEC 23003-1:2007, 6.1.2.2 is altered in the following way:

whille (ps=0; ps<numParamSet; ps++) {
swifch (bsXXXdataMode[pi] [ps]) {
casg 0: /* default */
for (pb=0; pb<numBands, pb++) {
switch (XXX) {
case NRG, DCLD, DMG:
1dxXXX([pi] [ps] [pb]
break;

0;

}

case OLD:
idxXXX[pi] [ps] [pb] = 15;
break;

}

case IOC:
1dxXXX [pi] [ps] [pb]
break;

I
(@)
~

}

break;
casg 1l: /* keep */
casg 2: /* interpolate */
for (pb=0; pb<numBands, pbH*+) {
1dxXxX[pi] [ps] [pb] z *idxXXX[pi] [ps-1] [pb];
}
break;
casg 3: /* coded */
if (!paramHandledfps]) {
DecodeDataPafr(); /*see subclause 6.1.2.3 in ISO/IEC 23003- 1:2007*/
}
break;
}
}

7.2 Compressed data stream encoding and quantization of MPS data

7.2.1 General

This subclause describes the encoding and quantization of the variables into bitstream payload that are
used in the MPS decoder.

7.2.2 Quantization of the MPS parameters
The obtained CLD (ADG), ICC and CPC parameters are quantized according to ISO/IEC 23003-1:2007,

Tables 82, 83 and 84. The delta and Huffman coding corresponds the description given in
ISO/IEC 23003-1:2007, Clause 6.
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7.2.3 Unquantized interface for the MPS parameters

For an efficient practical implementation and to prevent a loss in precision, the parameter interface to
the MPS decoder may alternatively be established in a direct, unquantized way. The required range of
all relevant parameters is determined by the minimal and maximal values of the corresponding
dequantization scheme. Rather than writing an actual MPS bitstream, the relevant parameters may be
passed directly using binary32 (single) floating point format (IEEE 754-2008) to the MPS decoder.

7.2.4 List of MPS bitstream variables

-

able 56 contains the list of all MPS bitstream variables (with the corresponding referenees’fo tables
efined in ISO/IEC 23003-1) which are needed to be specified for the MPS bitstream generation and
heir values.

o QL

Table 56 — List of MPS bitstream variables

MPS bitstream variable Value/SAOC bitstream variable/description Reference?
bsSamplingFrequencylndex bsSamplingFrequencylndex Table 5
bsSamplingFrequency bsSamplingFrequency Table 5
bsFrameLength bsFrameLength Table 5
bsFreqRes bsFreqRes Table 5
bsTreeConfig 0 (for mono downmix) / 2 (for,stereo downmix) Table 5
bsQuantMode 0 Table 5
bsOnelcc 0 Table 5
bsArbitraryDownmix 1 (for mono downmix) /0 (for stereo downmix) Table 5
bsFixedGainsSur 0 Table 5
bsFixedGainsLFE 0 Table 5
bsFixedGainsDMX 0 Table 5
bsMatrixMode 0 Table 5
bsTempShapeConfig 0 Table 5
bsDecorrConfig 0 Table 5
bs3DaudioMode 0 Table 5

Thenumber of parameter bands for LFE channel for

psOttBands[0] which OTT information is present Table 7
bsTttDualMode[0] bsTttDualMode Table 8
bsTttModeLow[0] 1 Table 8
bsTttModeHigh[0] 5 Table 8
bsTttBandsLow[0] bsTttBandsLow Table 8
Framinginfo() SAOCFramingInfo() Table 16
bsindependencyFiag Indicates if lossless coding of current frame is done Table 16

independently of previous frame
bsSmoothMode 0 Table 2

p Defineddn{SO/IEC 23003-1.

71.3Time/frequency transforms

The same hybrid filterbank as described in ISO/IEC 23003-1 is applied.

7.4 Signals and parameters

7.4.1 Dimensionality of signals and parameters

The audio signals are defined for every time slot, n, and every hybrid subband, k. The corresponding

SAOC parameters are defined for each parameter time slot, [, and processing band, m. The subsequent
mapping between the hybrid and parameter domain is specified by ISO/IEC 23003-1:2007, Table A.31.
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The linear interpolation processing step is applied for the parametric up-mixing matrices (G and P3);
EAO processing matrices (Arao and M); SAOC-DE processing matrices (Gpg and Mpg) and downmix
post(processing) compensation matrix (Wbepg); according to the procedure specified in
ISO/IEC 23003-1:2007, 6.5.2.1. Hence, all calculations are performed with respect to the certain
time/band indices and the corresponding dimensionalities are implied for each introduced variable.

The data available at the SAOC decoder/transcoder consists of the downmix signal X, covariance matrix
E, rendering matrix, Mre,, and downmix matrix, D.

7.4.2 Ihputsignal

The inpyt signal X to the SAOC decoder/transcoder is represented as

X0
X=| .. |,for SAOC-DE downmix channel configurations,

XM-1

l
X =[ 0 }, for stereo downmix, and

o

X = Eag’ ] , for mono downmix.

7.4.3 Post(processing) downmix compensation

7.4.3.1 | General

If the pagst(processed) downmix X compensation is applied (bsPdgFlag == 1), the followin

']

post(processed)

modificdtion should be taken prior to the SAOC decoding/transcoding

XWX

post(processed) *

The matrix W, is obtainedfrom the transmitted PDG parameters as

PDG, ...~ 0
Wpphe!| : , for SAOC-DE profile,
0->"... PDGy_4
W fPpG 0 )
PG| 0 PDG, J ) for stereo downmix, and

PDG, O .
, for mono downmix.

Wpng ( 0° 0
Here, the dequantized post(processed) downmix gains are obtained according to 7.1.2 as

PDG, =Dy, (j,1,m).
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7.4.3.2 Post(processing) re-application

If the post(processed) downmix compensation is applied (bsPdgFlag == 1) for the SAOC-DE pr
following modification should be taken after the SAOC processing

A

4 -1
Xpost(processed) =WppX,

ofile, the

where
L 0
Wi, (0,0)
-1 .
Wipng = : :
0 1

W (M -1,M 1)

7.4.4 Object parameters

-

he covariance matrix E of size N x N with elements e;; represents)an approximation of the
jgnal covariance matrix E = S$* and is obtained from the OLD and1OC parameters as

¢,, =+JOLD,OLD,IOC, .

Here, the dequantized object parameters are obtained according to 7.1.2 as

(%)

OLD, =D, (i,l,m), 10C,; =D, (i,js/,m).

7.4.5 Rendering matrix

7.4.5.1 General

The rendering matrix, M:en, applied to the input audio objects, S, determines the target rendere
as Y = MierS. The rendering\matrix, Mre,, with elements m;; maps all input objects, i, to the
ogutput channels .

7.4.5.2 Renderingmatrix for baseline and LD profiles

The rendering matrix, Mren, is given by

original

d output
desired

Mmyo = Mpnq
Mpo 7 Mpyq
Meo 0 Menq . ;
M ' ' , for 5.1 output configuration,
Mippo = Mg N1
Migo Mg N
Mpso = Mps N1
Mpo =° M1 . ;
M ' g , for stereo output configuration, and
Mpo = MpN_q
M, (mc,o e ome vy ) , for mono output configuration.
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Binaural rendering matrix

The binaural rendering matrix A of size 2 x N with elements a;; and ar; maps all the input objects i to
the desired left L and right R binaural output channels j. The binaural rendering matrix A is given by

a cee a
A=|9Lo LN-1 |
Aro " 9rN-1

The bind

HRTF
B

a,

i
,

where the spatial positions for which the HRTF parameters are available are characterized by the indé

k. The

7.4.5.4

Object r

mggo (f

rg

determi

M

re

where

Mg(

Mg(

74.6 D

B{I_{}:TF and ¢k}[RTF (described in ISO/IEC 23003-1) and the rendering matrix, M

ural rendering matrix A is derived from the head related transfer function (HRTF) parameter

(2

as

ren ’

NHRT

1 HRTF Nigerp -1 HRTF

_ HRTF A _ HRTF . D,

= my B expl = » dp;i = z my By r exp| —j )
k=0 2 k=0 2

IS

ariable j represents here an imaginary number.

Rendering matrix for SAOC-DE profile

[77)

endering matrix, Mren, for the SAOC-DE profile can be represented as a function of two gain

or BGOs) and mpg (for FGOs) which can be specified by one scalar input value mg.

mo'l mO‘N_l
= , for SAOC-DE output channel configurations,
Mpy_10 = Mpy-1N-1

hed as

h = (mBGOD BGo MrcoDrgd ) )

O:mG and mBG0=1, lfmcgl,

021 and mBGOZmal, lfmG>1

ownmix matrix

7.4.6.1

General

The downmix matrix D applied to the input audio objects S determines the downmix signal as X =DS.

7.4.6.2

Downmix matrix for baseline and LD profiles

For the stereo downmix case, the downmix matrix D of size 2xN with elements dm.

(i=0,1; j=0,---, N—1) is obtained from the DMG and DCLD parameters as
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0.1DCLD
oospmg, | 10 s

d =10%0PMC 1
1

g 0.1DCLD; *
! 1+10 J

d,, =10

1_|_100.IDCLDj 4
For the mono downmix case, the downmix matrix D of size 1xN with elements dm.
(i=0; j=0,..., N—1) is obtained from the DMG parameters as

0.05DMG ;
— 10 i

dO,j B

Here, the dequantized downmix parameters are obtained according to 7.1.2 as
DMG; =Dy (j,l), DCLD; =Dy (j,l).

7.4.6.3 Downmix matrix for SAOC-DE profile

o]

or the SAOC-DE output channel configurations, the downmix matrix D, of size MxN with ¢lements
i (i=0,...,M-1; j=0,...,N—1) is obtained from the DMG parameters\as

Q

0.05DMG; ;
di,j :10 Ly .

The downmix matrix has the following structure:
D=(Dggo Drco)-

The matrix Dpgq of size Mx(N—Nygq) corresponds to the background and Dggq of size Mx Nggq

Q

prresponds to the foreground objects.

Here, the dequantized downmix parameters are obtained according to 7.1.2 as
DMGI‘] :DDMG(I,],I) .

7.4.7 Input covariance

-

he input covariance-v is given as

v=DED +¢&°.

7.4.8 Output covariance

-

he output covariance matrix F with elements f;; is given as

F=AEA", for binaural rendering,
F=M,_EM,_, otherwise.
7.5 SAOC transcoding/decoding modes for baseline and LD profiles

7.5.1 Overview

The general structure of the SAOC transcoding/decoding modes consists of two signal paths (see
Figure 13).
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WPDG G . X

---» R R > Femmmmm———-- B4--»

I

[Ep—— - - - ____’ I

P > decorrFunc() P

v
\ 4

Figure 13 — Basic structure for the SAOC transcoding/decoding modes

The outy
downmix

X =
7.5.2 D

The dec
ISO/IEC

with a decorrelator index X == 8, according to ISO/IEC 23003-1:2007, Tables A.26 to A.29. Hence, the

signal, X

X,

7.5.3 T
7.5.3.1

In this s
with ead
consists

Q.

ut signal of the SAOC transcoder/decoder is produced by the corresponding mixing of a modifie
signal and a processed decorrelated signal component as follows:

GX+P,X,.
ecorrelated signal

prrelated signal, Xq, is obtained by using the decorrelator function deéorrFunc() described i
23003-1:2007, 6.6.2. Following this scheme, the bsDecorrConfig =0 configuration is used

=]

4, is computed according to

decorrFunc ((1 0) P1X)

i decorrFunc((O 1)P1X) .

ranscoding modes

General

[oW

ubclause, the method for converting 0of*SAOC parameters and panning information associate
h audio object into a standard cofpliant MPS bitstream is explained. The SAOC transcodg
of the SAOC parameter processorihg unit and the downmix preprocessor [see Figure 2 (left)].

—

The MPS decoder employs a tree-structured parameterization. The corresponding tree-structures
consist of OTT elements that splitjeach mono input into two output signals and TTT elements that spljt
each stefeo input into three dutput signals (see Figure 14).
CLD,, 10C;—y CLD, I0C~
OTTa| gl | OTTi | pi L.
1—-2 12
oD, ICC1—V - R CPC/CLDrr, ICCrrr i Ls
CliDs. ICCoy OTF CLD: TT_T* CLD, ICC.—y
OTTo[—{ 12 Ot _gic Lo —p o OTT| i R
&= 12 - 12 o 293 | 12
—pTFE > RS
CLD:, I0C.—y CLoy
OTTo| i OTTol gt ¢
12 {12
> Rs —-iLFE

Figure 14 — Tree structure for the MPS decoder for mono downmix (left) and
stereo downmix (right)

The channel level difference (CLD) and inter-channel correlation (ICC) parameters associated with each
OTT element describe the relative level differences and cross-correlation between two output channels,
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correspondently. The channel prediction coefficient (CPC) parameters associated with TTT box
represent prediction coefficients needed for reconstruction of the third output signal from two input
ones. The arbitrary downmix gains (ADG) parameters describe the modification of the downmix signal.

7.5.3.2 Mono downmix (“x-1-5") processing mode

7.5.3.2.1 General

The following subclauses describe the processing steps dedicated to the transformation of SAOC

arameters (OED; 106, DMGimto MPSdata {CED; 1€€, ADG)according to the rermdering informmtion for
the mono downmix case [see Figure 14 (left)]. The downmix signal is not modified.
7.5.3.2.2 SAOC downmix preprocessor unit
The SAOC downmix processor does not perform any downmix modification:
1 0 0 0
G= , P = .
0 0 0 0
Ih order to achieve not only a repanning of the objects but alse’ object attenuation/amplification
functionality with an MPS renderer, the ADG parameters are used for a "virtual" modificatidn of the
downmix signal energy.
7.5.3.2.3 SAOC parameter processing unit
The respective contribution of each object to_the two outputs of OTTh element is obtdined by
summation of the corresponding elements in ‘the rendering matrix, M . The subsequ¢nt sub-
rendering matrices W, with elements wl.hj are defined as
0 0
Wi — Wo,0 Won-t |
(UN 0 0 -
Wio Wi N-1
b\ (ot N b Y+ (e 2 Lm +(mim (i +(m" 2
mL,O mR,O mC,O mLFE,O mL,Nfl mR,N*l mC,N—l mLFE,N—l
2 2
Lim I,m I,m l,m
ot Y+ (i) Yt )+ (i)
2 2 2 2
1,m 1,m l,m 1,m
W )| ) ) ) (i)
1,ut 0,0 0,N-1
W™ W W - 2 2 2 2|
1,0 1,N=1 I,m I,m I,m I,m
Sy (miz o} e (min ) + (i)
2 2 I,m I,m
L _ | Wo0 Wo,n-1 M0 Mygn-
wy = 2 = im Lm ’
Wl,O Wl,N—l mRs,O mRs,N—l
3 3 I,m 1,m
tm _ | Woo Wo,n-1 mp My o
W= 3 | im Lm |
WI,O WI,N—I mR,O mR,N—l
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4 4 1,m Lm
m | Woo o Wona | | Mco - Moy
- 4 4 - I,m L,m
Wio -+ Wina Miggo <o+ Mipg o

The superscript of the matrix elements, e.g. Wg,o , refers to the OTT element index.

The index-h+referstothe OTFielement
0 1
Ho.0 o
CLD, =10log,, — | ICC, =——.
7 h ok
Ll \o,071

The terms 7~. can be estimated as

and then D, (h,l, m) and D, (h,l, m) are obtained as

Dl (h,,m)=CLD, and D (h,I,m)=ICC,.

In order
an MPS
downmi
the obje

AD|

The corfesponding ADG parameters are determined as

D, (I,m)=ADG)

The obtdined Dp4, D, and D, parameters are fed into the MPS decoder.

7.5.3.3

N-1N-1
L Wk 2
F max Z W Wi €umr€ |

h
L

n=0 m=0

to achieve not only a repanning of the objects but'also an object attenuation/amplification with
renderer, the arbitrary downmix gains (ADGs) can be used for a "virtual" modification of the
Kk signal energy. The ADG is a logarithmic-measure and based on the rendering matrix Atm an|
Ct parameters (OLD, I0C and DMG):

trace(F) 5
G =10log,,| max| ———%,¢

»

[N

Stereo downmix (“x-2-5") processing mode

7.5.3.3.1 General

The following subclauses give a description of the SAOC transcoding mode for the stereo downmix case.
The object parameters (OLD, I0C, DMG, DCLD) from the SAOC bitstream are transcoded into spatial
parameters (CLD, ICC, CPC) for the MPS bitstream according to the rendering information. The

downmi

x is modified according to object parameters and rendering matrix.

The transcoding process can conceptually be divided into two parts. In one part, a three-channel
rendering is performed to a left, right and center channel. In this stage, the parameters for the downmix
modification as well as the prediction parameters for the TTT box for the MPS decoder are obtained. In
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the other part, the CLD and ICC parameters for the rendering between the front and surround channels
(OTT parameters, left front - left surround, right front - right surround, center - LFE) are determined.
This is illustrated in the right side of Figure 14.

7.5.3.3.2 SAOC downmix preprocessor unit

The SAOC downmix preprocessor unit modifies the downmix according to the MPS parameters derived
from SAOC data and rendering information. The matrices G, P,, and P, of size 2 x 2 are given as

A

G- ng}, Ko > g,
G, otherwise.

V:VW,, otherwise.

The matrix G of size 2 x 2is given as

A

G= DTTTC3 .
The render upmix error matrix R of size 2 x 2 with elements 7, ; is defined as
*
R = A4 EA gifr -
where

Adiff = DTTTA3 -GD,
The covariance matrix-R of size 2 x 2 with elements 7, ; of the predicted signal is obtained as
R=GDEDG".

To derive.Vr and Wy, the characteristic equation of R needs to be solved:

det(R - 4,,I)=0, giving the eigenvalues, 4, and 4,.

The corresponding eigenvectors vri and vgz of R can be calculated solving the equation system:

(R—4,,DVgip, =0.

Eigenvalues are sorted in descending (4, > 4,) order and the eigenvector corresponding to the larger

eigenvalue is calculated according to the formula above. It is assured to lie in the positive x-plane (first
element has to be positive). The second eigenvector is obtained from the first by a 90° rotation:
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*

R=(ven) § 1 [

0 4
The matrix Rq of size 2 x 2 with elements rl.f/, is determined as
R,=PDEDP,.

The gainmatrix W, ofsize 2 x 2 can cuhcpqnpnﬂv be calculated as

- =]
W, z,]) =
otherwise.
The gair] matrix Wy of size 2x 2 is determined as
/1R

min L 2, i=],
Wi, j)= max(rlff.,gz)

0, otherwise

and the matrix Vr is determined as

Wk F (VRIVRZ ) .
7.5.3.3.3 SAOC parameter processing unit
Rendering to left, right, and center channel

In this $tage, the spatial parameters are’ determined that control the rendering to a left and right
channel) consisting of front and surr@und signals. These parameters describe the prediction matrix ¢f
the TTT| box for the MPS decoding Crrr (CPC parameters for the MPS decoder) and the downmi
convert¢r matrix G.

W

Crrr is the prediction mattix to obtain the target rendering from the modified downmix X:
Cr{X=C;GX¥~AS.

A3 is a feduced rendering matrix of size 3 x N, describing the rendering to the left, right, and centsg
channeljrespectively. It is obtained as A, =D, M, with the 6-to-3 partial downmix matrix D3 define

by

Q=

w 0 0 0 w O
D=0 w, 0 0 0 w,
0 0 wy wy, 0 O

The partial downmix weights, w,, p = 1,2,3 are adjusted such that the energy of downmix signal is equal
to the sum of energies of its components, up to a limit factor:
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W= f1,1+f5,5 W = f2,2+f6,6 W _\/ﬁ
1= 4 2 ) 3 =~
max(f,, + fys + 2£5.6") max(fy, + foo + 2fr0:8")

where f; ; denote the elements of F.

For the estimation of the desired prediction matrix Crrr and the downmix preprocessing matrix G, a
prediction matrix Cs of size 3 x 2 leading to the target rendering is defined as

C.X=~A,S.
Such a matrix is derived by considering the normal formulae:

C,(DED’)~AED".

-

he solution to the normal formulae yields the best possible waveform ‘match for the target output
iven the object covariance model. The matrices G and C;; are obtained by solving the system of

=n 09

brmulae:

C.;G=C

TTT 37

where
C,=A,EDJ.

The matrix J is determined as J A according'to 7.5.4 with A =DED".

>

weighting matrix W of size2x 2 is computed as

W(i,j)= gD(f'P)E(p,p)l i=J,

0, otherwise.

Since Crrr is a function-ef the MPS prediction parameters c1 and c; (as defined in ISO/IEC 23003}1:2007),
C.G =C, is rewritten in the following way, to find the stationary point or points of the functiqn

c
' =D,
Ce

WIth T=(D777 C; JW(D;; ;) and b=Bv,

1
j, B=D,;; C,WC;,and v=| 1
-1

1 01

where D, =(0 -

If I' does not provide a unique solution [det(F) <107], the point is chosen that lies closest to the point

resulting in a TTT pass-through. As a first step, the row i of I' is chosen y=[y,, 7,,] where the
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elements contain most energy, thus y,* +7,,> 2y, > +7,,’, j=12.Thenasolution is determined such
that

Ci 1 B(i,3

~ :(J—:%y withy = (l ) y'.

C2 max( Z 7/52/'82}
=y

If the obtained solution for c¢; and c¢2 is outside the allowed range for prediction coefficients that.Is

defined fas -2 < Ej <3 (as defined in ISO/IEC 23003-1:2007), E'j shall be calculated according(to th
following.

¢}

First define the set of points, x;, as:

2y, b 3y, —b
min| 3, max —2,—L min| 3, max —2,_L
Vi té ’ Vi té

-2 3
P -2 3

min| 3, max —2,—L min| 3, max —2,_L
Voo T E Top t€

and the fistance function,

distfunc(x,) =x,T'x,, —2bx,.

Then the prediction parameters are defined according to

XEXp

C2

(Cl =arg min(distFunc(x)) .

