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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
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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 acts
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Information technology — MPEG audio technologies — Part 2:
Spatial Audio Object Coding (SAOC)

1 Scope

Thls document spec1f1es the reference model of the spatlal audio ob]ect codmg [SAOC) technology that

2 ormative references

The following documents are referred to in the text in such a way that some~or all of their content
constitutes requirements of this document. For dated references, only the-edition cited|applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 23003-1:2007, Information technology — MPEG audio technologies — Part 1: MPE({ Surround

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.
ISO apd IEC maintain terminological databases for us€in“standardization at the following afldresses:
— IEC Electropedia: available at http://www.electropedia.org/

et

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

3.1
audio object
input| audio signal consisting of ong,)two or multiple channels, including multi-channel| background
object (MBO)

3.2
framge
time fsegment (3.15) _fo)which SAOC processing is applied according to the data convyeyed in the
corresponding SAQCErame() or SAOCDEFrame() syntax elements

3.3
hybrid filterbank
structurej consisting of a quadrature mirror filter (QMF) bank and oddly modulated Nyquist filter banks,
used to.transform time domain signals into hybrid subband (3.5) samples

3.4

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


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=f0cd0721e2b76ab786a73440cb994896

ISO/IEC 23003-2:2018(E)

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

3.9
parameter §
specific time

3.10
parameter s
parameters 4

3.11
parameter ¢
parameters
two-to-three

3.12

processing |
one or more|
the paramet

3.13
QMF bank
bank of com]

3.14

QMF subband

subband obt
stage

3.15

hybrid subbands (3.5) applicable to one parameter

ime slot
slot (3.16) for which the parameter is defined

et
issociated with a specific parameter time slot (3.9)

ubset
hssociated with a specific parameter time slot (3:9)vand a specific one-to-two (OTT) b
(TTT) box

pand

ET'S

blex exponentially modulated filters

ained after)QMF filtering of a time-domain signal, without any additional hybrid fil

time segme

t

group of consecutive 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.

0oX or

hybrid subbands (3.5) defining the finest frequency resolution that could be controlled by

ering
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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;

— functions are indicated as func(x).

For equations tamd flowchartsy, mormmat ratirenmaticat (amdpseudo-code ) imterpretation is assumed
with ho rounding or truncation unless explicitly stated.

4.2 Operations

4.2.1| Scalar operations

*

X is the complex conjugate of x.

y =log10(x) is the base-10 logarithm of x.
y =miin(...,...) is the minimum value in the argument.list.
y =mpx(...,...) is the maximum value in the argumment list.
exp(x) is the exponential function of %

4.2.2 Vector and matrix operations

m = diag(M) is main diagonal ef matrix, M.

y=s rt(x) is equal to the’sorted vector x, where the elements of x are sorted i ascending
order.

y = trace(M) is,sum of all diagonal elements of matrix, M.

M’ is the complex conjugate transpose of M.

4.3 [Constants

£ is a constant to avoid division by and logarithm of zero, e.g. ¢ = 10-9
O4xs 1s a matrix ot size A x b consisting ot zeros.
I is an identity matrix of size A x A.

4.4 Variables

a is the virtual speaker transfer function, defined for binaural output channel, i,
i . . . .
4 audio object, y, and all parameter time slots, /, and processing bands, m.

D is the downmix matrix.

© ISO/IEC 2018 - All rights reserved 3
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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.

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

DCLDﬁl' DCLD72
and second CI.D data for every TTT bhox, every parameter set and M, bands.

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

D

DCLD

is the matrix holding the dequantized, and mapped DMG datafer every input
channel and every parameter set. If DMG data contains information for mofe
than one downmix channel, Dpwg is a three-dimensional matrix holding the
dequantized, and mapped DMG data for every inputchannel, every downnjix
channel and every parameter set.

D

DMG

is the four-dimensional matrix holding the dequantized, and mapped 10C data

10C
for every input channel pair, every parameter set and Mproc bands.

is the two-dimensional matrix holding the dequantized, and mapped NRG ¢lata
for the highest energy within everyparameter set and My, bands.

DNRG

is the three-dimensional matrix‘holding the dequantized, and mapped OLL} data

OLD
for every input channel, every parameter set and Myroc bands.

| ) I is the three-dimensional matrix holding the dequantized, and mapped PD( data
for every downmix‘channel, every parameter set and Mpr. bands.

D, is the downmix sub-matrix for BGOs.

Do is theddownmix sub-matrix for FGOs.

H", " is;the HRTF parameter which represents the average level with respect to the
" left and right ear {L, R} for the HRTF database index i, and all processing bgnds
m.

idxxxXx(...,...) is a three-dimensional matrix holding the Huffman, and delta decoded indifes.
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.

Mamr 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
time slots, /, and all processing bands, m.

Gi)"g 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, defingd for all
parameter time slots, /, and all processing bands, m.

Myco is the modification gain for BGOs.

Myco is the modification gain for FGOs.

mg is the decoder limited modification gain.

g’!’m is the input modification gaing

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

Nioo is the number of FGOs.

Nero is the numberof EAO channels.

Nyps is thenumber of MPS output channels.

Nk is the 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 pll group
indices, q.

g4 is a vector with the indices of the downmix signals assigned to the same 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

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.

is a vector with the (fr;mcrndpr/dprndpr) output hyhrid subband Qign;\lc

vhich

e

4.5 Abbre
ADG
BGO
CLD

CPC

DCLD

DCU
DE
DMG
EAO
FGO

HRTF

are fed into the hybrid synthesis filter banks, defined for all time slots, nfai
hybrid subbands, k.

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

viated terms

arbitrary downmix gain

background object

channel level difference; describes the energy difference between two channels

channel prediction coefficient; used for recreating three or more channels from
channels

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

distortion control unit

dialogue enhancement

downmix gain; gaifis'dpplied to each object before downmixing
enhanced audio object

foreground object

head-related transfer function

nd all

two

ng to

ICC

10C

LD

MBO

MCU

MPS

inter channel correlation; describes the correlation between two channels

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

OTT conceptual “One-To-Two” unit that takes one channel as input and produces-fiwo channels
as output

PDG post(processing) downmix gains; describes intensity differences.between the encoder-
generated downmix and the post(processed) downmix for the Corresponding parameter
band

QMF quadrature mirror filter

SAC spatial audio coding

SAO( 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 prgduces three
channels as output

Table 1 — Channel abbreviations and loudspeaker positions
Channel abbreviation Loudspeaker position Figure

L Left front é g

R Right front L c

C Center front A
LEE Low frequency enhancement

Ls Left surround

Rs Right surround Q ’

D

5 SAOC 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
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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
information). The rendering information can be time variant. Output scenarios can range from mono to

multi-chann
downmix ch
object posit
besides level

The objects 1
5.1 channels

5.2 Basic

The SAOC tr
transcoder fi
Table 2 illust

] [n g g 1) and-are inﬂnpnndnnf from hr\fh’ the number nFinpnf nh}'nr‘fc and-the num
hnnels. Binaural rendering of objects is possible including azimuth and elevation of'y]
ons. An optional effects interface allows for advanced manipulation of objéct “si
and panning modification.

hemselves can be mono signals, stereophonic signals, as well as multi-chatinel signal
. Typical downmix configurations are mono and stereo.

structure of the SAOC transcoder/decoder

ber of
irtual
pnals,

5 (e.g.

hinscoder/decoder module described below may act either-as-a stand-alone decoder or as a

rom an SAOC to an MPS bitstream, depending on the intendéd output channel configur
rates the differences between the two modes of operation.

Table 2 — Operation modesf the SAOC

ation.

Output signal # of output # of input r:;\(?u(ie SAOC module MPS decofer
configyration channels channels output requirefd
mode
Mono/stere a/k.)lnaur.al/ 1,20r3 1, 2°er3 Decoder PCM output No
3-channel cgnfiguration
Mmt.l -chan.nel >2 lor2 Transcoder MPS blt.strt.eam, Yes
configyration downmix signal
Figure 1 shows the basic(structure of the SAOC transcoder/decoder architecture. The residual
processor exjtracts the EAOs from the incoming downmix using the residual information contairled in
the SAOC bitstream. Thie"downmix pre-processor processes the regular audio objects. The EAOs and
processed rggular audio objects are combined to the output signal for the SAOC decoder mode or fo the
MPS downnlix signal for the SAOC transcoder mode. The detailed descriptions of these procgssing

blocks are g

ivel in the corresponding subclauses, namely, 7.5 and 7.5.4, which describe the

SAOC

transcoder/decoder functionality and 7.6 explains handling of enhanced audio objects and residual

processing.
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1 1

1 1

1 1

1 1

| EAOs !

! . | Output / MPS downmix
Downmix signal 1 | Residual | signal

1 1

| | processor ! >

| SAOC downmix :

i »  pre-processor |

1

1 1

I SR : :

o ]_ _1 ______________ -I _______________________

| - | Parameter processor |
srestrsream L i

1 .

Rendering matrix | 4 - parameter ! MPS bitstrdam
——————— ————— e [ —
HRTF parameters processor |
——————— :— —_———— — —’ :

1 1

1 1

Figur
procd
bitstr
gener
proce
decoq
Howse

e 2 (left) shows a block diagram of an SAOC transcoder unitsIt consists of an SAO

eam and has furthermore a user interface from which\it' receives additional inpu

ler. In case of a mono downmix, the downmix pré2processor leaves the downmix signa

Figure 1 — Overall structure of the SAOC transcoder/decoder architecture

ssor and a downmix processor module. The SAOC parameter processor decodg

ally time variant rendering information. It provides ‘steering information for t
ssor. The SAOC transcoder outputs an MPS bitstream and downmix signal, as an inpv

ver, in case of a stereo downmix, it is functional to pre-process the downmix signal t

|C parameter

bs the SAOC
t in form of
he downmix
t to the MPS
| unchanged.
b allow more

flexible object panning than is supported by.‘the MPS rendering engine alone. In case of a

bcoder mode

mong/stereo/binaural/multi-channel outputonfiguration, the SAOC system works in d¢
and MPS decoding is omitted [see Figure2 (right)]. Here, the downmix processing mogule directly
provides the output signal.
. .
' SAOC transcoder ' SAOC decoder
1 f 1 !
1 1
o MPS o !
Doywnmix Downmix downmix Downmix Downmix i Qutput
P processor i —> —»| processor i —>
i ! MPS | Output : :
i T ! decoder— i T !
1 ! 1 !
SAPC ! MPS SAOC ! |
bitstream < SAOC bitstream bitstream ! SAOC |
— T = T» parameter [+ ———WM — — — —!» parameter |
! processor i ! processor i
1 ! 1 !
LA | . S 4 __ |
I I I
Rendering Rendering HRTF
matrix matrix/gain parameters

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

5.3.1.3 Efi

In order to

functionality
encoding th
information
audio objec
calculations
and, therefo]

5.3.1.4 Ex

The SAOC

post(process
case, post d
bitstream. Tl

5.3.1.5 Multichannel background object

The audio i
Generally, th
number of §
represented
parameters.

5.3.1.6 Enhanced'audio object processing

A special "K

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

icient multipoint control unit support

1se the SAOC concept for teleconferencing applications, a multipointcontrol unit (
of combining the signals of several communication partners, without decodiq
e corresponding audio objects is provided. The MCU combines the input SAOC
streams into one common SAOC bitstream in a way that the,parameters representi
[s from the input bitstreams are included in the resulting output bitstream.
are performed in the parameter domain without the need to analyse the downmix s
e, introduce no additional delay in the signal processing chain.

ternal downmix

system is capable of handling not enly encoder-generated downmixes but
ed) downmixes supplied to the encoderin addition to the input audio object signals. I
bwnmix gains (PDGs) are calculated.in the encoder and conveyed as a part of the
ne difference of the downmix signalsts compensated for at the SAOC decoder side.

jput to a SAOC encoder._can contain a so-called multi-channel background object (]
e MBO can be considered as a complex sound scene involving a large and often unk

by a downmix,of the MPS encoded complex sound scene and corresponding

hiragke-type" application scenario requires a total suppression of specific objects, typ

over

MCU)
lg/re-
side
ng all

These

gnals

also
n this
SAOC

1BO).
nown

ound sources, for~which no controllable rendering functionality is required. The MBO is

MPS

ically

the lead vocats—white }\ccpiug the pet chtua} Liud]lit_y of-the bad\sx othrd-sothd-scene—unhatrnred: ngh
sound quality is assured by the incorporation of residual coding enabling a better separation of the
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

The SAOC effects interface operates on the downmix and therefore is part of the downmix processor of
the SAOC transcoder or decoder. The effects interface allows objects or linear combinations of objects to
be ejtracted from the downmix for effects processing. There are two types of effects processing
interfaces. The first type, referred to as the insert effects interface, allows effeets- pirocessing to
indivldual objects in the downmix. The second type, referred to as the send effects intefface, allows
effect processing on individual objects or linear combinations thereof.

5.3.2| High quality, low power and low delay
The JAOC decoder can be implemented in a high quality (HQ) version| alow power (LP) viersion and a

low delay (LD) version. The main differences are outlined by Table‘3' and given in detai] in 7.13 and
7.14.

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

Tool or
fupctionality HQ system LP system LD|system
i ¢ LD QMF,
Filterbank Complex valued QMF Partially complex valued QMF

no Nyquikt filterbank

Tool operates on the real-valued part

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

Decofrrelators Supported Not supported for stereo downmix Supported

5.4 |Delay and synchronization

5.4.1| Overview

The SAOC decoder introduces a delay when processing the time domain signal coming frorh a downmix
decoder. Depending on whether the SAOC module is working as a decoder or as a transcoder for a
multichannel renderer (MC-SAOC), i.e. MPS decoder, two different cases are to be taken intq account.

For all the different cases described in this subclause, the transmission of the SAOC side information
with respect to the transmission of the coded downmix signal is 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)
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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

SAOC decoder

as no
delay

delay
TIF .| hybrid .| saoc hybrid i L FIT
QMH analysis 7|  synthesis > synthesis QMF N
cos to exp L expn.Bos Jr
""32'""'""350 """" ssa 17T o"""I""o"' I"EQ"'B"+"'257""|"'
LP 320
Figure 3 — Delay for the different parts of the:<SAOC decoder

5.4.2.2 SAOC transcoding mode

The MPS renderer introduces a delay when processing, the*downmix from the SAOC transcoder| Two

cases may be distinguished: mono and stereo downmix:

In case of a hono downmix, the signal from the downmix decoder is passed directly to the MPS deroder
further processing is applied to the downinix, as depicted in Figure 4. The MC-SAOC procgssing
shall he equal to the one given by the SAOC decoder, as the SAOC to MPS parameter procgssing

does not intrjoduce any additional delay.

SAQC spatial parameters
i e et MC-SAOC decoder
i
1
1
A 4
SAOC
transcoder
T
delay A 4
TIF .| hybrid .| MPS hybrid . FIT I
QM analysis o synthesis o synthesis QMF
cos to exp L exp to cos J

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:

= N*EramelenothsothatB>1281 (HNorB>1601(LP):-N=0123 (1)
(=) C ~J T T7 T =y
A(HQ) =B -1281or A(LP)=B-1601
Giver] an interface via the hybrid QMF domain, the overall processing delay, of the nmulti-channel
rendering is equal to the delay of the SAOC decoding mode.
SAOC transcoder
N\ |
1
delay : :
1
I 1
TIF _ | hybrid | saoc ' hybrid ] N FIT '
—> QMF i analysis "1 processing _'l> synthesis QMF |
1 1
cos to exp . ' exp 1o cos '
I ! 1
1 1
: : !
1 : :
PR AU U D (U FPIRA N 1_____ N ) 4o _———— 1
-‘ 320 |- 320 + 384 1o ! | 0 | HQ: 0 + 257 -h |
1 H LP: 320 i
1 I V!
\ 4 | v ! i
B i A '
1 1 1
T ! 'y
I 1 1 1
] i V!
vV VvV | delay \ 4 ! :
! 1
1 1
FIT P hybrid MPS ) hybrid T/F Ly
“ QMF - synthesis Nl synthesis ‘:_ analysis QMF i :
1 1 1
exp to cos | cos to exp ' |
| ry
1 !
I -
! 1
R g | | L ! B R A 1
*- 257 + HQ: 0 0 0 C 384 320 -I 320 |
LP: 320 ! !
: Time domain interface between SAOC trarjscoder and MPS :
1 1

MPEG Surround decoder

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
""""" |-_--nn-’)--__+---'z;’\_-+--_'z’)_n---}-_-Q;A--|_Q:n_r‘:---_n-l---n-_-l-l-ln--n_--l---_'ﬂ;--‘-’
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 cofec
(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 23003-1:2007, 4.5 for § MPS
decoder. The¢ only additional delay is introduced by the real to complex conyerter for a LP decoder or
the delay compensation for a HQ decoder. No hybrid analysis delay is introduced due to the fact that the
look-ahead af 384 time domain samples is already available on the SBR tool of HE-AAC, as described in
ISO/IEC 144P6-3:2009, 8.A.3.
SAOC spatial parameters
—————————————————————————————————————— 1 (MC) SAOC decoder
|
1
delay *
—> dé}:/;\)ger > Sgsgi;?\?ﬁer:s{o > a:i?;sci{s sysnli\rft)egis syhnytzzgis > glclrlf >
cos to exp exp to cos
---------------------- T s
962 - 257 320 0 SAOC decoding: 0 0 HQ: 0 25
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 SAIOC Decoding

As outlined in 7.13 for the LD-SAOC processing, the Hybrid QMF filterbank is substituted by a LD QMF.
In addition, no LP mode is allowed and hereafter no complex conversion is to be performed. As a result,
the analysis and synthesis processing delays shall only depend on the LD QMF filtering, i.e. 160 time
domain samples for analysis and 96 for synthesis. This is shown in Figure 8.

14
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SAOC spatial parameters

1
1 LD-SAOC decoder

TIF SAOC FIT
P waw [ synthesis > wawr [T

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

5.4.32 SAOC Transcoding

Equally to the non-LD MC-decoders, depending on the number of downmix‘¢hannels (mong
procgssing for the LD-MC-SAOC rendering scenarios is performed- differently. Due {
constraints for a LD-SAOC system, no time domain interface is allowed-for the stereo pro
Hereafter, both mono and stereo downmix cases may be equally deseribed with respect tg

delay

matching the SAOC decoder delay distribution, as depictedin’Figure 9 and Figure 10.

SAOC spatial parameters
LBD-MC-SAOC decoder

1
1
1
SAOC
processor
T
v
TIF MPS Fmo L
Pl cibave [ synthesis | | LDQMF
_____________________________ >
| 160 -‘ 0 | 926 |

/stereo), the
o the delay
cessing case.
the systems

Figure 9 —Delay for the different parts of the LD-MC-SAOC decoder with mono downmix signal
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SAOC spatial parameters

LD-SAOC ' LD-MPEG Surround
1
|
\ 4
T/IF SAOC MPS FIT
- LD QMF processor -~ synthesis LD QMF >
1 | L L 1 5

Figure 10 —

54.3.3 LD

If the LD-(M
out SBR) vig
)JSAOC decod

Figure 11

If the LD-(M
with SBR),

processing s
(MC-)SAOC ¢

160 96

Delay for the different parts of the LD-MC-SAOC decoder with stereo downmix s
-(MC-)SAOC connection to LD core codec

C-)SAOC decoder is connected with a LD downmix coder (e.g. AAC<LD”or AAC-ELD, v

er processing is described above.

SAOQOC spatial parameters

LD-(ME)'SAOC decoder

A 4
(MC)
TIF SAOC FIT
AAC-EILD = pamr [P syntfiesis > LDaQMF >

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

[-)SAOC decodér is connected with a LD core coder via the frequency domain (e.g. AA(
hs shown in Figure 12, the additional delay introduced by the LD-(MC-)SAOC de
hall be reddced with respect to the description above, as no analysis is performed in th
ecoder:

the time domain, as shown in Figure 11, the additional delay irdtroduced by the LD}

ignal

vith/-
(McC-

(e.g.

