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(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 work. In the field of information

blogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

ational Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

bmmittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

EFC 23003 consists of the following parts, under the general title Information technology —
plogies:

art 1: MPEG Surround

art 2: Spatial Audio Object Coding (SAOC)

Part 2.

rds adopted by the joint technical committee are circulated to national bodies for voting. Publication as

The {ain task of the joint technical committee is to prepare International Standards. Draft| International
a
rnational Standard requires approval by at least 75 % of the national bodies casting a vote.

FC 23003-2 was prepared by Joint Technical Committee ISOAEES/JTC 1, Informationy technology,

MPEG audio

© IS0/l

EC 2010 - All rights reserved


https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

ISO/IEC 23003-2:2010(E)

Introduction

The International Organization for Standardization (ISO) and International Electrotechnical Commission (IEC)
draw attention to the fact that it is claimed that compliance with this document may involve the use of patents.

ISO and IEC take no position concerning the evidence, validity and scope of these patent rights.

The holders of these patent rights have assured ISO and IEC that they are willing to negotiate licences under
reasonable aphd non-discriminatory terms and conditions with applicants throughout the world. In thiscregpect,
the statementts of the holders of these patent rights are registered with ISO and IEC. Information.mpy be
obtained from the companies listed in Annex G.

Attention is drawn to the possibility that some of the elements of this document may be thé’subject of patent
rights other than those identified in Annex G. ISO and IEC shall not be held responsible-foridentifying @any or
all such patent rights.
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INTERNATIONAL STANDARD

ISO/IEC 23003-2:2010(E)

Information technology — MPEG audio technologies —

Part 2:
Spatial Audio Object Coding (SAOC)

1 cope

This part of ISO/IEC 23003 specifies the reference model of the Spatial Audio Object Co
technplogy that is capable of recreating, modifying and rendering a number of audio’ objects
smallgr number of transmitted channels and additional parametric data. In the preferred modes

ding (SAOC)
based on a
of operating

the SAOC system, the transmitted signal can be either mono or stereo. The audio_objects can bé represented

by a mono and stereo signal or have the MPEG Surround (MPS) Multi-channel Background
format. The additional parametric data exhibits a significantly lower data ratejthan required for tr
objects individually, making the coding very efficient. At the same time- this ensures compa

transinitted signal with legacy devices.

When
transg
that 3
syste
para

SAO(

a multi-channel rendering setup (e.g. a 5.1 loudspeaker sétup) is required, the SAOC sys
oder, converting the additional parametric data to MPS. parameters, and interfaces to the
cts as rendering device. For certain rendering setups~(e.g. a binaural or plain stereo setu

behaves as a decoder, using its own rendering“vengine. Another key feature is th
etric data from different streams can be merged at parameter level to allow for the ¢
streams, similar to the functionality of a Multi-peint Control Unit (MCU).

2 ormative references

Dbject (MBO)
ansmitting all
tibility of the

em acts as a
MPS decoder
D), the SAOC
at the SAOC
bmbination of

The following referenced documents arg“indispensable for the application of this document. For dated

refergnces, only the edition cited applies. For undated references, the latest edition of th
document (including any amendments) applies.

ISO/IEC 13818-7:2006, Information technology — Generic coding of moving pictures and ass

infornmpation — Part 7: Advanced Audio Coding (AAC)

ISO/IEC 14496-3:2009, \Information technology — Coding of audio-visual objects — Part 3: Audid
ISO/IEC 23003-1:2007, Information technology — MPEG audio technologies — Part 1: MPEG S
3 Terms-and definitions

e referenced

bciated audio

irround

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

31
audio object

input audio signal consisting of one, two or multiple channels, including Multi-channel Background Object

(MBO)

3.2
frame

time segment to which SAOC processing is applied according to the data conveyed in the corresponding

SAOCFrame() syntax element

© ISO/IEC 2010 — All rights reserved
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3.3
hybrid filterba

nk

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

3.4

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

NOTE The resulting hybrid subbands can be non-consecutive in frequency.

3.5

hybrid subband
subband obtgined after hybrid filtering of a quadrature mirror filter (QMF) subband

NOTE The

3.6
input channI
input audio ¢

3.7

output channel
audio channgl corresponding to a specific speaker

NOTE Channel abbreviations and loudspeaker positions are given in Table-1.

3.8

parameter band
one or more hybrid subbands applicable to one parameter

3.9

parameter time slot
specific time glot for which the parameter is defined

3.10
parameter sét

parameters associated with a specific parameter time slot

3.11

parameter sIbset
ssociated with “a specific parameter time slot and a specific One-To-Two (OTT) b

parameters
Two-To-Threg

3.12

processing band

one or mor

annel corresponding to the channels of an audio object

hybrid subband can have the same time/frequency resolution as a QMF subband.

(TTT) box

0X Oor

hybrid subbands defining the finest frequency resolution that could be controlled b

y the

parameters

3.13
QMF bank

bank of complex exponentially modulated filters

3.14
QMF subband

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

3.15
time segment
group of conse

cutive time slots

© ISO/IEC 2010 — All rights reserved
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3.16

time slot

finest resolution in time for spatial audio coding (SAC) time borders

NOTE One time slot equals one subsample in the hybrid quadrature mirror filter (QMF) domain.
4 Symbols, notation and abbreviated terms

4.1 Notation

The description of the SAOC system uses the following notation:

e [ 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, elg. M.
e | Variables are indicated by italic, e.g. variable.
¢ | Functions are indicated as func(x).

For eguations (and flowcharts), normal mathematical (and pseudo-code) interpretation is assyimed with no
rounding or truncation unless explicitly stated.

4.2 |[Operations

4.2.1| Scalar operations

X is the complex conjugatéof X .
y=1dg,,(x) is the base-10 logarithm of x.
y=rmin(...,...) is the minimuim value in the argument list.
y=1ax(...,...) is the’ maximum value in the argument list.

4.2.2| Vector and matrix operations
m = diag (M) is diagonal of matrix M.

y:S)rt(x) is equal to the sorted vector x, where the elements of x gre sorted in
ascending order.

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

4.3 |Constants

£ is an additive constant to avoid division by zero, e.g. £=10"".
4.4 Variables
af,’;i is the virtual speaker transfer function, defined for binaural output channel
i, audio object y and all parameter time slots / and processing bands .
D is the downmix matrix.
cLD is the three dimensional matrix holding the dequantized, and mapped CLD

data for every OTT box, every parameter set, and M bands.

proc

© ISO/IEC 2010 — All rights reserved 3
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DICC

DCPC_l , DCPC_2

DCLD_l DCLD_2
’

is the three dimensional matrix holding the dequantized, and mapped ICC
data for every OTT or TTT box, every parameter set, and M . bands.
are the three dimensional matrices holding the dequantized, and mapped
first and second CPC data for every TTT box, every parameter set, and
M, bands.

are the three dimensional matrices holding the dequantized, and mapped
first and second CLD data for every TTT box, every parameter set, and
M bands.

proc

DDCLD ;D thC tVVU UIiIIICI ID;UI Idi Illdtli)\ :IU:L“IIS t: Ic dcquallticcd, dlll_.lI IIId}J}JCUI DCLD
data for every input channel, and every parameter set.

Do is the two dimensional matrix holding the dequantized, and,mapped|DMG
data for every input channel, and every parameter set.

Dioc is the four dimensional matrix holding the dequantized, and mappefl I0C
data for every input channel pair, every parameter'set, and M . bands.

Dira is the two dimensional matrix holding the dequantized, and mapped| NRG
data for the highest energy within every parameter set, and Mme bands.

Dowo is the three dimensional matrix holding the dequantized, and mapped OLD
data for every input channel, every parameter set, and M . bands.

D,y is the three dimensional matrix holding the dequantized, and mapped PDG
data for every downmix channel, every parameter set, and M, bands.

Hl.',”{L,R} is the HRTF parametér which represents the average level with resgect to
the left and right\ear {L, R} for the HRTF database index i ahd all
processing bands m .

idxX)CX(... ) is a threé<dimensional matrix holding the Huffman and delta de¢oded
indices-XXX can be any of OLD, I0C, 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.

M. is the number of processing bands.

M o\ is the number of QMF subbands depending on sampling frequency.

M is the OTN/TTN upmix matrix for the prediction mode of operation

IE,:znergy is the OTN/TTN upmix matrix for the energy mode of operation
Mf’k Mg’k are the time and frequency variant pre-matrices, defined for all time slots
’ n and all hybrid subbands % .

Mie’;' is the time and frequency variant rendering matrix, defined for all
parameter time slots / and all processing bands m .

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

4 © ISO/IEC 2010 — All rights reserved
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4.5

ADG
CLD

CPC

DCLL

Abbreviated terms

ISO/IEC 2300

is the number of EAO channels.
is the number of MPS output channels.
is the number of different HRTFs in the HRTF database.

frame length.

3-2:2010(E)

is the time and frequency variant matrix including ADGs, defined for all

parameter time slots / and all processing bands m.

box h (of the MPS “5-1-5” tree-structure), all parameter, {i
all processing bands m .

is the time and frequency variant matrix including PDGs, d
parameter time slots / and all processing bands w1 .

is a vector with the hybrid subband (encoder) input channel
all time slots # and all hybrid subbands{ 4.

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

is a vector with the (transcoder/decoder) output hybrid sub
which are fed into the™ybrid synthesis filter banks, defined fo
n and all hybrid subbands % .

is the HRTEs parametric representation of the average pha
defined forthé HRTF database index i and all processing ba

Arbitrary Downmix Gain

Channel Level Difference, describes the energy difference
channels

Channel Prediction Coefficient, used for recreating three or n
from two channels

Downmix Channel Level Difference describes the gain d
objects contributing to the left and right downmix channel
stereo downmix

ined for OTT
e slots / and

efined for all

5, defined for

input signals
nd all hybrid

band signals,
all time slots

se difference,
nds m .

between two

ore channels

ifferences of
in case of a

DCU
DMG
EAO

HRTF

ICC
IoC

LD

© ISO/IEC 2010 — All rights reserved

Distortion Control Unit

DownMix Gain, gains applied to each object before downmixing

Enhanced Audio Object
Head Related Transfer Function
Inter Channel Correlation, describes the correlation between t

Inter Object Correlation, describes the correlation between tw
audio objects

Low Delay

wo channels

o channels of
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MBO Multi-channel Background Object

MCU Multi-point Control Unit

MPS MPEG Surround

N/A Not Applicable

NRG absolute object eNeRGy, specifies the absolute energy of the object with

the highest energy for the corresponding frequency band

oLD Object Level Difference, describes intensity differences between one
object and the object with the highest energy jor the correspqnding
frequency band

OTN conceptual “One-To-N" unit that takes one channel as input-and profuces
N channels as output

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

PDG Post(processing) Downmix Gains, describes intensity differences befween
the encoder-generated downmix and the post(processed) downmix for the
corresponding frequency band

QMF Quadrature Mirror Filter

SAC Spatial Audio Coding

SAOC Spatial Audio Object Coding

TTN conceptual "Two-To=N""unit that takes two channels as input and profluces

N channels as output

TTT conceptual "Fwo-To-Three" unit that takes two channels as input and
produces three channels as output

Table 1 — Channel abbreviations and loudspeaker positions

Channe] abbreviation Loudspeaker position Figure
L Left Front é é Q
R Right Front L ¢ R
C Center Front T
LFE Low Frequency Enhancement
Ls Left Surround N N

Rs Right Surround M : " M

6 © ISO/IEC 2010 — All rights reserved
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5 SAOC overview
5.1 Introduction

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 priniciple not
limited.

The

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 bitratd 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 c¢rtain number
of playback channels. The rendering information containing reproduction levéll 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-channel (e.g.|5.1) and are
independent from both, the number of input objects and the number 6f"downmix channels. Binadiral rendering
of objects is possible including azimuth and elevation of virtual object positions. An optional effects interface
allows for advanced manipulation of object signals, besides level‘and panning modification.

The dbjects themselves can be mono signals, stereophonic signals, as well as multi-channel signals (e.g. 5.1
channels). Typical downmix configurations are mono and.stéreo.