The predliction parameters are-constrained according to

(1=A)er+ 4 ¢, = (1=A)e2 + A7,

G

where 4, 7, and\p, are defined as

| 2fl,1+2f5,5_f3,3+f1,3+f5,3 _ 2f2,2+2f6,6_f3,3+f2,3+f6,3
A as as A A YN Y Y Y Y
2J11 T E)ss TEJ33 T 13 53 “J22 T =J66 T EJ33 T T 23T 63

8

2
(St froH fon+ fog+ Srst fos+ fos+ Sos+ fis)
(o fost fas 205+ 2053 )(fon + fos + fos + 2623 +2155)
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For the MPS decoder, the CPCs and corresponding ICCrrr are provided as follows:

Do, (hlm)=c,, h={1,2},and

D l,m)zl.

ICCrrr (

Rendering between front and surround channels

[

he parameters that determine the rendering between front and surround channels can be.e
irectly from the target covariance matrix F with

QL

max(fu,ez)
max(fsrs,gz)

max(flls,gz)
\/max(f]'l,gz)max(fsls,gz)

)

CLD, =1010g10£ J, ICC, =

max(fz_z,sz)

, ICC, = max (o)
max(fé'é,gz)

CLD, =101 B
X 0gy9 \/max(fz'z,gz)max(fé’s,gz)

)

max(fw,sz)

CLD, =10lo
0 1o max(f4‘4,52)

The MPS parameters are provided in the form

D, (h,l,m) =CLD,, Dy, (h,l,m) =ICC,, h= {0,1,2}
for every OTT box h.
Dual mode

The SAOC transcoder can let\the mix matrices P, P2, and the prediction matrix C; be ca
according to an alternative scheme for the upper frequency range. This alternative sc
particularly useful for downmix signals where the upper frequency range is coded by a non-w
preserving coding algorithm, e.g. SBR in High Efficiency AAC.

oy

or the upper parameter bands, defined by bsTttBandsLow < pb < numBands, P1, P2 and Cs sl
plculated according to the alternative scheme described below:

00
RER = ]

Q

btimated

Iculated
heme is
aveform

hould be

Define the energy downmix and energy target vectors, respectively:

€y = (e"”‘“ J = diag(DED’),

edmx2

Cart

etar = etar2 = dlag(A3EA§ );

etar3
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and the help matrix
tl,l t1,2
T=|t, t,|=ADJ,.
t t

The matrix J,, is determined as Jp * A-* according to 7.5.4 with A=DD".

The gain vector g is determined as

etarl

2 2 2
max(ty 1€qnq + 17 2€amx2 )

8=|81 1= €tar2

2 2 2
max(t; 1€quq +12 2€4mx2 )

etar3

2 2 2
max(t3 1€qmng + 13 2€qmy2 ")

The predliction matrix C, is determined as

&ty &ha
C F| &b, &by
&l 8,

7.5.4 Computation of matrix ]

The matrix ] = A-1of size 2x2 is defined as
b *
J=[v/ vj)ﬂ1 ) (Vf Vﬁ),
0 A
where bpth modified eigenvalues 4’ are determined as

i 1 JL

N

[ o] L on—
max(Z4 ,C ) 80

The eigenvalues 4’, (4’ = 4;) of the matrix J and corresponding eigenvectors v;, are calculated

solving the following characteristic equations

det(A-27,1)=0,

(A~ 40)vi; =0.
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7.5.5 Decoding modes
7.5.5.1 General

In this subclause, the method for obtaining an output signal using SAOC parameters and panning
information associated with each audio object is explained. The SAOC decoder is depicted in Figure 2
(right) and consists of the SAOC parameter processor and downmix processor.

The SAOC parameter processing unit calculates the upmix parameters (G, P,, and P,) derived from the

AOC data (OLD, IOC, DMG, DCLD), rendering (and HRTF) information. The downmix processol applies
nese parameters and uses the corresponding synthesis filterbank yielding the final output PCM|signal.

—

7.5.5.2 Mono to binaural "x-1-b" processing mode

The upmix parameters G, P, and P, are computed as

P, exp[j%jcos(ﬁ+a) 0
G= )

P, exp{—j(%c}cos(ﬂ—a) 0

o o
P = ,
00

P ex ¢—C i

> exp ]2 sin(B+a) 0
P = .
Pjeexp(—j%]sin(ﬁ—a) 0

The gains P, and P, for the left and right output channels are defined as
12 _ fz,z 2
max| — /&% | and P, = /max| —=,¢
12 v

The interchannel phase difference ¢. is given as

jox arg(f,,), 0<m<Il, p.>06,
] 0, otherwise.

Tihremterchammetcoherence p s tomputedas

[£d
\/max(f]'lfz'z,gz)

P =min .
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The rotation angles & and [ are given as

and

%arccos(pc cos(arg(fL2 ))), 0<m<I11, p.<0.6,

)

1
—arccos , otherwise
2 (pc)

B

7.5.5.3

In case ¢f stereo output, the "x-1-b" processing mode can be applied without using HRTF informatio.

P,-P
arctan[tan(a)u].
P +F

Mono to stereo "x-1-2" processing mode

This can/be done by deriving all elements ¢, ; of the rendering matrix A, yielding:
A j| =My Ar,j = Mp,j
7.5.5.4 | Mono to mono "x-1-1" processing mode
In case df mono output, the "x-1-2" processing mode can be appliedwith the following entries:
a, |=me;, ap,; =0.
7.5.5.5 | Stereo to binaural "x-2-b" processing mode
The upmix parameters G, P, ,and P, are computedzas
oo 1" NS
L x| J cos(f+a) Pl exp iy cos(f+a)
G . 1 )
P, exp(—j%)cos(ﬁ’—a) P, exp(—j%)cos(ﬂ—a)
I 1
Pl k= ,
0 0
arg|c )
P, exp)'j (21'2) sin(f+a) 0
P, +
( arg\ ¢,
I eXpL—]TJSIHU)'—OC) 0
The corresponding gains P, P, (with x=0,1) and P, , P, for the left and right output channels are
defined as
max %,52 , Py = |max ij,gz
A v
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The desired covariance matrix F* of size 2 x2 with elements f*. is given as
J

F'=AE'A’.

Thecovariance matrix C of size 2 x 2 with elements ¢ of the “drv” binaural sionalis estimate
J [=]

C=GDED'G ,

where

4’ Ny
P eXP(JT P, exp ]7

0 1 '
P’ ex —'¢— Plex —'¢—
o 12 o 1%

G:

-

he corresponding scalars v* and v are computed as

v =D'E(D") +¢%,

v=(D'+D')E(D’+D') +¢?,

<

fhere the downmix matrix D* of size-1x N contains the elements dx;, (with x=0,1) of the d
natrix D of size 2x N .

=

The matrix E* with elements el.x_j (with x = 0,1) are derived from the following relationship

X d\'i dr/'
€;,=e,; ~ — .
- \ dy, +d5 do,_,- +d, ;

The interchannélphase differences ¢* are given as

i arg(fy), 0<m<ll, p.>06,
0, otherwise.

I'ne ICCs p. and p, are computed as

‘flz‘ . ‘cl,z‘
,1 land P =min
2 2
\/max(fl'llez,g ) max(cl‘]cm,g )

£y =Mmin

.
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The rotation angles & and [ are given as

a =

7.5.5.6

In case o

P

%(arccos (Pr ) —arccos (pc )) and  f=arctan [tan(a) %) .

R
Stereo to stereo "x-2-2" processing mode

f stereo output, the stereo preprocessing is directly applied as described in 7.5.3.3.2.

7.5.5.7

In case (
as descr

7.6 EAQ
7.6.1 Q

The SA(Q

level amjplification/attenuation without significant decrease in the resulting-sound quality only in a very
limited ay. A special "Karaoke-type" application scenario requires a total suppression of the specific
objects, psually the lead vocal, keeping the perceptual quality of thebackground sound scene unharmedl.

A typicd
examplg

7.6.2 SAOC architecture supporting EAO

The EAC
OTN prd

Stereo to mono "x-2-1" processing mode

f mono output, the stereo preprocessing is applied with a single active rendering matrix entr
bed in 7.5.3.3.2.

<

processing for baseline and LD profiles
eneral

C technology allows the individual manipulation of a number of audio objects in terms of their

1 application case contains up to four enhanced audia object (EAO) signals, which can, fqr
represent two independent stereo objects.

processing incorporates the OTN or TTN uhits, depending on the SAOC downmix mode. The
cessing unit is dedicated to a mono and the TTN to a stereo downmix signal. Both these units

represeint a generalized and enhanced modification of the TTT box known from ISO/IEC 23003-1. In the

encoder
are em

are rec
incorpol
product
regular

Figure 1

regular and EAO signals are combined into the downmix. The OTN-! /TTN-! processing units
oyed to produce and encode the corresponding residual signals. The EAO and regular signals
vered from the downmix by the OTN/TTN units using the SAOC side information an

ated residual signals. The recovered EAOs are fed into the rendering unit which represents the
of the corresponding rendering matrix and the resulting output of the OTN/TTN unit. The
audio objects are delivered to the SAOC downmix pre-processor for further processing.

6 depicts the general structure of the residual processor.
SAQC data \ Xop
L N 2SR >
»( OTN/TTN EAO Xiro
""""" > unit  E==T"F| processor >
M F===p Acpe [1mmrmimmmems -

An MBO

64

res MreHT

Figure 16 — Architecture of the residual processor

is treated the same way as explained in 7.10.
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The residual processor output signals is computed as

XOBJ = MOBJXres

and

X0 = ApoMi 0 X

EAO — {MEAOVREAO M res !

YNIETE Ao, TEPrESEnts e aownmlix signdl ol the Tegular audlo obJects (1.€. NON-EAUS ) and A, 1S the

—

endered EAO output signal for the SAOC decoding mode or the corresponding EAO downmix Signal for
ne SAOC transcoding mode.

—

-

he residual processor can operate in prediction (using residual information}~or energy [without
psidual information) mode. The extended input signal X is defined as

—

X
X = (-— --J ,for prediction mode,
res

X.. =X, forenergy mode.

-

he OTN/TTN processing is represented by matrix Mhand EAO processor by matrix A/, . The

Qo

TN/TTN processing matrix M is defined according to- the EAO operation mode (i.e. prediction or
nergy) as

(¢)

M=M for prediction mode,

Prediction ’

M =M., for energy mode.

-

he OTN/TTN processing matrix M isrepresented as

M = (MOBJ J )
MEAO

where the matrix M, relates to the regular audio objects (i.e. non-EAOs) and M, to the EADs.

()

alculation ofithe matrix A,

The EAO-pre-rendering matrix A, is defined according to the number of output channels (if. mono,

wn

tereo'or binaural) as

Ao =A, for mono case,

EAO

EAO
Apo=A), for other cases.

EAO

: EAO : EAO . ;
The matrices A, of size IxN,, and A;™ of size 2x N, are defined as

EAO _ TyEAONEAO FAO _ (. FAO _ FAO _ FAO _ FAO _ FAO _ EAO
AT =D M7, Dy _(Wl W, Ws Ws W W, )’
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EAO _ yEAOp 7 EAO EAO _
A2 _D26 Mren ’ D26 _(

EAO EAO EAO EAO
w 0 w; W, w Oj
)

EAO EAO EAO EAO
0 w, W, w; 0 w,

where the rendering sub-matrix Mfe‘:o corresponds to the EAO rendering.

EAO
The values w;" are computed as

2,2 6,6 2,6

EAQ EAQ EAQ EAQ
WA _ fl,l +f5,5 WEA _ 2,2 +f6,6 WEAo _L
L max(fEAO+fEAO N ZfEAO 82) ’ 2T max( EAO+fEAO N ZfEAO 82) A _\/E’
L1 5,5 Ls
where jl._EjAo denote the elements of F**° = AA". The matrix A is defined in 7.4.5.3.

In case jof binaural rendering, the matrix AEAO is defined by formulae given in~7.722, for which the

corresponding target binaural rendering matrix contains only EAO related eleménts.
7.6.3 (alculation of the OTN/TTN elements

7.6.3.1 | General

The OTIN/TTN upmix process is represented either by matrix'M for the prediction mode qr

Prediction

Energy [OT the energy mode. In the first case, M is the product of two matrices exploiting thle

downmix information and the CPCs for each EAO channelIt is expressed in parameter-domain by

Prediction

M -DC,

Pfediction

~—1 ~
where ( contains the CPCs and D is the-inverse of the extended downmix matrix D of size 6xp
obtained with

o

~1 ij
D [=—.

den

The elements ;’j,]‘ are derived using the following formulae:

gl1,1 =1—|—an2.,

dip=- ij”/J’

5 2 2 2

dis= m, +mn, +mn; +mn, —m,nn, —m;nn, —m,nn,,
S 2 2 2

dia =my, +m,n; +myn; +m,n; —mn,n, —myn,n, —m,n,n,,

5 2 2 2
dis =m, +msn; +msn, +mn, —mmn,n, —m,n,n, —m,n,n,,
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5 2 2 2
die =m, +m,n; +m,n, +mn; —mn,n, —m,n,n, —m,n,n;,,
_ 4
2
dap =1+Zmi ,
=

7 2 2 2
da3 = n +nm; +nm; +nm; —mm,n, —mmsn, —mm,n,,

d24 =n, +n,m; +n,m; +n,m; —m,mn, — m,m,n, —m,m,n,,
[ 2 2 2

d25 = n, +nym; +n,my + nymy — mymn, — mym,n, — mym,n,,
J 2 2 2

d26 =n, +n,m +n,m; +n,m; —m,mn, —m,m,n, —m,m,n,,

4 4

1 2 2 .22 22 22 22 22 23

33=—1 ij an MmNy —Myny — Myny —myn;, —myn, —msn, + 2m,myusu; + 2m,m,n,n, +2m,m
J=2 j=2

Q-

7 2 2 2 2

ds4 = mm, +nn, + mynn, + mynn, + mm,n; +mm,n; —m,mnnm,myn,n, — m,m,nn, —m,
2 2 2 2

ds5 = mm; +nn, + mynn, +mynn, +mmsn; +mmsn, —m,myin, — mm,n,n, — mym,mn, —m,m,nn,

. 2 2 2 2
(36 = mm, +nn, +mynn, + mynn, +mm,n, +mmn; <w,n,nn, — mm,nn, —mmn,n,n, —n,mn,n

S

Q-

4 4

T 2 2 2.2 2.2 22 )2 22 2 )

44 =1 ij an MmN, —myn, —m; n, =m,n; —m, n, —m;n, +2mm.nn, +2mmnn, +2m,n
J=1 =1

J#2 J#2

_ 2 2 2 2
(15 = mym, +nyny +m; nyn, + myn,n, £y msn, +m,myn, — mmynn, — mm,n,n, — m;n,n,n, —m,m,n,}

S

S

2 2 2 2
(1,6 = mym, +nyn, +m; nyn, +an,n, +m,m,n; +m,m,n; —mm,nn, —n,m,n,n, —n,m,nn, —n,n,n,

Q-

J#3 %3

S

2 2 2 2
(5.6 = mym, DRy n, + M g, + myngn, + mym,n, + mymy,ny — mmn,n, — m,m,n,n, — M, nn, — m,m;n, |

3 3

LN

J

411371,

411,

.

h, ,

0,

Y

2 2 2.2 2_2 2.2 2.2 2_2 2.2
6,6 ——I—ij —Zn. —myn; —myn, —myn, —myn, —m, ny; —myn; +2mm,nn, +2mm,nn, +2m,n|
J=1 J=1

m,n,n,

4 4

1 2 ™Ny2,2 2.2 2.2 22 22 3 )

55 =—1 Emj Enj myn, —myn;, —m; ny, —m,n, —m; n, —msn, +2mm,nn, +2mmnn, +2m,ng,n,n,
Jj=1 J=l

4 4
2 2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
den =1+ E m; + E n; +myng +myn; +mny +min, +miny +myn, +mny +myn; +myny +myn, +mn, +

J=1 J=1

2.2
+myn; —2mm,nn, — 2mmynn, — 2m,m;n,n, — 2mm,nn, — 2m,m,n,n, — 2m,m,n,n,.
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The coefficients m; and n; of the extended downmix matrix D denote the downmix values for every

EAO ; for the right and left downmix channel as

m; =dogrocyr M= diesocy-

The elements d, ; of the downmix matrix D are obtained as described in 7.4.6.

The fungtiom EAO() determines mapping betweel Imdices of IMput audio object Cianmels and EA
signals:

EAD(j)=N-1-, J=0,.,Ngo—1.
The energy-based encoding/decoding procedure is designed for non-waveform preserving coding ¢f

the dowpmix signal. Thus, the OTN/TTN upmix matrix for the corresponding energy mode does not rely
on specific waveforms, but only describe the relative energy distribution of the inputaudio objects.

7.6.3.2 | TTN matrix using prediction mode

In case gf a stereo output, the extended downmix matrix D is

1
1 0 m, my
!
!
0 1 1o Npno 1
HE I
0 0 : ’
P o
!
! —
NEAO -1 nNEAO -1 I 0 1
and for 2 mono output, it becomes
1
1 1 1My Neao-1
!
!
DE my + 1, =1 - 0
!
0
!
! _
mNF/A071 +nNF_A0*1 | 0 1

With a sfereo downmix, each EAO j holds two CPCs ¢, ; and ¢, yielding matrix C

1 0 10 - 0
0 110 0

C=| ¢ Co,1 E 1 0.
NvEA()_ll0 ]\/EAO_I'1 i 0 1
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The CPCs are derived from the transmitted SAOC parameters, i.e. the OLDs, IOCs, DMGs and DCLDs. For

one specific EAO channel j=0--- N, —1 the CPCs can be estimated by

5 _ PLoCo,jPRn - PRnCa,jPLaRo E _ PRoCo,jPLo - PLOCO,jPLORO
0 2 ’ i1 > .
IDLUIDRU - 1)1,0130 IDLOIJRO - ])LoRo

The energy quantities £, By,, P z,» Foc, ;o and Py, ; are computed as

NEAO -1 NEAO -1
B,=OLD,+ >, > mme,,,
=0 k=0
NEAO -1 NEAO -1
Py, =OLDy+ 3 X nne,,
J=0 k=0

NEAO -1 NEAO -1

Popo =€+ D, D, mme,,
j=0 k=0
Neao—1
P oo =m,OLD, +ne, ,—mOLD, - z me, .,
i=0
i#j
‘}vEAO_1
Peoco; =N,0LDy +m e, , —n,OLD, — Z 0e, ;.
i£0
%]

Qo

ownmix information:

N—=Ngpo-1
OLD, = > d;OLD,

i=0

N—=Ngpo0-1
OLD, = > dZOLD,

i=0

JOC,,,  N-=Ngo=2,

10C, k= .
' 0, otherwise.

he parameters OLD,, OLD,,, and IQC,, correspond to the regular objects and can be derived using

The covariance matrix e, ; is defined in 7.4.3.2.

The CPCs are constrained by the subsequent limiting functions:

Ngao -1 Neao -1
m,OLD, +ne, , — z me, ; n,OLD, +me, , — ne,
_ i=0 _ i=0
7/j'1 B Neag 1 Ngao—1 ’ 7/'2 B Neag ~1 Ngao—1 ’
2(0LD, + > > mmye, 2| OLD+ Y. > nnme,,
=0 k=0 =0 k=0
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with the weighting factor
8
Z — [)LZORO .
[)LOP Ro

The constrained CPCs become

¢ o=(1=A)c.atdy, e =(1=A)c, + Ay,
I < 7 [Ny Tt AN 7 70

The residual processor output signals are computed as

l()
Ty
_ Prediction
Xoph = Mg, res, |,
res Neao-1
IO
G
X _ A MPrediction res
EAD — “MEAO EAO 0 ’
14
es Neao—1

[
where ||’ ] represents the input signal to the"SAOC decoder/transcoder.
7o

7.6.3.3 | OTN matrix using prediction mode

In case gf a stereo output, the'extended downmix matrix D matrix is

1 1 | 1My Npg -1
m, m% D
D 2 2 1 0
. : O )
Neao—1 mNEAO -1 : 0 —1
2 A

1 ; mo NEA071
B M E -1 0
. 0 .
Neao—l1 ; 0 -1
70
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With a mono downmix, one EAO j is predicted by only one coefficient ¢; yielding

1 i() o 0
¢ 1 -0
C= .o . -
0
Ngao—1 :0 1

All matrix elements ¢; are obtained from the SAOC parameters according to the relationships }I)rovided

—n

n the previous subclause.

The residual processor output signals are computed as
L
X _ MPrediction reSO
oBJ — *Y10BJ . ’
resy . i
G
- res
_ Prediction 0
XEAO - AEAOMEAO
resy, .-

7.6.3.4 TTN matrix using energy mode

In case of a stereo output, the matrix My, =~ are obtained from the corresponding OLDs accord|ng to
OLD
I Neno _IL O
\/ OLD{+"»  m}OLD,
i=0
OLD
0 I NEAO _If
\/OLDR + > nlOLD,
i=0
Enérgy =A mg OLDO ’ ng OLDO

Ngao—1 / Neao—1
QLD + > w*oID AMOoLD + S »*QID
L ;J 1 1 V Jid ;J 1 1

A

mjszAO -1 OLDNEAO -1 ngVEAO -1 OLDNEAO -1
Neao—1 Ngao—1
OLD,+ Y m!OLD, \|OLD,+ > n’OLD,
i=0 i=0

© ISO/IEC 2018 - All rights reserved 71


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

The residual processor output signals are computed as

ner l
Xop = Mgngy( ’ j'

B

NEer; l
Xpro = AEAOMEAOgy { ’ j

)

The adaptation of the formulae for the mono signal results in

[ OLD, [ OLD,
Ngao—1 Neao-1
\/ OLD, + Y m’OLD, \/ OLD, + Y n’OLD,
i=0 i=0
meOLD, neOLD,
Ngao -1 Ngao -1
2 2
M, =A| | OLD, + Zol m>OLD, \|OLD, + ZO: n’OLD,
mi/EAO -1 OLDNEAO -1 ni/EAO -1 OLDNEAO -l
Ngao—1 Ngao—1
OLD, + Y. m'OLD, \|OLD,+ » -n’OLD,
i=0 =0

The resifual processor output signals are computed-.as

Xop = M(E)Igchgy (do ) ’

Kero = AoMEs (d) ).