C-ELD
coder
e LD-
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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 >

3-2:2018(E)

0 96

Figure 12 — Delay when connecting LD-(MC-) SAOC in the frequency-domain for-a'LD} core codec

(e.g. AAC-ELD with SBR)
5.5 [SAOC Profiles and levels
5.5.1 General
This §ubclause defines profiles and their levels for SAOC.
Compjlexity units are defined to give an approximation of the decader complexity in terms ¢f processing
power and RAM usage required for the SAOC decoding/transcoding process. The approximated
procgssing power is given in “processor complexity units” (PCU), specified in MOPS. The approximated
RAM psage is given in “ram complexity units” (RCU), specified in kWords (1 000 words).
Note [that the following three profiles are independent from each other and are not infended to be
inter¢perable on a bitstream or decoder level.Due to the underlying concept of SAOC, the number of
outp{t channels is independent of the bitstream. Depending on the decoder capabilitie§, the output
channel configuration is selected via the user interface of the decoder.
5.5.2| Baseline profile
The haseline profile is the generic’'SAOC profile for all applications that are not delay critical. Within this

profi
chan
than

An er]

appli
with

, all SAOC decoders use’the hybrid QMF filterbank and allow rendering to at leas

e
:Lels, based on the maximum number of supported downmix channels of two. Rende

wo output chanrels'is optional.

visioned application scenario for the baseline profile includes, e.g. the following inter
cation: arstereo (or mono) compressed signal or “track” can be provided to the con

n

re

n

BAOC data describing the objects present in the track. With this, the user can create hi
ix ef’the music or the sounds in the stereo (or mono) track, by playing back such

tracks with a control similar to that of a multi-track mixing desk and are therefore free to a

E two output
ring to more

hctive re-mix
sumer along
s or her own
object-based
Hjust relative

level, spatial position, etc. of instruments, sounds or dialogue according to their preferences.

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
functionality easily by introducing SAOC with a single downmix channel. Telecommunication terminals

equipped wi

h an SAOC extension are able to pick up several sound sources (ohjects), mix them

nto a

single (mon
coders (e.g.
While such
terminals wi

5.5.4 Dialogue enhancement (SAOC-DE) profile

The dialogy
enhancemen
allow rende
number of d

An envision(
application:
dialogue and
to enhance d
information
using MPEG
broadcast m

The definitio

pphonic) downmix signal which is transmitted in a compatible way by using the @x
speech coders). The side information is conveyed in a hidden, backward compatible
hdvanced terminals produce an output object stream containing several objects, |
[1 simply be considered as producing an object stream with a single embedded-object.

t functionality. Within this profile, all SAOC decoders use the\hybrid QMF filterban
ing to mono, stereo or 3-channel output. The number of output channels is equal wi
bwnmix channels.

ed application scenario for the SAOC-DE profile ingludes, e.g. the following broadc:

background signals are already mixed together), the user will be provided with the g
r attenuate the dialogue level in relation to"all other signals contained in the mix. Th
is conveyed in a backwards-compatible-way together with the encoded audio signal
L4 AAC or HE-AAC) and therefore the legacy decoders will simply playback the d
xed signal.

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

isting
way.
egacy

e enhancement profile is targeted at broadcast applications’ that desire dialogue

k and
th the

sting

by adding only a moderate bitrate overhead to@usual broadcast transport bitstream (the

ption
b side

I (e.g

pfault
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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
Max number of objects 8 16 32 32 6 6 8 32 32
Max number of downmix channels 2 2 2 2 3 3 1 2 2
Minnumber of required output 9 2 9 9 1 1 2 ] 5
channels
Use pf decorrelator yes yes | yes | yes | no no | yes | yas 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 | 210\/N/A | NJA| N/A
PCU|addition for transcoding 1.1 1.1 1.1 | 23 [ NJA[NMA | 0.7 | 1)1 N/A
PCUjreduction for integrated 68 | -6.8 | -6.8|-6.8| N/& |'N/A | -3.6|-d5| N/A
transcoding
RCU/HQ decoder 5.7 9.8 | 13.5| 175463 | 123 | 3.6 | 4P 17.9¢
RCU|LP decoder 4.8 54 | 57 103,73 | 79 |[NJA[NJA| N/A
RCU reduction for integrated ~1.3 | -13 | -1.3 | 513 | N/A | N/A | -06 | -13 | N/A
transcoding

a Evlery SAOC decoder has to support rendering of SAOC contenf\for every number of output channels up to|the maximum
number, as selected by the user interface. If the number of outpdt channels >2, MPS is used to render the output signals in
baseline and LD profiles. In SAOC-DE profile, the number, ofjeutput channels shall be equal with the number of downmix
channpels.
b PCU number includes SAOC (20.7), transcoding overliead (1.1), reduction for integrated transcoding (-6.5) gnd an LD-MPS
“5-2-p” decoder (24).
¢ RCU number includes SAOC (4.2), reduction fof/integrated transcoding (-1.3) and an LD-MPS “5-2-5” decodefr (15).

The SJAOC decoder type is defined by the four conditions:

— profile: baseline, LD or SAOC-DE profile;
¢vel: 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 transcoding support for baseline and LD profiles if the number of output channels [>2.

For bpseline.and LD profiles:

Aimag ta o s o /ot [ladan onaan g l ot Moo cnadia ot O 1 3 HaBaarkad
UTITgtOTIIOTIO 7/ StCTCO/ DTITauT ar Output 1 T alISCOUTITE tU— O T 15 SUppoTtetr

CLlVuU

For dialogue enhancement (SAOC-DE) profile:

— 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;
if ( bsSamplingFrequencylndex == 15 {

4 uimsbf

bsSa s f
}
bsLowDelayMode; 1 uimsmf
bsFreqRg¢s; 3 uimshf
if ( bsLowDelayMode ==0) {
bsFrameLength; 7 uimshbf
}else {
bsFrameLength; 5 uimshbf
}
bsNumObjects; 5 uimshbf
for (i=0; i<bsNumObjects+1; i++ ) {
bsRelatedTo[i][i] = 1;
for(jfi+1; j<bsNumObjects+1; j++) {
sRelatedTo[i][j]; 1 uimsbf
bsRelatedTo[j][i] = bsRelatedTo[i][j];
}
}
bsTransmitAbsNrg; 1 uimshbf
bsNumDmxChannels; 1 uimshbf
if ( bsNunpDmxChannels == 1) {
bsTt{DualMode; 1 uimshbf
if (bsTttDualMode) {
sTttBandsLow; 5 uimshbf
bsTttBandsHigh = numBands; Note
} elsel{
bsTttBandsLow = numBands;
}
}
bsPdgF1 1 uimsbf
bsOnelOC; 1 uimshbf
bsDcuFlag; 1 uimshbf
if ( bsDcuFlag ==1() {
bsDcuMandatory; 1 uimshf
bsDcpuDynamic; 1 uimshbf
if ( bgDeuDynamic==0){
bsDcuMode; 1 uimsbf
bsDcuParam; 4 uimsbf

}

}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
l}1<Frqupc- 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 uimsbf
bsDeLimitBgo; 4 uimsbf
}else {
bsDeLimitFgo = 0;
bsDeLimitBgo = 0;
}
bsDcuFlag; 1 uimsbf
if (bsDcuFlag==1) {
bsDcuMandatory; 1 uimsbf
bsDcuDynamic; 1 uimsbf
if (bsDcuDynamic ==0) {
bsDcuMede; 1 uimsbf
bsDcuParam; 4 uimsbf
}
}else {
bsDguMandatory = 0;
bsDcuDynamic = 0;
bsDcuMode = 0;
bsDcuParam = 0;
}
ByteAlign();
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;
SaocExtNum++;
cnt = bsSaocExtLen; 4 uimsbf
if (cnf==157% ||,
cht += bsSaocExtLenAdd; 8 uimshf
}
if (cnf==15+255) {
cht += bsSaocExtLenAddAdd; 16 uimshbf
}
bitsRead = SAOCExtensionConfigData(bsSaocExtType) Note 4

nFillBits = 8*cnt-bitsRead;
bsFil]Bits;

}

}

nFillBits bslbf

NOTE 1 The function BitsAvailable() returns the number of bits available to beread.
NOTE 2 SAO(ExtensionConfigData() returns the number of bits read.

Table 8 — Syntax of SAOCExtensionConfigData(0)

Syntax

No. of bits Mnenjonic

SAOCExtensignConfigData(0)

{
if ( bsDeLjmitFlag==1){

bsDeLimitFgoEAO; 4 uimshbf
bsDeLimitBgoEAO; 4 uimshbf
}else {
bsDeLimitFgoEAO = 0;
bsDeLimitBgoEAO = 0;
}
if (bsDcuFlag==1) {
bsDcpFlag?; 1 uimshbf
if (( bsDcuFlag2 ==.1\}"&& ( bsDcuDynamic == 0)) {
blsDcuModé2; 1 uimsIf
blsDcuParam?2; 4 uimshbf
}
}
Residual CenfigGs
}
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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] ) {
bsResidualBandsl[i]; 5 uimsbf
}
bsTtnDualMode[i]; 1 uimsbf
if (bsTtnDualMode[i]) {
bsTtnBandsLow(i]; 5 uimsbf
}else {
bsTtnBandsLow([i] = numBands; Note
}
}
}
NOTE[ numBands is defined in Table 36 and depends on bsFreqRes.
Table 10 — Syntax of SAOCExtensionConfigData(1)
Syntax No. of bits | Mnemonic
SAOCExtensionConfigData(1)
{
}
Table 11 — Syntax of SAOCExtensionConfigData(2)
Syntax No. of bits | Mnemonic
SAOCExtensionConfigData(2)
{
SpatialSpecificConfig(); Note
}
NOTE| SpatialSpecificConfig().is defined in ISO/IEC 23003-1:2007, Table 5.
Table 12 — Syntax of SAOCExtensionConfigData(3)
Syntax No. of bits | Mnemonic
SAOCExtensienConfigData(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 bit§ ~ Mnenjonic
SAOCExtensignConfigData(9)
{
PresetConfig();
}
Table 16 — Syntax of PresetConfig()
Syntax No. of bits ~ Mnenjonic
PresetConfig(
{
bsNumPresets; 4 uimshbf
for (i=0; j<bsNumPresets+1; i++ ) {
bsNumBytePresetLabel[i]; 8 uimshbf
for (jFO; j<bsNumBytePresetLabelli]; j++ ) {
bsPresetLabel[i][j]; 8 bslbf
}
bsPresetMatrix|[i]; 1 uimshbf
if (bsPresetMatrix[i]) {
PresetMatrixData();
} elsel{
PresetUserData();
}
}
}
Table 17 — Syntax of PresetMatrixData()
Syntax No—ofbits—Mnemonic
PresetMatrixData()
{
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 No) of bits | Mnemonic
SAOCExtensionConfigData(10)
{
S¢parationMetaData();
}
Table 20 — Syntax of SeparationMetaData()
Syntax No. of bits | Mnemonic
SeparftionMetaData()
{
bsNumSeparationPairs; 4 uimsbf
fdr (i=0; i<bsNumSeparationPairs+1; i++) {
bsSeparationMainObjectID[i]; 5 uimsbf
bsSeparationSubObjectID[i]; 5 uimsbf
}
}
Table 21 — Syntax of SAOCFrame()
Syntax No. of bits | Mnemonic
SAOCFrame()
{
SAOCFramingInfo();
bsIndependencyFlag; 1 uimsbf
fdr( i=0; i<bsNumObjects+1; i++) {
idxOLD[il)="EcDataSaoc(OLD, i, numBands);
}
if]( bsTransmitAbsNrg ) {
idxNRG = EcDataSaoc(NRG, 0, numBands);
}
k=0;
iocldx1=0;
iocldx2=0;
for(i=0; i<xbsNumObjects+1; i++) {
idxIOCJi][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++;
© ISO/IEC 2018 - All rights reserved 25



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

ISO/IEC 23003-2:2018(E)

}else {

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

}else {
idxIOC[i][j] = idxIOC[iocldx1][iocldx2];

}

}
}else {

(A N ¥aVal ¥
luAl\J\JllJ I_JJ = J,

dxIOC[j][i] = idxIOC[i][j];

—

}
}
idxDMG = EcDataSaoc(DMG, 0, bsNumObjects+1);
if ( bsNunpDmxChannels == 1) {

idxD(CLD = 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 ( bgindependencyFlag==1){
bsDcuDynamicUpdate = 1;

} elsel{
bsDcuDynamicUpdate;

if ( bgDcuDynamicUpdate ==1) {
blsDcuMode;
blsDcuParam;
}
}
ByteAlign|();
SAOCExtdgnsionFrame();
}

Note
1 uimshbf
1 uimsmf
4 uimshbf

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

26
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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[iocldx1][iocldx2];

}
}else {

idxIOC[i][j] = 5;

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

for (i=0; ixbsNumDmxChannels + 1; i++) {
idxDMG[i] =,EcDataSaoc(DMG, i, bsNumObjects+1);
}
if (bsPdgFlag==1) {
for ({205 i<bsNumDmxChannels + 1; i++) {
idxPDG][i] = EcDataSaoc(DCLD, i, numBands); Note
¥
¥
if( bsDeLimitFlag==1) {
if ( bsIndependencyFlag ==1) {
bsDeLimitUpdate = 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 numBands is defined in Table 36 and depends on bsFreqRes.
Table 23 — Syntax of SAOCFraminglInfo()
Syntax No. of bits Mnenjonic
SAOCFraminglnfo()
{
bsFramingType; 1 uimshbf
If (bsLowDelayMode == 0) {
bsNumParamsSets; 3 uimshbf
}else {
bsNumParamsSets; 1 uimshbf
}
for (ps=0j ps<numParamSets; ps++) {
if (bsFramingType) { Note 1
bsParamSlot[ps]; nBitsParamSlot uimshbf
Note ?
} elsel{
bsParamSlot[ps] =ceil(numSlots*(ps+1) /aumParamSets)-1; Notes|1
and 3
}
}
}
NOTE 1 numpParamSets is defined by niumParamSets = bsNumParamSets + 1.
NOTE 2 nBit§ParamSlot is defined according to nBitsParamSlot = ceil[log2(numSlots)].
NOTE 3 numflots is defined by nunSlots = 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++;
}
}
sgtldx = 0;
while (setldx < dataSets) {
If (dataSets-setldx > 1) {
bsDataPairXXX|[paramldx][setldx]; 1 uimsbf
}else{
bsDataPairXXX[paramldx][setldx] = 0;
}
bsQuantCoarseXXX[paramldx][setldx]; 1 uimsbf
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][setidx]+1;
}
stopldxXXX[paramldx] = stopldx;
}
NOTE|1 XXX s 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
}else {
numQuantSteps = numQuantStepsXXXFine; Note 2
}
aaDataPair = GroupedPcmData( dataType, pairFlag, numQuantSteps, Note 3
dataBands );
}else {

allowiffTimeBack = (!bsIndependencyFlag) || (setldx>0);
(aaDataPairMsbDiff, aPgOffset, mixedTimePair_flag) =
SAO(PDiffHuffData( dataType, pairFlag, allowDiffTimeBack, dataBands );

aaDataPairLsb[0] = LsbData( dataType, coarseFlag, dataBands ); Note 4
if (palrFlag) {

apDataPairLsb[1] = LsbData( dataType, coarseFlag, dataBands ); Note 4
}

}
bsDiffTypeXXX[paramldx][setldx] = bsDiffType[0];

bsDiffTimeDirectionXXX[paramldx][setldx] = bsDiffTimeDirection[@];
mixedTimePairXXX[paramldx][setldx] = mixedTimePair_flag;
if (pairFldg) {
bsDiffTypeXXX[paramldx][setldx+1] = bsDiffType[1];
bsDiffTimeDirectionXXX[paramldx][setldx+1] = bsDiffTimeDirection[1];
bsPcinCodingXXX[paramldx][setldx+1] =
bsPcmCodingXXX[paramldx][setldx];
mixed TimePairXXX[paramldx][setldx+1] =mfixedTimePair_flag;
}
for (pg=0] pg<dataBands; pg++) {
if (bsPcmCodingXXX[paramldx][setldx]) {
bsXXXpcm[paramldx][setldX][pg] = aaDataPair[0][pg];
}elsel{
bsXXXmsbDiff[paramldx][setldx][pg] = aaDataPairMsbDiff[0][pg];
bsXXXlsb[paramldx}[setldx][pg] = aaDataPairLsb[0][pg];

if (palrFlag) {

iff (bsPcmGodingXXX[paramldx][setldx+1]) {
bsXXXpctm[paramldx][setldx+1][pg] = aaDataPair[1][pg];

else{
bsXXXmsbDiff[paramldx][setldx+1][pg] =aaDataPairMsbDiff[1][pg];
bsXXXIsb{paramlIdx|[Setldx+1[[pg] = aaDataPairL.sbl L[[PEf;

-

}
}

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
}
if ( pairFlag && ( ( bsDiffType[0] == DIFF_FREQ ) || allowDiffTimeBackFlag) ) {
bsDiffType[1]; 1 uimsbf
}
bsCodingScheme; 1 uimsbf
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, aRiffType[1], dataBands );
}
}
if|( (bsDiffType[0] == DIFF_TIME) || (bsDiffType[1] == DIFF_TIME) ) {
bsDiffTimeDirection[0] = BACKWARDS;
if (pairFlag) {
bsDiffTimeDirection[1] = BACKWARDS;
}
}
rgturn (aaHuffData, aPgOffset,mixedTimePair_flag);
}
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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
pgOffset = 1;
}
for (i=pgDffset; i<dataBands; i++ ) {
aHuffiDatalD[i] = 1Dhuff_dec(hcod1D_XXX_YY, bsCodeW); 1.x viclbf
Neotes [L, 2
and 3
if (aHuffDatalD[i] !=0){
hisSign; 1 uimsbif
iff ( bsSign ) {

aHuffDatalD[i] = -aHuffData1D[i];
}

}

}
return (afuffDatalD);
}

NOTE 1 XXX|s to be replaced by the value of dataType (OLD, IOC, NRG,"DCLD, DMG, PDG).
NOTE 2 YY ifto be replaced by “DF” or “DT”, depending on the valdg of diffType.
NOTE 3 1Dhuff dec() is defined in ISO/IEC 23003-1:2007, AnnexA.1.

Table 28 — Syntax of SAOCHuffData2DFreqPair()

Syntax No. of bits Mnemepnic
SAOCHuffData2DFreqPair(dataType, diffType, dataBands)
{
Lavldx = 1Dhuff_dec(hcodLavIdx, bsCodeW); 1.3 viclbf
lav = lavTpbXXX[Lavldx]; NOTE [t
pgOffset 3 0;
if ( diffType == DIFF_FREQ).{
aHuffiData2D[0] =.tDhuff_dec(hcodFirstBand_XXX, bsCodeW); 1.x viclbf
Note 6
pgOftset = 1;
}
escapeCofle’=’hcod2D_XXX_YY_FP_LL_escape; Notes P, 3, 4
dllb‘l 5
escCntr = 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;

}
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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 uimsbf
if ( bsSign ) {
aHuffData2D[dataBands-1] = -aHuffData2D[dataBands-1];
}
}
}
rgturn (aHuffData2D);
}
NOTE|1 lavTabXXX s defined in Table 46 and Table 47.
NOTE[2 The escape code tables are defined in Table A.6, Table A.7 and‘Table A.8.
NOTE[3 XXX is to be replaced by the value of dataType (OLD, IOC, NRG, DCLD, DMG, PDG).
NOTE|4 YY is to be replaced by “DF” or “DT”, depending on thevalue of diffType.
NOTE[5 LL is to be replaced by the value of lav.
NOTE[6 1Dhuff dec() and 2Dhuff dec() are defined in ISOAIEC 23003-1:2007, Annex A.1.
7

% denotes the modulo operator (ANSI C integermath) and returns the remainder of the divjision.

Table 29 — Syntax of SAOCExtensionFrame()

Syntax No. of bits | Mnemonic

SAOCExtensionFrame()

{

fdr (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 bslbf

}
}

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
if ( bsDel imiﬂ:‘nn”pdqu == ) {
sDeLimitFgoEAO; 4 uimsif
sDeLimitBgoEAO; 4 uimshf
}
}
if ( (bsDcpFlag==1) && ( bsDcuFlag2 == 1) && ( bsDcuDynamic==1)) {
if ( b§lndependencyFlag==1) {
bsDcuDynamicUpdate2 = 1;
} elsel{
bsDcuDynamicUpdate2; 1 uimshbf
if ( bgDcuDynamicUpdate2 ==1){
ﬂsDcuModeZ; 1 uimshbf
sDcuParam2; 4 uimshbf
}
}
SAOCResidualData();
}
Table 31 — Syntax of SAOCResidualData()
Syntax No. of bits = Mnen]onic
SAOCResidualData()
{
for (i=0; ikbsNumEAO + 1; i++) {
if (bsResidualPresent([i]) {
imdividual_channel_stfeam(0); Note ]
}
}
}

NOTE 1 indiyidual_channel_stream(0) according to MPEG-2 AAC Low Complexity profile bitstream syntax

described in IFO/IEG-13818-7:2006, 6.3.

Table 32 — Syntax of SAOCExtensionFrameData(1)

Syntax No. of bits ~ Mnemonic
SAOCExtensionFrameData(1)
{
PresetConfig();
}
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Table 33 — Syntax of SAOCExtensionFrameData(2)

Syntax No. of bits ~ Mnemonic
SAOCExtensionFrameData(2)
{
SpatialFrame(); Note 1
}

NOTE 1 SpatialFrame() is defined in ISO/IEC 23003-1:2007, Table 15.