5.2 (Basic structure of the SAOC transcoder/decoder
The $A0OC transcoder/decoder module described below may act either as a stand-alone degoder or as a

trans¢oder from an SAOC to an MPS bitstream, depending on the intended output channel configuration. The
followling table illustrates the differences between the two modes of operation:

Table 2 — Operation modes of the SAOC

Output signal # of output SAOC module SAOC module MPS decoder
configuration channels mode output required
mqno/stereo/binaural 1or2 Decoder PCM output No
multll-chanlnel >0 Transcoder MPS blFstrt'aam, Ves
configuration downmix signal

Figure 1 shows the basic structure of the SAOC transcoder/decoder architecture. The residual processor
extracts the EAOs from the incoming downmix using the residual information contained in the SAOC bitstream.
The downmix pre-processor processes the regular audio objects. The EAOs and processed regular audio
objects are combined to the output signal for the SAOC decoder mode or to the MPS downmix signal for the
SAQC transcoder mode. The detailed descriptions of these processing blocks are given in the corresponding
subclauses, namely, 7.6 and 7.7 describe the SAOC transcoder/decoder functionality and 7.8 explains
handling of extended audio objects and residual processing.

© ISO/IEC 2010 — All rights reserved 7
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Downmix processor |

1

1

|

' . Output / MPS downmix
Downmix signal ! Residual \ signal

processor D

1

1

|

1

1

1
1
|
(NP : >
SAOC downmix / !
|
1

A 4

pre-processor

S N L !

| B + - l' ______________ 'I' ______________________ 1

! | : Parameter processor !
SAOGi : —1 '
gt Al b LU EE U SN SAOC E .
Rendgring matrix L _l_ N parameter : MPS bitstream
I - -  arecenr  Fm———————— A ——— —>
HRTH parametersi processor '
- > .

1 1

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

Figure 2 (leff) shows a block diagram of an SAOC transcoder unit.¢lt“consists of an SAOC paragmeter
processor anfd a downmix processor module. The SAOC parameter, pfocessor decodes the SAOC bitstream
and has furthermore a user interface from which it receives additienal input in form of generally time ariant
rendering infprmation. It provides steering information for thecdownmix processor. The SAOC trangcoder
outputs an MPS bitstream and downmix signal, as an input to.the MPS decoder. In case of a mono downmix,
the downmix pre-processor leaves the downmix signal unchanged. However, in case of a stereo downmig, it is
functional to pre-process the downmix signal to allow mare flexible object panning than is supported by the
MPS rendering engine alone. In case of a mono/stereofbinaural output configuration the SAOC system works
in decoder mode and MPS decoding is omitted, seé-Figure 2 (right). Here the downmix processing nmodule
directly providles the output signal.

fommmmmmm o . fommmmmmm o .
1 I ] 1
' SAOC transcoder | ' SAOC decoder |
1 ! 1 !
i MPS i !
Downmix Downmix downmix Downmix 1 Downmix ' Outpuf
| processor i > —+P»{ processor i >
i ! MPS | Qutput i !
! A ! decoderf ! 4 !
| 1 | 1
SAOC | MPS SAOC ! !
bitstrean SAOC bitstream bitstream ! SAOC i
—— — — ——Pr—parameter v > X parameter :
' processor | ' processor |
1 ! 1 !
: 7y iy 7y
""""" r~———"-"7" TTTTITTTTTTTTTTT
| | |
Rendering Rendering HRTF
matrix matrix parameters

Figure 2 — Block diagrams of the SAOC transcoder (left) and decoder (right) processing modes
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5.3.1.
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Tools and functionality
General SAOC tools

1 Introduction

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
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2 Binaural decoding

ones by means of Head Related Transfer Function (HRTF) filtering.
Efficient multipoint control unit support

jer to use the SAOC concept for teleconferencing applications a Multipoint Control
bnality of combining the signals of several communication partners without decoding/re-
sponding audio objects is provided. The MCU combines the input SAQC side information

ams are included in the resulting output bitstream. These calculations are performed in {
n without the need to analyze the downmix signals and, thefefore, introduce no additions
processing chain.

4 External downmix

AOC system is capable of handling not only encoder-generated downmixes but also po
mixes supplied to the encoder in addition to thé-input audio object signals. In this case, H

(PDGs) are calculated in the encoder and cenveyed as a part of the SAOC bitstream. Thq
wnmix signals is compensated for at the SAOC decoder side.

Multichannel background object

The dudio input to a SAOC encoder can contain a so-called Multi-channel Background O

Gene

numb

repre

5.3.1.

A spd
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rally, the MBO can be considered as a complex sound scene involving a large and o
er of sound sources, for,\which no controllable rendering functionality is required.

sented by a downmix of-the MPS encoded complex sound scene and corresponding MPS p
6 Enhanced audio object processing

cial "Karaoke:type" application scenario requires a total suppression of specific objects
ocals, while~keeping the perceptual quality of the background sound scene unharmed

and-foreground objects. The current EAO processing mode supports reproduction of b

AOC system can be operated in a binaural mode. This enables a multi-channel im;l)ression over

;

B

Unit (MCU)
encoding the
streams into

ommon SAOC bitstream in a way that the parameters representing all audio objects ffom the input
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| delay in the
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ost Downmix
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bject (MBO).
ten unknown
The MBO is
arameters.

typically the
High sound

y is assured by the incorporation of residual coding enabling a better separation of thg background

pth EAO and

regulzrr 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.

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.
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5.31.9 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
extracted from the downmix for effects processing. Two types of effects processing interfaces are supported.
The first type, referred to as the insert effects interface, allows effects processing to individual objects in the
downmix. The second type, referred to as the send effects interface, allows effect processing on individual
objects or linear combinations thereof.

5.3.2 High Quality, Low Power and Low Delay
The SAOC decoder can be implemented in a High Quality (HQ) version, a Low Power (LP) version, and a Low

Delay (LD) vérsion. The main difference are outlined by the following Table 3 and given in detail in 713 and
7.14.

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

Tool of

functionglity HQ system LP system LD system

LD QMF,

Filterbank Complex valued QMF Partially complex valued QMF no Nyquist FB

Tool operates on the real-valded part

Aliasing redyction | Not Applicable of the frequency range

Not Applicable

Supported over the Only supported over the*complex

Residual coding entire frequency range valued part of the frequency range

Not supported

Decorrelatorp No Decorrelator for.stereo downmix

5.4 Delayfand synchronization
5.41 Overyiew

The SAOC decoder introduces a delay when processing the time domain signal coming from a doynmix
decoder. Depending on whether the SAOC module is working as a decoder or as a transcoder |for a
Multichannel (MC) renderer, i.e. MPS decodet,.two different cases are to be taken into account.

For all the different cases described in this subclause, the transmission of the SAOC side informatiop with
respect to th¢ transmission of the coded downmix signal is done in such a manner that there is no nged to
further delay the downmix signal before the SAOC processing. This means that synchronization of the gpatial
data and dgwnmix is achieved)at the SAOC decoder/transcoder, following the temporal relationships
described in Clause 8.

5.4.2 High Quality and Low Power processing

5.4.21 SAOC Decoding mode

samples for the H|gh Quallty (HQ) mode and 1601 samples for the Low Power (LP) 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, this delay shall be compensated by a delay. 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.

10 © ISO/IEC 2010 — All rights reserved
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——————————————————————————————————————————————— 1 SAOC decoder
]
|
1
delay \ 4
N TIF o o  hybrid . saoc hybrid . FIT ||
d QMF v analysis 7| synthesis > synthesis [ QMF >
cos to exp exp to cos
o | | | | | ...
320 | 320 | 384 | 0 | 0 I ha: 0o A 257 { >
LP: 320
Figure 3 — Delay for the different parts of the SAOC decoder
54.2p SAOC transcoding mode
The NIPS renderer introduces a delay when processing the downmix from the, SAOC transcodgr. Two cases

may |

In cag
furthe
equal
any a

e distinguished, mono and stereo downmix.

e of a mono downmix the signal from the downmix decoder is passéd directly to the MPS ¢
r processing is applied to the downmix, depicted in Figure 4. The‘MC SAOC processing {
to the one given by the SAOC decoder, as the SAOC to MRS parameter processing does
dditional delay.

SAOC spatial parameters

MC-SAOC deco|

ecoder as no
elay shall be
not introduce

fler

1
1
1
|
1
A 4
SAOC
transcoder
delay \ 4
a TIF - Il hybrid o MPS hybrid - FIT I
¢ QMF g analysis 7| synthesis ] synthesis [ QMF id
Ccos tQ,exp, exp to cos
----- e — —N_H—— G i i ...
320 320 384 0 0 HQ: 0 257

LP: 320

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

In cagé.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
SAQC processing delay. Both, the SAOC transcoder and the MPS decoder introduce a delay of 1281 samples
for the HQ mode or of 1601 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 the
following equation must be met, both buffer sizes are given in time domain samples:

B = N*Frame length so that B = 1281 (HQ) or B = 1601 (LP); N=0,1,2,3,....
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Given an interface via the hybrid QMF domain, the overall processing delay of the SAOC MC rendering is
equal to the delay of the SAOC decoding mode.

SAOC transcoder

F o o o e
1
delay :
1
1
TIF R | hybrid SAOC ! hybrid FIT
—» QMF v analysis processing _P synthesis QMF
1
cos to exp . : ex
p to cos
: I q
1 1
1 1
1 1
| 1
_____________________________________________ e U 1 U U [
-I 32( } 320 384 10 | | 0 |_ HQ: 0 + 257 -I |
1 1 LP: 320 :
1 1
v | Y E
B | A !
— |
| ! 1
1 : |
1
v Vv | delay v E
! 1
1
FIT P hybrid MPS hbrid P T/F !
<« QMH N synthesis il synthesis ‘,— ahalysis [ QMH i
1
exp to cos : cos 1o exp E
; !
| 1
! |
1
‘ ______________________________________________________________________________ | __Jd_
.I 257 + HQ: 0 | 0 0 -1I |- 384 |- 320 + 32 ‘I
LP: 320 !
h Time domain interface between SAOC transcoder and MPS
1
MPEG Surround decoder
Figure b — Delay for the different parts of the MC-SAOC decoder with stereo downmix signal
5.4.2.3 Cdnnection to an arbitrary core coder
If the (MC-)JAOC decoder is_connected with an arbitrary downmix coder (including HE-AAC) via the time
domain, as ghown in Figure ‘6, the additional delay introduced by the (MC-)SAOC decoder processing is
described in the previous'subclauses.
SAOC spatial parameters
————————————————————————————————————————— 1 (MC) SAOC decoder
1
v
1
delay A 4
(MC)
AAC SBR T/F hybrid SAOC hybrid o FIT
P decoder [P decoder [P QMF analysis synthesis synthesis QMF
cos to exp exp to cos
“““““““ |'""Z;e'z"""|""526"'*""325"' ____3_8;__J[_S;O_C_d;c;d_in;:_6_|____0____|__I?1C;:__O___|>____55_7__-|_>
SAQC transcoding: LP: 320
time interface: B
freq. interface: 0
Figure 6 — Delay when connecting (MC-)SAOC in the time-domain for an arbitrary core codec
(including HE-AAC)
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If the (MC-)SAOC decoder is directly connected with a High Efficiency AAC decoder via the QMF domain, as
shown in Figure 7, the delay shall be reduced as outlined in 4.5 of ISO/IEC 23003-1:2007 for a MPS decoder.
The only additional delay is introduced by the real to complex converter 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 of
384 time domain samples is already available on the SBR tool of HE-AAC, as described in 8.A.3 of
ISO/IEC 14496-3:20009.

SAOC spatial parameters
—————————————————————————————————————— 1 (MC) SAOC decoder

1
|
1
delay A 4
IU4~)
AAC L » SBR decoder w/o N hybrid SAOC hybrid FIT NS
> [decoder QMF synthesis = analysis synthesis synthesis QMF
t
cos fo exp exp to cos
------------- T T S M
962 - 257 320 0 SAOC decoding: 0 0 HQ: 0 257
SAQC 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
5.4.31 SAOC Decoding

As odtlined in 7.13 for the LD SAOC processing the Hybrid QMF filterbank is substituted by 4 LD QMF, in
additibn no LP mode is allowed and hereafter no complex conversion is to be performed. Ag a result, the
analygis and synthesis processing delays, Shall only depend on the LD QMF filtering, i.e. 160| time domain
sampl|es for analysis and 96 for synthesis=<This is shown in Figure 8.