EAO —
7.6.3.5 | OTN matrix using energy mode

The corfesponding OTN matrix M for the stereo output case can be derived as

Bnerzy
OLD,
OLD,
w18 NL’IA“ N Niml JmZOLD, +\[nOLD,
L \/ULUL T %; m; OLD, \/()LUR ¥ 2 7 OLD, J :
JM SOLDy |+, OLD,

EAO -1

Hence, the output signal Y of the OTN element yields
Y=M d,.

Energy
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For the mono output case the OTN matrix My, reduces to
L NOED
1 m;OLD,
MEnergy = A New—1 .
EAQ
OLD,+ Y mlOLD,
\/ i=0 \/mfszAo _IOLDNEAO -1

Renormalization of OLD parameters

oyl

or the SAOC parameter processor the OLD parameters of the regular audio objects are renormplized as
pllows:

-

OLD*

OLD/*" = WLDX)

rhere OLDZ.X°bj represents a subset of OLD parameters corresponding to the signals remaining in the

<

downmix after application of the residual processor.

~]

.7 SAOC-DE profile decoding modes

7.7.1 Overview

The general structure of the SAOC-DE decoding mgdes consist of two signal paths (see Figure 17).
X . X Xpost(processed)
AW, g 3G - Feo-wW!l =
-y epG [CC L8 > DE _____? _5] 'PDG [__
Xres : :
ooy Mg o

Figure 17 — Basic structure for SAOC-DE profile decoding modes

-

he output sighal of the SAOC decoder is produced by the corresponding mixing of a modified downmix
jgnal and'a processed residual signal as follows:

wn

X = Gpe X+ Mpe X, -

7.7.2 SAOC-DE parametric processing mode

7.7.2.1 General

The upmix matrix G, is computed as

GDE = MrenED*JDE .
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The residual signal path is disabled by

My = 0MxM-

The matrix J,¢ = (DED* )71 of size M xM is defined as

]DE

= UA™U *,

Here, the singular vector U of the matrix product A = DED" is obtained using the following

characts

UAU  =A.

The regylarized inverse, A™, of the diagonal singular value matrix A is computed as,described in thie
followin‘L.

A number N, of sub-matrices A, (of size NJ x N{) is determined as described in 7.7.2.2. For each sul

matrix A, the regularized inverse ]q ~ A: is determined as described in:%.7.2.3.

The resy

matrix J

JDE

where g

7.7.2.2

A sub-n

A(chl,c}z) corresponding té_ the downmix channels ¢4 and ch, assigned to the group g, (i.¢.

g, (idx,)

The gropp g, of size'1x NJ is defined by the smallest set of downmix channels with the following

properties.

— The

ristic formula

Its of the independent regularized inversion operations J A;ll are combined for obtaining thie

oe as:

J, (idx, ,idx,), g, (idx,)=ch and g, (idx,)=ch,,

0, otherwise,

chl,chz)z{

o 1s specified in 7.7.2.2.

Grouping of downmix channels

[7)

atrix A, of size NJxN&, with elements A, (idxl,idxz), is obtained by selecting the element

=chand g, (idxg)=¢ch,).

ifput signals contained in the downmix channels of group g, are not contained in any othdr

dow

nmix channel. An mput signal 1s not contained In a downmix channel 1I the corresponding

downmix gain is given by the smallest quantization index (see Table 53).

— All input signals i contained in the downmix channels of group g, are not related to any input signal
j contained in any downmix channel of any other group (i.e. bsRelatedTo[i][j] == 0).

74
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7.7.2.3 Regularization of singular values

The regularized inverse operation (-)" used for the diagonal singular value matrix A is determined as

I , if i=j and abs(4,,) =T},
Amv — ﬂuil:’/v — ﬂ, ) ”

0 ,otherwise.

The relative regularization scalar 7.,

o is determined using absolute threshold 7 ., and maximal value of

€g
A as

reg reg’ reg

T =max(abs(/1,.‘i))T T, =10".

7.7.3 SAOC-DE EAO processing mode

-

he final output X of the SAOC decoder is defined from the downniix signal X using the SAOC
parametric information, residual signal X, and rendering control variables mgyg,, mgg, as

X = g0 X + (Mego — Mo ) Dego ( R ED I X +X ) ;
where matrix J¢ is computed in 7.7.2.

This formula can be represented also in the following/form
X =Gy X+M, X

res’

Wwhere
Gpe = Mygoly + (Mego — Mage Wrco ReaED Jpe
Mpe = (Mego — Mo ) Do -

The term X, of size Ng,o(ihcorporates residual signals res for EAOs from SAOC bitstream:

X, =res.

The matrix RS is definedas R, = (ONEonNfNEAo L. )

7.8 DCU processing

7.8.X ‘\General

Vithin the overall SAUC system, the distorfion confrol unit (DCU]J iS incorporated into the SAOC
decoder/transcoder processing chain between the rendering interface and the actual SAOC
decoding/transcoding unit. It provides a modified rendering matrix using the information from the
rendering interface and SAOC data (see Figure 18). The modified rendering matrix can be accessed by
the application, reflecting the actually effective rendering settings.
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SAOC bitstream - - ¢--p SAOC Outout
. l decoding/transcoding utpu
Downmix  ————> unit channels
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! 1 l,m
Ml'm ; : ren,lim M df d
Rendering *"“ren 1 odifie
matrix input =~ ™ DCU - d---mm e - rendering
matrix

A
1

1
8bcu

Figure 18 — DCU within the overall SAOC system

Based ¢n the user specified rendering scenario represented by rendering -matrix M with

ren
I,m
ren,lifn

1,
elementp m;, j’” ,

comprising limited rendering coefficients, which shall be used by the SAOC rendering engine. For al

the DCU prevents extreme rendering settings by producing a maodified matrix M

—_—

operatignal modes of SAOC, the final (DCU processed) rendering coefficients shall be calculated
according to

1, _ _ I,m I,m
Mren,lim - (1 gDCU )Mren + gDCUMren,tar '

The parameter g, € [0,1] is used to define the degree of transition from the user specified rendering

Lot
Ion, tar

matrix M'”" towards the distortion-free target matrix M . The parameter g is derived from the

bitstreain element bsDcuParam according to:

Zpdy = DcuParam[bsDcuParam].

The parameter g, can be also set by thejuser or application.

There dre two possible versions<of the distortion-free target matrix M'”

ren,tar /

suited for different

applicat]ons. It is controlled by the bitstream element bsDcuMode:

I,m
ren,tar

— (bsDcuMode == 0);-the’ “downmix-similar” rendering, where M corresponds to the energy

normalized downinix matrix;

— (bsPcuMode. == 1): the “best effort” rendering, where M"” is defined as a function of both

ren,tar

downmix\and target rendering matrix.

7.8.2 D€Uapplicatiomfor EAO

For SAOC decoders that decode residual coding data and thus support the handling of EAOs, it can be
meaningful to provide a second parameterization of the DCU which allows to take advantage of the
enhanced audio quality provided by the use of EAOs. This is achieved by decoding and using a second
alternate set of DCU parameters (i.e. bsDcuMode2 and bsDcuParam?2) which is transmitted as part of
the data structures containing residual data (i.e. SAOCExtensionConfigData() and
SAOCExtensionFrameData()). An application can make use of this second parameter set if it decodes
residual coding data and operates in strict EAO mode which is defined by the condition that only EAOs
can be modified arbitrarily while all non-EAOs only undergo a single common modification. Specifically,
this strict EAO mode requires fulfillment of two following conditions.
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— The downmix matrix and rendering matrix have the same dimensions (implying that the number of
rendering channels is equal to the number of downmix channels).

— The application only employs rendering coefficients for each of the regular objects (i.e. non-EAOs)
that are related to their corresponding downmix coefficients by a single common scaling factor.

7.8.3 “Downmix-similar” rendering

7.8.3.1 General

The “downmix-similar” rendering method can typically be used in cases where the downnLix is an
mportant reference of artistic high quality.

s

I,m

The “downmix-similar” rendering matrix M.’ ;¢

is computed as

l,m _ l,m _ 1,m !
Mren,DS - Mren,tar -\ NDS DDS ’

where Nll)'g' represents the energy normalization scalar (for each parameter time slot / and prpcessing
hand m) and D/ is the downmix matrix extended by rows of‘zero elements such that nunjber and

arder of the rows of Dgs correspond to the constellation of Mie': (of processing band m ). For ¢xample,
in the SAOC stereo to multichannel transcoding mode (“x%2-5” processing mode), the number df output
channels is N, = 6. Accordingly, DL is of size N %N and its rows representing the front left and

ght output channels equal D'.

—

Note that the extended downmix matrix Di)s is independent from the frequency parameter|m since

. . I . . .
he downmix matrix D’ is frequency invariant.

—

7.8.3.2 All decoding/transcoding- SAOC modes

o]

or all decoding/transcoding SAOC modes the energy normalization scalar NS'S” is computed ysing the

-

bllowing formula:

1,m I,m * 2
tmce(Mren (Mren ) )+ £

Ny = -
> trace(Dl (Dl) )+32

7.8.4 “Best effort” rendering

7.84.1 General

The “best effort” rendering method can typically be used in cases where the target rendering is an
important reference.

The “best effort” rendering matrix describes a target rendering matrix, which depends on the downmix
and rendering information. The energy normalization is represented by a matrix Ng;‘ of size Nypg xM ,
hence it provides individual values for each downmix-to-output channel transformation. This requires
different calculations of N} for the different SAOC operation modes, which are outlined in the

following. The “best effort” rendering matrix is computed as
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M =M Ng:D , for all mono downmix modes “x-1-1/2/5/b”,

ren,BE rentar

M =M

ren,tar

=NgD , for all stereo downmix modes “x-2-1/2/5/b”,

ren,BE

I : . ! - .
where D' is the downmix matrix and N/ represents the energy normalization matrix.

7.8.4.2 SAOC mono-to-mono (“x-1-1") decoding mode
For the|“x-1-1” SAOC mode, the energy normalization scalar N;’]’Z is computed using the followinlg
formula
N-1
Z(mlc’j) +&’
}ql,m — Jj=0
BE TN
(d j) +&
=0
7.8.4.3 | SAOC mono-to-stereo (“x-1-2") decoding mode
For the [x-1-2” SAOC mode, the energy normalization matrix N};” f size 2x1 is computed using the

following formula:

7.8.4.4

For the

following formula:

The elements ai";’. and a;‘"j’. comprise the target binaural rendering matrix A" .

7.8.4.5

For the “

Ngg: AP N1
Maree Sy

T

NI oo,
Jm

Z(mL./) Z(mR./) té
Lm _ | j=0 j=0
NBE | N-l ’ N-1

1\? 2 1\? 2

(dj) +& (dj) +&
j=0 j=0

SAOC mono-to-binaural (“x-1-b’%),decoding mode

x-1-b” SAOC mode, the energy- normalization matrix N of size 2x1 is computed using thie

T

N-1 *

I,m 2 I,m 2
Z“LJ (aL./ ) té ZaRJ (aRJ)
j=0

SAOC stereo-to-mono (“x-2-1") decoding mode

x-2-1” SAOC mode, the energy normalization matrix N} of size 1x2 is computed using the

following formula:

1,m
NBE

-m'7 (D) ¥,

1, . . .
where M " is mono rendering matrix of size 1x N .
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7.8.4.6 SAOC stereo-to-stereo (“x-2-2") decoding mode

For the “x-2-2” SAOC mode, the energy normalization matrix Ng'E" of size 2x2 is computed using the

following formula:

Nim = M”"(D’) J,

ren

Im . . .
where M is stereo rendering matrix of size 2x N .

7.8.4.7 SAOC stereo-to-binaural (“x-2-b”) decoding mode

o]

or the “x-2-b” SAOC mode, the energy normalization matrix Ng’g of size 2x2 is computed ysing the

-

bllowing formula:

Nim = M”"(D’) J,

ren

li . . . . .
where A™" is binaural rendering matrix of size 2x N .

7.8.4.8 SAOC mono-to-multichannel (“x-1-5") transcoding mode

oyl

or the “x-1-5” SAOC mode, the energy normalization matrix Ni;” of size N,,,q %1 is computed using

the following formula:
N-1 ) N-1 r
I,m 2 I,m 2
Z(mOJ ) té ( NMPS*IJ)
ILm _ | j=0 : Jj=0
NBE | N-I N r N-1
() +&° () +e

f=1
Il
f=}

J= 7

7.8.4.9 SAOC stereo-to-multichannel (“x-2-5") transcoding mode

oyl

or the “x-2-5” SAOC modg,)the energy normalization matrix Nj; of size N, x2 is computpd using

—

ne following formula;
NBE = MrenD*JD )
The matrix J, is determined as Jp ~ A-! according to 7.5.4 with A=DD".

7.9 Medification range control for SAOC-DE processing modes

TheZmodif ala bioimead Feoma daso d o s n oo e DU g s itati
11T lllUulll\,aLlUll o\.,cucu, IILG, lO UULCllllbu ITUIIT UUCTUUCTT lllPuL lqucuu\,u,x, IILG ] uouls CIIC 1T 1 a lon

thresholds ;.o aNd My i, for BGO and FGO as

input input
max (mG mDeLimitho ) ’ mG < 1’
mG =
input

mln (mG mput

mDeLimitho ) 4 > 1

Here, values of the limitation thresholds my, ;e E(O,l] and 7y, ;s e(O,l] are obtained from
bitstream variables bsDeLimitFgo, bsDeLimitFgoEAQ, bsDeLimitBgo and bsDeLimitBgoEAO as
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Mt imitFgo = DeLimit[bsDeLimitFgo], for FGO in non-EAO mode,

Myt imitBgo = DeLimit[bsDeLimitBgo], for BGO in non-EAO mode,

Myt imirgo = DeLimit[bsDeLimitFgoEAO], for FGO in EAO mode,

Myt imigo = DeLimit[bsDeLimitBgoEAOQ], for BGO in EAO mode.

The dedoder input parameter is non-negative m; "~ >0 and has the default value m;™" =1l-whic

disables
downmi

Output

For an dfficient practical implementation of additional external functionalities.like level adjustment (¢

bypasse
systems

SAOC dg¢coder output. The corresponding output parameter interfacé of the SAOC decoder shall b
establis:[ed in a direct, un-quantized way, where the decoder limited modification gain scalar m

represe

710 M

7.10.1 General

A multi-
downmi

accordin

object. |

to the dgwnmix channels rather\than all the upmix channels.

7.10.2 Decoding process

The foll
bitstrea

— If the SAO€ decoder supports multi-channel rendering (by means of a subsequent MPS decode

and
dow

input input

the BGO/FGO modification functionality by making the rendering matrix equal ito th
xing matrix M =D.

nterface for the decoder limited modification gain

[l (unprocessed by SAOC) channels, comprising multichannel audio scene (e.g. for 5.1 playbad
, the information about the applied BGO/FGO modification scalar #i, shell be provided as th

ted using binary32 (single) floating point format (IEEE\754-2008).

BO processing

channel background object (MBO) is andMPS mono or stereo downmix that is part of the SAO
K. The associated MPS bitstream can_be conveyed either parallel to the SAOC bitstream, i.

n the MBO case, the SAO( oyerhead gets lower as the MBO’s SAOC parameters only are relate

wing decoding“process shall be applied in the case where MPS data is embedded in the SAO
(i.e. carried by means of the bsSaocExtType==2 mechanism).

if the'number of output channels of the SAOC rendering matrix is the same as the number d

g to the MPS standard (ISO/IEC 23003-1), or it can be embedded in the SAOC bitstream using
the bsSaocExtType==2 mechanism. As opposed to using individual SAOC objects for each channel in
multi-channel signal, an MBO can bé&.used enabling SAOC to more efficiently handle a multi-channg

[CE=3

a
|
d

)
f

nmix channels of the MPS bitstream, then the embedded MPS bitstream is send "as is" to th

e

subsequent MPS decoder, and SAOC operates as a normal SAOC decoder (as shown in the right part
of Figure 2), sending the SAOC-processed output signal as input into the MPS decoder. Note that
SAOC and MPS have to be connected directly in the QMF domain in order to ensure proper time-
alignment of the MPS and SAOC side information.

— If the SAOC decoder does not support multi-channel rendering or if the number of output channels
of the SAOC rendering matrix is different from the number of downmix channels of the MPS
bitstream, then the embedded MPS data is discarded and the SAOC decoding or transcoding
(depending upon the number of channels of the rendering matrix) is carried out according to the
standard decoding process.

80
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The following decoding process shall be applied in the case where MPS data and SAOC data

are both

present independently and in parallel, i.e. when MPS data is not embedded in the SAOC bitstream.

a) Ifadecoder only implements SAOC, then the standard SAOC decoding process is carried out.

b) Ifadecoder only implements MPS, then the standard MPS decoding process is carried out.

¢) If a decoder implements both SAOC and MPS, then, if the number of output channels of t

he SAOC

rendering matrix is the same as the number of downmix channels, first the SAOC decoding process

is annlied directlzfollowed by the MPS decodinag nrocess (connected-in the OME domain) i
rr Y J J or |8 ~ J)

e. thisis

number of downmix channels, then either SAOC decoding (discarding the MRS !data)
decoding (discarding the SAOC data) can be applied.

o illustrate the decoding process defined above, an example scenario can ‘be”considered,
tereo SAOC downmix includes the stereo downmix of an MBO and a mono ~ocdl object, where
[PS data is embedded in the SAOC bitstream and where the SAOC decoder supports multi
endering (by means of a subsequent MPS decoder). To obtain a multi-channel rendering of
[BO (“karaoke mode”), a stereo SAOC rendering matrix can be used’that attenuates the vocal o

= O =2 = Z W

natrix can be used that routes the vocal object to the desired gutput channels and attenuates th
7.10.3 MPS bitstream settings for MBO

The MPS parameters for MBO shall be specified according to those of the corresponding SAO

exactly the same decoding process as defined for the case where MPS data is embedded,inthe SAOC
bitstream). If the number of output channels of the SAOC rendering matrix is the differ¢nt from

or MPS

where a
the MBO
Lchannel
only the
bject. To

btain a multi-channel rendering of only the vocal object (“solo mede”), a multi-channel SAOC r¢ndering

e MBO.

[ data in

arder to be compatible in the transcoding proce€ss. Table 57 contains the list of variables With the
cprresponding references to tables defined in ISO/IEC 23003-1.
Table 57 — List'of the MPS bitstream variables
MBO MPS configuration parametens SAOC configuration parameters Ref¢rence?
bsSamplingFrequencylndex bsSamplingFrequencylndex Tablg 5
bsSamplingFrequency bsSamplingFrequency Tablg 5
bsFrameLength bsFrameLength Tabld 5

p Defined in ISO/IEC 23003-1,

7.11 MCU Combiner
7.11.1 General

o use the SAOC concept for teleconferencing applications, a so-called multipoint control unit

ncoding the corresponding audio objects. As illustrated in Figure 19, the MCU combines t

[MCU) is
ding/re-
he input

T
required, which is able to combine the signals of several communication partners without deco
€
S

OC side information streams into one common SAOC bitstream in a way that the pa

ameters

representing all audio objects from the input bitstreams are included in the resulting output bitstream.
These calculations can be performed in the parameter domain without the need to analyse the downmix

signals and introducing no additional delay in the signal processing chain.
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SAOQC bitstreams

----------------- > Combined SAOC bitstream
----------------- > MCU e )
_________________ N combiner

MCU parameters 3

\ 4

Downmix signals

7.11.2 MCU interface and SAOC parameter estimation

The MCJ
OLD, 10(

Combined downmix signat
Audio >
combiner

Figure 19 — Outline of the MCU combiner

SAOC b:l;stream contains the resulting parameters (i.e. OLD, 10C, and, NRG) of the combined SAO

bitstrea

OLJ

NR

10(

where

E

J

OL]

The MCJ

the weig

in the c(
combine

[, and NRG) of one or several SAOC bitstreams represent the input data' for the MCU. The outpy
calculated as follows:

E.

chomb _ J

J - NRGc()mb ’

5" = max (Ej )
J

~comb bs,
o = JOC™:

Nwmb (l,rl)Nm'"b (i,n) ’

= > F F , =G"OLD!"NRG™, j=N“"(i,n),

in’
Nmmb (i,)‘l)

D, =Dy (i,l,m), (NRG =Dy (I,m),  10C,, =D (i, j,1,m).

1

J control parameters contain the gains G describing the downmix combination process fq

hted mixing,the mapping function j = N (i,n) determining a set and order of audio object

mbined\SAOC bitstream, the parameter for activating the NRG parameter transmission for th|
d bitstream, the control parameter describing the resulting downmix mode (i.e. mono g

stereo) 4

ridthe corresponding parameters D¢ve (and D" ) describing the downmix.

711.3E

nergy estimation in the SAOC encoder

J combiner interface is defined by the input, output and control data. The*SAOC parameters (i.¢.

14

)

—

[72)

c
r

All combined SAOC bitstreams shall contain parameters specifying the absolute energy of the object

with the

highest energy level for a certain time/frequency tile (i.e. bsTransmitAbsNrg == 1).

The absolute energy parameter (NRG) is calculated in the SAOC encoder as product of the object signals
with the highest energy (normalized according the corresponding time/frequency tiles) according to
the following formula:

82
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>3t ()

nel kem

221

nel kem

1, 1, I, 2
NRG"™ = max (nrgl._l.’" ) nrg;”! =max ,ET |,
; .

where the signal xl."’k corresponds to the filterbank processing described in ISO/IEC 23003-1:2007, 7.3

for the regular SAOC processing mode and in 7.13.2 for the LP processing mode.