Table 34 — Syntax of SAOCExtensionFrameData(3)

Syntax No. of bitsO| Mnemonic

SAOCExtensionFrameData(3)
{

}

OpjectMetaData();

6.2 Definition
ByteAlign() Up to 7 fill bits to achieve byte alignment with respect to the beginiling of the
syntactic element in which ByteAlign()‘occurs.
SAO(SpecificConfig() Syntactic element that contains the SAOC configuration data (headdr).
SAO(DESpecificConfig()

Syntactic element that contains the SAOC configuration data (headdr) in case of
SAOC-DE profile.

bsVersion Defines the version of the bitstream according to Table 35.
Table 35 — bsVersion

bsVersion Meaning
0 SAOC-DE profile, levels 1 and 2
.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 mgde“according to Tabld 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 butfor high band range. The high band range is
bsTttBandsLow <= pb <-hsTttBandsHigh.

bsFrameLength Defines the number oftime slots in an SAOC frame.

bsNumObjets 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.
bsNumFGOs Definés the number of FGOs according to Table 38.
Table 38 — bsNumFGOs
bsNumFGOs Meaning
0 Nggo =1
1 Nggo =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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Defines whether absolute energy parameters are transmitted. These are
necessary for delay-free merging of SAOC bitstreams in an MCU bitstream
combiner.

Defines the number of downmix channels according to Table 39.

Table 39 — bsNumDmxChannels

bsNumDmxChannels Meaning

0 mono downmix

stereo downmix

bsTttDualMode

bsTttBandsLow

bsTtnDualMode

1
2 3-channel downmix
3

""17 N/A

Indicates if transcoding to the TTT box operates in different modes|for a low
and high band range according to Table 40.

Table 40 — bsTttDualMode

bsTttDualMode Meaning

0 same TTT transcoding mode for full band rangp (i.e. no
separate hightband range)
different TTT transcoding modes for low and High band
ranges

1

Defines the number of parameter bands for which TTT transcoding|should be
processed according torediction or energy based scheme.
Prediction based scheme should be used for the parameter band rapge:
0 <=pb < bsTttBandsLow.
Energy based s¢cheme should be used for the parameter band range:
bsTttBandsLow <= pb < numBands.

Indicates if transcoding to the OTN/TTN box operates in different modes 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)
different OTN/TTN transcoding modes for low|and high

1 band ranges

bsTtnBandsLow

bsPdgFlag

Defines the number of parameter bands for which OTN/TTN transcoding
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.

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 bsDcuMode2 and bsDcuParam2 are transmitted

in the bitstream.

bsDcuMand|

bsDcuDynal
bsDcuDynal

bsDcuDynal

bsDcuMode|

bsDcuMode

bsDcuPararn

atory If bsDcuMandatory == 1, then the DCU shall be applied using the paran

bsDcuMandatory == 0, then the DCU parameters bsDcuMode
bsDcuParam transmitted in the bitstream are only recommended value
also other DCU settings could be used.

mic Enables dynamic signaling of the values bsDcuMode and bsDcuParam.
micUpdate Defines whether the values bsDcuMode and bsDcuParam are updated.
bsDcuParam are updated in the eurrent frame, W

bsDcuDynamicUpdate == 0 means that the previously transmitted valug
kept.

micUpdate2

Defines the distortion-free target'matrix type for the DCU according to Tab
Table 43 —bsDcuMode

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

eters

bsDcuMode and bsDcuParam as transmitted in the bitstream. If

and
s and

More

precisely, bsDcuDynamicUpdate == 1 means that the values bsDcuMO(:]e and

ereas
S are

le 43.

bsDcuMode Meaning

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

2 Same as bsDeuMode but for application only in strict EAO mode.
n Defines‘the parameter value for the DCU algorithm according to Table 44.

Table 44 — bsDcuParam parameters quantization table

1dx 0 1 2 3 4 5 6 7
DcuParam[idx] 0.00  0.05 0.10 0.15 0.20 0.25 0.30 0.3

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 1.0

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, bsDeLimi
and bsDeLimitBgoEAOQO are transmitted in the bitstream. In case of baseline or

bsDeLimitFgo

38

LD profiles, bsDeLimitFlag shall be set to 0.

tBgo,

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

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
bsDeLimitBgo Defines the value representing the lowest acceptable modification boundary
related to the BGO for the modification range control algorithm accprding to
Table 45.
bsDelLimitFgoEAQO Same as bsDeLimitFgo but for application only in strict EAO.mode
bsDelLimitBgoEAO Same as bsDeLimitBgo but for application only in strict EAO mode
bsObjectMetaDataAvailable
Defines whether or not metadata informatiow for the encoded objedts is
transmitted.
ObjedqtMetaData() Syntactic element that contains a metadata description of the the encoded
objects.
bsNumEAO Defines the number of EAO channels.
bsResidualFramesPerSAOCFrame

Indicates the number of residual frames per SAOC frame, ranging ff
four according to ISO/AEC 23003-1:2007, Table 56.

bsNumByteMetaData[i]
Defines the number of bytes used for the metadata description of a

om one to

h object, i.

bsMdtaData[i][j]

SAO(QFrame()

SAOQDEFrame()

SAO(Framinglafo()

bsInTependencyFlag

Defines the'tnetadata description (interpreted as a string in UTF-8 ¢ncoding
format).

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

Syntactic element that contains the data of an SAOC frame (paylodd) in case of

SAOC-DE profile.
Syntactic element that contains information about the number of parameter
sets and their associated time slots.

Indicates if lossless coding of the current SAOC frame is done independently of
the previous SAQC frame ie whether the current SAQC frame can be decoded

bsDeLimitUpdate

bsDeLimitEaoUpdate

© ISO/IEC 2018 - All rights reserved

without knowledge about the previous SAOC frame.

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.

Defines whether the values bsDeLimitFgoEAO and bsDeLimitBgoEAO are
updated. More precisely, bsDeLimitEaoUpdate == 1 means that the values
bsDeLimitFgoEAO and bsDeLimitBgoEAO are updated in the current frame,
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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
Lavidx lavTabDCLD/DMG/PDGdf lavTablOCdf lavTabOLDdf  lavTabNRGdf
[Lavldx] [Lavidx] [Lavidx] [Lavidx]
0 3 1 3 3
T 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 enlyin case
diffType == DIFF_FREQ.
Table 47 — lavTabXXXdt
Lavidx lavTabDCLD/DMG/PDGdt lavTablOCdt lavTabOLDdt 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 23003-1:2007xTable 76 and shall be applied only in case
diffType == DIFF_TIME.

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

SAOCDiffHuffData() Syntactic element that'contains one or two temporally subsequent parameter
subsets of a given parameter in the SAOC frame, where the quantized valugs are
coded using acombination of differential coding and Huffman coding.

bsPcmCodingXXX Indicates whether PCM coding is applied.

GroupedPcnlData() Syntaetic element that contains one or two temporally subsequent parameter
subSets of a given parameter in the SAOC frame, where groups of quantized

values are represented by a single PCM code. numQuantSteps depends dn the
data type XXX and whether coarse or fine quantization is used and is defined in
Table 48.
Table 48 — numQuantSteps
XXX{dataType) mumQuantStepsXXX€oarse munrQuantStepsXXXFime
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 Dynamic object metadata

4.7 N/A

8 Static object metadata

9 Static preset information

. not present

10 Separation metadata

11..15 N/A
SaocExtTypeli] Helper variable storing the type of spatial extémsion data cafried in the

extension container i.

bsSa¢pcExtLen Number of bytes in SAOCExtensionConfigData() or
SAOCExtensionFrameData().

bsSa¢cExtLenAdd Additional number of bytes in SAOCExtensionConfigData() or
SAOCExtensionFrameData().

bsSapcExtLenAddAdd Further additional number ofbytes in SAOCExtensionConfigData()
bsFil|Bits Fill bits, to be ignored.

SAOCExtensionConfigData(bsSacExtType)
Instance of the SAOCExtensionConfigData that carries configuration data for the
SAOC extension of type bsSaocExtType (see Table 49).

SAO(ExtensionConfigData(0)
Syntactic_element that, if present, indicates that modification range control
information (in case of SAOC-DE profile), residual coding infoymation, and
corrésponding DCU parameters are available.

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

SAOCExtensionGonfigData(2)
Syntactic element that, if present, indicates that the MBO MPS data |s available.

SAO(ExtensionConfigData(3)
Syntactic element that, if present, indicates that dynamic ohjectl metadata 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.

bsSeparationSubObjectID[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.
bsNumPresgts 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).

bsPresetMatrix Defines the preset data representation type-according to Table 50.
Table 50 — bsPresetMatrix

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

PresetMatrixData() Syntactic element that.contains the preset rendering parameters in the majtrix-
based representation format.

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

bsPresetMatrixType Meaning
0 Mono playback system
1 Stereo playback system
2 5.1 playback system
3 3.0 playback system

PresetMatriyType[bsPresetMatrixType]

A Lo 1 h | rad - 1 1 I La n IR D | i}
DEHIES UIC [TUITIDET O UPHIIX CIIAIIITICIS dCCOTUIITE L0 1TdDIE O 4.

Table 52 — PresetMatrixType

N
w

bsPresetMatrixType 0 1
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

defined preset representation format.

bsPresetUserDataldentifier(i]

bsPr{

Presd

in the user-

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

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

psetUserDataLlen Detines the length 1n bytes for the preset data included 1nto
PresetUserDataContainer() container element.

tUserDataContainer()

Syntactic element that contains preset rendering data in the
preset representation format and has (@)~ length
bsPresetUserDataLen bytes.

All bitstream variables which are not explicitly described here are’defined in ISO/IEC 2

modi

7 S
7.1C
7.1.1

This
are u

7.1.2

The d
6.1.8
CLD

The d
funct
paraif

fications and amendments to these definitions are specified in.Annex A.

IAOC processing
pmpressed data stream decoding and dequantization of SAOC data
General

subclause describes the decoding and dequrantization of the bitstream payload into v
bed in the SAOC transcoder/decoder.

Dequantization of the SAOC parameters

equantization of the I0C parameters follows the same rules as defined in ISO/IEC 23
for the MPS ICC parameters, the decoding of the DMG, DCLD and PDG parameters thos
arameters.

equantization of'the OLD (i.e. relative energy) parameters is done by applying the de
on deq(index,parameterType) as defined in ISO/IEC 23003-1:2007, 6.1.8 in combina

neter quantization table given in Table 53.

Table 53— OLD parameter quantization table

user-defined
of exactly

3003-1. Any

ariables that

003-1:2007,
e of the MPS

quantization
fion with the

idx 0 1 2 3 4 5 6 7
OLD[idx] 107 TO 5 TO*0 105 100 1025 10272 10-19
idx 8 9 10 11 12 13 14 15
OLD[idx] 1016 10-13 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 with the
parameter quantization table given in Table 54.

© ISO/IEC 2018 - All rights reserved

43


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

ISO/IEC

23003-2:2018(E)

Table 54 — NRG parameter quantization table

idx 0 1 2 3 4 5 6 7
NRG[idx] 5010945 5010930 5010915 5010900  50.10-885  50.10-870 5010855  50-10-840
idx 8 9 10 11 12 13 14 15
NRG[idx] 5010825 5010810 5010795 5010780 5010765 5010750 5010735  50-107:20
idx 16 17 18 19 20 21 22 23
NRG[idx] 5010795 501069 5010675 5010660  50.10-645  5010-630 5010615  50-10-6.00
idx 24 25 26 27 28 29 30 31
NRG[idx] 5010585 50-10-570 50-10-555 50-10-540 50-10-525 50-10-510 50-10-495 50-10-480
idx 32 33 34 35 36 37 38 39
NRGJidx] G500 Gyl S Lodg-lun Gy giul  Haqg-ia— Lo4gaint
idx ﬁo 41 42 43 44 45 46 47
NRG[ldX] 0.10-3.45 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-..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--20
idx 56 57 58 59 60 61 62 63
NRG[idx] 50:10-105 50-10-0-90 50-10-075 50-10-0-60 50-10-045 50-10-0:30 50:10-015 50

The decoding of the SAOCFrame() data or SAOCDEFrame() data results in the’parameter indices idxXXX

of the quanti

zed OLD, IOC, NRG, DCLD, DMG and PDG parameters that arelisted in Table 55, where

pi=0.{N-1, ps=0...L-1, pb=0..M, -1, pd=0.M-1.
Fable 55 — Dimensions and value ranges of the parameter indices idxXXX
Parameter idxOLD idxNRG idxIOC idxDMG idxDCLD idxPDG
Dimension [pil[ps][pb] | [ps]lpb] | [pillpil[psHpb] [ps][pi] [ps][pi] [ps][pb]{pd]
Value range 0..15 0..63 0..7 -15..15 -15..15 -15.. 15
The decoding follows largely the procedure-described in ISO/IEC 23003-1, taking into account the
following differences. The pseudo code ‘defining the preprocessing step in ISO/IEC 23003-1:R2007,

6.1.2.3.21isa

setIdx]
startB4g
stopBay
pbStrid
dataBaf]
math*/

aGroup]]

for

44

tered in the following way:

tart

dataSetIdx.[ps];

nd startBandXXX[pi];

d = stopBandXXX[pi];

le = pbStrideTable [bsFregResStrideXXX[pi] [setIdx]];

ds (stopBand - startBand - 1) /pbStride + 1; /*ANSI C integer

oBand createMapping (startBand,

=0, pg<dataBands; pg++) {

gGroupToBand[pgl;

tmp TOXXRXIpI I {pPS— 11 PO

switch (XXX) {

case DCLD, DMG:

if (bsQuantCoarseXXX[pi] [setIdx])
tmp (tmp/2)+7;

stopBand, pbStride);
(Pg
pb

{
/* 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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}
break;
case OLD:
if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp/2; /* ANSI C integer math */

}

break;
case NRG:
if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp/2; /* ANSI C integer math */
}
brear;
}
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 dltered in the

following way:

(1=0; i<=bsDataPairXXX[pi] [setIdxStart]; 1i#+) {
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) tmp=-15;
if (tmp==14)Ctmp=15;

flor

}

else {
tmp = tmp-15;

}

breaks;

case IOG:

if\«(bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp*2;

}

break;

case OLD:
1if (bsOQuantCoarseXXX [pw' llsetTdx])

if (tmp > 0 ) {
tmp = tmp*2 + 1;

{

}
break;

case NRG:
if (bsQuantCoarseXXX[pi] [setIdx]) {

tmp = tmp*2;
}

break;

45
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pbStart = aGroupToBand[pg]:;

pbStop = aGroupToBand[pg+l];

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

}

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

while [ps=0; ps<numParamSet; ps++) {
switch| (bsXXXdataMode [pi] [ps]) {
case 0] /* default */

for| (pb=0; pb<numBands, pb++) {
switch (XXX) {
case NRG, DCLD, DMG:
1dxXXX([pi] [ps] [pb]
break;

0;

}

case OLD:
1dxXXX[pi] [ps] [pb] = 15;
break;

}

case IOC:

1dxXXX([pi] [ps] [pb] = 5;

break;

}

bregpk;
case 1] /* keep */
case 2] /* interpolate */
for| (pb=0; pb<numBands, pb++) {
1dxXxXX[pi] [ps] [pb] =.3dxXXX[pi] [ps-1] [pb];

bregpk;
case 3] /* coded */
if [(!'paramHandlédfps]) {

bregk;
}
}

DecodeDataPadir (); /*see subclause 6.1.2.3 in ISO/IEC 23003- 1:2007%*

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

Table 56 contains the list of all MPS bitstream variables (with the corresponding references to tables
defined in ISO/IEC 23003-1) which are needed to be specified for the MPS bitstream geheration and
their values.

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
bsFrgqRes bsFreqRes Table 5
bsTreeConfig 0 (for mono downmix) / 2 (forstéreo downmix) Table 5
bsQuantMode 0 Table 5
bsOnlelcc 0 Table 5
bsArpitraryDownmix 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
bsDgcorrConfig 0 Table 5
bs3DaudioMode 0 Table 5

Thenumber of parameter bands for LFE channel for
bsOttBands[0] which OTT infofmation is present Taple 7
bsTtfDualMode[0] bsTttDualMode Table 8
bsTtfModeLow|[0] 1 Table 8
bsTtfModeHigh[0] 5 Table 8
bsTtfBandsLow[0] bsTttBandsLow Table 8
FranpingInfo() SAOCFramingInfo() Table 16
bsin{lependencyFtag Indicates if lossless coding of current frame is done Table 16

independently of previous frame
bsSmoothMode 0 Table 20

a Defined(inISO/IEC 23003-1.

7.3 Time/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, Mren, and downmix matrix, D.

7.4.2 Input signal

The input signal X to the SAOC decoder/transcoder is represented as
X
X= ,for SAOC-DE downmix channel configurations,
XM
A .
X= , for stereo downmix, and
i
d, .
X = ol for mono downmix.
7.4.3 Post(processing) downmix compensation

7.4.3.1 General

If the post(processed) downmix X

modification|

X=W,

The matrix Y

post(processed

should be taken prior to the SAOC decoding/transcoding

DG Xpost(processed) .

Vo is obtained from the transmitted PDG parameters as

, compensation is applied (bsPdgFlag == 1), the follpwing

PDG, ... 0
Wppe | | : ‘ : , for SAOC-DE profile,
(0] -+ PDGp_4
Wone (P%GO Pl;)Gl J , for stereo downmix, and
Wene (P%GO 8}, for mono downmix.

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 profile, the
following modification should be taken after the SAOC processing

4 -1
Xpost(processed) =WppX,

A

where
(S S— o
W, (0,0)
Wene = : :
1
0
W (M -1,M 1)
7.4.4| Object parameters

The ¢
signa

ovariance matrix E of size N x N with elements e;; represents.'an approximation of
covariance matrix E ~ S§* and is obtained from the OLD and.1OC parameters as

., =OLD,OLD,10C, .

the original

lered output
the desired

Here|the dequantized object parameters are obtained‘according to 7.1.2 as
OLD, =D, (i,l,m), 10C,; =D, (i,jal,m).
7.4.5| Rendering matrix
7.4.5{1 General
The rendering matrix, Mren, appli€d to the input audio objects, S, determines the target ren
as Y £ MierS. The rendering matrix, Mren, with elements m;; maps all input objects, i, td
output channels .
7.4.5|2 Rendering.matrix for baseline and LD profiles
The rendering-matrix, Mren, is given by
Mo = MpNag W
L1 S YA
m vee m
M., | ©° CN-1 | for 5.1 output configuration,
m “ee m
LFE 0 LFE,N-1
Mo = Mg N
Mpso Mpg,N-1
Mpo = Mpn_q : :
M ' g , for stereo output configuration, and
m e m
R,0 R,N-1
M (mc,o Mg ) , for mono output configuration.
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7.4.5.3 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 e a
A= L0 LN-1 |
dpo " 9pN-1
The binaural rendering matrix A is derived from the head related transfer function (HRTF) parameters,
PHRTF pHRTE o 4 . . .
k,L > T kR <

Nyhpe—1 HRTF Nygre—1 HRTF
R HRTF _ Y _ HRTF Tk
ap; = ,>_, my B exp| —j Sk ap; = z my By exp| —j 5 )
=0 k=0

where the spatial positions for which the HRTF parameters are available are charaeterized by the [index
k . The variaple j represents here an imaginary number.

7.4.5.4 Rendering matrix for SAOC-DE profile

Object rendgring matrix, Mren, for the SAOC-DE profile can be represented as a function of two [gains

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

Moy = MonN
M, =|| - , for SAOC-DE qutput channel configurations,

My 10 - Mpy-1N-1
determined as

M, =|[MBcoPBco mFGODFGO)J

where

mFGO = nG and mBGO :1, lf mG Sl,

mFGO = L and mBGO Zmal ) lf mG >1 .

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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10%174 —10%05PMG, 1

0.05DMG,
d,,; =10 g |+ 10000

0,/ 0.1DCLD; ’
! 1+10 i

d,

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;
—_ J
), =10 .

d

Here tha daaguantizad doawmmicpnarameatars-ara obiadinad-accordinaetao 7 1 2 ac
reae-aegudhtAe aaowWiiRhe paiaiesersare-eouaiieadeecoraigto—-+———=35
PMG, =D (j,1),  DCLD, =Dy, (jil).

7.4.6|3 Downmix matrix for SAOC-DE profile

For the SAOC-DE output channel configurations, the downmix matrix D)of size M xN wijth elements
d;; (i=0,...,M-1; j=0,..., N—1) is obtained from the DMG parametefs as

4, =1 0005DMG; ;-

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 sjze Mx Nggq

corresponds to the foreground objects.