SAOC spatial parameters

LD-SAOC decoder

h 4
TIF SAOC FIT
P wavF [P sythess [P LDamF [T
________________________________________ ’
‘- 160 | 0 | 96 -I

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

5.4.3.2 SAOC Transcoding

Equally to the non LD MC decoders, depending on the number of downmix channels (mono/stereo) the
processing for the LD-SAOC MC rendering scenarios is performed differently. Due to the delay constraints for
a LD-SAOC system no time domain interface is allowed for the stereo processing case. Hereafter, both mono
and stereo downmix cases may be equally described with respect to the systems delay, matching the SAOC
decoder delay distribution, as depicted in Figure 9 and Figure 10.
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SAOC spatial parameters

LD-MC-SAOC decoder

SAOC
processor

4

TIF MPS FIT Ly
P ipowmr P  unthesis [ ”| LDQMF

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

SAOC spatial parameters

1
LD-SAOC ' LD-MPEG Sdarround
|
v
—p T/IF SAOC MPS, . FIT Ly
LD QMF processor - - synthesis LD QMF

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

5.4.3.3 LD-(MC-) SAOC conngection to LD core codec

If the LD-(MC-)SAOC decoder jis connected with a LD downmix coder (e.g. AAC-LD or AAC-ELD, with/-out
SBR ) via th¢ time domain,~as shown in Figure 11, the additional delay introduced by the LD-(MC-)$AOC
decoder procgssing is deseribed above.

SAOC spatial parameters

LD- (MC) SAOC decoder

\ 4
(MC)
TIF SAOC FIT
LDQMF [ P| synthesis [ ] LDaQvF [T

AAC-(E)LD |

Figure 11 — Delay when connecting LD-(MC-)SAOC in the time-domain for a LD core codec
(e.g. AAC-LD or AAC-ELD)
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If the LD-(MC-) SAOC decoder is connected with a LD core coder via the frequency domain (e.g. AAC-ELD
with SBR), as shown in Figure 12, the additional delay introduced by the LD-(MC-) SAOC decoder processing
shall be reduced with respect to the description above, as no analysis is performed in the LD-(MC-) SAOC

decoder.
SAOC spatial parameters
_____________________ ,
! LD- (MC) SAOC decoder
|
A 4
SBR wo (MC)
~ synthesis o SAOC FIT
AACHELD »  LD-amF processing | LDamF —»>
---------------- R S
0 96
Figure 12 — Delay when connecting LD-(MC-) SAOC in the frequency-domain for a LD core codec
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SAOC Profiles and Levels

Introduction
bubclause defines profiles and their levels for SAOC.
lexity units are defined to give an approximation.ef the decoder complexity in terms of prog
AM usage required for the SAOC decoding/transeoding process. The approximated proces
in “Processor Complexity Units” (PCU), spegified in MOPS. The approximated RAM usa
Complexity Units” (RCU), specified in kW.ords (1000 words).
e note that the following two profile§’are independent from each other and are not in
perable on a bitstream or decoder fevel. Due to the underlying concept of SAOC the num
els is independent of the bitstream. Depending on the decoder capabilities, the ot
uration is selected via the usertinterface of the decoder.

Baseline Profile

profile is the generic*SAOC profile for all applications that are not delay critical. Within
[ decoders use the Hybrid QMF filterbank and allow rendering to at least two output chann

essing power
sing power is
je is given in

fended to be
ber of output
tput channel

his profile all
els, based on

aximum number-of supported downmix channels of two. Rendering to more than two outp
al.

SAO(

t channels is

hvisioned application scenario for the baseline profile includes e.g. the following intenactive re-mix
ation:“a stereo (or mono) compressed signal, or “track” can be provided to the consumger along with
) data describing the objects present in the track. The user can with this create his or her oyn "re-"mix of

the music, or the sounds in the stereo (or mono) track, by playing back such object-based tracks with a control
similar to that of a multi-track mixing desk and are therefore free to adjust relative level, spatial position, etc. of
instruments, sounds, or dialogue according to their preferences.

Note that ISO/IEC 23000-12 (Information technology — Multimedia application format (MPEG-A) — Part 12:
Interactive music spplication format) defines several brands that refer to the SAOC Baseline Profile.

5.5.3 LD Profile

This SAOC 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.
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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 with an SAOC
extension are able to pick up several sound sources (objects), mix them into a single (monophonic) downmix
signal which is transmitted in a compatible way by using the existing coders (e.g. speech coders). The side
information is conveyed in a hidden, backward compatible way. While such advanced terminals produce an
output object stream containing several objects, legacy terminals will simply be considered as producing an
object stream with a single embedded object.

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

Table 4 — SAOC Profiles and Levels

Profiles Baseline profile LD profile

Levels 1 2 3 4 1 2 3
Hybrid QMF| bank X X X X - - -
LD-QMF bapk - - - - X X X
Max numbef of residual channels 0 2 4 4 - - -
Max sampling rate [kHZz] 48 48 48 96 48 48 48
Max numbef of objects 8 16 32 32 8 32 2
Max numbef of downmix channels . 2 2 2 2 1 2 P
Min number]of required output channels ) 2 2 2 2 2 2 3
PCU HQ defoder 122 | 204 | 339C) 67.8 8.4 20.7 | 393"
PCU LP dedoder 6.6 12.2 230 46.0 N/A N/A N/A
PCU additioh for transcoding 1.1 1.1 i 2.3 0.7 1.1 N/A
PCU reduction for integrated transcoding -6.8 -6.8 -6.8 -6.8 -3.6 -6.5 N/A
RCU HQ defoder 5.7 9.8 135 | 175 3.6 42 | 17197
RCU LP degoder 4.8 54 5.7 10.3 N/A N/A N/A
RCU reductjon for integrated transcoding -1.3 1.3 -1.3 -1.3 -0.6 -1.3 N/A

*) Every SAOC decoder has to support rendering of SAOC content for every number of output channgls up
to the maximpym number, as selected by theluser interface. If the number of output channels > 2, MPS i used
to render the pputput signals.

**)  PCU ndmber includes SAOG, (20.7), transcoding overhead (1.1), reduction for integrated transgoding
(-6.5), and an| LD-MPS “5-2-5” decoder (24).

***) RCU nymber include$.SAOC (4.2), reduction for integrated transcoding (-1.3), and an LD-MPS “p-2-5"
decoder (15)

The SAOC dé¢coderitype is defined by the four conditions:

e Profile: [baséline profile or LD profile

e Level 1 - 4 (for baseline) or 1 - 3 (for LD)

e HQ/LP: only applicable for baseline profile

e MPS transcoding support if the number of output channels > 2
For all profiles and levels the following features are supported:

e Decoding to mono/stereo/binaural output
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6 Syntax
6.1 Payloads for SAOC
Table 5 — Syntax of SAOCSpecificConfig()
Syntax No. of bits  Mnemonic
SAOCSpecificConfig()
{
bsSamplingFrequencyindex; 4 uimsbf
if ( bsSamplingFrequencylndex == 15) {
bsSamplingFrequency; 24 uimsbf
}
bELowDelayMode; 1 uimsbf
bsFreqRes; 3 uimsbf
if|( bsLowDelayMode == 0) {
bsFramelLength; 7 uimsbf
} else {
bsFramelLength; 5 uimsbf
bsNumObjects; 5 uimsbf
fgr (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];
}
}
bsTransmitAbsNrg; 1 uimsbf
bsNumDmxChannels; 1 uimsbf
if | bsNumDmxChannels == 1) {
bsTttDualMode; 1 uimsbf
if (bsTttDualMode) {
bsTttBandsLow; 5 uimsbf
bsTttBandsHigh = numBands; Note 1
} else {
bsTttBandsLow = numBands;
}
}
bsPdgFlag; 1 uimsbf
bEOneIOC; 1 uimsbf
bsDcuFlag; 1 uimsbf
if|( bsDcuFlag==1) {
bsDcuMandatory; 1 uimsbf
bsDcuDynamic; 1 uimsbf
if (bsDcuDynamic ==0) {
bsDcuMode; 1 uimsbf
bsDcuParam; ! uimsbf
}
}else {
bsDcuMandatory = 0;
bsDcuDynamic = 0;
bsDcuMode = 0;
bsDcuParam = 0;
}
ByteAlign();
SAOCEXxtensionConfig();
}
Note 1: numBands is defined in Table 33 and depends on bsFreqRes.
© ISO/IEC 2010 — Al rights reserved 17
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Table 6 — 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 (cnt==15) {
T += bsSaocExtCenAdd; 8 uimsbf
}
if (cnj==15+255) {
t += bsSaocExtLenAddAdd; 16 uimsbf
}
bitsRead = SAOCEXxtensionConfigData(bsSaocExtType) Note P
nFillBits = 8*cnt-bitsRead;
bsFillBits; nFillBits bslbf
}

}
}

Note 1: The function BitsAvailable() returns the number of bits available to.b@read.
Note 2: SAOCExtensionConfigData() returns the number of bits read.

Table 7 — Syntax of SAOCExtensionConfigData(0)

Syntax No. of bits  Mnenjonic
SAOCEXxtensjonConfigData(0)
{
if (bsDcyFlag ==1) {
bsDquFlag2; 1 uimsbf
if (( bpDcuFlag2 ==1) && ( bsDcUbDynamic ==0)) {
ﬂsDcuModeZ; 1 uimsbf
sDcuParam2; 4 uimsbf
}

}

ResidualConfig();
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Table 8 — Syntax of ResidualConfig()

Syntax No. of bits  Mnemonic
ResidualConfig()
{
bsResidualSamplingFrequencyindex; 4 uimsbf
bsResidualFramesPerSAOCFrame; 2 uimsbf
bsNumGroupsFGO; 2 uimsbf
for (i=0; i<bsNumGroupsFGO + 1; i++ ) {
bsResidualPresent]i]; 1 uimsbf
if ( bsResidualPresent][i] ) {
bsResidualBandsi]; 5 uimsbf
)
bsTtnDualMode(i]; 1 uimsbf
if (bsTtnDualMode[i]) {
bsTtnBandsLow(i]; 5 uimsbf
}else {
bsTtnBandsLow[i] = numBands; Note 1
}
}
}
Note [I: numBands is defined in Table 33 and depends on bsFreqRes.
Table 9 — Syntax of SAOCExtehsionConfigData(1)
Syntax No. of bits [ Mnemonic
SAOCExtensionConfigData(1)
{
}
Table 10 —(Syntax of SAOCExtensionConfigData(2)
Syntax No. of bits [ Mnemonic
SAOCExtensionConfigData(2)
{
SpatialSpecificConfig(); Note 1
}
Note [I: SpatialSpecifieConfig() is defined in ISO/IEC 23003-1:2007, Table 5.
Table 11 — Syntax of SAOCExtensionConfigData(3)
Synt No. of bits | Mnemonic
SAOCEXxtensionConfigData(3)
{
}
Table 12 — Syntax of SAOCExtensionConfigData(8)
Syntax No. of bits Mnemonic
SAOCEXxtensionConfigData(8)
ObjectMetaData();
}
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Table 13 — Syntax of ObjectMetaData()