7.11.4 Parameters of the combined bitstreams

he SAOC configuration parameters specifying the frame size and sampling fréque
sFrameLength, bsSamplingFrequencylndex, bsSamplingFrequency and bsEreqRes) sh
lentical for all combined (and resulting) SAOC bitstreams.

— 3

~]

.12 Effects

~]

.12.1 General

he SAOC effects interface operates on the downmix and therefore.is’part of the downmix pro
ne SAOC transcoder or decoder as shown in Figure 20. The effects interface allows objects
pmbinations of objects to be extracted from the downmix fof effects processing. Two types d
rocessing interfaces are supported. The first type, referred to as the insert effects interface
ffects processing to individual objects in the downmix.

oD O o 3

or linear combinations thereof. For this type, the-resulting “wet” signals can be directly adde
SAOC decoder output (see Annex C).

Send effectsighals ,Object parameters to
A A " transcoder
A
» > |
Downmix Effects interface Downrr_nx Preprocegsed
repanning g downmix

Downmix processor

Object
parameters

Figure 20 — The effects interface is a part of the downmix processor

cy  (i.e.
ould be

tessor of
br linear
f effects
b allows

The second type, referred to as the send effects intérface, allows effect processing on individual objects

d to the

black Hingrnm of the SAQC effects interface is shown in F‘ignrn 21 _The nhjnr‘f cp]iﬂ'nr, comb

ner and

extractor are described in the following subclauses. The application of the effects on the effec

t signals

(i-e. the signals consisting of objects or linear combinations thereof to which effects processing is to be
applied) and the insertion of the send effects signals (i.e. the signals consisting of objects or linear
combinations thereof to which send effects processing has been applied) are discussed in Annex C.
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(7]
Insert 3
1 ' O
i | effects | 5o
i i 23
Effect N ' Effect c3[)
objects objects @
output input @
SAOC parameters y
input g
. | Object R Object -
Dpwnmix splitter Remaining objects combiner Qepainix
input | S R N S A s “output
4> _
Effeqt L ObjeCt i i Send effec
configuration extractor i i output
Effects module
Figure 21 — Effects module in SAOC framework.
7.12.2 Insert effects
The pro¢essing block for the insert effects interface consists 6f-an object splitter isolating certain objects
from the¢ downmix for effect processing and an object contbiner inserting the effect processed objects
back into the downmix. The effect configuration datasthat is input to the effects module contains a
object split vector r™¢* indicating which objects;$hould be separated from the other objects in the
downmik. The object splitter (see Figure 21) splits object y €[0, .., N - 1] away from the downmix when
}’;"“” = 1. All entries corresponding to objects-that are not input to an insert effect are zero. The effeqt
objects gre represented by signal vector Xi';'fm with numEffObj elements, defined as:
p M-1
n, -
ingert,y, ~ Z Winserty,yo X k.
k=0
where
Ye T fobj—)eff (-y)’
d2 OLD
w. = Yy Y k=0 __ M-—1
insert;,y, N-1 7 7 7
d, ,0LD, " d, OLDIOC,
i=0
~ o
dij = 10°95PMG,

N-1

numEffObj =" r"".

84

i=0
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Function fobj_)eﬁc maps object indices to insert effect object indices according to:

vy
fobj—>eff (y) _ Zrimsert )

i=0

For a mono downmix case, the downmix matrix D is definedas d, =4, , =d, , = 10"%7MC /ﬁ

(el |

bject splitter. This residual downmix is calculated as follows:

numkEffObj—1
Xresk = 1- Z Winsertk‘i Xk; k:(),...,M—l.

i=0

he effects applied to the effect objects in x. . may change the spectro-temporal propertig

insert
bjects. Using the SAOC parameters in the bitstream for further processing (transcoding and ¢
reprocessing) would then yield suboptimal performance. Therefore; the effects interface pr
AOC parameter output and input allowing the effects functions to update the parameters to re
pectro-temporal properties of the objects after effects processing. These parameters shall be
he subsequent transcoding and downmix preprocessing.

g wn LT O

>

fter effects have been applied, the resulting effect objéects X.

insert

-

his functional block combines the effect objects-with the other objects in the residual dow

Fhich it receives from the object splitter

<

numkEffObj—1
X =x,o+ > dl 3 k=0,..,M -1,

eff res, par k feff—)obj( ) insert,i ’

Where

feﬁ’—)ob] ( y‘ z rmsert

=1

e

-

he processing block for the insert effects interface is enabled for the SAOC-DE profile o
nodification range control (MRC) settings are transported in the bitstream (i.e. if bsDeLimitFl

=

7.12.3 Send effects

he remaining objects are kept in the same format as the downmix and form an additional output of the

s of the

ownmix
ovides a
flect the
used by

are fed back into the object combiner.

nmix X,

ly if no
g ==0).

he preparatlve processmg for the send effects consists of an object extractor extracting ol
C C C D

bjects or

art of the

effect configuration, object extraction matrix r® (which may be time- and/or frequency variant) is
fed into the effects module indicating the gains per object where each row represents a send effect

channel. With this matrix, effect channel ¢, € [O,. .., hrumEffCh — 1] is calculated by:

n,k _ nk
xsend,c Wsend o xLO +W

sendR xRO ’

© ISO/IEC 2018 - All rights reserved

85


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)
where
N-IN-l | N-IN-1 |
2 72 _ send  send 2 32 _ send  send
Zd()l 0,1’/; i rc“j ij zzdlldldrc i e, el,/
/,m i=0 j=0 /,m _ i=0 j=0
sendy ., N-1N-1 ’ sendp,c, N—-1N-1 ’
dOde,jei,/' d, ldl./'ew
i=0 j=0 i=0 j=0
oy
T " —
L 0.05DMG
10 /
. . . . . 0.05DMG
For a m¢gno downmix case, the downmix matrix D is defined as d, =d, , =d, , =10 f/ﬁ

The progessing block for the send effects interface is not enabled for the SAOC-DE profile.
7.13 Lgw power SAOC processing

7.13.1 General

The SAQ

filter bank, alias reduction and LP decorrelator. In SAOC LP processing mode, the decorrelator

disabled
7.13.2 7

In SAOC
7.13.3 A

In SAOC
be used

shall be ppplied instead to:

[oB

C low power (LP) processing mode includes LP tools from MPS such as its partially real value

[77)

in stereo downmix mode.
ime/frequency transform

LP processing mode, the filterbank described in ISO/IEC 23003-1:2007, 6.10.2 shall be used.

lias reduction

LP processing mode, the alias reduction tool described in ISO/IEC 23003-1:2007, 6.10.3 shall
However, in ISO/IEC 23003-1:2007; 6.10.3.3, the alias equalization applied to W, and W,

— G, in the stereo-to-mahno, stereo-to-stereo and, stereo-to-transcoding case.

_ G gnd P,, inthe monoyte-mono, mono-to-stereo, and mono-to-binaural case.

—_ G, in the stereo-to-binaural case.

— Gy, in the-SAOC-DE case.

— W, i case Post(processing) downmix compensation is active.

7.13.4 Low power decorrelator

In the mono downmix cases, the MPS LP decorrelator should be wused according to
ISO/IEC 23003-1:2007, 6.10.7.2.

For the stereo downmix cases, the decorrelator is disabled. This should be implemented by the
following:

— in the stereo-to-stereo case, always forcing 7, > &’ in subclause 7.5.3.3;

— in the stereo to binaural case, always force o' = """ =0 in 7.5.5.5.
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7.13.5 Residual coding

Residual coding is limited according to ISO/IEC 23003-1:2007, 6.10.8.
7.14 Low delay SAOC processing

7.14.1 Overview

The following subclauses outline the differences of the implementation of the low delay (LD) version of
the SAOC decoder/transcoder compared to the regular version outlined in the previous subclauses. An

[
P

7

-

=z

— =

d

7

D QMF filterbank is used and the Nyquist filtering is omitted resulting into a reduced mu
rocessing bands. Furthermore, the decorrelator filters are adapted to the LD operation.

.14.2 Time/frequency transforms

.14.2.1 Overview

he LD-SAOC decoder/transcoder employs LD QMF banks to convert time domain signals into
omain signals and vice versa. Contrary to the regular SAOC decoding mode, the oddly-m
yquist filter bank is omitted for LD-SAOC decoding; see Figure 23.

Time domain input Subband
signals domain signals
QMF -
< —® gnalysis ———» X
bank
Subband Time domain output
domain signals signals
.k QMF ~v
Yy« ——» synthesis ——» Y
bank

Figure 23 — Time/frequency transforms in LD-SAOC

he LD QME banks used for LD-SAOC decoding can be derived from the QMF banks ddg
50/1EC 23003-1:2007, 6.3.2.1 and 6.3.3 by changing the window function and the modul
escribediin the following subclauses.

.14.2.2 Analysis filterbank

mber of

subband
bdulated

fined in
ation as

The 64-band LD analysis QMF bank is defined by using the QMF LD 256 window function c[i] specified
in Table A.21 and by replacing the modulation with

~ (in(k+0.5)(2n+129) 0<k <64
M(k’")_eXp[ 128 ’ 0<n<128’
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7.14.2.3 Synthesis filterbank

The 64-band LD synthesis QMF bank is defined by using the QMF LD 256 window function c[i] specified

in Table

M(

A.21 and by replacing the modulation with

1 [in(k+0.5)(2n—255)] {0£k<64
k,n)=—exp .
64 128 0<n<l128

7.14.2.4

The 32-
interpol

c (l
of the QI

M

e

7.14.2.5

The 32-
interpol

c (z
of the QI

M

e

7.14.2.4

The win

7.14.2.7

Due to

n 3mrd 31 F .S T 1 1
DUOWILMAIIIPITU dlldly SIS ITICT UdIlIi

band LD analysis QMF bank is defined by using window coefficients ci[i] obtained by\lineg
htion

)=0(21+I;+C(21), 0<i<320

MF LD 256 window function c[i] specified in Table A.21 and by replacing.the modulation with

k,n):%xp(m(k+o.5)(2n+65)} {0£k<32

64 0<n<64

Downsampled synthesis filterbank

band LD synthesis QMF bank is defined by using@indow coefficients c;[i] obtained by lined
htion

)=C(21+1;+C(2l), 0 <i<320

MF LD 256 window function c[i] specified in Table A.21 and by replacing the modulation with

1) 1 [in(k+0.5)(2n—127)) {ng<32

=—exp .
64 64 0<n<o64

Tables
How functien'c[i] used for the LD QMF banks is specified in Table A.21.

Processing frequency resolution

the) omission of the Nyquist filterbank, the number of parameter and processing bands

—

=

S

adapted accordingly. The number of hybrid subbands K is reduced to 64 and the resulting number of

processi
in Table

ng bands M
36.

proc

is 23. The number of parameter bands is also adapted accordingly, as described

Table A.22 specifies the mapping from parameter to processing bands and is used instead of

1SO/IEC

23003-1:2007, Table 86.

The hybrid to processing band mapping is specified in Table A.23 and is used instead of

1SO/IEC

88

23003-1:2007, Table A.31.
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7.14.2.8 Binaural decoding mode

The processing follows the description of 7.5.5.2 and 7.5.5.5. The HRTF parameters are given by H"

i,L?
H, and ¢" for each processing band m. The spatial positions for which HRTF parameters are

available are characterized by the index i. These parameters are described in ISO/IEC 23003-1, where
the index mapping g(m) from ISO/IEC 23003-1:2007, Table A.32 is replaced by g(m) =m as no

hybrid filter is applied.

As the number of processing bands 1s different for the LD decoding mode, the expression 0.<jn <11 in

—

ne formulae for interchannel phase difference ¢.” and rotation angle o' is replaced by 05 m|<6.
7.14.2.9 Decorrelation

Xg

-

he decorrelated signals Xd:{ j are created from the decorrelator described in

Y24

et

50/1EC 23003-1:2007, 6.6.2. Following this scheme, the bsDecorrConfig’'== 0 configuration|shall be
sed with a decorrelator index X == 2. For region £, , as defined in Table B.14, the lattice coefficjents are

Qo

efined in Table B.15. For regions %, and £;, the coefficients are given'in Table B.16 and Table B/17.

7.14.2.10 Transcoding to Low Delay MPEG Surround

-

ranscoding to Low Delay MPEG Surround is specified infAnnex B.

o0

Transport of SAOC side information
8.1 Overview

Due to its basic principle of operation,*SAOC technology requires two data streams for its operation,
namely a stream of downmix data (the'coded downmix audio signal) and, as side information, f stream
of SAOC data (the parametric spatial audio data guiding the SAOC transcoding/decoding process).
epending on the application scenario, both data streams may or may not be conveyed to the SAOC
ranscoder/decoder as part-0fia single stream and may or may not be conveyed in a synchronized way.
he subsequent subclauses-define mechanisms for the transport of spatial data for SAOC for lifferent
nvironments employing-MPEG audio and systems to convey a coded downmix audio signal.

o 3 o

o]

.2 Transport and signalling in an MPEG environment
8.2.1 Time-alignment of SAOC frames and downmix coder frames

The SAOC frame length is preferred to be an integer multiple of the frame length of the unfderlying
dowhmix coder. Asynchronous framing of SAOC data and the downmix data (i.e. differeft frame
lengths) is possible. However, in this case, additional buffering of the SAOC data in the decoder might be
needed.

In general, SAOC data is preferably conveyed in such a manner that it is available to the SAOC decoder in
time when it is required to process the decoded downmix signals, assuming the most efficient
connection of downmix decoder to the SAOC decoder. This is a direct connection of HE-AAC and SAOC in
the QMF domain in the case that both use the same number of OMF bands (see 5.4), and a connection in
the PCM time domain in all other cases. When HE-AAC and SAOC are connected in the time domain,
even though the most efficient connection would have been in the QMF domain, the SAOC parameters
have to be delayed accordingly in order to maintain the time alignment between SAOC data and
downmix data. Information about this delay is given in 4.5.
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In the case that the SAOC data is embedded in the downmix data stream (see 8.2.2, 8.2.3 and 8.2.4), the
temporal relationship between SAOC frames and downmix frames is indicated by the value of
saocTimeAlign (see 8.2.5). If saocTimeAlign has the value 0, this indicates that the SAOC data is
conveyed in the preferred manner outlined above.

In the case that the downmix data and the SAOC data are conveyed in separate streams, the temporal
relationship between SAOC frames and downmix frames is indicated by the time stamps of the access
units of the corresponding streams. If a downmix coder other than HE-AAC is used, the time stamp of an
access unit carrying an SAOC frame identifies the first PCM sample of the corresponding time domain
downmilx signal frame that is input to the SAOC decoder. If HE-AAC is used as downmix coder, the timle
stamp of the SAOC frame identifies the first PCM sample of the corresponding time domain downmix
signal frame at the output of the AAC core decoder.

[}

If the trgnsport layer does not provide time stamps, the temporal relationship between the.data of theg
both streams needs to be defined by other means. In case of LATM (see ISO/IEC 14496-3), the firs
SAOC adcess unit and the first downmix coder access unit in an AudioMuxElement() are considered t
have thg same time stamp.

C ~

8.2.2 Transport and signalling in an MPEG-4 audio/systems environment

The sigralling of the availability of SAOC data is possible by means of an"\SAOC elementary stream that
dependq on the elementary stream containing the related coded audio downmix data (as, e.g. indicated
by the dependsOn_ES_ID field defined in ISO/IEC 14496-1:2010,77.2.6.5.2). The actual SAOC data 1s
either cpnveyed in the SAOC elementary stream or multiplexed into the downmix data stored in thie
elementpry stream upon which the SAOC elementary streant;if present, depends. The latter is specified
for MPE(:-2 /4 AAC payloads (see 8.2.3) and for MPEG-1/2.Layer I/1I/I1l payloads (see 8.2.4).

Backwards compatibility with decoders that can decode the coded audio downmix data but not thie
SAOC data is achieved in both scenarios.

The intdrface to ISO/IEC 14496-1 is in line With the specification given in ISO/IEC 14496-3:2009, 1.6
An elempntary stream carrying SAOC data‘is‘identified by the Audio Object Type “SAOC” (Object Type |
43) [of Audio Object Type “SAOC-DE” (Object Type ID 45) for SAOC-DE profile]. Th
AudioSplecificConfig() for this objeet carries the SaocSpecificConfig() (or SaocDESpecificConfig() fg
SAOC-DE profile) data and saocPayloadEmbedding, saocDePayloadEmbedding flag that indicate
whether| the SaocFrame() (or“-SaocDEFrame() for SAOC-DE profile) payload is conveyed as a
elementpry stream or embedded into the downmix data, as defined in ISO/IEC 14496-3:2009, 1.6.3.18.

= 0 = 0 I

8.2.3 Embedding SAOCdata in MPEG-2/4 AAC payloads

SAOC dpta can¢be conveyed in the AAC extension_payload() mechanism using extension_type
EXT_SA(QC_DATA~(“1010") [or EXT_SAOC_DE_DATA (“1111”) for SAOC-DE profile], as defined in
ISO/IEC| 1381X8-7:2006, 8.8 and ISO/IEC 14496-3:2009, 4.5.2.9. The extension_payload() for type
EXT_SAQG-DATA (or EXT_SAOC_DE_DATA for SAOC-DE profile) comprises the saoc_extension_data()
(or saoc_de_extension_data() for SAOC-DE profile), as defined in ISO/IEC 13818-7:2006, 6.3 and
ISO/IEC 14496-3:2009, 4.4.27, which is used to carry a SaocDataFrame(), complete or split into several
fragments, using the same syntax elements ancType, ancStart, ancStop and ancDataSegmentByte as
defined in 8.2.4, and where in the semantics of the syntax element ancDataSegmentByte, the term
AncDataElement is to be replaced by saoc_extension_data (or saoc_de_extension_data for SAOC-DE
profile).

This mechanism is backwards compatible with existing AAC decoders and provides implicit signalling.
Explicit signalling is possible in an MPEG-4 environment if the SaocSpecificConfig() (or
SaocDESpecificConfig() for SAOC-DE profile) is conveyed out-of-band, as, e.g. described in the previous
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subclause. In that case, any in-band SaocSpecificConfig() (or SaocDESpecificConfig() for SAOC-DE
profile) shall be identical to the out-of-band one. There must be at least one extension_payload()
element with extension_type==EXT_SAOC_DATA (or extension_type==EXT_SAOC_DE_DATA for
SAOC-DE profile) in each AAC frame in order to enable immediate implicit signalling. An
saoc_extension_data() (or saoc_de_extension_data() for SAOC-DE profile) element can have an empty
payload, i.e. cnt==1.

8.2.4 Embedding SAOC data in MPEG-1/2 Layer I/II/III bitstreams

OC data can be inserted as ancillary data into an MPEG-1/Z Layer I[/II/TIT bitstream as défined in
ISO/IEC 11172-3 and ISO/IEC 13818-3. The AncDataElement() is conveyed in the ancillary’data part of
MPEG-1/2 frame. It does not have to be located immediately after the audio_data of ¢hat frgme. The
first bit of the ancSyncword must be byte-aligned with respect to the first bit of the 0XEFF syn¢word of
the MPEG-1/2 frame header. The AncDataElement() must be completely included-it the ancillary data
f a single MPEG-1/2 frame. There must be at least one AncDataElement() in theancillary data of each
PEG-1/2 frame in order to enable immediate implicit signalling. An AncDataElement() can|have an
pty payload, i.e. ancLenBytes==0. If there is more than one AncDataElement() in the ancillary data of
MPEG-1/2 frame, all these AncDataElements() must directly follow each/other.

Table 58 — Syntax of AncDataElemeént()
Spntax No. of bits = Mnemonic
AncDataElement()
{
ancSyncword; /* 0x473 */ 11 bs]bf
ancCrcLen; 1 uimsbf
ancType; 2 uimsbf
ancStart; 1 uimsbf
ancStop; 1 uimsbf
cnt = ancLenBytes; 8 uimsbf
if (cnt==255) {
cnt += ancLenBytesAdd,; 16 uimsbf
}
if (ancCrcLen==0) {
ancCrcWord; 8 uimsbf
}else {
ancCrcWord; 16 uimsbf
}
ancCrcWord; 8 uimsbf
for (i=0; i<cnt; i#4){
ancDataSegmentByte[i]; 8 bs]bf
}
}
qncSyncword Identification syncword. Shall be 0x473.
ancCrcLen Indicates the length of ancCrcWord: 0: 8 bit, 1: 16 bit.
ancType Indicates type of ancillary data, see following table:
Table 59 — ancType
ancType Meaning
0x0 SaocDataFrame(0) (SAOC frame)
0x1 SaocDataFrame(1) (SAOC header and SAOC frame)
0x2 N/A
0x3 N/A
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Indicates if data segment begins a data block.

Additional number of bytes in data segment, needed if the data segments

ancCrcWord is defined by the generator polynomial G(x) = x*8+x"2+x+1 and
the initial value for the CRC calculation is OxFF if an 8 bit CRC is signalled by

ancStart
ancStop Indicates if data segment ends a data block.
ancLenBytes Number of bytes in data segment.
ancLenBytesAdd
contain 255 or more bytes.
ancCrcWord
itself.
ancDat3SegmentByte The concatenation of all
obtain an integer number of bytes.
8.2.5 SphocDataFrame including optional header

The synt

ancCrcLen. For the 16 bit CRC, the generator polynomial is G(x) = x"*16 + x"15
x"2 + 1 and the initial value is OXFFFF. The CRC covers all bits in\thle

AncDataElement() excluding ancSyncword, ancCrcLen and the ancCrc¢Word

e
AncDataElement(), starting from the AncDataElement with dncStart==1 up to
and including the AncDataElement() with ancStop==1 forms one data block. In
case a complete data block is contained in one AncDPataElement(), it h3s
ancStart==1 and ancStop==1. If ancType==0x0 or ancType==0x1 then this datla
block constitutes one SaocDataFrame() syntax elément, padded at the end to

ax of “SaocDataFrame()” is given in Table 60.