Here,[the dequantized downmix parameters are obtained according to 7.1.2 as
DMG; ; =Dpyg (i, /1)

7.4.7( Input covariance

The input covariance™V is given as

v=DED +&°.

7.4.8( Output covariance

The 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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e

WPDG

decorrFunc()

v

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

The output signal of the SAOC transcoder/decoder is produced by the corresponding mixing of a modified

downmix sign
X=GX
7.5.2 Deco

The decorre
ISO/IEC 230
with a decoq
signal, Xg, is

X dd
¢ dd
7.5.3 Tran

7.5.3.1 General

In this subc]
with each ai
consists of th

The MPS dg
consist of O]

each stereo input into three output signals (see Figure 14).

Al and a processed decorrelated signal component as 1ollows:
P, X,

frelated signal

03-1:2007, 6.6.2. Following this scheme, the bsDecorrConfig ==_0 configuration is

relator index X == 8, according to ISO/IEC 23003-1:2007, Tables A.26 to A.29. Henc
romputed according to

corrFunc((l O)P1X)
corrFunc((O 1)P1X) .

scoding modes

ause, the method for converting -0f 'SAOC parameters and panning information asso
idio object into a standard cefpliant MPS bitstream is explained. The SAOC trans

bcoder employs a tree-structured parameterization. The corresponding tree-struc
'T elements that split'each mono input into two output signals and TTT elements tha

ated signal, Xq, is obtained by using the decorrelator function de¢arrFunc() describ

ed in
used
e, the

iated
coder

e SAOC parameter processoring unit and the downmix preprocessor [see Figure 2 (left)].

tures
L split

CLD;, |ch—v CLD;, ICC1—V
oty i | OTT g 1L
12 > 12
cLb,, ICC1—V p R CPC/CLD11r, ICCrrr i Ls
CLD,, ICCo—v oTT CLD, v _* CLD;, ICC—
14—
OTTo|—»{ 12 OTT, > C L ] LR — OTT2_> o
do—{ 12 12 293 {12
- LFE Ro —p —» Rs
CLD,, ICC, CLDo—v
OTT2] i s OTTo| i ¢
192 - 12
» Rs i LFE

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.

7.5.3.

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

2.1 General

The following subclauses describe the processing steps dedicated to the transformation of SAOC
parameters (OLD, I0C, DMG) into MPS data (CLD, ICC, ADG) according to the rendering information for
the mono downmix case [see Figure 14 (left)]. The downmix signal is not modified.

7.5.3

The S

2

In on
funct
down

7.5.3

The
sumny

rendd

I,m
W,

2.2 SAOC downmix preprocessor unit

IAOC downmix processor does not perform any downmix modification:

o vl

der to achieve not only a repanning of the objects but also object attenuation/
onality with an MPS renderer, the ADG parameters are dised for a "virtual" modifi
mix signal energy.

00
0 0

1 0
00

2.3 SAOC parameter processing unit

respective contribution of each object to the two outputs of OTTh element is
nation of the corresponding elements in the rendering matrix, M . The subs

ring matrices W, with elements w[hj are defined as

nmplification
cation of the

obtained by
equent sub-

0 0
_| Yoo Won |
= 0 . =
Wi Wi N1
Vot Yo (i Y (e 2 Lm 2+ Im 2+ Im 2+
mp, Mo me MrE o mp y. Mg N1 Me no

I,m 2 + I,m 2
mLS,N*l mRS,N*]
2 Im 2
) +(mih)

I,m
mL,N—l

N

I,m
mLFE,N*l

;

\2

/{ml,m \2 _L{ml,m

RVANACr A v ) VAR Y s wrsor
2 2 I,m I,m
Wi — Wo,0 Won-1 | | Miso mps v
2 2 2 - I,m I,m ’
Wio Wi v M0 Mg N1
3 3 I,m 1,m
Wi — Wo,0 Won-1 || Mo m; -
3 3 3 - I,m I,m ’
Wio Wi nv-1 Mg o Mp -1
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Wo,0 Won-1 || Mcp Me y_y
4 4 - I,m L,m
Wio Wi nva M re o M rg N-1

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

The index h refers to the OTT}, element

CLD,

The terms 7],

and then D

DCLD (h

In order to a
an MPS rend
downmix sig
the object p4

ADG =

= IOIOgIO{

0
Ho.0
7

: ) ICC, =

T
o

ok
0,071

11

can be estimated as

N-1N—

2

n=

1
h
w

h 2
iaWim €umr€

n,m?

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

m=0

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

chieve not only a repanning of the objects but also an object attenuation/amplificatior
erer, the arbitrary downmix gains (ADGS) can be used for a "virtual" modification
nal energy. The ADG is a logarithmicineasure and based on the rendering matrix A’
rameters (OLD, I0C and DMG):

e 1]

trace(F) P
»

The corresponding ADG parameters are determined as

DADG (l

The obtained

m)= ADG"

| D¢, Do p and D, parameters are fed into the MPS decoder.

with
bf the
m and

7.5.3.3 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
downmix 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~ 2
C_JWQG, r, >,

[G, otherwise.

V:VW,, otherwise.

The matrix G of size 2 x 2is given as
G =D.,C,.

The render upmix error matrix R of size 2 x 2 with elements 7, ; is defined as

S
R = A4 EA gigr

wherp

A girr = DTTTA3 -GD,

N

The dovariance matrix;R of size 2 x 2 with elements 7, ; of the predicted signal is obtained ps

R =GDED'G".

To ddrive\Vk 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=A,, DV, =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=(vave)

0
0 4

*

J(samer

The matrix Rq of size 2 x 2 with elements rl.‘d/, is determined as

R,=PDEDP,.

The gain matrix Wy of size 2 x 2 can subsequently be calculated as

.

W, (i)

The gain maf

W (i /)

and the maty
‘%::(VF

7.533.3 §

min Lmax {

;,OJ,I.SJ, i=],

0, otherwise.

rix Wq of size 2x2 is determined as

21, i=j,
0, otherwise
ix Vg is determined as

IVRZ)'

AOC parameter processing unit

Rendering to left, right, and center channel

In this stage, the spatial parameters-are determined that control the rendering to a left and|right
channel, consisting of front and surtound signals. These parameters describe the prediction matrix of
the TTT box for the MPS decoding Crrr (CPC parameters for the MPS decoder) and the downmix
converter matrix G.

Crrr is the priediction matrixto obtain the target rendering from the modified downmix X:

C- X ={C1GX~A,S.

A3 is a redufed+rendering matrix of size 3 x N, describing the rendering to the left, right, and denter
channel respectively. It is obtained as A; =D, M, with the 6-to-3 partial downmix matrix D3s defined

by

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

0 w,

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 p matrix is derived by considering the normal formulae:
¢,(DED")~AED".

The golution to the normal formulae yields the best possible waveform, match for the target output
given| the object covariance model. The matrices G and C;;; are obtained by solving the system of

formiilae:

¢.,G=C,,

TTT
wherp
¢,=AEDJ.

The matrix J is determined as J = A-1 according-to 7.5.4 with A=DED".

A welghting matrix W of size 2x 2 is computed as

N-1
D(i,p)E(p,p)s i=],
b | S mtn s =

0, otherwise.

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

c
Il .(=b,
C2

with T'=(D;; C,)W(Dyr; C,) and b =By,

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
ci
T

that
1
=(J—3y withy = J;/ .

If the obtained solution for ¢i and ¢ is outside the allowed range for prediction coefficients that is
2 < Ej <3 (as defined 1n ISO/IEC 23003-1:2007), E'j shall be calculated according fo the

B(i,3)

22
rnax( Z 7[,‘/"9
j=1,2

C2

defined as -
following.

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

-2y,,—b 3y, —b
njin| 3, max —2,—L min| 3, max —2,—L
Vi té ’ Vi té
-2 3
X €
P ) 3
nin| 3,max| —2,— Y2 "% min| 3, max| -2, Yot =%
Vap T € Yo TE

and the dist3

distFund

nce function,

(x,)=x,Tx, —2bx,.

Then the prddiction parameters are defined according to

o

“gmin(distFunc(x)).

XEXp

The predictipn parameters are constrained according to
¢ =(14A)er + 45 c, = (1= A)ea + Ay,
where A, y,|and_py, are defined as
y, = 2T T2 s T T s T Tss y, = 2) 22 60— J3s T Jas T Jos
1 4 2 ’
20t 2 s+ 2 540 4L, 2054 2 o6t 2 35t 4t 4 s
P 8
| at St oot fog+ st fos+ st fus + i)
(St fost fra 4 200+ 2 003 ) (fon + foo + frn+ 2S00 +255)
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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.

ICCyrr (
Rendering between front and surround channels

The parameters that determine the rendering between front and surround channels can be estimated
directly from the target covariance matrix F with

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

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

)

(LD, =1010g10£ J, ICC, =

max(fz_z,sz)

, ICC, = max (o)
max(fé'é,gz)

(LD, =101 B
; 08 \/max(ﬁ'z‘gz)max(f‘éﬁ)gz)

)

max(fw,sz)

(LD, =10log
‘ o max(ﬁA,gz)

The MPS parameters are provided in the form

o

Do (h,1,m)=CLD,, D (h1,m)=IC,, h=1{0,1,2}

for eyery OTT box h.

Dualimode

The $AOC transcoder can letythe mix matrices P1, P2, and the prediction matrix C; He calculated
according to an alternative scheme for the upper frequency range. This alternative scheme is
parti¢ularly useful for downmix signals where the upper frequency range is coded by a ngn-waveform
preserving coding algorithm, e.g. SBR in High Efficiency AAC.

For the upper parameter bands, defined by bsTttBandsLow < pb < numBands, P1, P, and [C3 should be
calculated according to the alternative scheme described below:

b [0 O]

1 0 0)

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,.
t3,l t3,2

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 )

81
8=1811]7 €tar2
81

2 2 2
max(t; 1€quq +12 2€4mx2 )

etar3
2 2 2
max(t3 1€qmng + 13 2€qmy2 ")

The predictipn matrix C, is determined as

g, &ha
C, =g, &, |
g1 8,

7.5.4 Computation of matrix ]

The matrix J[x A-1of size 2x2 is defined as

J J /ilJ 0 J 7\
J=(V1 Vz){ J(V1 Vz),

0 At

where both modified eigenvalues 4’ are determined as

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
SAOC data (OLD, I0C, DMG, DCLD), rendering (and HRTF) information. The downmix processor applies

these parameters and uses the r‘nrrpcpnnding svynthesis filterbank \Iip]ding the final output CM Signa]_

7.5.5|2 Mono to binaural "x-1-b" processing mode
The ypmix parameters G, P, and P, are computed as
P ex ¢—C

L exp| J cos(f+a) O

G = ,

P, exp{—j(%c}cos(ﬂ—a) 0

(1 OJ

P = ,

00
¢

PLexp(jjcjsin(ﬂ+a) 0
P, = :
Pjeexp(—j%]sin(ﬁ—a) 0

The gains P, and P, for the leftand right output channels are defined as

o

1,1
max —‘,52 and P, = |max 222 g2
Y

| -
=)

The interchannel phase difference ¢, is given as

_%arg(fu), 0<m<ll, p.=0.6,
¢ 0, otherwise.

The interchannel coherence p,. is computed as

[£d
\/max(f]'lfz'z,gz)

P =min .
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The rotation

angles « and f are given as

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

and

p= arctan{

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

In case of st
This can be ¢

a, . =mn

]

7.5.5.4 Mono to mono "x-1-1" processing mode

In case of mq

)

1
—arccos , otherwise
2 (pc)

P

L

tan(oﬂPR;\

AT A

ereo output, the "x-1-b" processing mode can be applied without using HRTF inform
one by deriving all elements «, ; of the rendering matrix A, yielding:

L, =Mp,; -

no output, the "x-1-2" processing mode can be applied with the following entries:

ation.

a,,=me.;, aR,j=0.
7.5.5.5 Stereo to binaural "x-2-b" processing mode
The upmix pprameters G, P, ,and P, are computed'as
0 v 1 ¢
R exp i cos(f+a) P exp e cos(f+a)
G= 0 1 ’
P exp(—j%)cos(ﬁ’—a) P, exp(—j%)cos(ﬂ—a)
I 1
P = ,
0f 0
arg|c
P exXp)j (21'2) sin(f+a) 0
P, =
arg|c )
P, exp| —j 21'2) sin(f-a) 0

The corresponding gains P, P, (with x=0,1) and P, , P, for the left and right output channels are

defined as

1,1
max |~ &’
vV

62

X
Jon
max | =22, g

© ISO/IEC 2018 - All rights reserved


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

ISO/IEC 23003-2:2018(E)

c c
P = max(i,gz) P, = max(ﬁ,gz)
% %

The desired covariance matrix F* of size 2 x2 with elements f*. is given as
J

1

F'=AE'A’.

The covariance matrix C of size 2x 2 with elements ¢, ; of the “dry” binaural signal is estimated as

¢ -GDED'G

wher

The ¢

—

-

wher
matri

The n

o

The i

D

4’ Ny
P eXP(JT P, exp ]7

0 1 '
P’ ex —'¢— Plex —'¢—
o 12 o 1%

N _
=

orresponding scalars v and v are computed as
"=D'E(D") +¢%,
=(D"+D')E(D’ +D') +¢?,

e the downmix matrix D* of size 1x N contains the elements dy; (with x=0,1) of t
x D ofsize 2xN.

natrix E* with elements e ; (withx = 0,1) are derived from the following relationship

X dxi dx,/'
o=e. . - .
Y\ d, wdi )\ dy +d

hterchanneél phase differences ¢* are given as

he downmix

:{arg(ﬁj‘z), 0<m<l1l, p.>06,

2y aotherwise

C e

The ICCs p. and p, are computed as

£y =Mmin

‘flz‘ . ‘cl,z‘
,1 land P =min

1

1.
2 2

\/max(fl'llez,g ) max(cl‘]cm,g )
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The rotation

o= %(arccos (pT ) —arccos (pc )) and f= arctan[

angles « and f are given as

P

p _
tan(a) 2—=%
> + P,

R

].

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

In case of stereo output, the stereo preprocessing is directly applied as described in 7.5.3.3.2.

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

In case of m
as described

7.6 EAO processing for baseline and LD profiles

7.6.1 Gene

The SAOC te
level amplifi
limited way.
objects, usud

A typical application case contains up to four enhanced audig,object (EAO) signals, which ca

example, rep

7.6.2 SAO(C
The EAO prg
OTN procesq
represent a §
encoder, reg
are employe
are recover
incorporate(
product of {
regular aud
Figure 16 de

bno output, the stereo preprocessing is applied with a single active rendering matrix
in 7.5.3.3.2.

ral

chnology allows the individual manipulation of a number of audio-0Objects in terms of
Cation/attenuation without significant decrease in the resulting sound quality only in :
A special "Karaoke-type" application scenario requires actotal suppression of the sy
lly the lead vocal, keeping the perceptual quality of the background sound scene unha

resent two independent stereo objects.

architecture supporting EAO

ing unit is dedicated to a mono and the TTN to a stereo downmix signal. Both these
reneralized and enhanced modification of the TTT box known from ISO/IEC 23003-1.
ular and EAO signals are combined into the downmix. The OTN-1 /TTN-! processing
d to produce and encode the coerresponding residual signals. The EAO and regular s
bd from the downmix by(the OTN/TTN units using the SAOC side informatior
residual signals. The reécovered EAOs are fed into the rendering unit which represen
he corresponding rendering matrix and the resulting output of the OTN/TTN unit
0 objects are delivered to the SAOC downmix pre-processor for further proce
picts the general structure of the residual processor.

cessing incorporates the OTN or TTN units, depending on the SAOC downmix modg.

entry

their
| very
ecific
rmed.
n, for

The
units
n the
units
gnals
and

ks the

. The
5sing.

An MBO is tr

64

SAQOC data E Xog,
L N 2SR >
»| OTN/TTN EAO X
""""" > unit processor ___‘_‘_____.___‘_i
M Aeno

res

MrenT

Figure 16 — Architecture of the residual processor

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

XOBJ = MOBJXres

and

Xgao = ApaoMepao X
where X, represents the downmix signal of the regular audio objects (i.e. non-EAOs) and X, is the

rend ered-EAOQ-output-signa
the SAOC transcoding mode.

amix signal for

The residual processor can operate in prediction (using residual information),-or’ energy (without
residpial information) mode. The extended input signal X is defined as

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

X.. =X, forenergy mode.

The PTN/TTN processing is represented by matrix M and EAO processor by matrix A.,,. The

OTN/TTN processing matrix M is defined accordingto the EAO operation mode (i.e. grediction or
energy) as

M=M for prediction mode,

Prediction ’

M =M., for energy mode.

The QTN/TTN processing matrix M s represented as

M = (MOBJ J )
MEAO

wherp the matrix M(; relates to the regular audio objects (i.e. non-EAOs) and M, to the EAOs.
Calcylation ofthe matrix A,

The BAO pre-rendering matrix A, is defined according to the number of output channe|s (i.e. mono,

sterea.qar hin;mml) as

A

EAO
eao =A[,  formono case,

EAO
A, =A,", forother cases.

: 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 _(

03-2:2018(E)

EAO
W,

EAO
Wi

EAO EAO 0
w 0 w;

EAO EAO
0 w, W,

0

EAO
0 w,

EA
w

|

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

EAO
The values w;" are computed as

EAO EAO EAO

EAO
WA _ / fl,l +f5,5 WEA _ 2,2 +f6,6 EAO _ 1
1 - [ LMD EAO- EAO 2 2 _ [ oLAO EAO- EAO- 2\’ 3 i
VmaX(ﬁJ TJss T 2/is € ) \max{jo T Jge T 2J26 06 ) v
where fl.EjAO denote the elements of F**° = AA". The matrix A is defined in 7.4.5.3.

In case of b

correspondil

7.6.3 Calcu

7.6.3.1 General

The OTN/T]
MEnergy

downmix inf]

for

M

Predictio

where C co

inaural rendering, the matrix AEAO is defined by formulae given in.%7.7:2, for whic

g target binaural rendering matrix contains only EAO related elements.

lation of the OTN/TTN elements

L

he energy mode. In the first case, M

ormation and the CPCs for each EAO channellt is expressed in parameter-domain by

N upmix process is represented either by matrixM for the prediction mo

Prediction

is_the product of two matrices exploitir]

Prediction

obtained with
D' = d \J
den

The element

- 4
du=1+> 1
J=1

h the

de or

g the

6x6

- 4
dip = —[ijnj}
j=1

diz=m +m

2, 2, 2 _ _
1y ~myny ~min, —m,nn, —nsniny —mnn,,

S 2 2 2
dia =my, +m,n; +myn; +m,n; —mn,n, —myn,n, —m,n,n,,

dis =m;+m

66

2 2 2
Ny +myhy +myn, —mngn, — mynyn, —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
dap =1+Zm/2. ,
Jj=1

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

S 2 2 2
daa =n, +n,m; +n,m; +n,m; —m,mn, — m,msn, —m,m,n,,

d2,5 b

de

dss =
673,4 3
dss 3

d3,6 3

das

das 3

dae 3

dss 5

4 4
| 2 63y,22 22 292 292 22 33 1
—I—Emj—znj myn, —myn;, —m;n, —m,n, —m; n, —myn, +2mm,nn, +2mmnn, +J
J=1 izl

| 2 2 2 _ _
F 7y 1my + ymy + gy — My, — My, — MmN,

| 2 2 2
=, +n,my + n,my + nymy — mymn, — m,m,n, —m,msn,,

4 4
2 2 2.2 2 2 2.2 2_2 2 2 2.2 B
—I—ij —an —myny —myn, —myn; —myn; —myn, —myn, +2m,msn,n; +2m,m,n,n, + 2
J=2 j=2

- +nn, +minn, +minn, + 2+ - - -

E M, m, + 0, + mynn, + mynn, + mm,n; + nm,n; — m,myn, < mmn,n, — m,m,nn,
2 2 2 2

m,my + 1,1 + My N, + My, + mngn, + mm,n, — n, My iy — mm,n,n, — Myn,nn, — mm,

2 2 2 2
mm, +mn, +mymn, +mynn, +mmny +mm,n, <gm,m,nn, — mym,nn, —nm,n,n, — mm

4 4
2 2 2.2 2.2 2.2 2) 2 2.2 2_2 A
-1- E m; — E 0y — MRy — MRy — My SO, — My iy —myny + 2mmynng + 2mm,nn, +
J=1 J=1

J#2 J#2
2 2 2 2
m2m3 + }’121’13 + I’}’l1 n2n3 + 7’1’147’12}’13 ot I’I’lzl’}’l3l’l1 + m2m3n4 - mlm3n1n2 - Wllf’l’lzl’lll’l3 - m3m4n2n4 —mzl

2 2 2 2
mym, +n,n, +m; n,n, + mi,n, +m,m,n; +m,m,n; —mm,nn, —n,m,n,n, —n,m,nn, —n,

Jj#3 J#3

2 2 2 2
MM eI, + My N, + MyRn, + mymyny + mymn, — mm,nn, — mym,n,n, — mm,nn, —m,]

mym,nn,

- mmn,n, ,

n,n,

UANCY

L m,m,nyn, »

1,1

m,nyn,

1,1, 1,11, »

[1,11,1,

3 3
A 2 N 2 2 2 2 2 Y Lo 2 2 o) 2 2 f

des=—1— ) My — ) N, —Myny —myny —my iy, — Myhy — 0y — My Ny + 20,1, + 2mmyn iy +
J=1 J=1

m,myn,ny

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 ny +myng +myng +myn; +min, + myn, +myn, +ming +myn; +myn; +myn, +myn, +
j=1 Jj=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 function EAO(j) determines mapping between indices of input audio object channels and EAO

signals:

EAO(j}=N-1-j,  j=0,..,Ng,—1.