Syntax No. of bits  Mnemonic
ObjectMetaData()
for (i=0; ixbsNumObjects+1; i++ ) {
bsNumByteMetaData[i]; 8 uimsbf
for (j=0; j<bsNumByteMetaData[i]; j++ ) {
bsMetaData[i][j]; 8 bslbf
}
}
}
Table 14 — Syntax of SAOCExtensionConfigData(9)
Syntax No. of bitsl» Mnenjonic
SAOCEXxtensjonConfigData(9)
{
PresetCanfig();
}
Table 15 — Syntax of PresetConfig()
Syntax No. of bits  Mnenjonic
PresetConfig()
bsNumPfesets; 4 uimsbf
for (i=0; {<bsNumPresets+1; i++ ) {
bsNUmBytePresetLabelli]; 8 uimsbf
for (jFO; j<bsNumBytePresetLabelli]; j++ ) {
hsPresetLabell[i][j]; 8 bsibf
1
bsPregsetMatrix; 1 uimsbf
if (bsPresetMatrix) {
HresetMatrixData();
} elsq{
RresetUserData();
}
}
}
Table 16 — Syntax of PresetMatrixData()
Syntax No. of bits  Mnenponic
PresetMatrix[Data() |
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 17 — 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 18 — Syntax of SAOCExtensionConfigData(10)
Syntax No.'of’bits | Mnemonic
SAO(CExtensionConfigData(10)
{
SeparationMetaData();
}
Table 19 — Syntax of SeparationMetaData()
Syntax No. of bits | Mnemonic
SeparationMetaData()
{
bsNumSeparationPairs; 4 uimsbf
fgr (i=0; i<bsNumSeparationPairs+1; i++ ) {
bsSeparationMainObjectIDJi]; 5 uimsbf
bsSeparationSubObjectIDi]; 5 uimsbf
}
}
Table 20 — Syntax of SAOCFrame()
Syntax No. of bits | Mnemonic
SAO(CFrame()
{
SAOCFraminginfo();
bsIndependencyFlag; 1 uimsbf
fqr( i=0; i<bsNumQbjects+1; i++ ) {
idxOLDIi] =-EcDataSaoc(OLD, i, numBands);
}
if|( bsTransmitAbsNrg ) {
idXNRG = EcDataSaoc(NRG, 0, numBands);
i('();
iocldx1=0;
iocldx2=0;
for(i=0; i<bsNumObjects+1; i++ ) {
idxIOCIil[i] = 0;

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

© ISO/IEC 2010 — Al rights reserved 21



https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

ISO/IEC 23003-2:2010(E)

Table 20 (continued)

Syntax No. of bits  Mnemonic
iocldx1=i;
iocldx2=j;
} else {
idxIOCi][j] = idxIOClJiocldx1][liocldx2];
}else {
idxIOCIi][j] = 5;
idxIOCTiifi=ToxtOCHiT;
}
idxDMG § EcDataSaoc(DMG, 0, bsNumObjects+1);
if ( bsNurhDmxChannels == 1) {
idxDCLD = EcDataSaoc(DCLD, 0, bsNumObjects+1);
if (bsPddFlag ==1){
for (i0; i<bsNumDmxChannels + 1; i++) {
idxPDQGJi] = EcDataSaoc(PDG, i, numBands); Note |l
}
if (bsDcyFlag == 1) && ( bsDcuDynamic == 1) {
if ( bgindependencyFlag == 1) {
DcuDynamicUpdate = 1;
}elsq{
sDcuDynamicUpdate; 1 uimsbf
}
if ( bgDcuDynamicUpdate == 1) {
ﬂsDcuMode; 1 uimsbf
sDcuParam; 4 uimsbf
}
}
ByteAligr(();
SAOCEXxftensionFrame();
}
Note 1: numBands is defined in Table 83 and depends on bsFreqRes.
Table 21 — Syntax of SAOCFraminginfo()
Syntax No. of bits Mnenjonic
SAOCFraminginfo()
{
bsFramingType, 1 uimsbf
If ( bsLowDé&layMode == 0 ) {
bsNumParamSets; 3 uimsbf
}else {
bsNumParamSets; 1 uimsbf
}
if (bsFramingType) {
for (ps=0; ps<numParamSets; ps++) { Note 1
bsParamSilot[ps]; nBitsParamSiot uimsbf
Note 2
}
}

}

Note 1: numParamSets is defined by numParamSets = bsNumParamSets + 1.
Note 2: nBitsParamSilot is defined according to nBitsParamSlot = ceil(log2(numSlots)).

22
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Table 22 — EcDataSaoc()

Syntax No. of bits

Mnemonic

EcDataSaoc(dataType, paramldx, stopldx)
{
dataSets = 0;
for (ps=0; ps<bsNumParamSets + 1; ps++) {
bsXXXdataMode[paramldx][ps]; 2
if ( bsXXXdataMode[paramldx][ps] == 3 ) {
dataSets++;
}
}

setldx = 0;
while (setldx < dataSets) {
If (dataSets-setldx > 1) {
bsDataPairXXX[paramldx][setldx]; 1
}else {
bsDataPairXXX[paramldx][setldx] = O;
}

bsQuantCoarseXXX[paramldx][setldx];

bsFreqResStrideXXX[paramldx][setldx]; 2

dataDim = (stopldx-1)/pbStride+1;

SAOCEcDataPair(dataType, paramldx, setldx, dataDim,
bsDataPairXXX[paramldx][setldx],
bsQuantCoarseXXX[paramldx][setldx]);

if (bsDataPairXXX[paramldx][setldx]) {

bsXXXQuantCoarse[paramldx][setldx+1] =
bsXXXQuantCoarse[paramldx][setldx];

bsFregResStrideXXX[paramldx][setldx+1}=
bsFreqResStrideXXX[paramldx][setldX];

—

}

setldx += bsDataPairXXX[paramldx][setldx]+1;
}
stopldxXXX[paramldx] = stopldx;

Note 1

uimsbf

uimsbf

uimsbf
uimsbf
Note 2

Note [I: XXX is to be replaced by the.value of dataType (OLD, IOC, NRG, DCLD, DMG, PDG).
Note P: pbStride is defined in ISO/AEC 23003-1:2007, Table 70 and depends on bsFreqResStridg
Furthermore the divisionshall be interpreted as ANSI C integer division.

-
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Table 23 — 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
}
aaDgtaPair = GroupedPcmData( dataType, pairFlag, numQuantSteps, Note’
dataBands );
}else {
allowpiffTimeBack = (!bsIndependencyFlag) || (setldx>0);

aaDgtaPairLsb[0] = LsbData( dataType, coarseFlag, dataBands ); Note #

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

eDirectionXXX[paramldx][setldx] = bsDiffTimeDirection{0];
ePairXXX[paramldx][setldx] = mixedTimePair_flag;
){
ypeXXX[paramldx][setldx+1] = bsDiffType[1];
imeDirectionXXX[paramldx][setldx+1] = bsDiffFimeDirection[1];
bsPcmCodingXXX[paramldx][setldx+1] =
bsPcmCodingXXX[paramldx][setldx];
mixe@d TimePairXXX[paramldx][setldx+1] = mixedTimePair_flag;
}
for (pg=0} pg<dataBands; pg++) {
if (bsPcmCodingXXX[paramldx][setldx]) {
bsXXXpcm[paramldx][setldx}[pg] = aaDataPair[0][pg];
} elsq{
bsXXXmsbDiff[paramldx][setldx][pg] = aaDataPairMsbDiff[0][pg];
bsXXXlsb[paramldx]{setldx][pg] = aaDataPairLsb[0][pg];
}
if (palrFlag) {
iff (bsPcmCodingXXX[paramldx][setldx+1]) {
bsXXXpem[paramldx][setldx+1][pg] = aaDataPair[1][pg];
}else {
bsXXXmsbDiff[paramldx][setldx+1][pg] =aaDataPairMsbDiff[1][pg];
bsXXXlsb[paramldx][setldx+1][pg] = aaDataPairLsb[1][pg];

}
}

Note 1: XXX is to be replaced by the value of dataType (OLD, I0C, NRG, DCLD, DMG, PDG).

Note 2: numQuantStepsXXXCoarse and numQuantStepsXXXFine is defined in Table 42 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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Table 24 — Syntax of SAOCDiffHuffData()

Syntax

No. of bits

Mnemonic

SAOCDIffHuffData(dataType, pairFlag, allowDiffTimeBackFlag, dataBands)
{
mixedTimePair_flag = 0;
bsDiffType[0] = DIFF_FREQ;
bsDiffType[1] = DIFF_FREQ;
if ( pairFlag Il allowDiffTimeBackFlag ) {
bsDiffType[0];

}
if ( pairFlag && ( ( bsDiffType[0] == DIFF_FREQ) Il allowDiffTimeBackFlag ) ) {

bsDiffType[1].

o

sCodingScheme;
if | bsCodingScheme == HUFF_1D ) {
(aaHuffData[0]) = SAOCHuffData1D( dataType, aDiffType[0],dataBands );
if ( pairFlag ) {
(aaHuffData[1]) =
SAOCHUuffData1D( dataType, aDiffType[1],dataBands );

}
blse {
bsPairing = FREQ_PAIR,;
(aaHuffData[0]) =
SAOCHUuffData2DFreqPair( dataType, aDiffTypg[0], dataBands );
If ( pairFlag ) {
(aaHuffData[1]) =
SAOCHuffData2DFreqPair( dataType, .aDiffType[1], dataBands );

—

}

( (bsDiffType[0] == DIFF_TIME) Il (bsDiffType[1] == DIFF_TIME) ) {
bsDiffTimeDirection[0] = BACKWARDS;
if ( pairFlag ) {
bsDiffTimeDirection[1] = BACKWARDS;
}

gturn (aaHuffData, aPgOffset; mixedTimePair_flag);

—

—_ -

uimsbf

uimsbf

uimsbf
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Table 25 — Syntax of SAOCHuffData1D()

Syntax No. of bits Mnemonic
SAOCHuffData1D(dataType, diffType, dataBands)
{
pgOffset = 0;
if ( diffType == DIFF_FREQ ) {
aHuffData1D[0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1..x viclbf
Note 1,3
pgOffset = 1;
}
for ( i=pgOffset; i<dataBands; i++ ) {
aHuffDataTD[i] = TDhuff_dec{hcodTD_XXX_YY, bsCodeW); 1..X viclbt
Note1,2,3
if (alluffData1D[i]!=0) {
hsSign; 1 uimshf
iff ( bsSign ) {

aHuffData1D[i] = -aHuffData1D[i];

}
}

}
return (akluffData1D);
}

Note 1: XXX s to be replaced by the value of dataType (OLD, I0C, NRG,-DCLD, DMG, PDG).
Note 2: YY ig to be replaced by “DF” or “DT”, depending on the value of diffType.
Note 3: 1Dhuff dec() is defined in ISO/IEC 23003-1:2007, Annex A.7.

26 © ISO/IEC 2010 — All rights reserved



https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

ISO/IEC 23003-2:2010(E)

Table 26 — Syntax of SAOCHuffData2DFreqPair()

Syntax No. of bits Mnemonic
SAOCHUuffData2DFreqPair(dataType, diffType, dataBands)
{
Lavldx = 1Dhuff_dec(hcodLavldx, bsCodeW); 1..3 viclbf
lav = lavTabXXX[Lavldx]; Note 1
pgOffset = 0;
if ( diffType == DIFF_FREQ) {
aHuffData2D[0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1..x viclbf Note
6
pgOffset = 1;
}
egscapeCode = hcod2D XXX YY_FP_LL escape; Note
2,345
escCntr = 0;
fgr (i=pgOffset; i<dataBands; i+=2 ) {
(@aTmp[0], aTmp[1]) = 2Dhuff_dec(hcod2D_ XXX _YY_FP_LL, bsCodeW); 1..x viclbf
Note
3,4,5,6
if (bsCodeWord != escapeCode ) {
aTmpSym = SymmetryData( aTmp );
aHuffData2D][i] = aTmpSym][0];
aHuffData2D[i+1] = aTmpSym][1];
}else {
aEsclList[escCntr++] = i;
}
}
if|( escCntr >0 ) {

aaEscData = GroupedPcmData(dataType, 1, 2*lav+1, escCntr);
for (i=0; i<escChntr; i++ ) {
aHuffData2D[aEscList[i]] = aaEscData[0][i] - lav;
aHuffData2D[aEscList[i]+1] 5 aaEscData[1][i] - lav;

}
}
if|( (dataBands-pgOffset) %.2) { Note 7
aHuffData2D[dataBands-1] = 1Dhuff_dec(hcod1D_XXX_YY, bsCodeW); 1..x viclbf Note
3,4,6
if (aHuffData2D{dataBands-1]!=0) {
bsSign; 1 uimsbf
if ( bsSign ) {
aHuffData2D[dataBands-1] = -aHuffData2D[dataBands-1];
}
}
}

return (aHuitDataZD);
}
Note 1: lavTabXXX is defined in Table 40 and Table 41.
Note 2: The escape code tables are defined in Table A.6, Table A.7, Table A.8.
Note 3: XXX is to be replaced by the value of dataType (OLD, I0C, NRG, DCLD, DMG, PDG).
Note 4: YY is to be replaced by “DF” or “DT”, depending on the value of diffType.
Note 5: LL is to be replaced by the value of lav.
Note 6: 1Dhuff_dec() and 2Dhuff_dec() are defined in ISO/IEC 23003-1:2007, Annex A.1.
Note 7: % denotes the modulo operator (ANSI C integer math) and returns the remainder of the division.
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Table 27 — Syntax of SAOCExtensionFrame()

Syntax No. of bits  Mnemonic

SAOCEXxtensionFrame()

for (ec=0; ec<SaocExtNum; ec++) {
if (SaocExtType[ec]<8) {

cnt = bsSaocExtLen; 8 uimsbf
if (cnt==255) {
cnt += bsSaocExtLenAdd; 16 uimsbf
}
if (cnt>0) {
bitsRead = SAOCEXxtensionFrameData(SaocExXt T ype[ec]) Nofe
}
FillBits = 8*cnt-bitsRead;
sFillBits; nFillBits bsibf

}
}

Note 1: SAOCExtensionFrameData() returns the number of bits read.