Table 60 — Syntax of SaocDataFrame()

ancDataSegmentByte from.\) consecutiy

Syntax No. of bits Mnemonijic
SaocDataFrame(saocHeaderFlag)
{
num$aocBits = 0;
if (sapcHeaderFlag) {
JaocTimeAlignFlag; 1 uimsbf
BjumSaocBits +=1;
dnt = saocHeaderLen; 7 uimsbf
umSaocBits +=7;
if (ent==127) {
cnt += saocHeaderLenAdd; 16 uimsbf
numSaocBits +=.16;
j
timpBits = SaocSpecificConfig(); Notes 1
and 2
umFillBits =(8*cnt)-tmpBits;
sFillBits; numFillBits  bslbf
umSaocBits += tmpBits+numFillBits;
if (saocTimeAlignFlag) {
saocTimeAlign; 16 simsbf
numSaocBits += 16;
}
}
numSaocBits += SaocFrame(); Notes 1
and 3
return (numsSaocBits);
}

NOTE 1 SaocSpecificConfig() and SaocFrame() return the number of bits read.

NOTE 2 In case of SAOC-DE profile, SaocSpecificConfig() is replaced by SaocDESpecificConfig().

NOTE 3 In case of SAOC-DE profile, SaocFrame() is replaced by SaocDEFrame().

92

© ISO/IEC 2018 - All rights reserved



https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

The following semantics apply.

saocHeaderFlag Indicates the presence of a SaocSpecificConfig() element.

saocHeaderLen Indicates the length in bytes of SaocSpecificConfig() plus the following fill bits.

saocHeaderLenAdd Additional length in bytes of SaocSpecificConfig() plus the following
needed if this length is 127 or more bytes.

fill bits,

bsFillBits Fill bits, to be ignored.
spocTimeAlignFlag  Indicates the presence of a saocTimeAlign element. Tf saocTimeAligqFlag==0
then saocTimeAlign is set to the default value 0.
spocTimeAlign Signed integer in the range -32768..32767, identifying the PCMIsample in the
time domain output frame of the downmix decoder that.corfesponds to the
beginning of the present SAOC frame (i.e. the first sample)of the time domain
input signal that is consumed by the SAOC decoding‘process for the| present
SAOC frame). The position of the first sample of the.output frame is represented
as 0. The present SAOC frame is the first SAOC Arame that is completed (i.e.
ancStop==1) in the present downmix decoder frame. If HE-AAC is|used as
downmix coder, the time domain output frame of the AAC core decodef (delay-
free upsampled by a factor of two in casé.of normal operation of SAO(] with 64
QMF bands) is considered here.
4.3 Transport of SAOC data over PCM channels
8.3.1 General
SAOC data can be conveyed over traditional"PCM audio channels through adding a noise signal with
specific characteristics to the PCM data. This noise signal, which actually is a randomized versipn of the
SAOC data, can be rendered inaudible by employing subtractive dithered noise shaping controlled by
the masked threshold.
§8.3.2 Syntax
According to ISO/IEC 23003-1:2007, 7.3.2.
8.3.3 Semantics
According to ISO/IEC 23003-1:2007, 7.3.3.
With thefellowing changes.
hsBDType Indicates the type of buried data according to ISO/IEC 23003-1:2007, 7|3.3 with
the addition of the two types 4 and S as cppr‘ifipﬂ inTable 61
Table 61 — bsBDType
bsBDType Type of data
0..3 see ISO/IEC 23003-1:2007
4 SAOC frame, i.e. SaocDataFrame(0)
5 SAOC header+frame, i.e. SaocDataFrame(1)
6..7 see ISO/IEC 23003-1:2007
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bsBDBytes[b] One byte of the payload of BuriedDataElement(). The concatenation of all bsBDBytes
from one BuriedDataElement() forms one data block. If bsBDType==0x4 or
bsBDType==0x5 then this data block constitutes one SaocDataFrame() syntax element,
padded at the end to obtain an integer number of bytes.

8.3.4 Decoding process

8.3.4.1 General

[77)

The decdding process consists of two steps. In the first step, the payload from the buried data channel
decoded. In the second step, the payload is converted into a complete SAOC audio bitstream.

In the ngxt subclauses, the decoding of the payload is described.
8.3.4.2 | Extraction of buried data payload (including header information)
According to ISO/IEC 23003-1:2007, 7.3.4.2.

8.3.4.3 | Synchronization

According to ISO/IEC 23003-1:2007, 7.3.4.3.

8.3.4.4 | Allocation

According to ISO/IEC 23003-1:2007, 7.3.4.4.

8.3.4.5 | Retrieval of buried data payload

According to ISO/IEC 23003-1:2007, 7.3.4.5.

8.3.4.6 | CRC check

According to ISO/IEC 23003-1:2007, 7.34.6.

8.3.4.7 | SAOC decoding

In the fase that the buried\ data payload is of type SAOC frame or SAOC header+frame, t;le
SaocDatpFrame data buried-iirone PCM buried data frame shall be applied to a PCM frame having thie
same length as the PCM buried data frame and having an offset in PCM samples specified by the value of
saocTimeAlign (see_7:2!5). Furthermore, the first frame shall contain the SaocSpecificConfig (qr
SaocDEYpecificConfig() for SAOC-DE profile), i.e. bsBDType shall have the value 5, and it 1s
recommlended, for)an encoder, to add the SaocSpecificConfig (or SaocDESpecificConfig() for SAOC-DE
profile),|to aBuriedDataFrame(), at regular time intervals, such that a decoder is also able to staft
decoding from another position in the stream.

9 Transport of predefined rendering information
9.1 General

The preset rendering concept allows to start playback with some initial predefined settings and (if more
than one set of the rendering data is available) instantaneously switch between them. A single
configuration data structure can contain several independent descriptions of the predefined output
audio scenes. The number of the available rendering options is defined by the bitstream syntax variable
bsNumPresets. Depending on the application specific scenario, the preset information specification can
also be omitted. Each preset element contains a simple text string label stored in the text variable
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bsPresetLabel and rendering data, which include the relative output reproduction level and panning
position. In view of the fact that the SAOC encoded audio objects can be represented by the mono,
stereo or multi-channel signals, the preset rendering information relates to each individual channel of
the audio object.

The SAOC bitstream variable bsPresetMatrix determines which type of preset data format is applied.
More precisely, bsPresetMatrix == 1 means that the default matrix-based representation format is
applied, whereas bsPresetMatrix == 0 means that the preset data have a specific format. The matrix-
based format represents the rendering information in the native form used for the SAOC
ranscoding/decoding. The dequantized rendering parameters obtained from the, |variable
hsPresetMatrixElements][i][j] can be unambiguously fed into the rendering interface-of. the SAOC
transcoder/decoder using the following mapping information (see Table 62).

—

Table 62 — Matrix-based preset parameter quantization table

idx 0 1 2 3 4 5 6 7
bsPresetMatrixElements|[i][idx] 10150 1024 1020 1018 10-16 10-14 10-1-2 10-1.0
idx 8 9 10 11 12 13 14 15
bsPresetMatrixElements[i][idx] 10-08 1007 1006 1005 10,04 10-03 10-02 10-01
idx 16 17 18 19 20 21 22 23
bsPresetMatrixElements|[i][idx] 1 1001 1002 1003 1004 1004 1006 1007
idx 24 25 26 27 28 29 30 31
bsPresetMatrixElements[i][idx] 1008 1010 1012 1014 1016 1018 1020 1024

The proposed bitstream structure permits a support ofiany other alternative data formats containing
preset information. Description of such upmix representation approaches remains informative. The
specific preset description formats are ., recognized by the particular identifier label
hsPresetUserDataldentifier. The variable bsPresetUserDataLen contains the length information for
the preset data included into PresetUserDataContainer() bitstream syntax element. This allows the
SAOC transcoder/decoder to skip the corresponding part of the preset configuration data if thi§ specific
description format is not relevant (not supported) by the transcoder/decoder.

9.2 Rendering information description file format

he preset rendering concept*allows to store and exchange user-defined rendering information. The
inary file structure is hased on the bitstream syntax elements ObjectMetaData() and Preset{Config().
he bitstream variableybsNumObjects provides an information about the number of audiq objects
resented in the deseribed scene and used in ObjectMetaData() and PresetConfig().

ol —Heouli—|

he information.stored in the variable bsNumObjects and in the element ObjectMetaData() canp be also
sed for identification and compatibility check. For example, the SAOC transcoder/decoder can use the
umber ‘0f /audio objects, metadata and other corresponding information obtained from the SAOC
itstream for these purposes.

oo o =3

structure can be encapsulated into a higher level structure depending on the specific realization
approach.
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Table 63 — Syntax of RenderingInformation()

Syntax No. of bits ~ Mnemonic
RenderingInformation()
{
bsNumODbjects; 5 uimsbf
Note
ByteAlign();
ObjectMetaData(); Note
ByteAlign();
Pres¢tConfig(); Note
ByteAlign();
}

NOTE Degscribed in 6.1.

10 Comnformance testing

10.1 General

(@)

This clapise specifies conformance criteria for both bitstreams and decoders ¢ompliant with the SAQ
standard as defined in Clauses 1 to 9 and Annexes A to G. This is done tgZassist implementers and t
ensure interoperability.

[©)

10.2 Terms and definitions

The terms and definitions as stated in Clause 3 apply. Furthermore, the following terms and definition
will be used throughout this clause.

[72)

bitstream data encoded.agcording to the SAOC standard
conformance test bitstream bitstream used for testing the conformance of an SAOC decoder

10.3 SAOC conformance testing

5.5 defijes the SAOC profiles and levels:“"Some conformance criteria apply to SAOC in general, while
others afe specific to the specific SAQC profile and its levels. Conformance shall be tested for the level af
the prof]le with which a given bitstréam or decoder/transcoder claims to comply.

10.4 Bitstreams
10.4.1 Gharacteristics
The SAQC audio object type (AOT) can be used in combination with various AOTs.

10.4.2 Tlest procedure

10.4.2.1 ‘General

An SAOC bitstream shall have the syntax and semantics as specified in Clauses 1 to 9 and Annexes A to G.
The present subclause defines the conformance criteria that shall be fulfilled by a compliant bitstream.
These criteria are specified for the syntactic elements of the bitstream and for some parameters
decoded from the SAOC bitstream payload.
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10.4.2.2 Configuration header

10.4.2.2.1 SAOCSpecificConfig() /SAOCDESpecificConfig()

bsVersion For restrictions, see 10.4.2.5.

bsSamplingFrequencylndex Shall be in the range 0x0...0xc or 0xf. For further restrictions, see

10.4.2.5.

bsSamplingFrequency For restrictions, see 10.4.2.5.

sLowDelayMode For restrictions, see 10.4.2.5.

sFreqRes Shall not be encoded with a value of 0.
sFrameLength For restrictions, see 10.4.2.5.
sNumObjects For restrictions, see 10.4.2.5.
sNumFGOs For restrictions, see 10.4.2.5.
No restrictions apply.

sTransmitAbsNrg No restrictions apply.

sNumDmxChannels For restrictions, see 10.4.2.5.

b
b
b
b
b
bsRelatedTo[i][j]
b
b
b
b

sTttDualMode
sTttBandsLow

No restrictions apply.

Shall not be encoded with a value larger than the value of
numBands as given by Table 36.

hsPdgFlag No restrictionsapply.
hsOnelOC No restrictions apply.
hsDcuFlag For restrictions, see 10.4.2.5.
hsDcuMandatory Nao.restrictions apply.
hsDcuDynamic No restrictions apply.
hsDcuMode No restrictions apply.
hsDcuParam No restrictions apply.
hsDeLimitFlag For restrictions, see 10.4.2.5
hsDeLimitFgo No restrictions apply.
hsDeLimitBgo No restrictions apply.

10.4.2:2:2 SAOCExtensionConfigData()

bsSaocExtType No restrictions apply. Note that in case of values indicated as “N/A” in
Table 49, the parsing function SAOCExtensionConfigData(bsSaocExtType)
shall return the value 0, such that possibly present data is read as bsFillBits
(i.e. skipped) and correct parsing of the bitstream can continue.

bsSaocExtLen No restrictions apply.

bsSaocExtLenAdd No restrictions apply.

bsSaocExtLenAddAdd No restrictions apply.

bsFillBits No restrictions apply.

© ISO/IEC 2018 - All rights reserved
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10.4.2.2.3 SAOCExtensionConfigData(0)

10.4.2.2.3.1 General

The syntactic element SAOCExtensionConfigData(0) shall not be present in case of low delay profile.
This syntactic element shall not be present in case of baseline and dialogue enhancement profiles of
level 1. Furthermore, this syntactic element shall not be present if the helper variable numSlots has a

value that is not listed in ISO/IEC 23003-1:2007, Table 55. Furthermore, if this syntactic element

present,| the bitstream shall fulfil the requirements outlined in ISO/IEC 23003-1:2007, 6.1.13. &g

further restrictions, see 10.4.2.5.

bsDeLimitFgoEAO  No restrictions apply.

bsDeLimitBgoEAO  No restrictions apply.

bsDcuFlag2 No restrictions apply.
bsDcuMode2 No restrictions apply.
bsDcuParam?2 No restrictions apply.

10.4.2.2.3.2 ResidualConfig()

bsResidualSamplingFrequencylndex
bsResidualFramesPerSAOCFrame

bsNumGroupsFGO
bsResijualPresent[i]
bsResidualBandsli]

bsTtnDualMode[i]
bsTtnBandsLow[i]

10.4.2.2.4 SAOCExtensionCeonfigData(1)
No restrjctions apply.

10.4.2.2.5 SAOCExtensionConfigData(2)

The syntactic\eélement SAOCExtensionConfigData(2) shall not be present in case of SAOC-DE profile.

Shall fulfil the requirements outlined in
ISO/IEC 23003-1:2007, 6.1.13 and Table 88.

Shall fulfil the reqliirements outlined in
ISO/IEC 2300341:2007, 6.1.13 and Table 87.

For restrictions, see 10.4.2.5.
No restrictions apply.

Shaltnot be encoded with a value larger than the value of
bsTtnBandsLowf[i].

No restrictions apply.

Shall not be encoded with a value larger than the value of
numBands as given by Table 36.

shall fulfilthe requirements outlined in Table 57.

10.4.2.2.6 SAOCExtensionConfigData(3)

No restrictions apply.

98

S
r

—

© ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

10.4.2.2.7 SAOCExtensionConfigData(8)

10.4.2.2.7.1 ObjectMetaData()

bsNumByteMetaData[i]
bsMetaData[i][j]

[

o o

o

b

0.4.2.2.8.1 PresetConfig()

sNumPresets
sNumBytePresetLabel[i]
sPresetLabel[i][j]

sPresetMatrix

sPresetMatrixType

sPresetMatrixElements[i][j]

sPresetUserDatalen

0.4.2.2.9.1 General

sNumSeparationPairs

sSeparationMainObjectID([i]

b

sSeparationSubObjectID[i]

No restrictions apply.

Shall be encoded in UTF-8 encoding format.

1042-2-8—SAOCExtensionConfighPata{9)
O . . . uutul JJ

No restrictions apply.
No restrictions apply.
Shall be encoded in UTF-8 encoding format.

No restrictions apply.

0.4.2.2.8.2 PresetMatrixData()

Shall not be encoded with a value of 3.

No restrictions apply.

0.4.2.2.8.3 PresetMatrixData()

sPresetUserDataldentifier([i] Shall‘be encoded in UTF-8 encoding format.

No restrictions apply.

0.4.2.2.9 SAOCExtensionConfigData(10)

he syntactic element)SAOCExtensionConfigData(10) shall not be present in case of SAOC-DE pf

0.4.2.2.9.2 - SeparationMetaData()

No restrictions apply.
No restrictions apply.

No restrictions apply.

10.4.2.3 Bitstream payload

10.4.2.3.1 SAOCFrame()/SAOCDEFrame()

10.4.2.3.1.1 General

bsIndependencyFlag

© ISO/IEC 2018 - All rights reserved
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10.4.2.3.1.2 SAOCFraminginfo()

bsFramingType
bsNumParamSets

bsParamSlot[i]

10.4.2.3.1.3 EcDataSaoc()

No restrictions apply.
For restrictions, see 10.4.2.5.

Shall be in the range 0...bsFrameLength.

=]

ZE=]

=]

bsXXXdataMode[i][j] Shall Tulfil the requirements outlined in ISU/IEC Z3003-1:200
6.1.13. Shall not be encoded with the value 2 if EAO mode (residug
coding) is applied.
bsDataPRairXXX{[i][j] Shall have the value 0 if setldx == dataSets-1.,No” furthg
restrictions apply.
bsQuantCoarseXXX{Ji][j] No restrictions apply.
bsFreqResStrideXXX[i][j] No restrictions apply.
10.4.2.3.1.4 SAOCEcDataPair()
bsPcm(odingXXX([i][j] No restrictions apply.
10.4.2.3.1.5 SAOCDiffHuffData()
bsDiffType No restrictions apply.
bsCodingScheme No restrictions apply:
10.4.2.3.1.6 SAOCHuffDatalD()
hcodFirgtBand_XXX bsCodeW shall have’a value out of a set of values as defined by colum
“codeword” of-Tables A.2 and A.3, respectively, and shall have a length 3
defined by the corresponding entry in column “length”.
hcod1DXXX_YY bsCodeW:shall have a value out of a set of values as defined by colum
“codeword” of Tables A.4 and A.5, respectively, and shall have a length 3
defined by the corresponding entry in column “length”.
bsSign No restrictions apply.
10.4.2.3.1.7 SAOCHuffData2DFreqPair()
hcodLavidx bsCodeW shall have a value out of a set of values as defined by colum
“codeword” of ISO/IEC 23003-1:2007, Table A.24 and shall have a length 3
defined by the corresponding entry in column “length”.
hcodFirstBand_XXX bsCodeW shall have a vatue out of a set of values as defined by colum

“codeword” of Tables A.2 and A.3, respectively, and shall have a length as
defined by the corresponding entry in column “length”.

hcod2D_XXX_YY_FP_LL

bsCodeW shall have a value out of a set of values as defined by column

“codeword” of the applicable table out of Tables A.11 to A.22, and shall have
a length as defined by the corresponding entry in column “length”.

hcod1D _XXX_YY

bsCodeW shall have a value out of a set of values as defined by column

“codeword” of Tables A.4 and A.5, respectively, and shall have a length as
defined by the corresponding entry in column “length”.
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bsSign No restrictions apply.
10.4.2.3.2 SAOCExtensionFrame()

No restrictions apply. Note that in case of bsSaocExtType having values indicated as “N/A” in Table 49,
the parsing function SAOCExtensionFrameData(bsSaocExtType) shall return the value 0, such that
possibly present data is read as bsFillBits (i.e. skipped) and correct parsing of the bitstream can
continue.

bsSaocExtl.en No restrictions qpp]v
hsSaocExtLenAdd No restrictions apply.
hsFillBits No restrictions apply.

10.4.2.3.3 SAOCExtensionFrameData(0)

hsDeLimitEaoUpdate No restrictions apply.
hsDeLimitFgoEAO No restrictions apply.
hsDeLimitBgoEAO No restrictions apply.
hsDcuDynamicUpdate2 No restrictions apply.
hsDcuMode2 No restrictions apply.
hsDcuParam?2 No restrictions apply:

10.4.2.4 Transport of SAOC data
10.4.2.4.1 Transportin an MPEG environment
10.4.2.4.1.1 General

In case of transport of SAOC data in-an MPEG-4 environment, the following restrictions apply. Ih case of
SAOCSpecificConfig() (or SAOCDESpecificConfig() for SAOC-DE profile) is conveyed out-of-band, any in-
band SAOCSpecificConfig() (ox, SAOCDESpecificConfig() for SAOC-DE profile) shall be identical to the
ogut-of-band one.

In case of embedding(of MPEG SAOC data in MPEG-2/4 AAC payloads, the following restrictions apply.
There must be at least one extension_payload() element with extension_type==EXT_SAOC_DATA (or
extension_type==EXT_SAOC_DE_DATA for SAOC-DE profile) in each AAC frame in order t¢ enable
mmediate implicit signalling.

e

In case_of/embedding of MPEG SAOC data in MPEG-1/2 Layer I/II/Ill bistreams, the fpllowing
restrictions apply. The first bit of the ancSyncword must be byte-aligned with respect to the fifst bit of
theZ-0xFFF syncword of the MPEG-1/2 frame header. The AncDataElement() must be completely
inctuded i thre ancittary data of asingle MPEG-1/2 frame. There must be atteast onme AncDataElement()
in the ancillary data of each MPEG-1/2 frame in order to enable immediate implicit signalling.

10.4.2.4.1.2 AncDataElement()

ancSyncword Shall be 0x473.

ancType No restrictions apply.
ancStart No restrictions apply.
ancStop No restrictions apply.
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ancLenBytes No restrictions apply.

ancLenBytesAdd No restrictions apply.

ancCrcWord Shall have the value as determined by the procedure specified in 8.2.4.

ancDataSegmentByte A data block formed by concatenation of ancDataSegmentByte as specified in

10.4.2.

saocHe
saocHe

saocHe

bsFillBits No restrictions apply.
saocTi:IeAlignFlag No restrictions apply.

saocTi

10.4.2.4

10.4.2.4

In case (¢
data sha

However, also other sample precisions shall be supported, e.g. 20 and 24 bits.

10.4.2.4.2.2 BuriedDataHeader()
bsBDSyncword Shall be 0xAA95.
bsBDChjannels Shall have the value of the number of PCM channels in which thle

bsBDFr

8.2.4 shall, if ancType==0x0 or ancType==0x1, constitute one SaocDataFrame()
syntax element, padded at the end to obtain an integer number of bytes.

Data Framp(ca nr‘Hpaderlag)

derFlag No restrictions apply.
derLen No restrictions apply.
derLenAdd No restrictions apply.

eAlign Shall have an absolute value no larger than two timesthe number of samples i
the SAOC PCM frame as defined by bsFrameLength-and
bsSamplingFrequencylndex or bsSamplingFréquency.