The energy-pased encoding/decoding procedure is designed for non-waveform preserving coding of
the downmix signal. Thus, the OTN/TTN upmix matrix for the corresponding energy-imode does ndt rely

on specific waveforms, but only describe the relative energy distribution of the input audio objects

7.6.3.2 TTN matrix using prediction mode

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

1 0 émo oMy
0 1 E n, My
D= mono—lo ,
: 10
1
m Ea0 1 nNEAo*1 ; 0 -1

and for a mojno output, it becomes

1 |
1My Neao-1
!
!
1 ! My Neao—1
~ e T M L
D= my + n, A IR 0
|
0
!
! —
mj Ea0 1 % anr_AO*1 | 0 1
i oab-dawuwmmisc_aac hLAO 7 haoldc tvaun CPCc o and o vialding oty
Wlth a Stercu A%\ AAY lllllll\’ CALCIT LIIYU J TITUIUS tVVU AV S wTe } V_/,O alrlrvy \/j‘l ]l\/lullls lllutl j VAN )
]
1 0 0 - 0
!
0 1 ! 0 0
e TR NSRS
C=] ¢y Cop ! 1 0
. i .
]
|
!
NEA()_I'O ]VEA()_lr1 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

), =OLD, + L L mme, .,

j=0 k=0

NEAO -1 NEAO -1

P =OLD+ > > nmne,,,

j=0 k=0

NEAO -1 NEAO -1

D —
ILoRo =€ + z m_inke.i.k ’
j=0 k=0
Ngao -1
D — — —
ILoCo,j —ijLDL +ne; ijLD_]. z me, .,
i=0
i#j
‘}vEAO_1
D — — —
FProco; =1,0LDy +m e, , —n,OLD, Z ne, ;-

=0,
i#]
The parameters OLD,, OLD,, and I0€,, correspond to the regular objects and can be derived using
dowrnmix information:
N—=Ngpo-1

OLD, = > d;OLD,

i=0

N=Ngpo-1
OLD, = > d}OLD,

i=0

¢ J 10C, , N=Ngo =2,
R\

ray 41 H
L Y, ULLICTT WIS,

10C,

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, , — Z ne,
i=0 _ i=0
7/1'1 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

PoY
Z — LoRo .

Lo™ Ro

The constrained CPCs become

Cio =(1

_,1);},0+,1yj,0, ¢ :(l_i)E‘j,l‘Fﬂ]/j’l.

The residual

OBJ —

EAO — 1

/
where [ 0]
T

7.6.3.3 01}

Incaseofas

)
I

processor output signals are computed as

/I Prediction
OBJ

L

Prediction
A caoMEro res, |,

resNEAO 1

represents the input signal to the SAOC decoder/transcoder.

'N matrix using prediction mode

tereo output, the@extended downmix matrix D matrix is

1 | | m,

| ]VEAO_1
m m i
% % = 0
; : 0 ’
mNEA071 mNEAO/ E _
4 2 10 1

i 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 provided

in theg previous subclause.

The residual processor output signals are computed as

L
X _ MPrediction reSO
or — Mogj . ’
v
S, Ea0 ]
d,
- res
_ Prediction 0
XEAO - AEAOMEAO
resy, B0 1

7.6.3(4 TTN matrix using energy mode

In cage of a stereo output, the matrix M are obtained from the corresponding OLDs ac¢ording to

Energy
L
A o
\/ OLD,+ > m?OLD,

i=0

0 [ OLD,
N, EAQ -1

\/OLDR + > nlOLD,
i=0
1“/[Energy =A l mg OLDO l ng OLDO

i=0 i=0

Neag -1 Npao—1
\/ OLD, + Y. mOLD, \/ OLD,+ Y. n}OLD,

mjszAO -1 OLDNEAO -1 ngVEAO -1 OLDNEAO -1
Neao—1 Ngao—1
OLD,+ Y m!OLD, \|OLD,+ > n’OLD,
i=0 i=0
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The residual processor output signals are computed as

/
_ Energy 0

XOBJ - MOBJ 4
Ty

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

m;OLD, n2OLD,
Ngpo -1 Ngpo-1
2 2
M, FA|\|OLD,+ > m;OLD, \OLD,+ ) n'OLD,

i=0 i=0

mi/EAO -1 OLDNEAO -1 ni/EAO -1 OLDNEAO <!
Ngao—1 Ngao—1
OLD, + Y. m'OLD, \|OLD,+ »i?OLD,
i=0 =0,

The residual|processor output signals are computed’as

Xop| = M(E)Igchgy (do ) ’

Ener;
Xiad = ArsoMiro (do ) '
7.6.3.5 OTN matrix using energy mode

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

OLD,
OLD,

JmZOLD, +nZOLD,

-
|

Energy = A +
Ngao -1 Ngao—1
\/ OLD, + m’OLD, \/ OLD, + n’OLD,

i=0

\/mjzvmo -1 OLDNI—_AO -1 + \/nJZVEAO -1 OLDN

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,

Energy =A Ngao -1 .
\/ OLD,+ Y mlOLD,
Jm, OL

i=0

Renormalization of OLD parameters

For tllle SAQOC parameter processor the OLD parameters of the regular audio objects are renlormalized as
follows:

OLD*

OLD/*" = WLDX)

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

dowrmix after application of the residual processor.
7.7 SAOC-DE profile decoding modes

7.7.1| Overview

The general structure of the SAOC-DE decoding medes consist of two signal paths (see Figuye 17).

A A

X X Xpost(processed)
_> D : _1 _>
W, 3G ¥e-aw! [
—--p| PDG | ____xL > DE _____3% _3 VVPDG [CZ)
1 1
Lo
Xres b
’ 1 1
________ 1 1
sy Mg oo :

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

The qutputssignal of the SAOC decoder is produced by the corresponding mixing of a modifjed downmix
signal and-a processed residual signal as follows:

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

Jpp = UA™U*,

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

characteristic formula

UAU" =

The regulari
following.

A number Ny

matrix A, the regularized inverse ]q ~ A: is determined as described in'\7.7.2.3.

The results d

matrix J,c 4

JDE (Ch'll

where g_ is
7.7.2.2 Gr

A sub-matri
A(chl,chz) C
g, (idx,) = ch

The group ¢

properties.

A.

zed inverse, A", of the diagonal singular value matrix A is computed-a3ydescribed

S:

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

ch, ) 0,

|

specified in 7.7.2.2.

otherwise,

ouping of downmix channels

prresponding to\._the downmix channels ¢4 and ch, assigned to the group g4
and g, (idx,)=<ch,).

5, of size”1x N{ is defined by the smallest set of downmix channels with the foll

n the

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

f the independent regularized inversion operations/, ~ A;ll are combined for obtaining the

K A, of size NJ x Ny with elements A, (idxl,idxz), is obtained by selecting the elements

(i.e.

wing

— The input signals contained in the downmix channels of group g, are not contained in any other
downmix channel. An input signal is not contained in a downmix channel if 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).
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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
A as

eg

reg reg’ reg

T =max(abs(/1,.‘i))T T, =10".
7.7.3| SAOC-DE EAO processing mode

The final output X of the SAOC decoder is defined from the downmix signal X using the SAOC

pararpetric information, residual signal X, and rendering control vatiables mygq, Mg, ay

X = g0 X + (Mego — Mo ) Dego ( R ED I X +X ) 3
wherp matrix J¢ is computed in 7.7.2.

This formula can be represented also in the followingform

X =Gy X+M, X

res’

wher

D

Gpe =mggoly, + (Mego — Mo Weco ReaoED*JDE )
Mpe = (Mego — Mo ) Drsd-

The term X, of size Ng,o incorporates residual signals res for EAOs from SAOC bitstreany:

X, =res.

The matrix R_Sss definedas R, = (ONEonNfNEAo L. )

7.8 DCU processing

7.8.1General

Within the overall SAOC system, the distortion control unit (DCU) 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
1 ry
! 1 l,m
Ml'm ; : ren,lim M df d
Rendering *"“ren 1 odifie
matrix input =~ ™ DCU - d---mm e - rendering
matrix

- = =

8bcu

Figure 18 — DCU within the overall SAOC system

Based on the user specified rendering scenario represented by rendering natrix M"”| with

ren
[l ,m
ren,lim

elements mf , the DCU prevents extreme rendering settings by producing a modified matrix M
comprising limited rendering coefficients, which shall be used by the SAOC rendering engine. For all
operational |modes of SAOC, the final (DCU processed) rendering coefficients shall be calculated
according to

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

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

I,m
Ten, tar

matrix M |towards the distortion-free target matrix M . The parameter g, is derived from the

bitstream el¢ment bsDcuParam according to:

Zpcy =|PcuParam[bsDcuParamy].

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

There are two possible versions ‘eof the distortion-free target matrix M'”

ren,tar /

suited for different

applications]It is controlled by the bitstream element bsDcuMode:

I,m
ren,tar

— (bsDcuMode == 0): the “downmix-similar” rendering, where M corresponds to the ephergy

normalized downmix matrix;

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

ren,tar

downmi and f::rgnf rnnr]nring matrix

7.8.2 DCU application for 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 downmix is an
important reference of artistic high quality.

« ey . . / .
The “downmix-similar” rendering matrix M ¢ is computed as

ren

—

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

wherp Nll)'g' represents the energy normalization scalar (for each patameter time slot / and processing
band|m ) and D/ is the downmix matrix extended by rows of(zéro elements such that [number and

ordet of the rows of Dgs correspond to the constellation of Mie';’ (of processing band m ). For example,
in the SAOC stereo to multichannel transcoding mode (“x:2-5” processing mode), the number of output
chanels is N, = 6. Accordingly, DL is of size Ng3%/N and its rows representing the front left and

right putput channels equal D'.

Note |that the extended downmix matrix Dgs is independent from the frequency paramgter m since

. . I . . .
the dpwnmix matrix D' is frequency invarjant.

7.8.3|]2 All decoding/transcoding. SAOC modes

For all decoding/transcodingSAOC modes the energy normalization scalar NS'S” is computed using the
following formula:

1,m I,m * 2
tmce(Mren (Mren ) )+ £

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

7.8.4( “‘Best effort” rendering

7.8.4.1 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

/.
where D’ is

ren,BE

ren,BE

=M D, for all mono downmix modes “x-1-1/2/5/b”,

NBE

rentar

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

. . 1 . . .
the downmix matrix and Ny represents the energy normalization matrix.

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

For the “x-1

I,m
R

-1” SAOC mode, the energy normalization scalar N

formula:

ILm|_
NBE B

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

For the “x-1

following foq

1,m
NBE

7.8.4.4 SAOC mono-to-binaural (“x-1-b7)ydecoding mode

For the “x-1

following foq

Im|
NBE B

=

—1
I,m 2

ij

(

2
) +e

M

(

~.

=|T

d

2
2
) +e

-~
I
=3

2” SAOC mode, the energy normalization matrix N/, ofsize 2x1 is computed usir

mula:

N-1 T
Lm\? g
m) +e

j=0

f=1

Jj=

'b” SAOC mode, the energy-hormalization matrix N of size 2x1 is computed usir

mula:

T

I,m * 2 I,m 2
Yay(ag ) v e Zam (aRJ)
Jj=0
NA . 2 5 4 N-1
Z(dj) te Z( )
=0 Jj=0

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

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

is computed using the following

g the

g the

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

following formula:

Ny =M (D) S,

I,
where M

ren

78

is mono rendering matrix of size 1 x 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:

Ny =My (D) ¥,

ren

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

7.8.4.7 SAQC stereo-to-binaural (“v-')-h"} decoding mode

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

following formula:

2

Y (Dl )* ¥

BE — ren

wherg A”" is binaural rendering matrix of size 2x N .
7.8.4{8 SAOC mono-to-multichannel (“x-1-5") transcodingmode

For the “x-1-5” SAOC mode, the energy normalization ngatrix N} of size N, x1 is computed using

the fgllowing formula:

N-1 T

2 2
I,m 2 I,m 2
Z(mOJ ) té Z(mNMPs*IJ) e
PIl,m | j=0 ) :, Jj=
o O\ e S e
(dj) +& (dj) +&
j=0 5=0

7.8.4{9 SAOC stereo-to-multichannel (“x-2-5") transcoding mode

For the “x-2-5” SAOC mode, the energy normalization matrix N of size N, x2 is compputed using

the fgllowing formula:
Ny =M, Dy

The matrix_J;-is determined as Jp  A-! according to 7.5.4 with A=DD".

7.9 Modification range control for SAOC-DE processing modes

The modification scalar, m,,, is obtained from decoder input parameter, m;"", using the limitation

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

input input
max (mG ’mDeLimitho ) 4 mG < 1’
mg =
input input

: -1
min (mG 'mDeLimitho ) 4 mG > 1 .

Here, values of the limitation thresholds my, ;e E(O,l] and m e(O,l] are obtained from

bitstream variables bsDeLimitFgo, bsDeLimitFgoEAQ, bsDeLimitBgo and bsDeLimitBgoEAO as

DeLimitBgo
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Myt imirgo = DeLimit[bsDeLimitFgo], for FGO in non-EAO mode,
Myt imipgo — 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 decoder—input—parameter—is—non-negativemal—>0-and—has—the—defautt—vatuemel—=lthich

disables thsg
downmixing]

Output inte

For an effici
bypassed (u

systems), th
SAOC decod|
established

represented

7.10 MBO processing

7.10.1 Gene

A multi-char
downmix. T}
according to
the bsSaocE
multi-chann
object. In thd

7.10.2 Deco

The followi
bitstream (i.

If the S

BGO/FGO modification functionality by making the rendering matrix equal “t
=D.

matrix M

rface for the decoder limited modification gain

bnt practical implementation of additional external functionalities like level adjustm
hprocessed by SAOC) channels, comprising multichannel audio_scene (e.g. for 5.1 pla

p information about the applied BGO/FGO modification scalax\/m; shell be provided
er output. The corresponding output parameter interfa¢e)of the SAOC decoder sh
n a direct, un-quantized way, where the decoder limited modification gain scalar
using binary32 (single) floating point format (IEEE~754-2008).

ral
nel background object (MBO) is andPS mono or stereo downmix that is part of the
the MPS standard (ISO/IEC 28003-1), or it can be embedded in the SAOC bitstream

KktType==2 mechanism. As.0pposed to using individual SAOC objects for each channg
] signal, an MBO can be used enabling SAOC to more efficiently handle a multi-ch

ding process

g decoding process shall be applied in the case where MPS data is embedded in the
. carried by means of the bsSaocExtType==2 mechanism).

e MBO case, the SAOC overhead gets lower as the MBO’s SAOC parameters only are r¢
to the downmix channels ratherthan all the upmix channels.

b the

bnt of
yback

s the
hll be
n is

SAOC

e associated MPS bitstream can-be conveyed either parallel to the SAOC bitstreamn, i.e.

using
] in a
annel
lated

OC decoder supports multi-channel renderlng (by means of a subsequent MPS dec

80

downmix channels of the MPS bltstream then the embedded MPS bltstream is send "as is" to the
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.
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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)
b)

<)

If a decoder only implements SAOC, then the standard SAOC decoding process is carried out.
If a decoder 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 the SAOC

rendering matrix is the same as the number of downmix channels, first the SAOC decoding process
is applied, directly followed by the MPS decoding process (connected in the QMF domain), i.e. this is
exactly the same decoding process as defined for the case where MPS data is embedded in the SAOC

To il
stere
MPS

rendd
MBO
obtai
matri

7.10.

The N
order
corre

itstream ). If the number of output channels of the SAOC rendering matrix 1s the.d
umber of downmix channels, then either SAOC decoding (discarding the MPS ‘d
ecoding (discarding the SAOC data) can be applied.

ustrate the decoding process defined above, an example scenario can-be consider
b SAOC downmix includes the stereo downmix of an MBO and a mono vocal object, wh

ring (by means of a subsequent MPS decoder). To obtain a multischannel renderin
(“karaoke mode”), a stereo SAOC rendering matrix can be used.that attenuates the vo
h a multi-channel rendering of only the vocal object (“solo mode”), a multi-channel SA
x can be used that routes the vocal object to the desired output channels and attenuate

3 MPS bitstream settings for MBO

IPS parameters for MBO shall be specified aceording to those of the corresponding !
to be compatible in the transcoding process. Table 57 contains the list of variab
sponding references to tables defined in ISO/IEC 23003-1.

Table 57 — List\of the MPS bitstream variables

fferent from
hta) or MPS

ed, where a
ere the MBO

data is embedded in the SAOC bitstream and where the SAOC deCoder supports multi-channel

b of only the
ral object. To
DC rendering
s the MBO.

bAOC data in
les with the

|

MBO MPS configuration parameters SAOC configuration parameters

Reference?

bsS
bsS
bsFn

mplingFrequencylndex
mplingFrequency
ameLength

bsSamplingFrequencylndex
bsSamplingFrequency
bsFrameLength

Table 5
Table 5
Table 5

a

De

fined in ISO/IEC 23003-1,

7.11

7.11.

To ug

MCU Combiner
1 General

e the SAOC concept for teleconferencing applications, a so-called multipoint control ¢

requil!“ed, which is able to combine the signals of several communication partners without

init (MCU) is

ecoding/re-

encoding the corresponding audlio objects. As 1llustrated in Figure 19, the MCU combines the input
SAOC side information streams into one common SAOC bitstream in a way that the parameters
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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SAOC bitstreams
_________________ » Combined SAOC bitstream
----------------- > MCU Femmmmm e e == =p
_________________ N combiner
MCU parameters 3
Downmix signals Y
9 Combined downmix signal
Audio >
combiner
Figure 19 — Outline of the MCU combiner
7.11.2 MCU |nterface and SAOC parameter estimation

The MCU combiner interface is defined by the input, output and control data. The'SAOC parametef
d NRG) of one or several SAOC bitstreams represent the input data for the MCU. The output
bam contains the resulting parameters (i.e. OLD, I0C, and"NRG) of the combined

OLD, I0C, an
SAOC bitstrg
bitstream ca

| E,
OLD"| = ——~L— =,
J NRGwm
NRG*"| = mjax (Ej ) ,
comb| __ bs,
10C"| =1 OCN’”"‘”(l,n)N""'"[’(i,n) ’
where
Ej — :z Fl-‘” ) E’n — G;OmbOLDI-bS” NRGbS" ) ] — Nmmh (l, n) )
N (i,n)
OLD, 5D, (i,l,m), NRG =Dy (l,m), 10C,; ; =Dy (i,j,l,m) .
The MCU coptrol paraméters contain the gains G describing the downmix combination proce
the weighted mixing,the mapping function j = N (i,n) determining a set and order of audio o

in the comb

stereo) and t

culated as follows:

s (i.e.

SAOC

ss for

bjects

. omb omb oy .
he corresponding parameters D/ (and Dy ) describing the downmix.

7.11.3 Energy estimation in the SAOC encoder

ined'SAOC bitstream, the parameter for activating the NRG parameter transmission for the
combined b!tstream, the control parameter describing the resulting downmix mode (i.e. moTw or

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 , 82

221

nel kem

)

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

for th

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

7.11.4 Parameters of the combined bitstreams

The

bsFrameLength, bsSamplingFrequencylndex, bsSamplingFrequency and bsFreqRes

ident

7.12

7.12.1 General

The §
the S

SAOC configuration parameters specifying the frame size and sampling Mre
cal for all combined (and resulting) SAOC bitstreams.