Table 28 — Syntax of SAOCExtensionFrameData(0)

Syntax No. of bits  Mnenjonic

SAOCEXxtensjonFrameData(0)

if ( ( bsDguFlag == 1) && ( bsDcuFlag2 == 1) && ( bsDcuDynamic == 1) ){
if ( bgindependencyFlag == 1) {
bsDcuDynamicUpdate2 = 1;

} elsq{
hsDcuDynamicUpdate2; 1 uimsbf
}
if ( bgDcuDynamicUpdate2 == 1) {
ﬂsDcuModeZ; 1 uimsbf
sDcuParam2; 4 uimsbf
}
}
SAOCRegidualData();

Table 29 — Syntax of SAOCResidualData()

Syntax No. of bits  Mnenjonic

SAOCResidualData() I
for (i=0; i<bsNUmMEAO + 1; i++) {

if (bsResidualPresent]i]) {
individual_channel_stream(0); Note 1
}

}
}

Note1: individual_channel_stream(0) according to MPEG-2 AAC Low Complexity profile bitstream syntax
described in 6.3 of ISO/IEC 13818-7:2006.
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Table 30 — Syntax of SAOCExtensionFrameData(1)

Syntax No. of bits  Mnemonic

SAOCEXxtensionFrameData(1)
{

}

PresetConfig();

Table 31 — Syntax of SAOCExtensionFrameData(2)

Syntax No. of bits  Mnemonic

SAOCEI\{UI IO;UI Irl drl ICDG{G(Z)

{
}

SpatialFrame(); Note 1

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

Table 32 — Syntax of SAOCExtensionFrameData(3)

Syntax No. of bits [ Mnemonic

SAO(CExtensionFrameData(3)

(@)

bjectMetaData();

6.2 ([Definition
ByteAlign() Up to 7 fill bits to achieve byte alignment with respect to the beginning ¢f the
syntactic element in_.which ByteAlign() occurs.

SAO(SpecificConfig()  Syntactic elementthat contains the SAOC configuration data (header).

bsSamplingFrequencylndex
see 1.6.3:4-in ISO/IEC 14496-3:2009.

bsSamplingFrequency see 1.6;3.3 in ISO/IEC 14496-3:2009.
bsFreqRes Defines the number of parameter bands according to:
Table 33 — bsFreqRes

bsFreqRes numBands
9 bsLowDelayMode==0 bsLowDelayMode==
0 Reserved Reserved
1 28 23
2 20 15
3 4 12
4 10 9
5 7 7
6 5 5
7 4 4
bsLowDelayMode Indicates whether the SAOC operates in HQ or LD mode according to:
Table 34 — bsLowDelayMode
bsLowDelayMode Meaning
0 HQ operation mode
1 LD operation mode (see 7.14)
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bsTttBandsHigh

bsFrameLen

gth

bsNumObjects

bsRelatedToli][j]

bsTransmitAbsNrqg

bsNumDmx(
bsTttDualMg

bsTttBandsl

bsTtnDualM

bsTtnBands

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

Defines the number of time slots in an SAOC frame.
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.

Defines whether an object has relation with other objects. More precisely,
bsRelatedTo[i][jl = 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.

Defines whether absolute energy parameters are transmitted. These are necessary

Channels

de

ow

bde

_ow

for delay-free merging of SAOC bitstreams in an MCU bitstream combiner.
Defines the number of downmix channels.

Indicates if transcoding to the TTT box operates in different modes for)a:low anid
high band range according to:

Table 35 — bsTttDualMode

bsTttDualMode Meaning

0 same TTT transcoding mode‘for full band range (i.e.|no
separate high band range)

1 different TTT transcoding,modes for low and high bapd
ranges

Defines the number of parameter bands.for which TTT transcoding should be
processed according to prediction or.energy based scheme.

Prediction based scheme should be‘used for the parameter band range:

0 <= pb < bsTttBandsLow.

Energy based scheme should:be used for the parameter band range:
bsTttBandsLow <= pb < numBands.

Indicates if transcoding to:the OTN/TTN box operates in different modes for a lpw
and high band rangecaccording to:

Table 36 — bsTtnDualMode]i]

bsTtnDualMode]i] Meaning

0 same OTN/TTN transcoding mode for full band range
(i.e. no separate high band range)

1 different OTN/TTN transcoding modes for low and high
band ranges

Defines the number of parameter bands for which OTN/TTN transcoding shouldl be
processed according to prediction or energy based scheme.
Prediction based scheme should be used for the parameter band range:

bsPdgFlag

bsDcuFlag

30

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 37 — 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.
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bsDcuMandatory

bsDcuDynamic

bsDcuDynamicUpdate

ISO/IEC 23003-2:2010(E)

Defines whether the values bsDcuMode2 and bsDcuParam2 are transmitted in the
bitstream.

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

Enables dynamic signaling of the values bsDcuMode and bsDcuParam.

Defines whether the values bsDcuMode and bsDcuParam are updated. More
precisely, bsDcuDynamicUpdate == 1 means that the values bsDcuMode and

bsDcuParam are updated in the current irame, whereas bsDcuDynamicUpdate ==
0 means that the previously transmitted values are kept.

bsDcuDynamicUpdate2 Same as bsDcuDynamicUpdate but for application only in strict) EAO fode.

bsDcuMode

bsDcuMode2

bsDcuParam

bsDcuParam2
bsOnelOC

bsObjjectMetaDataAvailable

ObjedtMetaData()

bsNumEAO

bsNumByteMetaDatali]

Defines the distortion-free target matrix type for the DCU agcerding to Table 40.
Table 38 — bsDcuMode

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

Same as bsDcuMode but for application only in strict EAO mode.
Defines the parameter value for the DCU algorithm according to Table #1.

Table 39 — bsDcuParam parameters quantization table

idx 0 1 2 3 4 5 6 7
DcuParam[idx] 0.00_¢,0.06 010 015 020 025 03p 0.35
idx 8 9 10 11 12 13 14 15
DcuParam[idx] 040 045 050 060 070 080 0.9p 1.00

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

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

Defines whether or not metadata information for the encoded objects is| transmitted.

Syntactic element that contains a metadata description of the the encoded objects.
Defines the number of EAO channels.

Defines the number of bytes used for the metadata description of an ohjject i.

bsMetaData[i][j]
SAOCFrame()

SAOCFraminginfo()

bsindependencyFlag

EcDataSaoc()

Defines the metadata description (interpreted as siring in UTF-8 encoding format).
Syntactic element that contains the data of an SAOC frame (payload).

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 SAOC frame, i.e. whether the current SAOC frame can be decoded without
knowledge about the previous SAOC frame.

Syntactic element that contains all parameter subsets of a given parameter in the
SAOC frame. However the following changes apply:
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Table 40 — lavTabXXXdf

Lavidx lavTabDCLD/DMG/PDGdf lavTablOCdf lavTabOLDdf lavTabNRGdf
[Lavidx] [Lavidx] [Lavidx] [Lavidx]

0 3 1 3 3

1 5 3 6 5

2 7 5 9 7

3 9 7 12 9

Note: Table 40 replaces ISO/IEC 23003-1:2007, Table 76, and shall be applied

only in case diffType == DIFF_FREQ.

Table41+—lavTFabXobidt
Lavidx lavTabDCLD/DMG/PDGdt lavTablOCdt lavTabOLDdt IlavIabNRGdt
[Lavidx] [Lavidx] [Lavidx] [Lavldx]
0 3 1 3 8
1 5 3 6 6
2 7 5 9 9
3 9 7 12 12
Note: Table 41 replaces ISO/IEC 23003-1:2007, Table 76, and shall be appliegl
only in case diffType == DIFF_TIME.

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

bsPcmCodingXXX Indicates whether PCM coding is applied,

GroupedPcmpData() Syntactic element that contains oné/or two temporally subsequent pargmeter
subsets of a given parameter in the SAOC frame, where groups of quantized Values
are represented by a single PCM“eode. numQuantSteps depends on the data type
XXX and whether coarse or fine.Guantization is used and is defined in Table 44.

Table 42 — numQuantSteps
XXX (dataType) numQuantStepsXXXCoarse numQuantStepsXXXFine
DCLD, DMG, PDG « ()15 31
I0C 4 8
OoLD 8 16
NRG 32 64

SAOCEXxtensjonConfig() Syntactic element that acts as container to carry extensions to the $AOC
audie’ configuration. The presence of the SAOC extension of | type
bsSaocExiType (see Table 43) is signaled by the presence pf a
SAOCEXxtensionConfigData(bsSaocExtType) element in SAOCExtensionConfig().

SaocExtNum Helper variable storing the number of the SAOC extension containers present.

bsSaocExtType Indicates type of the SAOC extension data according to:

Table 43 — bsSaocExtType
bsSaocExtTyp Meaning SAOCExtensionFrameData()
0 Residual coding data
1 Dynamic preset information
2 MBO MPS data present
3 Dynamic object metadata
4.7 Reserved
8 Static object metadata
9 Static preset information
10 Separation metadata not present
11...15 Reserved
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SaocExtTypeli]

bsSaocExtLen
bsSaocExtLenAdd

bsSaocExtLenAddAdd
bsFillBits
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Helper variable storing the type of spatial extension data carried in the extension
container i.

Number of bytes in SAOCExtensionConfigData() or SAOCExtensionFrameData().

Additional number of bytes in SAOCExtensionConfigData() or
SAOCEXxtensionFrameData().

Further additional number of bytes in SAOCExtensionConfigData().
Fill bits, to be ignored.

SAOCEXxtensionConfigData(bsSacExtType)

Instance of the SAOCExtensionConfigData that carries configuration data for the

SAO(CExtensionConfigData(0)

SAOCExtensionConfigData(1)

SAOCExtensionConfigData(2)

SAO(CExtensionConfigData(3)

SAO(CExtensionConfigData(8)

SAO(CExtensionConfigData(9)

SAOCExtensionConfigData(10)

SeparationMetaData()

bsNumSeparationPairs Defines the number of pairs of the separated objects.

bsSeparationMainObjectID[i]

bsSeparationSubObjectIDJi]

PresgtConfig()

SAOC extension of type bsSaocEXtType (see Table 43).

Syntactic element that, if present, indicates that residual coding‘informgtion and
corresponding DCU parameters are available.

Syntactic element that, if present, indicates that dynamic-preset information is
available.

Syntactic element that, if present, indicates thai'the MBO MPS data is available.

Syntactic element that, if present, .indicates that dynamic object| metadata is
available.

Syntactic element that, if present, indicates that metadata information ig available.
Syntactic element thatyif‘present, indicates that static preset informatiop is available.
Syntactic elementdhat, if present, indicates that separation metadata is|available.