.2 Transport over PCM channels
.2.1 General

f transport of SAOC data over PCM channels, the following restrictions apply. The BuriedData()
1l be embedded in the LSBs of the PCM:channels. Typically, 16 bit PCM samples are use

=

SAOC data is embedded.

hmelength Shall define a PCM buried data frame size which is exactly the samle
as the SAOC PCM frame size defined by bsFrameLength and
bsSamplingFrequencyIndex or bsSamplingFrequency.

bdBDSubframes Shall fulfil the restrictions outlined for this syntactic element in 8.3.3.
bsBDReserved Shall be 0.

bsBDAlloc[channel][subframe] Shall not exceed the value of n for n bit PCM samples.
bsBDHeaderCrc Shall fulfil the restrictions outlined for this syntactic element in 8.3.3.
bsBDHeaderPadding Shall be 0.

10.4.2.4.2.3 BuriedDataFrame()

bsBDFramePadding Shall be 0.
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bsBDID
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Each BuriedDataFrame() shall at least contain one BuriedDataElement() with
bsBDType set to the value of 4 or 5. In the case of file based applications, the
first frame shall contain a BuriedDataElement() with bsBDType set to the value

of 5.

Shall be set to a value in the range of 0..7, each value shall be used only once in a

BuriedDataFrame().

sbDLengthldx
sBDLength
sBDBytes
sBDDataCrc

= ullill = ullill o ulllill =

apply.

[—Y

sFrameLength

sNumObjects

sNumEAO

10.4.2.5.1 General

sSamplingFrequencyIndex

sSamplingFrequency

K
b
b
b
hsLowDelayMode
b
hHsNumDmxChannels
b

No restrictions apply.

Shall fulfil the restriction outlined for this syntactic element in 8.3(3,

Shall contain exactly one SaocDataFrame().

Shall fulfil the restrictions outlined for this syntactic eleméntin 8.3.3.

0.4.2.5.2 Baseline SAOC profile

10.4.2.5 Restrictions depending on profiles and levels

or the Baseline SAOC profile, the following further festrictions apply.
Shall be encoded with a value listed in Table 64.
Shall beencoded with a value listed in Table 64.

Shall'be in the range 3..71.

Shall be 0.

Shall be encoded with a value listed in Table 64.

Shall be in the range 0..1.

Shall be encoded with a value listed in Table 64.

Table 64 — Restrictions for the SAOC Baseline Profile

Depending on the profile and level associated with the present SAOC bitstream, further restrictions may

Level 1 Level 2 Level 3 Level|4
bsSamplingFrequencylndex 0x3...0xc, 0xf 0x3...0xc, 0xf 0x3...0xc, 0xf 0x0...0xc, Pxf
bsSamplingFrequency <48 000 <48 000 <48 000 <96 000
bsNumObjects 0.7 0.15 0.31 0.31
bsNumEAO N/A 0.1 0.3 0.3

bsDcuFlag No restrictions apply.

© ISO/IEC 2018 - All rights reserved
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10.4.2.5.3 Low Delay SAOC profile

For the Low Delay SAOC profile, the following further restrictions apply.

bsSamplingFrequencylndex

Shall be encoded with a value listed in Table 65.

bsSamplingFrequency Shall be encoded with a value listed in Table 65.
bsFrameLength Shall be in the range 3..31.

bsLowDelayMode Shall be 1.

bsNumQbjects Shall be encoded with a value listed in Table 65.
bsNumIPmxChannels Shall be encoded with a value listed in Table 65.

Table 65 — Restrictions for the SAOC Low Delay Profile

Level 1 Level 2 Level’3
bsSamplingFrequencylndex 0x3...0xc, 0xf 0x3...0xc, 0xf 0x3.(.0xc, Oxf
bsSamplingFrequency <48 000 <48 000 <48°000
bsNumObjects 0.7 0.31 0.31
bsNumDmxChannels 0 0.1 0.1

bsDcuFlag No restrictions apply.

10.4.2.5.4 Dialogue Enhancement SAOC profile

For the dlialogue enhancement SAOC profile, the following further restrictions apply.

bsVersi

DN

bsSam
bsSamplingFrequency

ingFrequencylndex

Shall be 0.
Shall be in the range 0x3..0xc or 0xf.
Shall be <= 48 000.

bsFramgLength Shall be in the range 3..71.
bsNum(bjects Shall be in the range 0..5.
bsNumIPmxChannels Shall be in the range 0..2.
bsNumKGOs Shall be in the range 0..2.
bsDeLimitFlag Shall be 1.
bsNumEAQO Shall be encoded with a value listed in Table 66. If it is present,
then it shall be equal to bsNumFGOs.
Table 66 — Restrictions for the SAOC Dialogue Enhancement Profile
Level 1 Level 2
bsNumEAO N/A 0.2

bsDcuFlag Shall be 0.
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10.5 SAOC decoder/transcoder
10.5.1 Characteristics
10.5.1.1 General

The SAOC decoder/transcoder can be implemented in two different versions:

— high quality (HQ) SAOC;

- low power (LP) SAOC.

[

0.5.2 Test procedure
0.5.2.1 Downmix decoders

n SAOC decoder/transcoder can be used in combination with a downmixdecoder. In this
ownmix decoder shall fulfill the conformance criteria that are applicable to it. Nevertheless
pnformance test procedure, the PCM coding shall be applied to a downniiXsignal.

o Q.

[

0.5.2.2 SAOC decoder/transcoder test procedure

<

Vith regard to the definition and further details of the conformance criterion RMS/LSB being
bst SAOC decoders/transcoders, reference is made to ISO/IEG{14496.

—

The conformance test procedure for SAOC decoders/transcoders internally creates a refer
cpmparison, given the conformance test sequence and the output from the decoder under
outlined in Figure 21.

Param. test
:' ------ /I' - P é \
| h E Yes/No
| ! a f---»
: \ € I
Lo =--» 8 K
L
1 ! Se P
1 1 Sm——--
\ 1
\ 1
bs Param./mps bsREF Loy
- - i M SAOC [---==---------------- +--ot
rend : > : SAOC test
upmixREF/mps  dmxREF Pe AN
! » REF P P 5 <y |
dmx | | K m 5 \
! Param./mps bsTEST | ! D21 Yes/No
“t1----® SAOC [--"""""TTTTmmoooooos ‘ ! gé el
L \
upmix™=ST/mps dmxTEST \ x 3 ,'I
»| TEST ‘> J

rase, the
, for the

used to

ence for
test as

S~ -

Figure 21 — Block diagram of the SAOC decoding/transcoding conformance test proce

The relevant signals and data are:

— data from the conformance test sequence:

— bs: SAOC bitstream from the conformance test sequence;
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rend: rendering information from the conformance test sequence;

dmx: SAOC downmix signal from the conformance test sequence.

— outputs for comparison from the SAOC decoder/transcoder implementation instances:

upmixREF /dmx_bsREF: output from the reference SAOC decoder/transcoder;

upmixTEST/dmx_bsTEST: output from the SAOC decoder/transcoder under test;

— conf

outy
amy
calc
327

outy
refe

10.5.3 T

To test
naming
first und

last underscore) specifies the properties of the test sequence in question according to Table 67. Fd

each tes
applied

Param./mps_bsREF; Parametric or/and MPS data from the reference SAOC decoder/transcodér
Param./mps_bsTEST: Parametric or/and MPS data from the SAOC decoder/transcoder tinder test.

ormance test modes:

SAOC test (RMS/LSB comparison): This module calculates the difference sighals between t}:E
ut from the SAOC decoder/transcoder under test and the internal reference. The maximu
litude of the difference signal (diff max) as well as the RMS ofthe difference signal are
ilated. The conformance criteria are specified with respect to, PGM-sample in the range
H8 ... 32767.

[oW)

Param test (ASCII comparison): This module calculates.the difference between the obtaine
ut parameters (e.g. MPS data) from the SAOC decoder/transcoder under test and the interna
rence.

—_—

est sequences

SAOC decoder/transcoder, ISO/IEC JEC)1/SC 29 supplies a number of test sequences. T
convention of these bitstreams is as:‘fellows. The first part of the name (the part preceding t
erscore) specifies the downmix format. The second part of the name (between the first and th

@ = @ ® D

t sequence, the SAOC test (RMS/LSB comparison) and/or Param test (ASCII comparison) af
hccording to Table 68.
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Table 67 — List of SAOC bitstream elements for conformance test sequences
Conformance test pcm_BL | pcm_BL |pcm_BLP ([pcm_BLP|pcm_BLP| pcm_BL | pcm_BL | pcm_BL | pcm_BL | pcm_BL | pcm (ii \(.:Im_B] pcm_BL | pcm_BL | pcm_LD
sequence P_ P_ _ _ _ P_ P_ P_ P_ P_ (gn P_ P_ P_ P_
x-1-1 x-1-2 x-1-5 x-1-b x-2-1 X-2-2 x-2-5 x-2-b |param_4|param_5 @- _7|param_{l ([param_1|param_2|param_4
W) 0 4 0

Downmix sampling frequendy 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 [ 48 000] [ 48 000 | 48000 | 48 000
Downmix sample resolution 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
bsSamplingFrequencylndex 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
bsLowDelayMode 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
bsFreqRes 1 1 1 1 1 1 1 1 7 6 5 4 3 2 7
bsFrameLength 31 31 31 31 31 31 31 31 31 31 31 31 31 31 7
bsNumObjects 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
bsNumFGOs n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsRelatedTol[i][j] a a a a a 3 a a a a a a a a a
bsTransmitAbsNrg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsNumDmxChannels 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1
bsTttDualMode n/a n/a n/a n/a 0 0 0 0 0 0 0 0 0 0 0
bsTttBandsLow n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsPdgFlag 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsOnelOC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDcuFlag 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDcuMandatory n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuDynamic n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuParam ) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitFlag c? n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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bsDeLimitFgo n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a nya n/a n/a n/a
bsDeLimitBgo n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(0] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(1] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(2) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(SI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(9|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(10) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsFramingType 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsIndependencyFlag 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

bsNumParamSets 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsParamSlot[i] n/a n/a n/a n/a n/a n/fa n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsQuantCoarseXXX[i][j] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(q) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(]]) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(3]) n/a n/a n/a h/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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Conformance test pcm_LD | pcm_LD |pcm_LDP|pcm_LDP|pcm_LDP| pcm_LD | pcm_BL | pcm_BL | pcm_BL | pcm_BL | pcm_BL g&\g pcm_BL | pcm_BL | pcm_BL
sequence P_param|P_param| _param_ | _param_|_param_|P_param| P_ts 8 | P_ts_15 | P_ts_16 | P_ts_18 P_ts_Z‘I.(l/ s_3(Q | P_ts_36 | P_ts_48 | P_ts_60
5 7 9 12 15 _23 a’
Downmix sampling frequendy 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 (48000 [ 48000] [ 48000 | 48000 | 48 000
Downmix sample resolution 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
bsSamplingFrequencyIndex 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
bsLowDelayMode 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
bsFreqRes 6 5 4 3 2 1 1 1 1 1 1 1 1 1 1
bsFrameLength 7 7 7 7 7 7 7 14 15 17 23 29 35 47 59
bsNumObjects 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
bsNumFGOs n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsRelatedTo[i][j] a a a a a a a a a a a a a a a
bsTransmitAbsNrg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsNumDmxChannels 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
bsTttDualMode 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsTttBandsLow n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsPdgFlag 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsOnelOC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDcuFlag 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDcuMandatory n/a n/a n/fa n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuDynamic n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuParam n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitFlag nfa n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitFgo £ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitBgo % n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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SAOCExtensionConﬁgData(OI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(1] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(2) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCEXtensionConﬁgData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(SI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(9I) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(10) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsFramingType 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsIndependencyFlag 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

bsNumParamSets 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsParamSlot[i] n/a n/a n/a n/a n/a n/a n/fa n/a n/a n/a n/a n/a n/a n/a n/a
bsQuantCoarseXXX[i][j] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(q) n/a n/a n/a n/a n/a nfa n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(lI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(ZI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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Conformance test pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ C pcm_ pcm_ pcm_
sequence BLP_ts_6|BLP_ts_7( BLP_32k | BLP_44k (BLP_ugM| BLP_coa | BLP_one | BLP_PD | BLP_EA | BLP_DC | BLP_MB;| _Met| BLP_Pre | BLP_Sep | BLP_NR
4 2 hz hz PS rse (o] 6 G (0] U Oq" aData set Data G
Downmix sampling frequendy 48000 | 48000 | 32000 | 44100 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 |~48000 [ 48000] [ 48000 | 48000 | 48 000
Downmix sample resolution 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
bsSamplingFrequencyIndex 3 3 5 4 3 3 3 3 3 3 3 3 3 3 3
bsLowDelayMode 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsFreqRes 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
bsFrameLength 63 71 31 31 31 31 31 31 31 31 31 31 31 31 31
bsNumObjects 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19
bsNumFGOs n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsRelatedToli][j] a a a a a a a a a a a a a a a
bsTransmitAbsNrg 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
bsNumDmxChannels 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1
bsTttDualMode 0 0 0 0 0 n/a 0 0 0 0 0 0 0 0 0
bsTttBandsLow n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsPdgFlag 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
bsOnelOC 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
bsDcuFlag 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
bsDcuMandatory n/a n/a n/fa n/a n/a n/a n/a n/a n/a 1 n/a n/a n/a n/a n/a
bsDcuDynamic n/a n/a n/a n/a n/a n/a n/a n/a n/a 1 n/a n/a n/a n/a n/a
bsDcuMode n/a n/a n/a n/a n/a n/a n/a n/a n/a e n/a n/a n/a n/a n/a
bsDcuParam n/a n/a n/a n/a n/a n/a n/a n/a n/a e n/a n/a n/a n/a n/a
bsDeLimitFlag nfa n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitFgo £ n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitBgo % n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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SAOCEXtensionConﬁgData(OI) n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(1] n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a + n/a n/a
SAOCExtensionConfigData(2) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a n/a n/a
SAOCEXtensionConﬁgData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a n/a
SAOCExtensionConﬁgData(SI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a n/a
SAOCExtensionConﬁgData(9I) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a
SAOCExtensionConfigData(10) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a
bsFramingType 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsIndependencyFlag 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

bsNumParamSets 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsParamSlot[i] n/a n/a n/a n/a n/a n/a n/fa n/a n/a n/a n/a n/a n/a n/a n/a
bsQuantCoarseXXX[i][j] 0 0 0 0 0 g 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(q) n/a n/a n/a n/a n/a nfa n/a n/a + n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(lI) n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a + n/a n/a
SAOCExtensionFrameData(ZI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a n/a n/a
SAOCExtensionFrameData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a n/a n/a
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Conformance test pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ §L;Q pcm_ pcm_ pcm_
sequence DEP_ DEP_ DEP_ DEP_ DEP_ DEP_ DEP_ | DEP_ts_| DEP_ts_ | DEP_ts_ | DEP_ts :(l/ P_ts] | DEP_ts_ | DEP_ts_ [DEP_ts_4
x-3-3 |param_4|param_5 |param_7 | param_1 [param_1|param_2 8 15 16 1&1/ 24 30 36 8
0 4 0 (o X4

Downmix sampling frequendy 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48 000([\48 000 [ 48 000] [ 48 000 | 48 000 | 48 000
Downmix sample resolution 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16
bsSamplingFrequencylndex 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
bsLowDelayMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsFreqRes 1 7 6 5 4 3 2 1 1 1 1 1 1 1 1
bsFrameLength 31 31 31 31 31 31 31 7 14 15 17 23 29 35 47
bsNumObjects 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
bsNumFGOs 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
bsRelatedToli][j] b b b b b b b b b b b b b b b
bsTransmitAbsNrg n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsNumDmxChannels 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
bsTttDualMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsTttBandsLow n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsPdgFlag 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsOnelOC 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDcuFlag 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDcuMandatory n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuDynamic n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuParam n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitFlag T 1 1 1 1 1 1 1 1 1 1 1 1 1 1
bsDeLimitFgo c’f 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
bsDeLimitBgo — 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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SAOCExtensionConﬁgData(OI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(1] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(2) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCEXtensionConﬁgData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(SI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(9I) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(10) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsFramingType 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsIndependencyFlag 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

bsNumParamSets 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

bsParamSlot[i] n/a n/a n/a n/a n/a n/a n/fa n/a n/a n/a n/a n/a n/a n/a n/a
bsQuantCoarseXXX[i][j] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(q) n/a n/a n/a n/a n/a nfa n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(lI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(ZI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
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Conformance test pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_ pcm_
sequence DEP_ts_ | DEP_ts_ [ DEP_ts_7 | DEP_32k | DEP_44k | DEP_coa |DEP_one| DEP_MR | DEP_PD | DEP_var | DEP_EA]
60 64 2 hz hz rse 10C C G Parm Oq"

Downmix sampling frequendy 48000 | 48000 | 48000 | 32000 | 44100 | 48000 | 48000 | 48000 | 48000 | 48000 |~48000
Downmix sample resolution 16 16 16 16 16 16 16 16 16 16 16
bsSamplingFrequencyIndex 3 3 3 5 4 3 3 3 3 3 3
bsLowDelayMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsFreqRes 1 1 1 1 1 1 1 1 1 1 1
bsFrameLength 59 63 71 31 31 31 31 31 31 31 31
bsNumObjects 4 4 4 4 4 4 4 4 4 4 4
bsNumFGOs 1 1 1 1 1 1 1 1 1 1 1
bsRelatedTo[i][j] b b b b b b b b b c b
bsTransmitAbsNrg n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsNumDmxChannels 2 2 2 2 2 2 2 2 2 2 2
bsTttDualMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsTttBandsLow n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsPdgFlag 0 0 0 0 0 0 0 0 1 0 0
bsOnelOC 0 0 0 0 0 0 1 0 0 0 0
bsDcuFlag 0 0 0 0 0 0 0 0 0 0 0
bsDcuMandatory n/a n/a n/fa n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuDynamic n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuMode n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDcuParam n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsDeLimitFlag it 1 1 1 1 1 1 1 1 1 1
bsDeLimitFgo P 0 0 0 0 0 0 0 f 0 0 0
bsDeLimitBgo % 0 0 0 0 0 0 0 f 0 0 0
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SAOCEXtensionConﬁgData(OI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a +
SAOCExtensionConfigData(1] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(2) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCEXtensionConﬁgData(3|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(SI) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConﬁgData(9|) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionConfigData(10) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
bsFramingType 0 0 0 0 0 0 0 0 0 1 0
bsIndependencyFlag 1 1 1 1 1 1 1 1 1 1 1
bsNumParamSets 0 0 0 0 0 0 0 0 0 d 0
bsParamSlot[i] n/a n/a n/a n/a n/a n/a n/a n/a n/a + n/a
bsQuantCoarseXXX[i][j] 0 0 0 0 0 g 0 0 0 0 0
SAOCExtensionFrameData(q) n/a n/a n/a n/a n/a nfa n/a n/a n/a n/a +
SAOCExtensionFrameData(]]) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(2 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(3] n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
a The bitstream variable|bsRelatedTo[i][j] is specified accordingly to-appropriately describe inter-object correlations between left and right channels of 1P stereo input audio objects.
b The bitstream variable|bsRelatedTo[i][j] is specified accordingly to appropriately describe inter-object correlations between left and right channels of 2 pvailable stereo input
audio objects.
¢ The bitstream variable|bsRelatedTo[i][j] is specified a¢cordingly to describe parametrization assuming no inter-object correlations between any input ajidio objects.
d The bitstream variable/bsNumParamSets is specified accordingly to describe the variable number of parameter data sets in a frame.
e The bitstream variablI bsDcuMode and bsDciiParam are specified according to the desired distortion control settings and updated dynamically if bsD¢uDynamicUpdate == 1.
f The bitstream variables bsDeLimitFgo and bsDeLimitBgo are specified according to the desired modification range control limits and updated dynamicplly if bsDeLimitUpdate == 1.
g The bitstream variableg bsQuantCoarseXXX[i][j] are specified accordingly to describe the use of coarse and fine parameter quantization modes.
+ IT denotes that the dath for the corrésponding bitstream element is available.
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Table 68 — List of SAOC conformance RMS/LSB criteria

T
Conformance test |pcm_BIP_|pcm_BLP_|pcm_BLP_|pcm_BLP_{pcm_BLP_[pcm_BLP_{pcm_BLP_|pcm_BLP_|pcm_BLP_|pcm_BLP_ pcm_BLh slm_BLP_ pcm_BLP_|pcm_BLP_|pcm_LDP_

sequence x-1-1§ x-1-2 x-1-5 x-1-b x-2-1 X-2-2 x-2-5 x-2-b | param_4 | param_5 para}]{l‘] ﬁaram_ll) param_14|param_20| param_4

SAOC de/transcoding multichan| . . multichan| . .

mode mond stereo nel binaural mono stereo nel binaural | stereo stereo stereo stereo stereo stereo stereo
SAOC decoding test yes yes yes yes yes yes yes yes yes yés yes yes yes yes yes
Diff max (HQ) 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
RMS (HQ) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Diff max (LP) 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
RMS (LP) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ASCII test no no yes no no no yes ne no no no no no no no

N\
Conformance test |pcm_LOP_|pcm_LDP_|pcm_LDP_|pcm_LDP_(pcm_LDP_[{pcm_LDP_ pcm_BLP_ﬁ@n_BLP pcm_BLP_|pcm_BLP_|pcm_BLP_[{pcm_BLP| [pcm_BLP_|pcm_BLP_|pcm_BLP_

sequence param|5 | param_7 | param_9 |param_12|param_15|param_23 ts\_’t}\ Q) ts_15 ts_16 ts_18 ts_24 ts_30 ts_36 ts_48 ts_60
SAOC de- stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo
/transcoding mode
SAOC decoding test |yes yes yes yes yes yes yes yes yes yes yes yes yes yes yes
Diff max (HQ) 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
RMS (HQ) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Diff max (LP) 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
RMS (LP) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ASCII test no no no no no no no no no no no no no no no

AT
Conformance test |pcm_BIP_|pcm_BLP_ pcm_BLl\“ﬁm_BLP_ pcm_BLP_|pcm_BLP_[(pcm_BLP_{pcm_BLP_|pcm_BLP_|pcm_BLP_[{pcm_BLP_|pcm_BLP| |pcm_BLP_|pcm_BLP_[(pcm_BLP_

sequence ts_64 ts_72 32 " 44khz uqMPS coarse onelOC PDG EAO DCU MBO |[MetaDatd| Preset | SepData NRG
SAOC de- multichan
. stere stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo
/transcoding mode nel
SAOC decoding test yes yés yes yes yes yes yes yes yes yes no no no no no
Diff max (HQ) 32 32 32 32 32 32 32 32 32 32 n/a n/a n/a n/a n/a
RMS (HQ) 0.9 09 0.9 09 0.9 09 0.9 09 09 09 n/a n/a n/a n/a n/a

© ISO/IEC 2018 - All rights reserved 117


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

Diff max (LP) 32 32 32 32 32 32 32 32 32 32 n/a n/a n/a n/a n/a
RMS (LP) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 n/a n/a n/a n/a n/a
ASCII test no no no no yes no no no no no y yes yes yes yes

€3
Conformance test |pcm_DHP_|pcm_DEP_|pcm_DEP_|pcm_DEP_(pcm_DEP_[{pcm_DEP_{pcm_DEP_[{pcm_DEP_|pcm_DEP_|pcm_DEP. _‘-@_ EP_{pcm_DEP| [pcm_DEP_|pcm_DEP_

sequence x-3-3 param_4 | param_5 | param_7 |param_10|param_14|param_20 ts_8 ts_15 ts_16q ts_18 ts_24 ts_30 ts_36

SAOC de-

i e 3-chanypjel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3‘¢hannel | 3-channel | 3-channe| | 3-channel | 3-channel
SAOC decoding test yes yes yes yes yes yes yes yes yes yes yes yes yes yes
Diff max (HQ) 32 32 32 32 32 32 32 32 32 32 32 32 32 32
RMS (HQ) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Diff max (LP) 32 32 32 32 32 32 32 32 32 32 32 32 32 32
RMS (LP) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ASCII test no no no no no no no no no no no no no no

A
Conformance test |pcm_DHP_|pcm_DEP_|pcm_DEP_|pcm_DEP_(pcm_DEP_(pcm_DEP_ ?_DEP_ pcm_DEP_{pcm_DEP_|pcm_DEP_|pcm_DEP_[{pcm_DEP|
[

sequence ts_48 ts_60 ts_64 ts_72 32khz Al-tl-khz’\\< oarse onelOC MRC PDG varParm EAO
SAOC de-
anscoding mofs 3-chanypjel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channe
SAOC decoding test yes yes yes yes yes yes yes yes yes yes yes yes
Diff max (HQ) 32 32 32 32 32 32 32 32 32 32 32 32
RMS (HQ) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
Diff max (LP) 32 32 32 32 32 32 32 32 32 32 32 32
RMS (LP) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9
ASCII test no no 1o no no no no no no no no no

yes It denotes that the specified testing method is applicable for the given conformance sequence.

no Itdenotes that the specified testingunethod is NOT applicable for the given conformance sequence.
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11 Reference software

11.1 Reference software structure

11.1.1 General

This clause contains simulation software for SAOC as defined in Clauses 1 to 9 and Annex A to Annex G.