Effects

AOC effects interface operates on the downmix and therefore is part of the downmix
AOC transcoder or decoder as shown in Figure 20. The effects interface allows objg

quency (i.e.
) should be

processor of
cts or linear

combjiinations of objects to be extracted from the downmix for‘effects processing. Two types of effects

proce
effect

The s
or lin
SAO(

ssing interfaces are supported. The first type, referred to as the insert effects inte
s processing to individual objects in the downmix:

econd type, referred to as the send effects interface, allows effect processing on indiv

Downmix processor

Object
parameters

rface, allows

idual objects

ear combinations thereof. For this type, the'resulting “wet” signals can be directly added to the
decoder output (see Annex C).
Send effectsignals ,Object parameters to
A A " transcoder
\
Downmix Effects interface Downrr_nx Preprocegsed
repanning g downmix

ra 20 The offoctcinterfacoicanartofthe downmicBrococcolr
T LITC CIICLLIJ 1IIILL I IactL 1o a Pul C UL LIV UUVVIIIIIIA lJl ULCLCJIIVUR

A block diagram of the SAOC effects interface is shown in Figure 21. The object splitter, combiner and
extractor are described in the following subclauses. The application of the effects on the effect 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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Effect N ' Effect c3[)
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SAOC parameters 3
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Downmix splitter Remaining objects combiner " Dew
input| | o N S A ». out
> >
Effect R L ObjeCt i i Send
configuration extractor ; ; ou
Effects module

7.12.2 Inser

The processi
from the do}
back into th

object split
downmix. TH
r}ly’nsert — 1 Al]

objects are r

n,k
insert,y

where

Ve =fob

Figure 21 — Effects module in SAOC framework.
t effects

ng block for the insert effects interface consists of an object splitter isolating certain o
vnmix for effect processing and an object combiner inserting the effect processed o
e downmix. The effect configuration datasthat is input to the effects module contai

Jector r™¢* indicating which objects should be separated from the other objects §

le object splitter (see Figure 21) splits:objecty €[0, .., N — 1] away from the downmix
entries corresponding to objects-that are not input to an insert effect are zero. The

n,k
insert

bpresented by signal vector «x with numEffObj elements, defined as:

M-1

| ~ Z Winsert,,y , X%
| k=0

—>eff (y )

mix
ut

effect

put

bjects
bjects

ns an

n the
when

effect

w.
msertk,

di; =
10

2
d; OLD,

N-1
d, ,0LD, " d, OLDIOC,
i=0

Ve

i,j

0.05DMG;

N-1

numEffObj =" r"".
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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

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

objec cp]iﬁ'pr This residual downmixis calculated as followss:

)

numkEffObj—1
1- w
i=0

inserty, i Xk k=0,.,M-1.

The ¢ffects applied to the effect objects in x. . may change the spectroztemporal properties of the

objec

nsert

ts. Using the SAOC parameters in the bitstream for further processing (transcoding and downmix

preprocessing) would then yield suboptimal performance. Therefores the effects interface provides a
SAO( parameter output and input allowing the effects functions to update the parameters fo reflect the

spectro-temporal properties of the objects after effects processing. These parameters sha
the syibsequent transcoding and downmix preprocessing.

After|effects have been applied, the resulting effect objeets X

This

whicly it receives from the object splitter

wher

The

modification ratige control (MRC) settings are transported in the bitstream (i.e. if bsDeLim}]

7.12,

A =x_ + Z d? b k=0,.,M—1,

S

are fed back into the objd

insert

numkEffObj—1

P k,feﬂc_)obj(i) insert,i ’

D

"eﬁ‘—ﬂ)bj (ye) = y‘ i riinsert:y .

e
i=1

processing block for the insert effects interface is enabled for the SAOC-DE profi

B Send effects

1 be used by

ct combiner.

functional block combines the effect objects ‘with the other objects in the residual downmix x,

e only if no
tFlag == 0).

The preparative processing for the send eifects consists of an object extractor extractng objects or
linear combinations of objects from the downmix that are output as send effect channels. As part 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:

K Jk k Jk k
x" =" ! Xpy s

send,c, send; ,c, xLO sendy ¢,

© ISO/IEC 2018 - All rights reserved

85


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

ISO/IEC 23003-2:2018(E)

where
N-IN-1 N-IN-1
2 2 _ send  send 2 32 _send  send
Zdo.z 0ilci Te,j €ij ZZdl,zdua,f i Cij
I,m i=0 j=0 I,m _ i=0 j=0
sendy ¢, N-1N-1 ’ sendp,c, N—-1N-1 ’
dO,idO,jei,/’ dl,idl,/'ew
i=0 j=0 i=0 j=0
G G
YT 0.05DMG; "
10 :

For a mono (

The processing block for the send effects interface is not enabled for the SAOC-DE profile:

7.13 Low power SAOC processing

7.13.1 Gene

The SAOC lo
filter bank,
disabled ins

7.13.2 Time|

In SAOC LP ¢
7.13.3 Alias

In SAOC LP
be used. Hoy

shall be appl
— G,

G and
G,
Gpe,

W

PDG’

fed instead to:

lownmix case, the downmix matrix D is defined as d, =d, , =d, ; = 1077 /\E

ral

w power (LP) processing mode includes LP tools from MPS such as its partially real v
hlias reduction and LP decorrelator. In SAOC LP progessing mode, the decorrela
tereo downmix mode.

frequency transform

rocessing mode, the filterbank described in [SO/IEC 23003-1:2007, 6.10.2 shall be ussg

reduction
brocessing mode, the alias reduction tool described in ISO/IEC 23003-1:2007, 6.10.3
vever, in ISO/IEC 23003-1:2007) 6.10.3.3, the alias equalization applied to W* and
in the stereo-to-mone, stereo-to-stereo and, stereo-to-transcoding case.

P,, inthe mono+t6-mono, mono-to-stereo, and mono-to-binaural case.
in the stéreo-to-binaural case.

in the)SAOC-DE case.

in case Post(processing) downmix compensation is active.

alued
tor is

d.

shall
Wl,k
2

7.13.4 Low power decorrelator

In the mono downmix cases,

the MPS LP decorrelator

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
LD QMF filterbank is used and the Nyquist filtering is omitted resulting into a reduced number of

o 3 L. pa | L 1 £l pa | laot £ilse pa | taod o+l LD £3
pI‘OCL SSHTg OaTaST al T IIoT Gt O COTT CTatOT TITeC T S—ar Cata p et tOtIC Lo U pPtT atioTr

7.14.2 Time/frequency transforms
7.14.2.1 Overview

The [ID-SAOC decoder/transcoder employs LD QMF banks to convert timedomain signals jnto subband
domdin signals and vice versa. Contrary to the regular SAOC decoding/mode, the oddly-modulated
Nyquist filter bank is omitted for LD-SAOC decoding; see Figure 23.

Time domain input Subband
signals domain signals
QMF -
< — ¥ apalysis [—————» X
bank
Subband Time domain output
domain signals signals
2 QMF ~v
Y l—— synthesis ———» Y
bank

Figure 23 — Time/frequency transforms in LD-SAOC

The LD QME-banks used for LD-SAOC decoding can be derived from the QMF banks defined in
ISO/IEC 23003-1:2007, 6.3.2.1 and 6.3.3 by changing the window function and the mpdulation as
descrjibed\in the following subclauses.

7.14.2.2 Analysis filterbank

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)j {0£k<64

M (k,n) = .
(k.n) 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 A.21 and by replacing the modulation with

M(k,n):6—146xp[

0<k<64
0<n<l128

in(k+0.5)(2n-255)
128

J

7.14.2.4 Downsampled analysis filterbank

The 32-band LD analysis QMF bank is defined by using window coefficients ci[i] obtained by
interpolation
P(20+1)+c(2i
¢ (i)= ( ; ( ), 0<i<320

of the QMF LD 256 window function c[i] specified in Table A.21 and by replacing the modulation w|
in(k+0.5)(2n+65) 0<k<32
M (k,n)|=2exp , .
64 0<n<64
7.14.2.5 Dgwnsampled synthesis filterbank
The 32-band LD synthesis QMF bank is defined by using:window coefficients ci[i] obtained by
interpolation
P(2i+1)+c(2i
¢ (i)= (271)+c( ), 0<i<320
of the QMF D 256 window function c[i] specified in Table A.21 and by replacing the modulation w|
1 in(k+05)(2n—-127 0<k<32
M (k,n)=—exp ( N ) , .
64 64 0<n<64

7.14.2.6 Tables

The window

7.14.2.7 Prj

function-e[i] used for the LD QMF banks is specified in Table A.21.

pcessing frequency resolution

inear

ith

inear

ith

Due to the omission of the Nyquist filterbank, the number of parameter and processing bands is
adapted accordingly. The number of hybrid subbands K is reduced to 64 and the resulting number of

processing b
in Table 36.

ands M

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
ISO/IEC 23003-1:2007, Table 86.

The hybrid to processing band mapping is specified in Table A.23 and is used instead of
ISO/IEC 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 is different for the LD decoding mode, the expression 0 <m <11 in
the formdaefor-interchantelphasedt Lo drotatiomranete—r—is ) <m<6.

7.14.2.9 Decorrelation

Xg

The | decorrelated signals Xd:{ j are created from the decérrelator de¢scribed in

X4
ISO/IEC 23003-1:2007, 6.6.2. Following this scheme, the bsDecorrConfig’'== 0 configuration shall be
used with a decorrelator index X == 2. For region £, as defined in Table-B.14, the lattice copfficients are
defingd in Table B.15. For regions k, and £, the coefficients are given in Table B.16 and Table B.17.

7.14.2.10 Transcoding to Low Delay MPEG Surround

Trangcoding to Low Delay MPEG Surround is specified in Annex B.

8 Transport of SAOC side information
8.1 Qverview

Due fo its basic principle of operation,;SAOC technology requires two data streams for ifs operation,
namely a stream of downmix data (the coded downmix audio signal) and, as side information, a stream
of SAOC data (the parametric spatial audio data guiding the SAOC transcoding/decoding process).
Depepding on the application s¢enario, both data streams may or may not be conveyed [to the SAOC
transfoder/decoder as part of-a single stream and may or may not be conveyed in a synchfonized way.
The qubsequent subclauses define mechanisms for the transport of spatial data for SAOC|for different
envirpnments employing MPEG audio and systems to convey a coded downmix audio signal.

8.2 Transport and signalling in an MPEG environment
8.2.1| Timealignment of SAOC frames and downmix coder frames

The JAQC frame length is preferred to be an integer multiple of the frame length of the underlying
downTmmix coder. ASynchronous framing of SAOC data and the downmix data (i.€. different 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
downmix signal frame that is input to the SAOC decoder. If HE-AAC is used as downmix coder, the time
stamp of the-SAOCframe-identifiesthe first PCM o'\mn]a ofthe nnm«aopnnﬂ‘ng time-doemain—dewnmix

signal frame|at the output of the AAC core decoder.

these

If the transp
both stream
SAOC access
have the san

8.2.2 Tran

The signallin
the elementary stream containing the related coded audio~downmix data (as, e.g. indicated

depends on
by the depe
either conve
elementary 4
for MPEG-2

Backwards (
SAOC data is

The interfac
An elementa|
43) [or Aj
AudioSpecifi
SAOC-DE pf
whether thg
elementary 4

8.2.3 Embq

SAOC data
EXT _SAOC_D

prt layer does not provide time stamps, the temporal relationship between the-data of

unit and the first downmix coder access unit in an AudioMuxElement().are considet
e time stamp.

sport and signalling in an MPEG-4 audio/systems environmeént

g of the availability of SAOC data is possible by means of an-SAOC elementary strean

ndsOn_ES_ID field defined in ISO/IEC 14496-1:2010,.7.2.6.5.2). The actual SAOC d
yed in the SAOC elementary stream or multiplexed-into the downmix data stored i
tream upon which the SAOC elementary stream,df present, depends. The latter is spe
4 AAC payloads (see 8.2.3) and for MPEG-1/2 Layer I/11/1II payloads (see 8.2.4).

ompatibility with decoders that can decode the coded audio downmix data but ng
achieved in both scenarios.

e to [SO/IEC 14496-1 is in line with the specification given in ISO/IEC 14496-3:200
Iy stream carrying SAOC data is‘identified by the Audio Object Type “SAOC” (Object Ty
idio Object Type “SAOC-DE” (Object Type ID 45) for SAOC-DE profile].
cConfig() for this object jcarries the SaocSpecificConfig() (or SaocDESpecificConfig
ofile) data and saecPayloadEmbedding, saocDePayloadEmbedding flag that ind

SaocFrame() (er~SaocDEFrame() for SAOC-DE profile) payload is conveyed :
tream or embedded into the downmix data, as defined in ISO/IEC 14496-3:2009, 1.6.3

dding SAQOC'data in MPEG-2/4 AAC payloads

can/be conveyed in the AAC extension_payload() mechanism using extension
ATA(“1010") [or EXT_SAOC_DE_DATA (“1111") for SAOC-DE proflle] as defin

5 needs to be defined by other means. In case of LATM (see ISO/IEC 14496-3), the

first
ed to

n that

hta is
n the
cified

t the

D, 1.6.
pe ID
The
() for
cates
1S an
.18.

_type

ed in

10 7.290Nc OO o d TICN/IDC 14400 2.920N0NQ A C 20 Tha o laad fose

7 » TS IT "I

ISO/IEC 13848 type
EXT_SAOC_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).

tonciaon
.z U000, U0 at 1o07/TLG T T T 709 Z0U 7, THE—EXteRSioh }}a_yluau\J TOT

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

SAOC data can be inserted as ancillary data into an MPEG-1/2 Layer I/II/IIl bitstream as defined in
ISO/IEC 11172-3 and ISO/IEC 13818-3. The AncDataElement() is conveyed in the ancillary data part of

an MPEG-1/2 frame. It does not have to be located immediately after the audio_data of that frame. The
first bit of the ancSyncword must be byte-aligned with respect to the first bit of the 0xFFF|syncword of
the MPEG-1/2 frame header. The AncDataElement() must be completely included inthe ancillary data
of a single MPEG-1/2 frame. There must be at least one AncDataElement() in the-ancillary|data of each
MPEG-1/2 frame in order to enable immediate implicit signalling. An AncDataElement()|can have an
empty payload, i.e. ancLenBytes==0. If there is more than one AncDataElement() in the andillary data of

an MPEG-1/2 frame, all these AncDataElements() must directly follow each/other.

Table 58 — Syntax of AncDataElement()

Syntax No. of bits | Mnemonic
AncD3ataElement()
{
ancSyncword; /* 0x473 */ 11 bslbf
ancCrclLen; 1 uimsbf
ancType; 2 uimsbf
ancStart; 1 uimsbf
ancStop; 1 uimsbf
ciit = ancLenBytes; 8 uimsbf
if|(cnt==255) {
cnt += ancLenBytesAdd,; 16 uimsbf
}
ifl(ancCrcLen==0) {
ancCrcWord; 8 uimsbf
} else {
ancCrcWord; 16 uimsbf
}
ancCrcWord; 8 uimsbf
fdr (i=0; i<cnt;d+w) {
ancDataSegmentByte[i]; 8 bslbf
}
}
ancSyncword 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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ancStart Indicates if data segment begins a data block.

ancStop Indicates if data segment ends a data block.

ancLenBytes Number of bytes in data segment.

ancLenBytesAdd Additional number of bytes in data segment, needed if the data segments

contain 255 or more bytes.

ancCrcWord 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
ancCrcLen. For the 16 bit CRC, the generator polynomial is G(x) =x"16 + x"15 +

x2"2 + 1 and the initial value is OxFFFE_ The CRC covers all bits in the
AncDataElement() excluding ancSyncword, ancCrcLen and the ancCreWord
itself.
ancDataSegmentByte The concatenation of all ancDataSegmentByte from‘),‘consegutive
AncDataElement(), starting from the AncDataElement with aneStart==1 jup to
and including the AncDataElement() with ancStop==1 forms)one data block. In
case a complete data block is contained in one An€DataElement(), it has
ancStart==1 and ancStop==1. If ancType==0x0 or ancType==0x1 then thi$ data
block constitutes one SaocDataFrame() syntax element, padded at the end to
obtain an integer number of bytes.
8.2.5 SaocDataFrame including optional header
The syntax of “SaocDataFrame()” is given in Table 60.
Table 60 — Syntax of SaocDataFrame()
Syntax No. of bits Mngmonic
SaocDataFranpe(saocHeaderFlag)
{
numSaocBits = 0;
if (saocHgaderFlag) {
saocTimeAlignFlag; 1 uimsbf
num9YaocBits +=1;
cnt =jsaocHeaderLen; 7 uimsbf
numYaocBits += 7;
if (ent==127) {
cht += saocHeaderLenAdd; 16 uimsbf
mSaocBits +=.16;
o
tmpBiits = SaoeSpecificConfig(); Notes 1
and|2
numbKillBits = (8*cnt)-tmpBits;
bsFil]Bits; numFillBits bsllrf
nNumMSaoCBITS ¥= IMpBISFNUMFIIBITS;
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().
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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 fill bits,
needed if this length is 127 or more bytes.

bsFillBits Fill bits, to be ignored.

saocTimeAlignFlag Indicates the presence of a saocTimeAlign element. If saocTimeAlignFlag==0
then saocTimeAlign is set to the default valne 0

saocTimeAlign Signed integer in the range -32768..32767, identifying the PCM"'s

time domain output frame of the downmix decoder that ccorresj
beginning of the present SAOC frame (i.e. the first sample of the
input signal that is consumed by the SAOC decoding/process for
SAOC frame). The position of the first sample of the gutput frame is

ample in the
bonds to the
time domain
the present
represented

as 0. The present SAOC frame is the first SAOC frame that is completed (i.e.

ancStop==1) in the present downmix decoder) frame. If HE-AA
downmix coder, the time domain output frame’ of the AAC core dec
free upsampled by a factor of two in casé of normal operation of S

QMF bands) is considered here.

8.3 Tiransport of SAOC data over PCM channels

8.3.1| General

SAO( data can be conveyed over traditional*PCM audio channels through adding a nois¢
specific characteristics to the PCM data. This noise signal, which actually is a randomized V|
SAQO( data, can be rendered inaudible~by employing subtractive dithered noise shaping d
the nlasked 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 fthe following changes.

C is used as
oder (delay-
AOC with 64

e signal with
ersion of the
ontrolled by

bsBDType

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 5 as specified in Table 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

The decoding process consists of two steps. In the first step, the payload from the buried data channel is
decoded. In fhie second step, the paytoad 1S converted into a compiete SAOC audio bitstrean.

In the next stibclauses, the decoding of the payload is described.
8.3.4.2 Exfraction of buried data payload (including header information)
According to ISO/IEC 23003-1:2007, 7.3.4.2.

8.3.4.3 Sypchronization

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 Ratrieval of buried data payload

According tof ISO/IEC 23003-1:2007, 7.3.4.5.

8.3.4.6 CRC check

According tof ISO/IEC 23003-1:2007, 7.3:4.6.

8.3.4.7 SAOC decoding

In the case| that the buried“data payload is of type SAOC frame or SAOC header+framg, the
SaocDataFrame data buried in one PCM buried data frame shall be applied to a PCM frame havirg the
same length jas 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 SaocSpecificConfaiL (or
SaocDESpecificConfig() for SAOC-DE profile), i.e. bsBDType shall have the value 5, and |it is
recommendé¢d, for)an encoder, to add the SaocSpecificConfig (or SaocDESpecificConfig() for SAOC-DE
profile), to 4 BuriedDataFrame(), at regular time intervals, such that a decoder is also able to| start
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

transcoding/decoding. The dequantized rendering parameters obtained from the variable
bsPresetMatrixElemer iHi}-canbeunambiguously fedintothe rendering interfaceof the SAOC
transfoder/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 1072 10-1.0
idx 8 9 10 11 12 13 14 15
bsPresetMatrixElements[i][idx] 1008 1007 1006 1005 10-04 10-03 102 10-01
idx 16 17 18 19 20 21 22 23
bsPresetMatrixElements[i][idx] 1 1001 1002 1003 1004 1004 1076 1007
idx 24 25 26 27 28 29 3 31
bsPresetMatrixElements[i][idx] 1008 1010 1012 1014 1016 1018 1049 1024

The proposed bitstream structure permits a support.6f any other alternative data formats containing

prese
speci
bsPr¢

t information. Description of such upmix représentation approaches remains info
fic preset description formats are ¢recognized by the particular iden
psetUserDataldentifier. The variable bsPresetUserDataLen contains the length inf

the preset data included into PresetUserDataContainer() bitstream syntax element. Thi

SAO(Q
descr]

9.2

The
binar

transcoder/decoder to skip the corresponding part of the preset configuration data i
iption format is not relevant (not.supported) by the transcoder/decoder.

Rendering information description file format

reset rendering concept‘allows to store and exchange user-defined rendering info1
y file structure is based on the bitstream syntax elements ObjectMetaData() and Pr

'mative. The
tifier label
prmation for
s allows the
F this specific

'mation. The
esetConfig().