Syntactic€lement that contains a metadata description of the separated objects.

Defines the object ID of the main object which is separated from mixed|signals. Its
value is in the range of 0 to bsNumObijects.

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

Syntactic element that contains all preset rendering data.

bsNumPresets

Defines the number of available rendering presets. The case bsNumPresets = 0
means that no such data are available.

bsNumBytePresetLabel[i]

bsPresetLabel[i][j]

Defines the number of bytes used for the preset i.

Defines the text label for the preset i (interpreted as string in UTF-8 encoding
format).
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bsPresetMatrix Defines the preset data representation type according to:
Table 44 — 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 matrix-based

representation format.

bsPresetMatrixType Defines the rendering configuration according to:

Tabled5—=bsP HNtatrixT
bsPresetMatrixType Meaning
0 Mono playback system
1 Stereo playback system
2 5.0 playback system
3 Reserved

PresetMatrixType[bsPresetMatrixType]
Defines the number of upmix channels according to;
Table 46 — PresetMatrixType

bsPresetMatrixType
PresetMatrixType[bsPresetMatrixType] | 1

N =
()]

N/A

bsPresetMatrixElementsyi][j]

Defines the preset rendering matrix. Namely, the output level of the audio pbject
channel i for the upmix channelj:

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

bsPresetUsegrDataldentifier]i]

Defines the identifier for the user-defined preset i representation format (interpreted
as string in UTF-8 encoding format).

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

PresetUserDataContainer()

Syntactic element that contains preset rendering data in the user-defined preset
representation format and has a length of exactly bsPresetUserDatalLen byteg.

7 SAOC processing
7.1 Compressed data stream decoding and dequantization of SAOC data
7.1.1 Introduction

This Subclause describes the decoding and dequantization of the bitstream payload into variables that are
used in the SAOC transcoder/decoder.
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Dequantization of the SAOC parameters

The dequantization of the IOC parameters follows the same rules as defined in 6.1.8 of ISO/IEC 23003-
1:2007 for the MPS ICC parameters, the decoding of the DMG, DCLD and PDG parameters those of the MPS
CLD parameters.

The dequantization of the OLD (i.e. relative energy) parameters is done by applying the dequantization
function deq (index, parameterType) as defined in 6.1.8 of ISO/IEC 23003-1:2007 in combination with the
parameter quantization table given in Table 47.

Table 47 — OLD parameter quantization table

idx 0 1 6 7
OLD[ dX] 1 0-15.00 1 0-4.50 1 0-4.00 1 0-3.50 1 0-3.00 1 0-2.50 1 0-2.20 1 0-1 .90
idx 9 11 15
OLD[ dX] 1 0-1 .60 1 0-1 .30 1 0-1 .00 1 0-0.80 1 0-0.60 1 0-0.40 1 0-0.20 1
The dequantization of the NRG (i.e. absolute energy) parameters is done by-applying the dequantization
functipn deq(index,parameterType) as defined in 6.1.8 of ISO/IEC 23003-1:2007 in combingtion with the
parameter quantization table given in Table 48.
Table 48 — NRG parameter quantization table
idx 0 1 2 3 4 5 7
NRGI]ICIX] 501 0-9.45 501 0-9.30 501 0-9.15 501 0-9.00 501 0-8.85 501 0-8.70 501 0-8.55 501 0-8.40
idx 9 10 11 12 13 14 15
NRG IdX] 501 0-8.25 501 0-8.10 501 0-7.95 501 0-7.80 501 0-7.65 501 0-7.50 501 0-7.35 501 0-7.20
idx 16 17 18 19 20 21
NRG IdX] 501 0-7.05 501 0-6.90 501 0-6.75 50:1 0-6.60 501 0-6.45 501 0-6.30 501 0-6.15 501 0-6.00
idx 31
NRG'IICIX] 501 0-5.85 501 0-5.70 501 0-5.55 501 0-5.40 501 0-5.25 501 0-5.10 501 0-4.95 501 0-4.80
idx
NRG'IICIX] 501 0-4.65 501 0-4.50 504 0-4.35 501 0-5.20 501 0-4.05 501 0-3.90 501 0-3.75 501 0-3.60
idx 41
NRG'IICIX] 501 0-3.45 501 0-3.30 501 0-3.15 501 0-3.00 501 0-2.85 501 0-2.70 501 0-2.55 501 0-2.40
idx 48 49 50 51 52 53 54 55
NRG IdX] 501 0—2.25 501 0—2.10 501 0—1.95 501 0—1.80 501 0—1.65 501 0—1.50 501 0—1.35 501 0—1.20
idx 56 57 58 59 60 61 62 63
NRG[idx] 5010"%5010°%* 5010°° 5010°%° 5010°* 5010°%* 5010°" | 50
The decoding of the SAOCFrame() data results in the parameter indices idxXXX of the quantiz¢d OLD, IOC,
NRG,|DCLD, DMG and PDG parameters that are listed in Table 49, where
pig0..N-1, ps=0...L-1, pb=0..M, -1
Table 49 — Dimensions and value ranges of the parameter indices idxXXX

Parameter idxOLD idxNRG idxIOC idxDMG idxDCLD idxPDG

Dimension [pil[ps][pb] [ps][pb] [pil[pi][ps][pb] [ps]lpi] [ps]lpi] [ps]lpi]

Value range 0..15 0...63 0..7 -15...15 -15...15 -15...15
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The decoding follows largely the procedure described in ISO/IEC 23003-1:2007, taking into account the
following differences. The pseudo code defining the preprocessing step in 6.1.2.3.2 is altered in the following
way:

setIdxStart = dataSetIdx[ps];
startBand = startBandXXX|[pi];
stopBand = stopBandXXX[pil;
pbStride = pbStrideTable[bsFregResStrideXXX[pi] [setIdx]];
dataBands = (stopBand - startBand - 1) /pbStride + 1; /*ANSI C integer math*/
aGroupToBand = createMapping(startBand, stopBand, pbStride);
for (pg=0; pg<dataBands; pg++) {

pb = aGroupToBand[pg]l;

tmp| = 1dxXXX[pi] [ps-1]([pb]l;

swikch (XXX) {

casp DCLD, DMG, PDG:
if (bsQuantCoarseXXX[pi] [setIdx]) {

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

}
else {

tmp = tmp+15;
}

break;
casp IOC:
if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp/2; /* ANSI C integer math */
}
break;
casp OLD:
if (bsQuantCoarseXXX[pi] [setIdx]) [{
tmp = tmp/2; /* ANSI C integer“math */
}
break;
caspe NRG:
if (bsQuantCoarseXXX[pi] [sebtIdx]) {
tmp = tmp/2; /* ANSTYC integer math */
}
break;

1dxKXXmsb[pi] [setIdxStart-1] [pg]l = tmp;
}

The pseudo gode defining thepostprocessing step in 6.1.2.3.2 is altered in the following way:

for (i§0; i<sbsDataPairXXX[pi] [setIdxStart]; i++) {
setlldx =.setIdxStart+i;
ps F paramSet[setIdx];
parpmHandled[ps] = 1;
for—po=t—pog<dataBardsT pou++—<
tmp = idxXXXnotMapped[pil [setIdx] [pg];
switch (XXX) {
case DCLD, DMG, PDG:
if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = (tmp-7)*2;
if (tmp==-14) tmp=-15;
if (tmp==14) tmp=15;

}
else {
tmp = tmp-15;
}
break;
case IOC:
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if (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp*2;
}
break;
case OLD:
if (bsQuantCoarseXXX[pi] [setIdx]) {
if ( tmp > 0 ) {
tmp = tmp*2 + 1;
}
}
break;
case NRG:
1f (bsQuantCoarseXXX[pi] [setIdx]) {
tmp = tmp*2;
}
break;
}
pbStart = aGroupToBand[pg];
pbStop = aGroupToBand|[pg+1];
for (pb=pbStart; pb<pbStop; pb++) {
1dxXXX[pi] [ps] [pb] = tmp;
}
}
}
The pseudo code in 6.1.2.2 is altered in the following way:
while (ps=0; ps<numParamSet; ps++) {
switch (bsXXXdataModel[pil [ps]) {
case 0: /* default */
for (pb=0; pb<numBands, pb++) {
switch (XXX) {
case OLD, NRG, IOC, DCLD, DMG, PDG:
idxXXX[pi] [ps) [pb] = 0;
break;
}
}
break;
case 1: /* kéep */
case 2: /*\interpolate */
for (pb=0; pb<numBands, pb++) {
TdxXXX [pi]l [ps] [pb] = idxXXX[pil [ps-1]I[pb];
}
break;
dase 3: /* coded */
if (!paramHandled[ps]) {

=X | V- |
oo C ouaoCTaOUOSt U .

Le} 2
Z e I

3 TOoO /T 2O NAND
TIT T o077 T ZJUUT

n Aot D o L
DeCoCeDo taoratTt t/

break;
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7.2 Compressed data stream encoding and quantization of MPS data
7.21 Introduction

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 Tables 82, 83 and 84 defined

in ISO/IEC 23003-1:2007. The delta and Huffman coding corresponds the description given in ISO/IEC 23003-
1:2007, Clause-6-

7.2.3 UnquLntized interface for the MPS parameters

For an efficiept practical implementation and to prevent a loss in precision, the parameter interface to thg MPS
decoder may alternatively be established in a direct, unquantized way. Rather than writing’ an actuall MPS
bitstream, thg relevant parameters may be passed directly to the MPS decoder.

7.2.4 List of MPS bitstream variables
The following|table contains the list of all MPS bitstream variables (with the cofresponding references to fables
defined in ISP/IEC 23003-1:2007) which are needed to be specified for the MPS bitstream generation and

their values:

Table 50 — List of MPS bitstreamvariables

MPS bifstream variable Value / SAOC bitstream variable / description Referenge’
bsSamplingFrequencylndex bsSamplingFrequencylndex Table 5
bsSamplingFrequency bsSamplingFrequency Table 5
bsFrameLength bsFrameLength Table 5
bsFreqRes bsFreqRes Table 5
bsTreeConflg 0 (for mono downmix) / 2 (for stereo downmix) Table 5
bsQuantMode 0 Table 5
bsOnelcc 0 Table 5
bsArbitraryQQownmix 1 (fermono downmix) / O (for stereo downmix) Table 5
bsFixedGainsSur 0 Table 5
bsFixedGainsLFE 0 Table 5
bsFixedGainsDMX 0 Table 5
bsMatrixModle 0 Table 5
bsTempShapeConfig 0 Table 5
bsDecorrCopfig 0 Table 5
bs3DaudioMode 0 Table 5
bsOttBands|0] Thg number of paralmet.er bands for LFE channel for Table 6

which OTT information is present
bsTttDualM¢de[0] bsTttDualMode Table 7
bsTttModeLow([0] 1 Table 7
bsTttModeHigh[0] 5 Table 7
Framinglnfo() SAOCFraminginfo() Table 15
bsindependencyFlag !ndicates if lossless poding of current frame is done Table 15
independently of previous frame
bsSmoothMode 0 Table 19
*) defined in ISO/IEC 23003-1:2007
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7.3 Timelfrequency transforms
The same hybrid filterbank as described in ISO/IEC 23003-1:2007 is applied.

7.4 Post(processing) downmix compensation

n,k
post(processed

If the post(processed) downmix X
SAOC decoding/transcoding:

, is used, the following modification should be taken prior to

k k k
X" =W X"

post(processed) ?

wherdg X" represents the input signal to the SAOC decoder/transcoder.

The atrix W, is defined for every time-slot 7 and every hybrid subband k . Its elefients|are obtained
from fthe transmitted PDG parameters which are defined for a given parametertime-slot /|and a given
processing band m . The mapping to the hybrid domain is done according to Fable A.31, ISQ/IEC 23003-
1:200[7. If post(processed) downmix compensation is applied (bsPdgFlag = 1),the matrix Wj];'g i$ defined as:

Wi =(PDG;™), for mono downmix,
PDG," 0
Wi = ‘ i | for stereo downmix,
PDG 0 PDGI’WI

wherg PDG'" =D, (j,1,m).