This software has been derived from verification models used in the process of developing the s

tandard.

Heterence software 1S normative In the sense that 1t correctly 1mplements th
transcoding/decoding processes described in this document. Complying implementations 'ind
this document are not expected to follow the algorithms or the programming techniques-use
reference software. Although the decoding software is considered normative, it cannét add any
the textual technical description of SAOC included in this document.

T

he software contained in this clause and in Annex G is divided into three categories:

js§)

) Bitstream decoding software is catalogued in 11.2. This software @cgcepts bitstreams
according to the normative specification given in this document and<decodes the streams
audio signals associated with each bitstream. While this softwaré appears in the normativ
this document, attention is drawn to the fact that the implementation techniques usec
software are not considered normative, several different implementations could produce t
result, but the software is considered normative in that it«orrectly implements the SAOC ¢
processes described in this document.

h) Bitstream encoding software is catalogued in, Aiinex G. This software creates bitstrea
associated audio signals. The encoders are previded as a means to obtain bitstreams
normative syntax described in this document:The techniques used for encoding are not spe|
this document and the quality and complexity of these encoders has not been optimized.

d) Utility software is catalogued in Annex\G. This software was found useful by the developel
document, but may not conform to the’normative specifications given in this document.

ile locations in the source tree given in this document are expressed relative to the locatio

b SAOC
cated in
d by the
rthing to

encoded
into the
e part of
| in this
he same
lecoding

ns from
vith the
cified by

s of this

n of the
B/-2/ed-

orresponding reference software package available at http://standards.iso.org/iso-iec/2300
/en.

1.1.2 Copyright disclaimer for software modules

DN O

wsl

ach source code mgdule in this document contains a copyright disclaimer which shall not be 1
‘om the source code module. The generic version of this disclaimer is provided below.

-

Software copyright licensing disclaimer for MPEG standards

This software module was originally developed by <FN1> <LN1> (<CN1>) and edited by <FN2> <
(KCN2%), <FN3> <LN3> (<CN3>), in the course of development of the <standard> for reference p

emoved

N2>
urposes

and’its performance may not have been optimized. This software module is an implementation

bf one

or more tools as specified by the <standard>.

ISO/IEC gives You a royalty-free, worldwide, non-exclusive, copyright license to copy, distribute,

and make derivative works of this software module or modifications thereof for use in
implementations of the <standard> in products that satisfy conformance criteria (if any).

Those intending to use this software module in products are advised that its use may infringe existing

patents. ISO/IEC has no liability for use of this software module or modifications thereof.

Copyright is not released for products that do not conform to audiovisual and image-coding

related ITU Recommendations and/or ISO/IEC International Standards.

Assurance that the originally developed software module can be used (1) in the <standard> once the

<standard> has been adopted; and (2) to develop the <standard>:
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<CN1> grants ISO/IEC all rights necessary to include the originally developed software module
or modifications thereof in the <standard> and to permit ISO/IEC to offer You a royalty-free,

worldw

ide, non-exclusive, copyright license to copy, distribute, and make derivative works for

use in implementations of the <standard> in products that satisfy conformance criteria (if any),

and to the extent that such originally developed software module or portions of it are included
in the <standard>. To the extent that <CN1> owns patent rights that would be required to make, use,

or sell the originally developed software module or portions thereof included in the <standard> in a
conforming product, <CN1> will assure the ISO/IEC that it is willing to negotiate licenses under

reasona

ble and non-discriminatory terms and conditions with applicants throughout the world.

ISO/IEQ
purposé
<CN1>r
third pa
related I
This cop

gives You a free license to this software module or modifications thereof for the sole

e of developing the <standard>

btains full right to modify and use the code for its own purpose, assign or donate the codeyto’a
'ty and to inhibit third parties from using the code for products that do not conform to-MPEG-
TU Recommendations and/or ISO/IEC International Standards.

yright notice should be included in all copies or derivative works. Copyright @ [SO/IEC 200_.

NB1 | In the text, <standard> should be replaced with the appropriate Interhational Standard, e.g.

|

SO/IEC 14496-1.

NB2 | +FN> = First Name, <LN> = Last name, <CN> = Company Nanie

NB3 | $entences in italic not required in statement when the griginal developer does not wish to be
identified.

NB4 | §entences in bold not required in statement when-the original developer allows unrestricted

uise of this software.

NB5 | §

entences underlined should be removed-when the <standard> is published.

NB6 | Reference to "ITU Recommendation® may be omitted when the module is deemed not to be

1

elevant for ITU Recommendations.

11.2 Bi
11.2.1G
The pro

[stream decodingsoftware

eneral

vided bitstréam decoding software is a normative reference implementation of the respectivi

[}

specificqtion.

11.2.2 SAOC decoding software

Location Content

saoc2mps SAOC transcoder/decoder

mcu SAOC MCU combiner

mp4spatialdec LD-MPS decoder
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Annex A
(normative)

Tables

A.1Huffman tables

T

S

o - <

~

= = <

he function 1Dhuff dec() is used as:
ata = 1Dhuff dec(hcod_huff, codeword),
'here hcod_huff is the selected Huffman table and codeword is the word read ffom the bitstre

eturned value data is a Huffman table index corresponding to a specific code, word, with the
hble offset value subtracted. The offset value is specified for each Huffman fable in Table A.1.

Similarly the function 2Dhuff dec() is used as:

Hata0, datal) = 2Dhuff dec(hcod_huff, codeword),

'here hcod_huff is the selected Huffman table and codeward)is the word read from the bitstre
eturned values data0 and datal is the corresponding Huffman table index Idx0 a
prresponding to a specific code word with the Huffman table offset value subtracted. The off3
b specified for each Huffman table in Table A.1.

Table A.1 — Huffman table overview

am. The
Huffman

am. The
hd Idx1
et value

Table name Offset LAV Notes
hcodFirstBand_OLD 15 15
hcodFirstBand_NRG 0 12 Note
hcod1D_OLD_YY! 0 15 Note
hcod1D_NRG_YY 0 12 Note
hcod2D_INRG*DT_ZZ_LL_escape | N/A N/A
hcod2D-NRG_DT_ZZ_LL_escape | N/A N/A
hcod2D. NRG_DT_ZZ_LL_escape | N/A N/A
héed2D_NRG_DF_ZZ_03 0 3 Note
hcod2D_NRG_DF_ZZ_05 0 5 Note
hcod2D_NRG_DF_ZZ_07 0 7 Note
hcod2D_NRG_DF_ZZ_09 0 9 Note
hcod2D_OLD_YY_ZZ 01 0 1 Note
hcod2D_OLD_YY_ZZ_03 0 3 Note
hcod2D_OLD_YY_ZZ_05 0 5 Note
hcod2D OLD YY 77 07 0 7 Note
hcod2D_NRG_DT_ZZ_03 0 3 Note
hcod2D_NRG_DT_ZZ_06 0 6 Note
hcod2D_NRG_DT_ZZ_09 0 9 Note
hcod2D_NRG_DT_ZZ_12 0 12 Note
hcod1D_ICC_Diff 0 7 Note
hcodLavIdx 0 N/A
NOTE Data can only have non-negative values for this table.
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Table A.2 — hcodFirstBand_OLD

Index | length codeword Index | length codeword
(hexadecimal) (hexadecimal)
0 1 0x00 8 6 0x22
1 5 Oxle 9 5 0x10
2 5 0x12 10 9 0x2e
3 5 0x14 11 9 0x2f
4 5 0x15 12 6 0x23
5 5 0x16 13 6 0x26
6 5 Ox1f 14 6 0x277
7 3 0x06 15 4 0x0e
Table A.3 — hcodFirstBand_NRG
Index | length codeword Index | length codeword
(hexadecimal) (hexadecimal)
0 11 0x67e 32 8 0x0ce
1 12 0x8fe 33 7 0x0 0
2 12 0x8ff 34 7 0x046
3 11 0x67f 35 7 0x05e
4 11 Ox2fe 36 7 0x05f
5 11 0x47e 37 7 0x077
6 10 Ox1l7e 38 7 0x066
7 11 Ox2ff 39 6 0x002
8 10 0x23e 40 [ 0x00e
9 10 0x33e 41 6 0x027
10 9 0x0be 42 5 0x002
11 9 Ox1lle 43 5 0x00a
12 9 0x19e 44 5 0x012
13 8 0x05e 45 5 0x018
14 8 0x08e 46 5 0x01lc
15 7 0x006 47 5 0x016
16 7 0x02e 48 5 0x00f
17 7 0x076 49 5 0x000
18 6 0x006 50 6 0x037
19 6 0x012 51 5 0x004
20 6 0x036 52 5 0x00d
21 5 0x00e 53 5 0x01la
22 5 0x014 54 5 0x010
23 5 0x00c 55 5 0x005
24 6 0x03e 56 5 0x008
25 6 0x03f 57 6 0x032
26 5 0x015 58 6 0x007
27 5 0x006 59 6 0x022
28 6 0x03c 60 6 0x013
Zr) I~ Osz 0 l I~ ()1 I~ Qs 2 =
30 6 0x026 62 6 0x00f
31 6 0x02e 63 6 0x03d

© ISO/IEC 2018 - All rights reserved


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

Table A.4 — hcod1D_OLD_YY

ISO/IEC 23003-2:2018(E)

Index DF DT
length | codeword | length | codeword
0 1 0x000 1 0x000
1 3 0x006 2 0x002
2 3 0x004 4 0x00e
3 4 0x00e 4 0x00c
4 4 0x00a 5 0x01le
5 5 0x01le 5 0x01la
6 5 0x016 6 0x03e
7 5 0x01f 5 0x01b
8 7 0x05c¢c 8 0x0fc
9 8 0x0be 9 Ox1lfc
10 7 0x05d 9 Ox1fa
11 8 0x0bc 9 0x1fb
12 9 O0x17e 10 Ox3fe
13 9 O0x17a 10 0x3ff
14 9 0x17b 9 O0x1fd
15 9 0x17f 9 Ox1fe

Table A.5 — hcod1D_NRG_YY

© ISO/IEC 2018 - All rights reserved

Index DF DT

length | codeword | length | codeword
0 310x000006 210x000000
1 210x000000 210x000002
2 31 0x000007 3]10x000006
3 31 0x000004 3]10x000002
4 310000002 410x00000e
5 4 \0x00000a 510x00001e
6 410x000006 510x00000e
7 5|0x000016 5]10x00000c
8 510x00000e 6|0x00003e
9 6|0x00002e 6|0x00001e
10 6|0x00001e 6|0x00001a
11 710x00005e 710x00007e
12 710x00003e 710x00003e
13 810x0000be 710x000036
14 910x00017e 810x0000fe
15 910x0000fe 81 0x00007e
16 910x0000fc 81 0x00006e
17 10| 0x0002fe 910x0000fe
18 10| 0x0001fe 910x0000de
19 11| 0x0005fe 10| 0x0003fe
20 10| 0x0001fa 10| 0x0003fc
21 11| 0x0003£f6 10| 0x0001fe
22 %6663 fe ECE RSP SSASASE S ois
23 11|0x0003£7 11|0x0007fa
24 12| 0x000bfe 11| 0x0003fe
25 12| 0x0007fe 11]0x00037e
26 13|0x0017fe 11]0x00037f
27 14 | 0x001ffe 12| 0x000ffc
28 14| 0x001fff 12| 0x000ffe
29 14| 0x001ffc 12| 0x000ffe
30 15| 0x005ffe 12| 0x0007fe
31 15|0x003ffa 13| 0x000ffe
32 17|0x00ffee 13| 0x000£f£ff
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Table A.5 (continued)

Index DF DT

length | codeword | length | codeword
33 15| 0x005fff 14| 0x003ffc
34 22 | 0x1ffde8 15|0x007ffc
35 16| 0x007ff6 15|0x007£f£fd
36 14|0x002ffe 14 |0x003ff6
37 22| 0x1ffde9 15|0x007ffe
38 22| 0xlffdea 15| 0x007fea
39 22 | 0x1lffdeb 14| 0x003fdc
40 22 | 0xlffdec 16| 0x00f£f£f6
41 22 | 0xlffded 14| 0x003£f£7
42 22| 0x1ffdee 16| 0x00fffe
43 22| 0x1ffdef 15|0x007feb
44 22| 0x1f£df0 17| 0x01fffe
45 22 | 0x1ffdfl 14| 0x003fde
46 22 | 0x1f£fdf2 14| 0x003fdd
47 22 | 0x1£f£d£f3 14|0x003ff4
48 22 | 0x1ffdf4 18| 0x03fffe
49 22| 0x1f£fdf>5 24| 0xfffffe
50 22| 0x1ffdfe 14 | 0x003fdf
51 22| 0x1f£df7 16 | Ox00fff4
52 22 | 0x1f£df8 16| 0x00£££5
53 22 | 0x1£f£fdf9 24 | OxEPEEEfE
54 22 | 0x1ffdfa 16 0%00£££7
55 22| 0x1ffdfb 2010x0ffffe
56 22| 0x1ffdfc 19| 0x07fffe
57 22| 0x1ffdfd 23| 0x7£f£f£ff8
58 22| 0x1ffdfe 23 |0x7£f£f£f£9
59 22 | 0x1ffdEf 23| 0x7ffffa
60 21 | 0x0£fef0 23 |0xT7£f£f£ffDb
61 21| 0x0ffefl 23| 0x7ffffc
62 21 |0x0ffef?2 23| 0x7£f£fffd
63 21N 0x0ffef3 23| 0xT7ffffe

Table A.6 — hcod2D_OLD_YY_ZZ_LL_escape

LL DF/FP DT/FP
length | codeword | length | codeword

03 N/A N/A

06 N/A N/A

09 N/A N/A

12 N/A N/A
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Table A.7 — hcod2D_NRG_DF_ZZ_LL_escape

LL DF/FP
length | codeword

03 N/A

05 N/A

07 N/A

09 N/A
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Table A.8 — hcod2D_NRG_DT_ZZ_LL_escape

LL DT/FP
length | codeword

03 N/A

06 N/A

09 N/A

12 N/A

ISO/IEC 23003-2:2018(E)

Table A.9 — hcod2D_OLD _YY_ZZ_03

Idx0 | Idx1 DF/FP DT/FP
length | codeword | length | codeword
0 0 2| 0x002 1| 0x000
0 1 3| 0x006 6| 0x03e
0 2 3| 0x002 8| O0x0Ode
0 3 3] 0x003 8| 0x0dc
1 0 3| 0x000 5| 0x0Ole
1 1 4 0x00e 4 0x008e
1 2 4| 0x002 6] 0x036
1 3 5 0x0le 7 0%07e
2 0 6| 0x03e 6\ 0x032
2 1 6| 0x00e 7l 0x07f
2 2 6| 0x00f 5| 0x018
2 3 7] 0x07e 5| 0x0la
3 0 9| Oxlfe 8| 0x0df
3 1 9| Ox1fEf 8| 0x0dd
3 2 8| Ox0fe 6] 0x033
3 3 5].40%x006 2| 0x002
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Table A.10 - hcod2D_OLD_YY_ZZ_06

IdxO0 | Idx1 DF/FP DT/FP

length | codeword | length | codeword
0 0 1| 0x0000 1| 0x0000
0 1 5] 0x001la 71 0x007e
0 2 6| 0x0032 9| O0x0Olea
0 3 71 0x0066 11| 0x07ae
0 4 71 0x0056 13| Oxlefo6
0 5 8| 0x00ce 16| Oxf7fe
0 [§) 9 O0x01tf4 16 Oxtf/ff
1 0 6| 0x002e 6| 0x003e
1 1 41 0x0008 41 0x000c
1 2 6| 0x002a 8| 0x00f2
1 3 71 0x006e 91 0x015e
1 4 8| 0x00f4 12| 0x0f7e
1 5 9| 0x0lea 14| Ox3dfe
1 6 13| Ox1f7e 8| 0x00da
2 0 71 0x0057 6| 0x002c
2 1 6| 0x0026 6| 0x003a
2 2 5| 0x0016 5| 0x0014
2 3 8| 0x00fe 10| 0x03d6é
2 4 8| 0x00a6 12| 0x0f%a
2 5 12| OxOfbc 8| 0x00de
2 6 12| 0xOfbd 71<0x005a
3 0 9| 0x01f5 7N 0x006e
3 1 71 0x0052 6| 0x002e
3 2 8| 0x00fe6 8| 0x00f6
3 3 6| 0x0028 7| 0x0056
3 4 8| 0x00f7 9| 0x01le6
3 5 8| 0x00fe 7| 0x005b
3 6 8| O0xQOff 6| 0x002f
4 0 12 |.O0x0fba 8| 0x00f4
4 1 11y O0x07dc 71 0x006c¢c
4 2 12| O0xOfbe 8| 0x00ae
4 3 8| 0x00a7 11| O0x07af
4 4 6| 0x003c 6| 0x002a
4 5 71 0x006f 7| 0x007f
4 6 71 0x005e 6| 0x003b
S 0 14| Ox3efe 9|1 0x0lee
5 1 12| 0x0fbb 8| 0x00df
5 2 9| 0x01fe6 13| Oxlefe
5 3 8| 0x00fd 11| 0x07be
5 4 71 0x007c¢c 8| 0x00db
5 5 5| 0x0018 5| 0x001lc
5 6 6| 0x0036 5| 0x001la
6 0 14| Ox3eff 9| 0x015f
6 1 9| 0x0leb 15| Ox7bfe
[ 2 8 0x00cf 13 Oxlef?
6 3 71 0x005f 11| 0x07bc
6 4 6| 0x0027 9| 0x0le7
6 5 5| 0x0012 7| 0x0078
6 6 4| 0x000e 3| 0x0004
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Table A.11 — hcod2D_OLD_YY_ZZ_09
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Idx0 | Idx1 DF/FP DT/FP

length | codeword | length | codeword
0 0 1| 0x00000 1| 0x00000
0 1 6| 0x00036 7| 0x00042
0 2 71 0x0007e 9| 0x0015a
0 3 7| 0x0005¢ 11| 0x007da
0 4 8| 0x000ec 12| 0x009%ee
0 5 8| 0x000c6 14| 0x027fe
0 ) 71 O0x00063 151 Ox0o0f/e
0 7 6| 0x0002a 14| 0x0279%e
0 8 9| 0x001d2 19| Ox6f7fe
0 9 10| 0x003b6 17| O0x13dfe
1 0 7| 0x00062 6| 0x00022
1 1 5| 0x00016 5| 0x0001e
1 2 7| 0x00066 8| 0x000ac
1 3 8| 0x000ee 10| 0x0037e
1 4 8| 0x000ae 11| 0x004£%
1 5 9| 0x0018e 13| 0x01k@e
1 6 8] 0x000d2 13| 0x013fe
1 7 10| 0x00278 16 |\0x0defe
1 8 10| 0x0031e 19K 0x6f7ff
1 9 6| 0x00030 114 0x006fa
2 0 7| 0x00056 7| 0x0005a
2 1 7| 0x0006a 6| 0x00020
2 2 6| 0x00032 6| 0x0003a
2 3 8| 0x000¢e 10| 0x003ec
2 4 9| 0xp@lda 11| 0x004fa
2 5 8| 0x000ea 11| 0x004f2
2 6 10-0x0021e 15| 0x04f7c
2 7 121 0x00d7e 17| Oxlbdfe
2 8 12| 0x009f6 11| 0x006fb
2 9 11| 0x005fe 10| 0x0027c¢c
3 0 8| 0x0008e 7| 0x0004e
3 1 71 0x00040 7| 0x0007c
3 2 6| 0x00037 8| 0x000fe
3 3 6| 0x00022 7| 0x0006e
3 4 71 0x0004c 10| 0x0037c
3 5 10| 0x0033e 13| 0x013de
3 6 11| 0x0077e 14| 0x0279f
3 7 11| 0x0043e 11| 0x0056e
3 8 11| 0x005f6 10| 0x002be
3 9 11| 0x0043f 6| 0x00036
4 0 11| 0x005f2 8| O0x000ff
4 1 10| 0x0033f 7| 0x0005e
4 2 10| 0x003ae 8| 0x000fa
4 3 9| 0x0017e 7| 0x0004a
4 4 91 Ox001ae 101 0x0027e
4 5 6| 0x00028 14| 0x037be
4 6 10| 0x003a6 12| 0x00fba
4 7 10| 0x002fa 10| 0x002b6
4 8 10| 0x0027a 6| 0x00023
4 9 11| 0x004fa 71 0x00072
5 0 11| 0x0075e 8| 0x000e6
5 1 11| 0x0074e 71 0x00054
5 2 11| 0x0074f 7| 0x00076
5 3 10| 0x0023e 11| 0x007de
5 4 10| 0x00279 12| 0x00dee
5 5 9| 0x0019%e 11| 0x0056f