The bitstream variable bsNumObjects provides an information about the number of gudio objects

prese

The i
used
num}

nted in the deseribed scene and used in ObjectMetaData() and PresetConfig().

hformatjeti.stored in the variable bsNumObjects and in the element ObjectMetaData(
for identification and compatibility check. For example, the SAOC transcoder/decode
er, of Jaudio objects, metadata and other corresponding information obtained fro

bitstr]

) can be also
r can use the
m the SAOC

eam for these purposes.

If it is necessary, the bitstream syntax element Renderinglnformation() determining the binary file
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();
PresetConfig(); Note
ByteAlign();
}

NOTE Descri

bed in 6.1.

10 Confor)
10.1 Genern
This clause
standard as

ensure inter

10.2 Term:

The terms and definitions as stated in Clause 3 apply. Furthermore, the following terms and defin,

will be used

bitstream

conformang
10.3 SAOC

5.5 defines {
others are s

the profile wiith which a given bitstream or decoder/transcoder claims to comply.

10.4 Bitstrd

10.4.1 Char4

The SAOC audio object'type (AOT) can be used in combination with various AOTs.

10.4.2 Test

mance testing
al

pecifies conformance criteria for both bitstreams and decodeps ‘cempliant with the
defined in Clauses 1 to 9 and Annexes A to G. This is done to assist implementers a
bperability.

5 and definitions

throughout this clause.

data encoded according to the SAOC standard

e test bitstream bitstream used for testing the conformance of an SAOC decod

conformance testing

he SAOC profiles and levels, Some conformance criteria apply to SAOC in general,
ecific to the specific SAOG profile and its levels. Conformance shall be tested for the le

tAINs

cteristics

brocedure

SAOC
nd to

jtions

er

while
vel of

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.

bsLowDelayMode For restrictions, see 10.4.2.5.

bsFreqRes Shall not be encoded with a value of 0.

bsFrameLength For restrictions, see 10.4.2.5.

bsNumObjects For restrictions, see 10.4.2.5.

bsNumFGOs For restrictions, see 10.4.2.5.

bsRelatedTo[i][j] No restrictions apply.

bsTransmitAbsNrg No restrictions apply.

bsNumDmxChannels For restrictions, see 10.4.2.5:

bsTttDualMode No restrictions apply.

bsTtiBandsLow Shall not be encoded-with a value larger than the value|of

numBands as givén by Table 36.

bsPdpFlag No restrictions apply.

bsOnlelOC No restrictiohs apply.

bsDcpFlag For restrictions, see 10.4.2.5.

bsDcuMandatory No-restrictions apply.

bsDcuDynamic No restrictions apply.

bsDcuMode No restrictions apply.

bsDcpParam No restrictions apply.

bsDelLimitFlag For restrictions, see 10.4.2.5

bsDelLimitFgo No restrictions apply.

bsDelLimitBgo 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.
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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 is
present, the bitstream shall fulfil the requirements outlined in ISO/IEC 23003-1:2007, 6.1.13. For

further restnctions; see104:2-5:

bsDeLimitFgoEAO

bsDeLimitB
bsDcuFlag2
bsDcuMode|

bsDcuPararn
10.4.2.2.3.2

bsResidual{

No restrictions apply.

oEAO  No restrictions apply.
No restrictions apply.
2 No restrictions apply.
n2 No restrictions apply.
ResidualConfig()
amplingFrequencylndex

bsResidualkframesPerSAOCFrame

bsNumGrou

psFGO

bsResiduallresent[i]

bsResidual

bsTtnDualM
bsTtnBands

10.4.2.2.4 §

ands][i]

Jode[i]
Lowl[i]

AOCExtensionConfigData(1)

No restrictiojns apply.

10.4.2.2.5 S

AOCExtensionConfigData(2)

The syntacti

Shall fulfil the requirements outlined in
ISO/IEC 23003-1:2007, 6.1.13 and Table 88.

Shall fulfil the requirements outlined in
ISO/IEC 23003:1:2007, 6.1.13 and Table 87.

For restrictions, see 10.4.2.5.
No restrictions apply.

Shall not be encoded with a value larger than the value
bsTtnBandsLow[i].

No restrictions apply.

Shall not be encoded with a value larger than the value
numBands as given by Table 36.

element QAO(‘F‘YanQinn(‘nnﬁgDnm(7) shall not he present in case of SAQC-DE pra

of

of

file. It

shall fulfil the requirements outlined in Table 57.

10.4.2.2.6 SAOCExtensionConfigData(3)

No restrictio

98

ns apply.
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10.4.2.2.7 SAOCExtensionConfigData(8)

10.4.2.2.7.1 ObjectMetaData()

bsNumByteMetaData[i] No restrictions apply.
bsMetaData[i][j] Shall be encoded in UTF-8 encoding format.

10.4.2.2.8 SAOCExtensionConfigData(9)
10.4.2.2.8.1  PresetConfig()

bsNumPresets No restrictions apply.
bsN:EBytePresetLabel[i] No restrictions apply.
bsPresetLabel[i][j] Shall be encoded in UTF-8 encoding format.
bsPresetMatrix No restrictions apply.

10.4.2.2.8.2 PresetMatrixData()

bsPresetMatrixType Shall not be encoded with a value of 3.
bsPresetMatrixElements]i][j] No restrictions apply.

10.4.2.2.8.3 PresetMatrixData()

bsPresetUserDataldentifier(i] Shall'be encoded in UTF-8 encoding format.

bsPresetUserDatalen No restrictions apply.

10.4.2.2.9 SAOCExtensionCenfigData(10)
10.4.2.2.9.1 General
The slyntactic element SAOCExtensionConfigData(10) shall not be present in case of SAOC-QE profile.

10.4.2.2.9.2 SeparationMetaData()

bsNL]l:'nSeparationPairs No restrictions apply.
bsSeparationMainQObjectID][i] No restrictions apply
bsSeparationSubObjectID[i] No restrictions apply.

10.4.2.3 Bitstream payload
10.4.2.3.1 SAOCFrame()/SAOCDEFrame()
10.4.2.3.1.1 General

bsIndependencyFlag No restrictions apply.
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10.4.2.3.1.2 SAOCFraminginfo()
bsFramingType No restrictions apply.
bsNumParamSets For restrictions, see 10.4.2.5.
bsParamSlot[i] Shall be in the range 0...bsFrameLength.
10.4.2.3.1.3 EcDataSaoc()
bsXXXdataModel[i][j] Shall fulfil the requirements outlined in ISO/IEC 23003-1:2007,
6.1.13. Shall not be encoded with the value 2 if EAQ maode (residual
coding) is applied.
bsDataPairXXX[i][j] Shall have the value 0 if setldx == dataSets-1.No fyrther
restrictions apply.
bsQuantCodrseXXX{Ji][j] No restrictions apply.
bsFreqResStrideXXX[i][j] No restrictions apply.
10.4.2.3.1.4| SAOCEcDataPair()
bsPcmCodingXXX([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()
hcodFirstBand_XXX bsCodeW shall haye’a value out of a set of values as defined by cqlumn
“codeword” of Tables A.2 and A.3, respectively, and shall have a length as
defined by the corresponding entry in column “length”.
hcod1D_XXX| YY bsCodeW jshall have a value out of a set of values as defined by cqlumn
“codeward” of Tables A.4 and A.5, respectively, and shall have a length as
defined by the corresponding entry in column “length”.
bsSign No restrictions apply.
10.4.2.3.1.7| SAOCHuffDataZDFreqPair()
hcodLavldx bsCodeW shall have a value out of a set of values as defined by cqlumn
“codeword” of ISO/IEC 23003-1:2007, Table A.24 and shall have a length as

hcodFirstBand_XXX

delined by the corresponding entry in column “length”.

bsCodeW shall have a value out of a set of values as defined by column

“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

100

defined by the corresponding entry in column “length”.

© ISO/IEC 2018 - All rights reserved


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

ISO/IEC 23003-2:2018(E)

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.

bsSaocExtLen No restrictions apply.
bsSaocExtLenAdd No restrictions apply.
bsFil|Bits No restrictions apply.
10.4.2.3.3 SAOCExtensionFrameData(0)
bsDelLimitEaoUpdate No restrictions apply.
bsDeLimitFgoEAO No restrictions apply.
bsDelLimitBgoEAO No restrictions apply.
bsDcpuDynamicUpdate2 No restrictions apply.
bsDcuMode2 No restrictions apply.
bsDcpParam?2 No restrictions apply.
10.4.2.4 Transport of SAOC data

10.4.

10.4.

In cag
SAOCQ
band

2.4.1 Transport in an MPEG environment

2.4.1.1 General

e of transport of SAOC data in<dn MPEG-4 environment, the following restrictions apy
SpecificConfig() (or SAOCDESpecificConfig() for SAOC-DE profile) is conveyed out-of-
SAOCSpecificConfig() (er~SAOCDESpecificConfig() for SAOC-DE profile) shall be ide

out-of-band one.

In cajs
Thersg
exten
imm¢

e of embedding of/MPEG SAOC data in MPEG-2/4 AAC payloads, the following restri
e must be ateast one extension_payload() element with extension_type==EXT_SAC(
sion_type==EXT_SAOC_DE_DATA for SAOC-DE profile) in each AAC frame in ord
diate implicit signalling.

In c4

ly. In case of
band, any in-
ntical to the

ctions apply.
C_DATA (or
er to enable

he following

se/ 0f embedding of MPEG SAOC data in MPEG-1/2 Layer I/II/IIl bistreams, tl

restrictions apply. The first bit of the ancSyncword must be byte-aligned with respect to t
the OxFFF syncword of the MPEG-1/2 frame header. The AncDataElement() must be completely

included in the ancillary data of a single MPEG-1/2 frame. There must be at least one 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
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.

10.4.2.4.1.3 SaocDataFrame(saocHeaderFlag)

saocHeaderFiag NoTestrictionsapply-
saocHeaderlLen No restrictions apply.
saocHeaderlLenAdd No restrictions apply.
bsFillBits No restrictions apply.
saocTimeAlignFlag  No restrictions apply.

saocTimeAlign Shall have an absolute value no larger than two times the number of samples in
the SAOC PCM frame as defined by bsFrameLength-and
bsSamplingFrequencylndex or bsSamplingErequency.

10.4.2.4.2 Transport over PCM channels
10.4.2.4.2.1| General

In case of trgnsport of SAOC data over PCM channels, the following restrictions apply. The BuriedData()
data shall be embedded in the LSBs of the PCM channels. Typically, 16 bit PCM samples are |used.
However, al§o other sample precisions shall be supported, e.g. 20 and 24 bits.

10.4.2.4.2.2 BuriedDataHeader()

bsBDSyncwprd Shallbe 0xAA95.

bsBDChanngls Shall have the value of the number of PCM channels in whidh the
SAOC data is embedded.

bsBDFramelength Shall define a PCM buried data frame size which is exactly the|same
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.
bsBDReseryed 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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bsBDType 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.

bsBDID Shall be set to a value in the range of 0..7, each value shall be used only once in a
BuriedDataFrame().

bsBDLengthldx No restrictions apply.

bsBDLength Shatt futfit the restriction outtined for this syntactic element in 8.3.3.

bsBDBytes Shall contain exactly one SaocDataFrame().

bsBDDataCrc Shall fulfil the restrictions outlined for this syntactic element-in 8.3.3.

10.4.2.5 Restrictions depending on profiles and levels

10.4.2.5.1 General

Depehding on the profile and level associated with the present SAOC bitstream, further resfrictions may

applyl

10.4.2.5.2 Baseline SAOC profile

For the Baseline SAOC profile, the following further:xestrictions apply.
bsSamplingFrequencylndex
bsSamplingFrequency
bsFrameLength
bsLowDelayMode

bsNumObjects

bsNumDmxChannels

bsNumEAO

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.

Shall be emeoded with a value listed in Table 64.
Shall be encoded with a value listed in Table 64.

Table 64 — Restrictions for the SAOC Baseline Profile

Level 1 Level 2 Level 3 Level 4
bgSamplingFrequencylndex 0x3...0xc, 0xf 0x3...0xc, 0xf 0x3...0xc, 0xf 0x0..J0xc, 0xf
bsSamplingFrequeney <48-666 <48-660 <48-660 <56000
bsNumObjects 0.7 0..15 0.31 0.31
bsNumEAO N/A 0.1 0.3 0.3

bsDcuFlag No restrictions apply.
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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.

bsNumObjects Shall be encoded with a value listed in Table 65.
bsNumDmxChannels Shall be encoded with a value listed in Table 65.

Table 65 — Restrictions for the SAOC Low Delay Profile

psent,

Level 1 Level 2 Level 3
bsSamplingFrequencylndex 0x3...0xc, 0xf 0x3...0xc, Oxf 0x30xc, Oxf
hsSamplingFrequency <48 000 <48 000 <48000
HsNumObjects 0.7 0.31 0.31
hBsNumDmxChannels 0 0.1 0.1

bsDcuFlag No restrictions apply.
10.4.2.5.4 Dialogue Enhancement SAOC profile
For the dialogue enhancement SAOC profile, the following further restrictions apply.
bsVersion Shall be 0:
bsSamplingFrequencylndex Shall be in the range 0x3..0xc or 0xf.
bsSamplingFrequency Shall be <= 48 000.
bsFrameLength Shall be in the range 3..71.
bsNumObjects Shall be in the range 0..5.
bsNumDmxChannels Shall be in the range 0..2.
bsNumFGOs Shall be in the range 0..2.
bsDeLimitFlag Shall be 1.
bsNumEAO Shall be encoded with a value listed in Table 66_1If it is pr
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.

10.5.2 Test procedure

10.5.2.1 Downmix decoders

An SAOC decoder/transcoder can be used in combination with a downmix decoder. In {
dowrmix decoder shall fulfill the conformance criteria that are applicable‘to it. Neverth
confdrmance test procedure, the PCM coding shall be applied to a downmix§ignal.

10.5.2.2 SAOC decoder/transcoder test procedure
With |[regard to the definition and further details of the conformarce criterion RMS/LSB h

test

The

SAOC decoders/transcoders, reference is made to ISO/IEE 14496.

rfonformance test procedure for SAOC decoders/tsanscoders internally creates a 1

his case, the
bless, for the

eing used to

eference for

compparison, given the conformance test sequence ‘and the output from the decoder under test as
outlined in Figure 21.

Param. test
:' ------ /I' - P é \
| h E Yes/No
| ! a [---
! \ 5 '
1
N O /!
b .
1 ! . -
1 1 Sm——--
1 1
\ 1
bs Param./mps bsREF Loy
phin Seb Rt M SAOC [---m--mmmmeemmmmemee-
rend.. > : SAOC test
' | REF upmixREF/mps dmxREF | L .
dmx | K m 5 N
: Param./mps bsTEST | ! D21 Yes/No
Lid----» spoC |--m-m---m-mm-meeeee- . ! 38 -
» \‘ E E 1
upmix'™=>"/mps dmx'=>T = 0 y
»| TEST P P NENEE G

Figure 21 — Block diagram of the SAOC decoding/transcoding conformance test procedure

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;
— Param./mps_bsREF: Parametric or/and MPS data from the reference SAOC decoder/transcoder;

— Param./mps_bsTEST: Parametric or/and MPS data from the SAOC decoder/transcoderunder test.

— conformjance test modes:

— SAO(C test (RMS/LSB comparison): This module calculates the difference,signals between the
output from the SAOC decoder/transcoder under test and the internal reference. The maximum
amplitugle of the difference signal (diff max) as well as the RMS of 'the difference signgl are
calculated. The conformance criteria are specified with respect to \PCM-sample in the range -
32768 .32767.

— Pargm test (ASCII comparison): This module calculates the" difference between the obtained
output parameters (e.g. MPS data) from the SAOC decoder/transcoder under test and the internal
referende.

10.5.3 Test $equences

To test SAOC decoder/transcoder, ISO/IEC JTE€ 1/SC 29 supplies a number of test sequenceg. The
naming convention of these bitstreams is as-follows. The first part of the name (the part preceding the
first undersdore) specifies the downmix format. The second part of the name (between the first and the
last underscpre) specifies the properti€s:of the test sequence in question according to Table 6. For
each test sequence, the SAOC test (RMS/LSB comparison) and/or Param test (ASCII comparison) are
applied according 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 Bl\‘g fm_BL | pcm_BL | pcm_BL | pcm_LD
sequence P_ P_ _ _ _ P_ P_ P_ P_ P_ 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 (pﬁr. _7|pqram_1|param_1|param_2|param_4
I 0 4 0

Downmix sampling frequency 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 484000 | 48000 | 48000 [ 48000 | 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 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 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 f/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 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 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
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 nja 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(8) 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/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 0 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(0) n/a n/a n/a n/a na n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
SAOCExtensionFrameData(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
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 lpcm LD | pcm LD {pcm LDP{pcm LDP{pcm LDP!{pcm LD | pcm BL | pcm BL | pcm BL | pcm BL { pcm BL | pem BL | 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_24(8_ts_30 P_ts_36 | P_ts_48 | P_ts_60
5 7 9 12 15 _23 ‘\'\
Downmix sampling frequency 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 (.48 000 [ 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
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 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 na 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

© ISO/IEC 2018 - All rights reserved 109


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

ISO/IEC 23003-2:2018(E)

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 ny/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(8) 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 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/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 0 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(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
SAOCExtensionFrameData(1) n/a n/a 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
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 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 pCcm. pcm cm_ pcm_ pcm_ pcm_
sequence BLP_ts_6|BLP_ts_7 BLP_32k | BLP_44k |BLP_uqM| BLP_coa | BLP_one | BLP_PD | BLP_EA | BLP_DC BLP_MB(B] P_Met(BLP_Pre | BLP_Sep | BLP_NR
4 2 hz hz PS rse 10C G 0 u 0."|4pata | set | Data G
Downmix sampling frequency 48000 | 48000 | 32000 | 44100 | 48000 | 48000 | 48000 | 48000 | 48000 | 48000 (.48 000 [ 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 na 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(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
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(8) 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 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
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/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 0 0 0 0

SAOCExtensionFrameData(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
SAOCExtensionFrameData(1) n/a n/a n/a n/a n/a h/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
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 pCcm. pcm pcm_ pcm_ pcm_ pcm_
sequence DEP_ DEP_ DEP_ DEP_ DEP_ DEP_ DEP_ | DEP_ts_ | DEP_ts_ | DEP_ts_ DEP_ts_(BEP_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 16’\ 24 30 36 8
0 4 0 2)>

Downmix sampling frequency 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
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 1n/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 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
bsDeLimitFgo 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(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 ny/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(8) 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 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/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 0 0 0 0 0 0 0 0 0 0

SAOCExtensionFrameData(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
SAOCExtensionFrameData(1) n/a n/a 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
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 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 | pam_ | 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 q.\'\

Downmix sampling frequency 48000 | 48000 | 48000 | 32000 | 44100 | 48000 | 48000 | 48000 | 48000 | 48000 |-.48 000
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
bsRelatedTol[i][j] L) L) L) b b b d L) 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 na 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 1 1 1 1 1 1 1 1 1 1 1
bsDeLimitFgo 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(0) 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 ny/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(8) n/a n/a n/a n/a n/a n/a n/a n/a n/a nya 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(0) n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a +

SAOCExtensionFrameData(1) n/a n/a n/a n/a n/a h/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 bsRe]atedTo([i][j] is specified accordingly te‘appropriately describe inter-object correlations between left and right channels of 10 stereo input audio objects.

b The bitstream variable bsRelatedTo[i][j] is specified accordinglyto appropriately describe inter-object correlations between left and right channels of 2 available stereo input
audio objects.

¢ The bitstream variable bsRe]atedTo[i][j] is specified aecordingly to describe parametrization assuming no inter-object correlations between any ifput audio objects.

d The bitstream variable bsNumParamSets is specified accordingly to describe the variable number of parameter data sets in a frame.

e The bitstream variables bsDfuMode and bsDcuParam are specified according to the desired distortion control settings and updated dynamically if bsDcuDynamicUpdate == 1.

f The bitstream variables bsDgLimitFgo and bsDeLimitBgo are specified according to the desired modification range control limits and updated dypamically if bsDeLimitUpdate == 1.

g The bitstream variables bsQpantCoarseXXX[i][j] are specified accordingly to describe the use of coarse and fine parameter quantization modes.

+ IT denotes that the data for the copresponding bitstream element is available.