7.5 [Signals and parameters

7.5.1| Dimensionality of signals and parameters

The dudio signals are defined for everytime slot # and every hybrid subband k. The corresppnding SAOC
parameters are defined for each parameter time slot / and processing band m . The subseq]:ent mapping
betwgen the hybrid and parameter domain is specified by Table A.31, ISO/IEC 23003-1:200/7. Hence, all
calculations are performed. with respect to the certain time/band indices and the gorresponding
dimensionalities are implied:for each introduced variable.

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

7.5.2| Input.signal

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

. /

X =x"* :( 0 J , for stereo downmix,
N
d

X=x""= ( (;’ ] , for monoo downmix.
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7.5.3 Object parameters

The covariance matrix E of size NxX N with elements e, . represents an approximation of the original signal

o

covariance matrix E =SS" and is obtained from the OLD and I0C parameters as

¢,, =\JOLD,OLD,IOC, .

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

OLD, =D (ilom), JOC =D, (i, j.l.m)

7.5.4 Rendgering matrix

The rendering matrix M., applied to the input audio objects S determines the target rendered outgut as

Y =M,_.S. The rendering matrix M with elements m; ; maps all input objects i to(the desired ¢utput

ren n

channels j . The rendering matrix M is given by
My vee My e
My pe von My pe
0,C N-1,C . .
M, = g ’ ,  for 5.1 output configuration,
Morfe -+ Myoire
mO,LS cee mN—l,Ls
mO,Rs cee mN—l,Rs
0,L N-1,L . .
Mren = , for stereo output configuration,
Myp oo My g
M, = Mye ... mel,C) , for mono output configuration.

7.5.5 Downmix matrix
The downmiX matrix D applied to the input audio objects S determines the downmix signal as X =D$ . For

the stereo dqwnmix case thé.downmix matrix D of size 2x N with elements d, , (i=0,1; j=0,...,N+1) is
obtained from the DMG and\DCLD parameters as

d. =10p0Pye 107" d =10"%5PvG, 1
0.j — 1+10%0CE2; Lj~ 1+10%10¢2;

For the mono downmix case the downmix matrix D of size 1X N with elements d[’j (i =0;j= 0,...,N—1) is
obtained from the DMG parameters as

1 0.05DMG,
d,, =10 .

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

DMGJ‘:DDMG(]"I)’ DCLDj:DDCLD(j’I)'
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Transcoding modes

Introduction

In this Subclause the method for combining SAOC parameters and panning information associated with each
audio object in a standards compliant MPS bitstream is explained. The SAOC transcoder is depicted in
Figure 2 (left) and consists of the SAOC parameter processor and downmix processor applied for a stereo

downmix.

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

7.6.2. 4—Intreduetion

The fpllowing subclauses give a description of the SAOC transcoding mode for the mono dewnr,
object parameters (OLD, I0C, DMG, DCLD) from the SAOC bitstream are transcoded inta, spati
(CLDJ ICC, CPC, ADG) for the MPS bitstream according to the rendering information The dg

modif
7.6.2.

In ca
popul

AssO(
level
desirg

In contrast-ta; the MPS the SAOC bitstream comprises the relative level of each audio object in

signa

ed.
2  Sub-rendering matrices for each OTT element

5e of a mono downmix, the MPS decoder employs a tree-structired parameterization

CLDs, ICCa—v
OTT;

12
CLD;, ICC1W R
CLDo, ICCO_v oTT, CLD4 —v

OTTo—3{ 12 OTTs
do— {192 12

vy

vy
o

LFE

CLDy, ICC,

OTT,
12

Yy
&

Figure 13 — “5-1-5,” tree structure for the MPS decoder (mono downmix)

Hifferences hetween the two output channels, and the inter-channel correlation (ICC) par3
d cross-cafrelation between the output signals.

provid

bted using OTT elements that split each (mono) input into two output signals, see Figure 13.

nix case. The
bl parameters
wnmix is not

The tree is

iated with each(OI'T element is the channel level difference (CLD) parameter that describgs the relative

meter for the

the downmix
nformation is

, terméd the object level difference (OLD) and the inter-object correlation (I0OC). Additional

ed-byv-therenderna-rmatre LV LN elements N PR T oy of-al

P anpHaa a4
COU Oy e CTIaCT Ty TTIat A IV it CTeTTT PPy oTrarrad

a
Ten TS ”Ll',_/ D AN ZAZLLLIY I R

reie-aput channels i

to the desired output channels j . The rendering matrix Mi’e’: for the 5.1 output configuration is given by:

I,m I,m
mO,Lf “ee mel,Lf
1,m l,m
Moy oor My gy
l,m 1,m
Lm Myc oo My_ic
Mren = !
Jm I,m
mO,Lfe “ee mel,Lfe
I,m I,m
mO,Ls e mN—l,LS
I,m I,m
mO,Rs s mN—l,Rs
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The task of the SAOC parameter processing unit is to estimate all CLD and ICC parameters from the SAOC
data and the rendering matrix. This process is performed for each OTT element independently.

The respective contribution of each object to the two outputs of OTT element 0 is obtained by summation of
the corresponding elements in M’r;’l’j. This summation gives a sub-rendering matrix Wol”" of OTT element O:

0 0
Lm Woo oo Wona
W= 0 =
Wl 0 ee Wl,Nfl
I,m I,m 1,m I,m 1I,m I,m I,m I,m
| My Mg et My My e M e T e I mel,Lfe)
- T T T T
mO,Ls + mO,RS e mel,Ls + mel,Rs )

The CLDs ard ICCs of the subsequent OTT boxes (CLD;,",ICC;", h=0,...,4) are calculated usifg the
sub-rendering matrices defined as:

1 1 I,m l,m I,m I,m
Wi = Woo oo Wonar || Moy TMgpe oo Myl e TG Re
1 - 1 1 - I,m + I,m I,m + I,m ’
Wo -+ Wina MycT™My e oo My cTMy e
2 2 1I,m l,m
Lm Woo oo Wona My g vee My
W2 = 2 2 = I,m I,m !
Wio Wi N1 My gy My rs
3 3 l,m Im
Lm Woo -+ Wona Myp voo My gy
W3 = 3 3 = I,m I,m A
Wio Wi N1 My gy My gy
4 4 1I,m Im
Lm Woo -+ Won-i my ¢ My c
W =l 4 = im m
Wo -+ Wina my 1r My_i1fe

The superscr|pt of the matrix elements,-€.g- W(I;,o , refers to the OTT element index.

7.6.2.3 Estimation of power and cross power terms

Incorporating|index /4 denating'the OTT element, the power and cross power terms can be estimated byf:

N;‘ N-1 N-1{ N-1 N-1{ N-1
2 A )k 2 ho ok _ hoh
Pro = 2.4 Zwo,iwo,jei,j v P = 2 Zwl,z‘wl,j e, | R= 2 Zwo,z‘wl,j €
4o \ %o i=0 \_j=0 i=0 \_j=0

7.6.2.4 Derivation of the MPS parameters

Finally, the corresponding CLD and ICC parameters are derived as:

2
Pio 2
2 98 il

DPh

CLD;" =10log,,| max

max(Rh,Ez)

Iccy" =
\/max (ph,o,g2 )max (ph,1 €)
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where
CLD," =Dy, (h,I,m) and ICC," =D . (h,I,m).

In order to achieve not only a repanning of the objects but also an object attenuation/amplification with an
MPS renderer, the Arbitrary Downmix Gains (ADGs) can be used for a "virtual" modification of the downmix

signal energy. The ADG is a logarithmic measure and based on the rendering matrix A" and the object
parameters (OLD, I0C and DMG):

, [ (g )
ADG™=T0Tog,, Lmax(— z J J

Im °

\%

The sgalar /" is computed as

fl,m — ffl,m
ii "
i=0

Matrix F"" of size N, X Nypg With elements fllj’" is given as
Fl,m — Al,mEI,m (Al,m) .

[ .
The sgalar v is computed as

¥ =D'E" (D) +é&*.

The gbtained CLD, ICC and ADG parameters are quantized, formatted as MPS bitstream ang fed into the
MPS Hecoder.

7.6.3| Stereo downmix (“x-2-5") processing mode
7.6.3[1 Introduction

The following subclauses give ‘a description of the SAOC transcoding mode for the stereo downmix case. The
object parameters (OLD;1OC, 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
accorfling to object parameters and rendering matrix.

7.6.32 Rendering of object energies

The franscoder determines the parameters for the MPS decoder according to the target fendering as

an

d had - bayth randariaa—matena N Th HY hannaltaraat MO ie—danatadaaitbh—I H b
eSCr VOU Vy UIC TTTIUTTITTY TTTAUTA - IVE - TTIC SIA LTIl tarygytt Luvariarivt 1o UtTriutcu vwitlt 1 art g|Ven y

ren
F=YY =M_SM,_.S) =M, (SS)M,, =M_ EM_, .

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 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) are determined. This is illustrated in Figure 14.
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CLD,, ICCQ—V

OTTy
12

,ICC1—v

OTT,
12

CLDo—v

OTT,
1—2

vy

CPC/CLDrr, ICCrrr

-

TTT,
293

Lo —»
Ro —

V.Y

-

7.6.3.21 R

In this stage

consisting of
the MPS dec

C.r isthe p

CTTTX

A, is aredu
respectively.

D= :[

The partial d

the sum of er

Figure 14 — “5-2-5” tree structure for the MPS decoder (stereo downmix)

endering to left, right and center channel

the spatial parameters are determined that control the rendering to a)left and right ch
front and surround signals. These parameters describe the prediction” matrix of the TTT b

bding C; (CPC parameters for the MPS decoder) and the downniiX.converter matrix G .
rediction matrix to obtain the target rendering from the modified-downmix X=GX:
C+GX=ASS.

ced rendering matrix of size 3x N , describingcthe* rendering to the left, right and center ch
tis obtained as A; =D, M, with the 6 to 3¢partial downmix matrix D,, defined by

00 0 w O
w, 0 0 0 w,
0O wy, w3 0 O

pwnmix weights w,, p=1,2,3 are adjusted such that the energy of w (y,, ,+»,,) is eq

2 2
ergies ”sz_lu +Hy2pH up to a limit factor.

St fss Joo T fos

A Sos N2

W3

w, = , =0.5,
fortJos + 2[5

where fl ; dénote the elements of F

hnnel,
ox for

annel

ual to

For the estimation of the desired prediction matrix C;;; and the downmix preprocessing matrix G we define

a prediction matrix C, of size 3x2, that leads to the target rendering

C,X~ASS.

Such a matrix is derived by considering the normal equations

C,(DED" )~ AED".

44
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The solution to the normal equations yields the best possible waveform match for the target output given the

object covariance model. G and C.;; are now obtained by solving the system of equations

CinG=C;.

To avoid numerical problems when calculating the term J=(DED* )_1, J is modified. First the eigenvalues

A, of J are calculated, solving det(J —4,,1)=0.

Eigenvalues are sorted in descending ( 4 =4, ) order and the eigenvector corresponding
eigenvalue is calculated according to the equation above. It is assured to lie in the positive
element has to be positive). The second eigenvector is obtained from the first by a — 90 degrees

to the larger
x-plane (first
rotation:

*

Jows

—

A weighting matrix is computed from the downmix matrix D and the prediction matrix¥ C,, W =

Since| C;1 is a function of the MPS prediction parameters ¢, and ¢, (as defined in ISO/IEC 2
C+G =C, is rewritten in the following way, to find the stationary point\or*points of the function,

with T =(Dyr C;)W(Dypr C,) and b=GWC,v,

1 01
wherg DTTT=(0 | J and v=(1 1 -1):

If I' does not provide a unique solution (det(l“)<10’3 ), the point is chosen that lies closes
resulting in a TTT pass through. As afirst step, the row i of T' is chosen y=[y,, 7,] where
contaln most energy, thus 7,,* + 76,27,  +7,,°, j=12. Then a solution is determined such

C 1 b.
?J:(J—W with yi= L 7.
¢

2 (S0 e

Jj=1,2

If the fobtained Splution for ¢, and ¢, is outside the allowed range for prediction coefficients that
—2<¢, < 3.4as defined in ISO/IEC 23003-1:2007), ¢; shall be calculated according to below.