127


https://standardsiso.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

Table A.11 (continued)

5 6 10| 0x0035e 11| 0x006f6
5 7 9| 0x0011le 71 0x0005b
5 8 10| 0x002fe 71 0x00043
5 9 10| 0x003be 71 0x00077
6 0 11| 0x0075f 8| 0x000e7
6 1 11| 0x0077f 6| 0x0002c
6 2 10| 0x0027c 10| 0x002bf
9 3 11| 0x005f7 11| 0x004fe
6 4 11| 0x005ff 14| 0x027ff
6 5 10| 0x0023f 13| 0x01lbfe
6 6 5| 0x0001c 6| 0x0002e
[ 7 71 0x00042 8| 0x000ae
6 8 71 0x0004a 71 0x00055
6 9 71 0x0004e 71 0x0007e
7 0 10| 0x0027e 5| 0x0001a
7 1 11| 0x006be 10| 0x0037a
7 2 10| 0x0027f 11| 0x006fe
7 3 10| 0x0027b 15| 0x04£f7d
7 4 10| 0x003b7 14| 0x037fge
7 5 71 0x00041 11| 0x007&f
7 6 9| 0x001de 10| 0x0Q298
7 7 6| 0x00024 6| 000024
7 8 71 0x00046 TA0x0005F
7 9 71 0x0004d o6k 0x00026
8 0 12| 0x00d7f 41| 0x004fb
8 1 11| 0x005£3 11| 0x007db
8 2 10| 0x002£8 17| 0x13dff
8 3 9| 0x001Qe 15| 0x04f7e
8 4 8| 0x00De8 12| 0x009%e6
8 5 8| 0x00086 12| 0x00dfe
8 6 8 |%x0x000d3 11| 0x007dc
8 7 H=0x0004b 9| 0x001bc
8 8 6| 0x0003e 5| 0x00014
8 9 71 0x0007f 6| 0x00038
9 0 12| 0x009f7 12| 0x00fbb
9 $ 11| 0x0063e 18| 0x37bfe
9 2 11| 0x0063f 16| 0x09%efe
9 3 8| 0x000d6 14| 0x037ff
9 4 9| 0x001de 13| 0x013ce
9 5 8| 0x000af 12| 0x009fe
9 6 71 0x0005d 10| 0x0027a
9 7 71 0x0005e 9| 0x0015e
9 8 6| 0x00029 71 0x0004b
9 9 5| 0x0001e 41 0x0000c
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Idx0 | Idx1 DF/FP DT/FP

length | codeword | length | codeword
0 0 4|0x00000a 2|0x000002
0 1 8| 0x0000d6 7]0x000070
0 2 8]0x000074 8|0x000036
0 3 310x000000 910x00006e
0 4 510x000004 11|0x00035e
0 5 6]0x00001a 12| 0x000d7e
0 [ 710x000040 1310x0003tc
0 7 10| 0x0002de 16| 0x0045fe
0 8 11|0x0006fc 15| 0x0022fe
0 9 7|0x000036 22| 0x3cfbf4
0| 10 4|0x00000e 22| 0x3cfbf5
0| 11 6|0x000026 22| 0x3cfbf6
0| 12 710x00006a 22| 0x3cfbf7
1 0 7|0x00004e 6|0x00001c
1 1 710x00005¢c 410x000000
1 2 710x00004a 710x000028
1 3 6]0x000022 9]10x0001fa
1 4 410x00000c 10 |Q%¥0001£f6
1 5 6]0x000024 11480x0000fe
1 6 710x00003e 1310x001d76
1 7 810x00006e 14| 0x0007fa
1 8 8|0x000075 14| 0x0007£fb
1 9 710x00004% 22| 0x3cfbf8
1| 10 6| 0x000036 22| 0x3cfbf9
1 11 4| 0xQQO00f 22| 0x3cfbfa
1] 12 710x00005e 9]10x0001be
2 0 840x0000de 7]0x00007a
2 1 M0x00006e 6]0x00001e
2 2 6]0x00000a 6]0x00003e
2 3 6|0x00001e 9]10x0001e6
2 1 510x000006 910x000066
2 5 410x000004 11| 0x00022e
2 6 710x000016 12| 0x0006be
2 7 11|0x00069%e 15| 0x0079£6
2 8 7]0x00005d 14| 0x003cfa
2 9 7]0x000068 22| 0x3cfbfb
2| 10 6]0x00001c 16| 0x00£f3ee
2| 11 5|0x00000c 9|0x0001fe
2| 12 5|0x00000a 8| 0x00006e
3 0 10|0x0002fa 710x00003a
3 1 910x00017c 6]0x00000e
3 2 6|0x00000e 710x000068
3 3 6|0x00000£f 710x000078
3 4 6]0x00002c 10| 0x0001£7
3 o) 510x000010 1110x00022c¢
3 6 11|0x00047c¢ 12| 0x000eba
3 7 10| 0x0000ba 13| 0x0008b6
3 8 11|0x00037¢c 13| 0x0003fe
3 9 12| 0x0006fa 22| 0x3cfbfc
3| 10 19| 0x02ebf4 9]10x0001d4
3 11 19| 0x02eb£fb 810x0000de
31 12 19| 0x02ebf6 710x00002a
4 0 11|0x0005ae 710x000024
4 1 10| 0x0002d6 6]0x00000a
4 2 10| 0x0002d4 710x00001a
4 3 10| 0x0001de 8| 0x00007e
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Table A.12 (continued)
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4 4 9|0x0000be 81 0x0000f6
4 5 11]0x00047d 11|0x0001be
4 6 10| 0x000176 11|10x0001bc
4 7 11|0x0004bc 12| 0x0006bf
4 8 12| 0x000966 15| 0x006bfe
4 9 19| 0x02ebf7 9| 0x00003e
4 10 19| 0x02ebf8 81 0x00005e
4 11 19| 0x02ebf?9 710x000029
4 12 19| 0x02ebfa 710x000018
5 0 11|0x0002ee 710x000026
5 1 10| 0x000170 710x000074
5 2 11| 0x0005fe 710x00001e
5 3 11|0x0005f6 810x0000406
5 4 11|0x000476 9| 0x0000be
5 5 9|0x00017e 810x0000dc
5 6 11|0x0004bo6 11|0x0006be
5 7 12| 0x000bee 13]0x001e7c
5 8 11|10x000472 10|0x00038e
5 9 11|0x0005be 9| 0x0001de
5 10 11|0x0005af 8|1 0x0000€7
5 11 12| 0x0008fe 8| 0x0000£2
5 12 13|0x001la7e 710X00002b
6 0 13|0x001a7f 8 0x0000fc
6 1 12| 0x000d3e 7Hh0x000069
6 2 11|10x0002e2 710x00000a
6 3 12| 0x000dfe 9| 0x0001fb
6 4 10| 0x0000bb 9| 0x0001c6
6 5 11|0x0005aa 10| 0x0003ce
6 6 9|0x0Q005¢c 10| 0x00035e
6 7 12| 0x000dff 11|0x0007f6
6 8 11 |9x00037a 9| 0x000067
6 9 1I1N0x000474 810x000047
6 10 221 0x0006£6 9| 0x0001fc
6 11 12| 0x0006fb 710x00001f
6 12 12| 0x0005d6 710x00006a
7 0 14| 0x00175e 81 0x00006f
7 1 13| 0x000bae 710x000025
7 2 13| 0x0016ae 8|1 0x00006a
7 3 12| 0x000dfc 810x0000e6
7 4 12| 0x000d36 9| 0x0000d6
7 5 12| 0x0006fe 11|10x00075¢c
7 6 12| 0x000d37 13| 0x001e7e
7 7 9|0x00011e 9| 0x0001ff
7 8 10| 0x0001df 9| 0x0001ae
7 9 11|0x0002ef 9| 0x0000£8
7 10 11|/0x000473 810x0000e2
7 T+ 6060475 FTOx00602=
7 12 11|0x00047e 6| 0x000004
8 0 19| 0x02ebfb 810x000044
8 1 19| 0x02ebfc 710x00000e
8 2 19| 0x02ebfd 8|1 0x0000ee
8 3 19| 0x02ebfe 810x00001e
8 4 19| 0x02ebff 10| 0x0003fa
8 5 12| 0x000bef 14| 0x00117e
8 6 11|0x0004be 13|10x001d77
8 7 10| 0x0001bc 11|10x00075e
8 8 10| 0x00034c 810x000032
8 9 11|0x00069%a 9| 0x0001bf
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8 10 10|(0x000174 81 0x0000dd
8 11 10| 0x00017e 710x00003b
8 12 10|10x000258 6| 0x00000b
9 0 18| 0x0175f0 9]10x0001d5
9 1 18|0x0175f1 710x000034
9 2 18|0x0175f2 8| 0x00006¢c
9 3 18| 0x0175f3 9| 0x0000£9
9 4 12 10x0008ff 18] 0x03cfbe
9 5 11(0x0004b7 13|10x0008b7
9 6 10(0x000172 12| 0x000ebe
9 7 11|0x000477 12| 0x000ebf
9 8 11|10x0006fd 10| 0x0001lae
9 9 910x00012e 710x000027
9 10 10|0x00034e 710x00000b
9 11 91 0x0000bc 710x000072
9 12 91 0x0000bd 6| 0x0000L6
10 0 18| 0x0175f4 9| 0x000Zae
10 1 18| 0x0175f5 8| 0x00007f
10 2 18| 0x0175f6 9| 0x0001df
10 3 12| 0x0006ff 22, 0x3cfbfd
10 4 1210x000dfd 1340x0008be
10 5 11|(0x0004bf 13]0x001e7f
10 6 11|10x0002fe 12| 0x00045a
10 7 11|10x0005hE 11|10x0001bd
10 8 10| 0x00025a 11|0x0007£7
10 9 910x00Q0%e 9|0x0000bf
10 10 8| 0x0000b4 6| 0x000010
10 11 910x0001ae 6|0x000006
10 12 9 0x0001be 6|0x000036
11 0 +8°| 0x0175£7 9|0x0001ac
11 1 18| 0x0175f8 9|0x0001lad
11 2 12 |0x0006£7 22| 0x3cfbfe
11 3 1110x0002e3 22| 0x3cfbff
11 4 11|0x0004b2 14| 0x0035fe
L 5 11|{0x0002ea 16| 0x00d7fe
21 6 11|10x0004bd 13| 0x0003ff
11 7 10| 0x000173 11| 0x0001bf
11 8 10| 0x0002fe 10| 0x00007e
11 9 910x0000ee 9|0x0000fa
11 10 9| 0x0001laf 8| 0x0000e7
11 11 710x00003f 510x00000c
11 12 810x0000b6 510x000004
12 0 18|0x0175£9 10| 0x00038f
12 1 13|0x0016af 21| 0x1e7df8
12 2 12|10x000967 16| 0x0045ff
12 3 11| 0x0002ff 21| 0x1e7df9
T % 2T O0x060056 6T OX00FEE
12 5 11|0x00037e 17| 0x01le7de
12 6 11| 0x0005ff 13| 0x001lafe
12 7 10| 0x000238 12| 0x00045e
12 8 910x00005f 11|10x00079%e
12 9 91 0x00016e 9|0x00008a
12 10 810x000076 8| 0x00006d
12 11 810x0000d2 710x000076
12 12 6| 0x000016 410x00000c
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Table A.13 — hcod2D_NRG_DF_ZZ_03

I1dx0

Idx1

DF/FP

length | codeword

0x0c
0x0d
0x08
0x06
O0x0e
0x00

Osz0
T

WWWWwNDhNNNNNRPEHR PR OOOO

WNRPOWNRPRPOWPHRHRHROWNDREO

0x09
0x07
0x02
Oxle
0x0b
0x06
0x07
Ox1f
0x02

U1 OO O DD WD WD DD D

w

Table A.1

4 — hcod2D_NRG_DF_ZZ 05

Idx0

Idx1

DF/FP

length | codeword

0x0006
0x0008
0x0006
0x004a
0x0092
0x005e
0x0007
0x0000
0x0016
0x0026
0x0016
0x002e
0x0008
0x0017
0x0007
0x0048
0x002e
0x007e
0x004b
0x0016
0x004e
0x007f
0x003e
0x000a
0x0093

132

Or o1 OO OOl DD DBRIDWWWWWwwNhDNDNNDNNNNNNDMA PR PR EREOOOOOO

O WNEFEOU D WNDRIOUDD WNEP OO WNE OO NWNhERE OO wNRE o

0x009e
0x002f
0x0004
0x001e
0x000a
0x005f
0x009f
0x000a
0x0009
0x000e
0x0006

W U1 oYy 00 O B U1 U1 JO0|0 Ul JJ0)~J~JJJ0U1 U U1 00 ~J0) Ul Wak (© 0 J 01 >
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Table A.15 — hcod2D_NRG_DF_7ZZ_07

I1dx0

Idx1

DF/FP

length | codeword

0x00018
0x0001a
0x0000a
0x00002
0x0002e
0x000ce
0x00008
0x000bc

ISO/IEC 23003-2:2018(E)

0x0001e
0x00008
0x00014
0x00026
0x0004a
0x0007¢c
0x00012
0x0001e
0x00002
0x00015
0x00003
0x00016
0x0004e
0x0009&e
0x00176
0x001f6
0xQ0024
0x00000
0x00003
0x0005¢c
0x0003c
0x000cf
0x000fa
0x000ba
0x000fe
0x0003e
0x0001f
0x0002c
0x00013
0x00066
0x0005e
0x0000e
0x000be
0x00096
0x001£7
0x000ff
0x0005f
0x0000a
0x0002d
0x0000e
0x0017a
0x000bf
0x00097
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oxX0003a
0x0007e
0x00032
0x0001b
0x00006
0x0017b
0x00177
0x0009f
0x0003f
0x0000b
0x00006
0x00004
0x0000e
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Table A.16 — hcod2D_NRG_DF_ZZ_09

Idx0

Idx1

DF/FP

length

codeword

@O J oy U1 U

0x000006
0x000010
0x000032
0x000068
0x0000d6
0x000066

0x0002fe
0x0002de
0x00077e
0x000efe
0x000011
0x000002
0x000012
0x000036
0x000006a
0x000026
0x00004e
0x00006a
0x000166
0x00037e
0x000037
0x00000e
0x000€0a
0x00001e
0x000034
9x0000e0
0x0000e2
0x000167
0x0003bc
0x0000ca
0x000072
0x000033
0x000018
0x00005c
0x000008
0x00000e
0x00006e
0x0000de
0x0001da
0x00016e
0x0000el
0x00003e
0x00001c
0x000006
0x000004
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G OO U DSBS DDWWWWWWWWBNWDNDNDNDNNDNNNDNNDNMDNMMDNNNNNRPRPRRERPRPRPRPRPRPRPRPROOOgOOOOOO

GO WNDEFPFOWO®JIOHU PR WNREOWOWOO-JIOU P WNREPE OO IO WNEOWOW-JIO0U P WNRE O WOW-Joyu & whNEk o

W OO0 JJWOWOWOWWOWHK-JIJJ00WWOWWOWOIJIITJoroJ WO WPWJOoYU Uloy P O OO JJo U Wb

0x000064
0x0001db
0x0000b2
0x000067
0x00006b
0x0001co6
0x00001d
0x000007
0x0000ee
0x0000b6
0x0000ec
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Table A.16 (continued)

0x00003f
0x0000bc
0x00000a
0x000009
0x0002ff
0x0001c7
0x00004f
0x00001e

W W W W WWWWWWWOoOoOomMMOOWOCOWOMWMXXII I I I I ITIIJIJIJODODOOHOHOIGOYOY Y U U1 U1 U1

O 0O JOo U WNEFEF O WOW-JoOUMSYWNE OWO--JIoUd WNDE OWOOWJOoU D|JWNDEFE O WOoWw-Jo

=

e =

=
B U1 U1 oy 00000 ONU Ul Ul oy 10 0 WO Uloyoy J~1~10OWOWO O -1 ~1 0 ~Jo|mao oo -1

0x0000bd
0x00001e
0x0000d7
0x000036
0x000073
0x000026
0x0001be
0x0000cb
0x0003bd
0x00003e
0x00000b
0x0000Q5
0x000069
0x000027
0x00003a
0%000008
0x00037f
0x0002df
0x00017e
0x0000ba
0x0000be
0x000058
0x000006
0x000000
0x000018
0x00001e
0x000eff
0x0003be
0x00003f
0x00001f
0x0000bb
0x00005a
0x000012
0x00000b
0x00001f
0x00000a
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Table A.17 — hcod2D_NRG_DT_ZZ_03

Idx0

Idx1

DT/FP

length

codeword

0x000
0x006
0x002
0x00e
0x004
0x006

WwwwdhNhDNdNNNRPEHEPE PR OOOO

WNNRFPFOWNREFEOWNREOWNRERO

W J 0o U JdJ~JooUuld Wb ww

0x00e
0x03e
0x03f
0x03e
0x03c
0x01le
0x07a
0x07b
0x03f
0x005

Table A.18 — hcod2D_NRG_DT_ZZ_06

Idx0

Idx1

DT/FP

length

codeword

4
5
8
10
14
177
17

=

0x0000e
0x00012
0®000ba
0x0027e
0x03dae
Oxled7e
Oxled7f
0x00002
0x00002
0x0005e
0x00176
0x004fe
0x0fobe
0x0000e
0x00008
0x00000
0x0007e
0x00177
0x004ff
0x000b8
0x00006
0x00006
0x00007

136
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GO WINPT WN IR OO WNEP OO WNH OO O Wb B+ O
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0x0004e
0x0013e
0x001lec
0x0007a
0x00016
0x00026
0x0007f
0x001lee
0x007b6
0x000be
0x0003c
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Table A.18 (continued)

0x0000a
0x0000f
0x000bf
0x00f6a
0x007b4
0x000b9
0x0003e
0x00003

=

oY OY OV O OY OY OY|UT U1 U1 U1 U1 U1 U1 >

YU WNEP OloYyU B WDNE OO

OJWw oy 0O N O J b

0x001lef
0x07b5e
0x0ledo6
0x007b7
0x0009%e
0x00002
0x00006

= e
=W m

w U1

Table A.1

9 — hcod2D_NRG_DT_ZZ_09

Idx0

Idx1

DT/FP

length | codeword

4| 0x00004
51 0x0000a
8| 0x000fo6
10| 0x0032e
11N0x002de
12 )'0x0035¢
18| 0x0d77c
18| 0x0d77d
18| 0x0d77e
14| 0x032fa
4| 0x0000a
4| 0x00002
7| 0x00066
9| 0x000fe
11| 0x001lbe
12| 0x0037e
14| 0x00d76
14| 0x032fe
18| 0x0d77f
8| 0x0007a
5| 0x0001a
5| 0x00016
7| 0x00064
9| 0x001lea
10| 0x001l6e
11| 0x0035e
12| 0x0035e
14| 0x032fb
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8| Ox0005e
0x0003c
0x0003c
0x00002
0x0005e
0x0005a
0x0006e
0x0065e
0x0197e
0x001lee
0x0002c
0x00018

=
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Table A.19 (continued)

0x00030
0x00036
0x00034
0x000f4
0x000fo6
0x002df
0x003d6
0x0005f
O-sz0002
0x0002e
0x0000c
0x0000e
0x00032
0x00036
0x000de
0x000d6
0x001lef
0x00033
0x0005f
0x00037
0x00036
0x00006
0x000ca
0x000ff
0x0197¢
0x003de
0x00034
0x0Q00e
0X0000f
0x0000e
0x00037
0x0002e
0x00196
13| 0x006ba
12| 0x0037f
10| 0x001lee
9| 0x000do
7| 0x0000f
6| 0x00031
4
8

-

= e

=
O IMUNTOHFWWOWONJNJIJOOOW-Jnoo O ©ow-1o oy

0x00000
0x00006a
8| 0x0007e
16| 0x035de
13| 0x00f7e
12| 0x007be
10| 0x00lae
9| 0x0006a
8| 0x000ce
6| 0x0003e
4| 0x0000e
91 0x000be
15| Ox0laee
13| Ox00£7£
12| 0x0035f
14| 0x032ff
11| 0x0035f
10| 0x003d7
8| 0x000ct
6| 0x0003f
3| 0x00004
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