116 © ISO/IEC 2018 - All rights reserved


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

ISO/IEC 23003-2:2018(E)

Table 68 — List of SAOC conformance RMS/LSB criteria

[ ]
Conformance test |pcm_BLP_ p(Im_BLP_ pcm_BLP_[pcm_BLP_[{pcm_BLP_{pcm_BLP_|pcm_BLP_|pcm_BLP_[(pcm_BLP_|pcm_BLP_|pcm_BLP. I\EQL

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 parap‘_% param_10|param_14|param_20| param_4

SAOC de/transcoding multichan| . . multichan| . .

mode mono 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 yes yes bes 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 D.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 D.9 0.9 0.9 0.9
ASCII test no no yes no no no yes no no no no no no no

no
Conformance test |pcm_LDP_|pdm_LDP_|pcm_LDP_|pcm_LDP_{pcm_LDP_[{pcm_LDP_ pcm_BLPQM_BLP_ pcm_BLP_|pcm_BLP_|pcm_BLP_[{pcm_BLP_{pcm_BLP_|pcm_BLP_|pcm_BLP_

sequence param_5 | ppram_7 | param_9 |param_12|param_15|param_23 tf_‘ ts_15 ts_16 ts_18 ts_24 t3_30 ts_36 ts_48 ts_60
SAOC de- stereo st¢reo stereo stereo stereo stereo steyeo stereo stereo stereo stereo sterpo stereo stereo stereo
/transcoding mode
SAOC decoding test |yes yep 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. 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. 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 ng no no no no no no no no no no no no no
Conformance test |pcm_BLP_|pdm_BLP_|pcm_BL %BLP_ pcm_BLP_|pcm_BLP_[(pcm_BLP_|{pcm_BLP_|pcm_BLP_|pcm_BLP_[{pcm_BLP_|pcny_BLP_|pcm_BLP_|pcm_BLP_[(pcm_BLP_
sequence ts_64 ts_72 32 44Kkhz uqMPS coarse onelOC PDG EAO DCU MBO |[MetaData| Preset | SepData NRG
SAOC de- multichan
i e stereo stereo stereo stereo nel stereo stereo stereo stereo stereo stereo stereo stereo stereo stereo
SAOC decoding test yes yes 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 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
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Diff max (LP) 32 32 32 32 32 32 32 32 32 32 n/a /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 h/a n/a n/a n/a
ASCII test no no no no yes no no no no no yes bes yes yes yes

55—
Conformance test |pcm_DEP_|pdm_DEP_|pcm_DEP_|pcm_DEP_[(pcm_DEP_[{pcm_DEP_{pcm_DEP_[{pcm_DEP_|pcm_DEP_|pcm_DEP. _ggn&f)EP_ pcn)_DEP_{pcm_DEP_|pcm_DEP_

sequence x-3-3 ppram_4 | param_5 | param_7 |param_10|param_14|param_20 ts_8 ts_15 ts_lp\ ts_18 tg_24 ts_30 ts_36

SAOC de-

i e 3-channel | 3{channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-chainnel | 3-channel | 3-channel | 3-channel | 3-channel
SAOC decoding test yes yes yes yes yes yes yes yes yes yes yes bes 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 D.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 D.9 0.9 0.9
ASCII test no no no no no no ne no no no no no no no

_DEP_|pcm_DEP_{pcm_DEP_{pcm_DEP_|pcm_DEP_|pcnj_DEP_

Conformance test (pcm_DEP_|pdm_DEP_|{pcm_DEP_|pcm_DEP_|pcm_DEP_{pcm_DEP_| (@

sequence ts_48 ts_60 ts_64 ts_72 32khz 44khz\\, coarse onelOC MRC PDG varParm HAO
SAOC de-
anscoding mofs 3-channel | 3{channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel | 3-channel
SAOC decoding test yes yes yes yes yes yes yes yes yes yes yes hes
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 D.9
Diff max (LP) 32 32 32 32 32 32 32 32 32 32 32 B2
RMS (LP) 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 D.9
ASCII test no no 1o no no no no no no no no no

yes It denotes that the specified tpsting methed is applicable for the given conformance sequence.

no Itdenotes that the specified tpsting method is NOT applicable for the given conformance sequence.
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11 Reference software

11.1

11.1.

Reference software structure

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 standard.

Refer
trans

ence software is normative in the sense that it correctly implements

the SAOC
indicated in

this d
refer
the td

The s
a)

b)
a
n
th

c)
d

File 1
corre

2/en,
11.1.

Each
from

This {

oding/decoding processes described in this document. Complying implementations
ocument are not expected to follow the algorithms or the programming techniques
bnce software. Although the decoding software is considered normative, it cannot adc
xtual technical description of SAOC included in this document.

oftware contained in this clause and in Annex G is divided into three categories:

Bitstream decoding software is catalogued in 11.2. This software (aceepts bitstred

ccording to the normative specification given in this document and decodes the stre
hdio signals associated with each bitstream. While this softwaré, appears in the norm
lis document, attention is drawn to the fact that the implemeéntation techniques
ftware are not considered normative, several different implementations could prod
sult, but the software is considered normative in that it cerrectly implements the S
Focesses described in this document.

Bitstream encoding software is catalogued in Annex G. This software creates bits

used by the
| anything to

ms encoded
ams into the
ative part of
used in this
ce the same
0C decoding

treams from

bsociated audio signals. The encoders are provided as a means to obtain bitstrea

Utility software is catalogued in Annex\G. This software was found useful by the deve

bcument, but may not conform to th€’normative specifications given in this document.

pbcations in the source tree given in this document are expressed relative to the lo
sponding reference software-package available at http://standards.iso.org/iso-iec/2

s with the

brmative syntax described in this documentiThe techniques used for encoding are not specified by
1is document and the quality and complexity of these encoders has not been optimized.

opers of this

ration of the
3003/-2/ed-

2 Copyright disclaimer for software modules

source code modiile in this document contains a copyright disclaimer which shall not
the source code module. The generic version of this disclaimer is provided below.

Software copyright licensing disclaimer for MPEG standards

be removed

P> <LN2>

oftwware module was originally developed by <FN1> <LN1> (<CN1>) and edited by <FN

(<CN‘1 )
and its performance may not have been optimized. This software module is an implementation of 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>:

AT LALD L AT ) o 41 £ 1 1 4 £41 b | a | £ £
o~ ), STINO~ SLINO~ (SUIVO -/, LIT UIT CUUT ST U1 UCTVCIUPIIITIIT U UIT S5tdITUudliu~ 101 ITTITITI
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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,
worldwide, 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
reasonable and non-discriminatory terms and conditions with applicants throughout the world.
ISO/IEC gives You a free license to this software module or modifications thereof for the sole

purpose of déveloping the <standard>
<CN1> retain
third party a
related ITU R
This copyrig

s full right to modify and use the code for its own purpose, assign or donate the code'toq
hd to inhibit third parties from using the code for products that do not conform t6 MPEG
ecommendations and/or ISO/IEC International Standards.

ht notice should be included in all copies or derivative works. Copyright ©ISO/IEC 20

NB1 | In thg text, <standard> should be replaced with the appropriate International Standard, e.g
ISO/IEC 14496-1.

NB2 | <FNx = First Name, <LN> = Last name, <CN> = Company Name

NB3 | Sentences in italic not required in statement when the griginal developer does not wish to be
identified.

NB4 | Sent¢nces in bold not required in statement when the original developer allows unrestricted
use df this software.

NB5 | Sent¢nces underlined should be removedwhen the <standard> is published.

NB6 | Reference to "ITU Recommendation* may be omitted when the module is deemed not to be
releviant for ITU Recommendatiéns.

11.2 Bitstré

tam decoding software

bctive

11.2.1 Genefal

The providefl bitstréam decoding software is a normative reference implementation of the resp
specification,

11.2.2 SAO( décoding 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

The fi

data

wher
retur
table

Simil
(datd

wher]
retur
corre
is spe

inction 7Dhuff dec() is used as:
= 1Dhuff dec(hcod_huff, codeword),

e hcod_huff is the selected Huffman table and codeword is the word read from the bi
hed value data is a Huffman table index corresponding to a specific codé'word, with
offset value subtracted. The offset value is specified for each Huffmandable in Table A

hrly the function 2Dhuff dec() is used as:
0, datal) = 2Dhuff dec(hcod_huff, codeword),

e hcod_huff is the selected Huffman table and codeword)is the word read from the bi
hed values data0 and datal is the corresponding Huffman table index Idx
sponding to a specific code word with the Huffman'table offset value subtracted. The
cified for each Huffman table in Table A.1.

Table A.1 — Huffman table overview

tstream. The
the Huffman
1.

tstream. The
D and Idx1
offset 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_NRG-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
hcod2D_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_ZZ_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 0x27
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 0x00¥
2 12 0x8ff 34 7 0x046
3 11 0x67f 35 7 0%05e
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
29 6 0x016 61 6 0x03a
30 6 0x026 62 6 0x00f
31 6 0x02e 63 6 0x03d
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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
i 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 210x00000%0 210x000002
2 31 0x000Q07 3]10x000006
3 310x0006004 3]10x000002
4 310x000002 410x00000e
5 4 1,0%x00000a 510x00001e
6 471 0x000006 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 1010x0001fa 1010x0003fc
21 11| 0x0003£f6 10| 0x0001fe
22 11| 0x0003fe 10| 0x0001be
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 | 0x1ffdec 161 0x00fff6
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 | 0x003fd£
51 22| 0x1f£df7 16 | 0x00£££4
52 22 | 0x1f£df8 16| 0x00QffL5
53 22 | 0x1£f£fdf9 24 |OxfHEfff
54 22 | 0x1ffdfa 164 0%00£££7
55 22| 0x1ffdfb 20 M0x0ffffe
56 22| 0x1ffdfc 19| 0x07fffe
57 22| 0x1ffdfd 23 |0x7£f£f£ff8
58 22| 0x1ffdfe 23 |0x7£f£f£f£9
59 22 | Ox1ffdEf 23| 0x7ffffa
60 21 | 0x0££fef0 23 |0xT7£f£f£ffDb
61 21 | Ox0Ffefl 23| 0x7ffffc
62 21 |0x0ffef?2 23| 0x7£f£fffd
63 21 Mx0ffef3 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

Table A.9 — hcod2D_OLD _YY_ZZ_03

ISO/IEC 23003-2:2018(E)

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| 0x0le
1 1 4 0x00e 4 0xB0e
1 2 4| 0x002 6| 0x0636
1 3 5 0x0le 7 0x%07e
2 0 6| 0x03e 64/ 0x032
2 1 6| 0x00e 7| 0x07f
2 2 6| 0x00f 5| 0x018
2 3 7] 0x07e 5| 0x0la
3 0 9| Oxlte 8| 0x0df
3 1 9| Ox1ff 8| 0x0dd
3 2 8| 0x0fe 6] 0x033
3 3 5| »0%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 6 9| 0x01f4 16| Oxf7ff
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| 0x03de
2 4 8| 0x00a6 12| 0x0fiZa
2 5 12| OxOfbc 8| 0x00de
2 6 12| 0xOfbd 7| Ax005a
3 0 9| 0x01f5 74 0x006e
3 1 71 0x0052 6] 0x002e
3 2 8| 0x00fe6 8| 0x00f6
3 3 6| 0x0028 7| 0x0056
3 4 8| 0x00fZ 9| 0x01le6
3 5 8| 0x00FC 7| 0x005b
3 6 8| 0x00ff 6| 0x002f
4 0 12 |.. Ox0fba 8| 0x00f4
4 1 114 0x07dc 71 0x006c¢c
4 2 12| 0x0fbe 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
5 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
6 2 8| 0x00ct 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 6 7| 0x00068 15| 0x06f7e
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| 0x004f%6
1 5 9| 0x0018e 13| 0x01bdé
1 6 8] 0x000d2 13| 0x0%3fe
1 7 10| 0x00278 16| Ox0@defe
1 8 10| 0x0031e 194 _Ox6f7ff
1 9 6| 0x00030 11/ 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| 0x001da 11| 0x004fa
2 5 8| 0x000ea 11| 0x004f2
2 6 10N\Ox0021e 15| 0x04f7c
2 7 1271 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 9| 0x001lae 10| 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
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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
6 3 11| 0x005f£7 11| 0x004fe
6 4 11| 0x005ff 14| 0x027ff
I 5 101 0x0023F 131 0x01bfe
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| 0x037fg
7 5 71 0x00041 11| 0x00/df
7 6 9| 0x001de 10| 0xQ0278
7 7 6| 0x00024 6| 0x00024
7 8 71 0x00046 7, 0x0005f
7 9 71 0x0004d 6 0x00026
8 0 12| 0x00d7f M| 0x004fb
8 1 11| 0x005£3 11| 0x007db
8 2 10| 0x002£8 17| 0x13dff
8 3 9| 0x0010= 15| 0x04f7e
8 4 8| 0x000e8 12| 0x009%e6
8 5 8| 0x00086 12| 0x00dfe
8 6 8 .\0%000d3 11| 0x007dc
8 7 7 [70x0004b 9| 0x001bc
8 8 6| 0x0003e 5| 0x00014
8 9 71 0x0007f 6| 0x00038
9 0 12| 0x009f7 12| 0x00fbb
9 T 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 6 710x000046 13| 0x0003fc
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|0x00001¢
1 1 710x00005¢c 410x000000
1 2 710x00004a 710x000028
1 3 6]0x000022 9] 0x0001fa
1 4 410x00000c 10 | 0x0001£f6
1 5 6]0x000024 114.0x0000fe
1 6 710x00003e 13/ 0x001d76
1 7 810x00006e 14| 0x0007fa
1 8 8|0x000075 14| 0x0007£fb
1 9 710x00004f 22| 0x3cfbf8
1| 10 6| 0x000036 22| 0x3cfbf9
1 11 410x00000f 22| 0x3cfbfa
1] 12 710x00005e 9]10x0001be
2 0 8{0%0000de 7]0x00007a
2 1 710x00006e 6]0x00001e
2 2 6]0x00000a 6]0x00003e
2 3 6|0x00001e 9]10x0001e6
2 4 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 7]10x000078
3 4 6]0x00002c 10| 0x0001£7
3 5 510x000010 11|0x00022c¢
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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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 10%0002ce 2102000026
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| 0x0006L7
5 11 12| 0x0008fe 8| 0x000061f2
5 12 13|0x001la7e 710x00002b
6 0 13|0x001a7f 8| Ax0000fc
6 1 12| 0x000d3e 2 0x000069
6 2 11|10x0002e2 710x00000a
6 3 12| 0x000dfe 9| 0x0001fb
6 4 10| 0x0000bk 9| 0x0001c6
6 5 11| 0x0005@a 10| 0x0003ce
6 6 9| 0x00Q05¢ 10| 0x00035e
6 7 12| 0x000dff 11|0x0007f6
6 8 11 |0%00037a 9| 0x000067
6 9 11[0x000474 810x000047
6 10 12| 0x0006f6 9| 0x0001fc
6 11 12 10x0006fb 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 1110x%x0002ef 9l 0x0000f8
7 10 11|/0x000473 810x0000e2
7 11 11|0x000475 710x00002e
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
o) I 10102000172 121 0%000ck
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| 0x000016
10 0 18| 0x0175f4 9] 0x000%d6
10 1 18| 0x0175f5 8| 0x00007f
10 2 18| 0x0175f6 9| 0xX0001df
10 3 12| 0x0006ff 22 H0x8cfbfd
10 4 1210x000dfd 13 10x0008be
10 5 11|(0x0004bf N3 0x001e7f
10 6 11|10x0002fe 12| 0x00045a
10 7 11|0x0005bE 11|10x0001bd
10 8 10| 0x00025= 11|0x0007£7
10 9 91 0x0QQ05%e 9|0x0000bf
10 10 8| 0x0000b4 6| 0x000010
10 11 91 0%0001ae 6|0x000006
10 12 9N0x0001be 6|0x000036
11 0 8 | 0x0175f£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
1 5 11| 0x0002ea 16| 0x00d7fe
1 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 1210x%x000967 161 0x%x0045FF
12 3 11| 0x0002ff 21| 0x1e7df9
12 4 12| 0x000b56 16| 0x00d7ff
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
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0x0c
0x0d
0x08
0x06
O0x0e
0x00
0x0a
0x09
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UXU7/
0x02
Oxle
0x0b
0x06
0x07
Ox1f
0x02
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Table A.1

4 — hcod2D_NRG_DF_ZZ 05

Idx0

Idx1

DF/FP

length | codeword

0x0006
0x0008
0x0Q0v
0xQ04a
0x0092
0x005e
0x0007
0x0000
0x0016
0x0026
0x0016
0x002e
0x0008
0x0017
0x0007
0x0048
0x002e
0x007e
0x004b
0x0016
0x004e
0x007f
0x003e
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Ux000a
0x0093
0x009e
0x002f
0x0004
0x001e
0x000a
0x005f
0x009f
0x000a
0x0009
0x000e
0x0006
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I1dx0

Idx1

DF/FP

length | codeword

0x00018
0x0001a
0x0000a
0x00002
0x0002e
0x000ce
0x00008
0x000bc
0x0001e
0x00008

ISO/IEC 23003-2:2018(E)

0x00014
0x00026
0x0004a
0x0007¢c
0x00012
0x0001e
0x00002
0x00015
0x00003
0x00016
0x0004e
0x0009e
0x0017%
0x0Q1f6
0x0b024
@x00000
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

© ISO/IEC 2018 - All rights reserved

I JJ9JJdJJdJoo0oo0oo0o0oopononanonanOorOards iR BRSO WLWWWWWWWNDNDNDNDNDNDMNNDNNREFRRRPRRPPRPROODODOOOOO

~oudbdhwWwNROJoOUDdWNHOJOOUDDWNRPROJOOUIDDWNRPROdINOIDdWNRPROJOOOUIDWNRPROJOOUOUID WNPFP OJOUODdWNDE O

OXO000DT
0x00097
0x0003d
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
0x00000a
0x008001e
0x000034
0x0000e0
0x0000e2
0x000167
0x0003bc
0x0000ca
0x000072
0x000033
0x000018
0x00005c
0x000008
0x00000e
0x00006e
0x0000de
0x0001da
0x00016e
0x0000el
0x00003e
0x00001c
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0x000006
0x000004
0x000064
0x0001db
0x0000b2
0x000067
0x00006b
0x0001co6
0x00001d
0x000007
0x0000ee
0x0000b6
0x0000ec
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0x00003f
0x0000bc
0x00000a
0x000009
0x0002ff
0x0001c7
0x00004f
0x00001e

0x0000bd
000001

W W W W WWWWWWWOoOoOomwMMOO COCO OOV JJI I I I I I I I JTOODODOOPYOYYOYOY OO U1 U1 U1 U1
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0x0000d7
0x000036
0x000073
0x000026
0x0001be
0x0000cb
0x0003bd
0x00003e
0x00000b
0x000005
0x000069
0x000027
0x00003a
0000008
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
0x00e
0x03e

W wwwdhNhDNNNNRPE R PP OO OO
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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
17
17

=

0x000Qe
0x@0012
0x000ba
0x0027e
0x03dae
Oxled7e
Oxled7f
0x00002
0x00002
0x0005e
0x00176
0x004fe
0x0fobe
0x0000e
0x00008
0x00000
0x0007e
0x00177
0x004ff
0x000b8
0x00006

P aWaWaWa)
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0x00007
0x0004e
0x0013e
0x001lec
0x0007a
0x00016
0x00026
0x0007f
0x001lee
0x007b6
0x000be
0x0003c
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0x0000a
0x0000f
0x000bf
0x00f6a
0x007b4
0x000b9
0x0003e
0x00003

0x00lef
0x07h58
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0x0ledb6
0x007b7
0x0009%e
0x00002
0x00006
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Table A.1

9 — hcod2D_NRG_DT_ZZ_09

Idx0

Idx1

DT/FP

length | codeword

MMM NMNNNRPRPRRPRPRRRPREREEPROOOOOOOOOoOOo

4| 0x00004
51 0x0000a
8| 0x0QO0fo6
10| 0x0032e
11/~0x002de
¥2M0x0035¢
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
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T Ox0035e
0x032fb
0x0005e
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
0x0003e
0x0002e

0x0000e
0x00032
0x00036
0x000de
0x000d6
0x001lef
0x00033
0x0005f
0x00037
0x00036
0x00006
0x000ca
0x000ff
0x0197c¢
0x003de
0x00034
0x0Q00e
0x0000f
0x0000e
0x00037
0x0002e
0x00196
13| 0x006ba
12| 0x0037f
10| 0x001lee
9| 0x000do
7| 0x0000f
6| 0x00031
4
8

-

= e

=
O I AU TOHFWWOWOON TN JJOOOW-Jg ) ~J0 O © =1 o)

0x00000
0x00006a
8| 0x0007e
16| 0x035de
13| 0x00f7e
12| 0x007be
10| 0x00lae
9| 0x0006a
8| 0x000ce
6] 0x0003e
4| 0x0000e
9| 0x000bo6
15| Ox0laee
13| Ox00£7£
12| 0x0035f
14| 0x032ff
11| 0x0035f
10| 0x003d7
8| 0x000ct
6| 0x0003f
3| 0x00004
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