D diag(C,)).

003-1:2007),

to the point
the elements
that

is defined as

First déefiné the set of points, x, as:

-2y, b 3y,,—b
min| 3, max —2,—L min| 3, max —2,—L
Y teE , YateE

-2 3
P -2 3

2%, —b, ||| 3y,,—b
min| 3, max —L—L min| 3, max —2,—L
72,2 t+€ 7/2,2 t+€
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and the distance function,
distFunc(xp ) = x;l“xp1 —2bx

p*

Then the prediction parameters are defined according to:

(fl j = arg min (distFunc(x)).

Cz Xe Xp

The prediction parameters are constrained according to:

a=(1q40)¢+An, ¢, =(1-4)é + Ay,

where A, %,|and ¥, are defined as

¥, = 2fl,l + 2f5,5 _f3,3 + f1,3 + f5,3 y, = 2f2,2 + 2f6,6 _f3,3 + f2,3 + f6,3
LM 2L+ 2 AL AL LSt 22 s AL AL
) 8
P (fio ¥ frg+ SorF fog+ frat fost fos+ fos+ fis)

(Mu+Sos + foa T 200+ 2055 ) (o + oo+ fra+ 2005+ 2455)

For the MPS decoder, the CPCs and corresponding ICC+rr are provided as follows
Do F6,(Lm), Depe , =c,(Lm) and Dy =1.

7.6.3.2.2 Rendering between front and surround, channels

The parametérs that determine the rendering between front and surround channels can be estimated djrectly
from the targ¢t covariance matrix F

max(fa’a,gz)J max ( £, ,.€” )

lcc,, = ,
max(fb,bagz) ’ \/max(ﬂ’a,gz)max(fb’b,sz)

CLD,, = 1010g10£

with (a,b) =|(1,2) and (3,4):

The MPS parpmeters(are’ provided in the form

CLD," EDg (h,1,m) and ICC," =D (h,1,m),

for every OTT box /.

7.6.3.3  Stereo Preprocessing

The stereo downmix X is processed into the modified downmix signal X:
X =GX,

where

G=D;C; = DTTTMrenED*J .
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The final stereo output from the SAOC transcoder X is produced by mixing X with a decorrelated signal
component according to:

X=G,  X+PX,,

where the decorrelated signal X, is calculated according to 7.6.3.4, and the mix matrices G, 4and P,
acording to below.

First, define the render upmix error matrix as

R=A_FA .,

whersg

Ay = DA, —GD,

and nporeover define the covariance matrix of the predicted signal R as

Ly Ty

oo .
R:(}’l 3’2]=GDEDG.

The dain vector g can subsequently be calculated as:

vec

, Fotn, +€ , B, tr, +€°
ee =| min| fmax| ————0|,1.5| min| [max| ——5—,0],1.5|/,
ho+E o +E

and thhe mix matrix G, is given as:

(w {diag(gvec )G’ r1,2 > 0’

e

PMod — .
G, otherwisé,

Similgrly, the mix matrix P, is given as:
0 0
¥, >0,
P,=:10 0 ’
vrdiag(W,) ,otherwise.

To derive yg-and W, , the characteristic equation of R needs to be solved:

det(R—4,,1)=0, giving the eigenvalues, 4 and 4,.

The corresponding eigenvectors vy, and vg, of R can be calculated solving the equation system:

(R=4,D)Vgg, =0.

Eigenvalues are sorted in descending ( 4 =4, ) order and the eigenvector corresponding to the larger
eigenvalue is calculated according to the equation 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 degrees rotation:

5

R=(ven) 5 [

0 4
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Incorporating

(

which gives

R,

LV

T2

P,=(1 1)G, R, can be calculated according to:

Fatz J = diag (P, (DED" )P} ),

T2

wd1:min(f A ,2}, wdzzmin[f 4 ,2},
Iy +€& Ty T &€

and finally the

7.6.3.4

mix matrix,

.l

Wa
0

Delcorrelation

The decorrelated signals X, are created from the decorrelator described in"6,6.2 of ISO/IEC 23003-1

Following thi

5 scheme, the bsDecorrConfig == 0 configuration should bejused with a decorrelator

X =8, acconding to Table A.26 to Table A.29 in ISO/IEC 23003-1:2007%\Hence, the decorrFunc( ) de

the decorrela

|

7.6.3.5

X

p

Dy

The SAOC trn

ion process:
) decorrFunc((1 0)PX)
d decorrFunc((0 1)PX) |

al mode

anscoder can let the mix matrices) P,, P, and the prediction matrix C, be calculated acc

to an alternative scheme for the upper frequency range. This alternative scheme is particularly use

downmix sign
e.g. SBRin H

For the uppdq
calculated ac|

als where the upper frequency range is coded by a non-waveform preserving coding alg
igh Efficiency AAC.

r parameter bands, defined by bsTttBandsLow < pb < numBands , P,, P, and C, shot
Cording to the alternative scheme described below:

}

0
0

2007.
ndex,
notes

brding
ul for
prithm

Id be

[0
P =

0
P,=G

Define the en

etar =

48

(6
edmx =
e

ergy downmix and energy target vectors, respectively:

dmx1

J = diag (DED" ) + €I,

dmx2

etar1

Carz |~ dlag<A3EA: )3

etar3
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and the help matrix

Then

calculate the gain vector

etarl

which

7.7
7.71
In thig
assod
of the,
7.7.2

For th
hybrig

Al 42 o L2 4
\ “LIYdmxI ' *1,2%dmx2

&
g _ etar2
2 T 2 2 ’
b5 1€amx1 15 2€amxz

8
etar3
2 2
15 1€amx1 T 132€amxo

finally gives the new prediction matrix
&ty &hs

s = &by &b,
&by &b,

Decoding modes

Introduction

Subclause the method for obtaining @n output signal using SAOC parameters and pannir
iated with each audio object is explained. The SAOC decoder is depicted in Figure 2 (right
SAOC parameter processor and. downmix processor.

Downmix processor

e decoder mode of the SAOC system, the output signal of the downmix processor (reprg
QMF domain) is fed-into the corresponding synthesis filterbank as described in ISO/IEC

yielding the final output)PCM signal. The downmix processing incorporates the mono, stereo an

subsg

The (¢
signa

quent binaural processing.

utput _signal Xis computed from the mono downmix signal X and the decorrelated m
X,las

g information
and consists

sented in the
P3003-1:2007
d, if required,

bno downmix

X=GX+P,X,.

The d

ecorrelated mono downmix signal X, is computed according to 7.6.3.4 as

Xy = decorrFunc(X) .

In case of binaural output the upmix parameters G and P, derived from the SAOC data, rendering

information Mi’e’: and HRTF parameters are applied to the downmix signal X (and X, ) yielding the binaural

output X, see Figure 15.
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v

Gn,k Xn,k

v

n,k
Xd

decor.

n,k
PZ

The target bi
derived from

matrix A"" r

I,m

ay,l

The HRTF pz

which HRTF
ISO/IEC 230(

7.7.21 Mg

The upmix p3

N, RTF_l /
— sm
- WZ m,;

Figure 15 — Basic structure of the downmix processor

. . . . 1
naural rendering matrix A" of size 2X N consists of the elements ax”}'f

,m
en

HRTF parameters and rendering matrix M’r with elements mﬁ’,” . The target binaural ren

NHRTF -1

_ I,m
- 2 m;

i=0

epresents the relation between all audio input objects y and the desired binaural output.
NS

| 5

rameters are given by H/",, H, and ¢" for each processing band m . The spatial positig

¢m

L)

I,m
»,2

H ir,nL exp| j— H i’,nR cXp

—0

3-1:2007.

no to binaural "x-1-b" processing mode

i i
rameters G and P,” are computed as

. Eachselement ¢

I,m
x,y

lering

is

ns for

parameters are available are characterized by thevindex i . These parameters are descrilped in

I,m
P exp (]&j cos(,B”’" + 0/"”)
Gl,m — 2
l,m ’
P]g,m exp(_jCchos(ﬂl,m _al,m)
fsm
P exp(ijsin(ﬂl”" +0/”")
Iom __ 2
" b
Pivexp| —j ¢ |sin(S"" — ")
N ) )

The gains PLI’" and PI;”" for the left and right output channels are

l,m
B

The desired covariance matrix F"" of size 2x2 with elements fi’}’”

Fl,m — A/,mEI,m (Al,m)

50

l,m
1
I,m

l,m
2,2

max Tm
v

h

max
v

ﬂgzj ’ Pjg)m

2

is given as

*
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m

! .
The scalar v is computed as

v =D'E" (D) +é2,

The inter channel phase difference ¢é”” is given as

tm {arg(flfém ), 0sm<lil, pi">0.,
c = .
0, otherwise.

50T

The ipter channel coherence p/™ is computed as

fl,m
1,2

I,m pl.m 2
\/max(fL1 25 »€ )

The rptation angles o' and ,Bl"” are given as

1.

Iom __ .
/)C =min

%arccos(pé’" cos(arg(flf’z’" ))), 0<m<1l, plle<0.6,

Iom __

1
5 areeos (pe"), otherwise:

Pl,m _Pl,m
P = arctan tan(o/"” )% :
P"+P"+e

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

In cage of stereo output the "x-1-b" pregessing mode can be applied without using HRTF information. This can

be dope by deriving all elements ai’,')’f of the rendering matrix A, yielding:
Iom __ I,m Im g I,m

by =My Ao Ty

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

In cage of monofautput the "x-1-2" processing mode can be applied with the following entries:

Lim = 1,m Im __
L a,’, = 0.

7.7.2. i * - ing-mode

The upmix parameters G"” and le”” are computed as

PLI,m,l eXp ] ¢l,m,l COS( [ m +al,m) PLI,m,Z exp ] ¢l’m’2 COS( [ m +al,m)
2 2

Gl,m —

m, . ¢l,m,1 m m m, . ¢l’m’2 m m
P, 1exp(—] 5 cos(B"" —a"™") P exp| —j 5 cos(B"" — o)
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Lm
P exp j—arg (201’2 ) sin(,Bl"” +0/"”)

P = 1
Py exp _j—arg <201’2 ) sin(,B”'” —0/"”)

The corresponding gains P"*, Py"* and P, P;™ for the left and right output channels are

l,mx __
PL =

l,m __
PL =

\

The desired dovariance matrix F""* of size 2x2 with elements /""" is given-:aé
Fl,m,x — AI,mEI,m,x <A/,m )*

The covariange matrix C"" of size 2x 2 with elements ¢, of the ‘diy” binaural signal is estimated as

*
’

' = Gfrpg (Dz )* (él,m)

where

/,m,1 l,m,2
B eXp(j(b2 j P eXp[j¢2 j

Gl,m —
l,m,1 1,m,2
P eXp(—j ¢ J B eXp(—j ¢ j

2 2

. / /
The correspopding scalars =" and v"" are computed as

NEE I VR (Dl,x )* e Y= (Dl,l LD )El,m (Dl,l LD )* e

The downmixmafrix D"* of size 1X N with elements 4™ can be found as

gt —pgumovet | 1O oot | 1
1+10041DCLDI» 1+100,1DCLDi

The stereo downmix matrix D' of size 2X N with elements di,[ can be found as

I _ glx
d',=d".
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. ! . !
The matrix E™"" with elements ¢,

I,x lLx
el,m,x _el,m d[ dj
ij T i 11 1,2 11 12 |
” Y\dy +dt )\ dY +dy

The inter channel phase differences ¢é”” are given as

are derived from the following relationship

g = arg(f/3), 0<m<Il,  pi">0.,
0, otherwise.

The ICCs p.” and p;" are computed as

l,m l,m
Im . ‘flz ‘ Im . ‘CI,Z ‘
p>" = min 11, po =min 1
nr L gl o2\ ¢ L Lm o2\
\/max(fl,; 2y .€) \/max(cljl b, €)

The rptation angles o' and ,Bl"” are given as

@ =l(arccos(pl"”)—arccos(pl"”)) [ =arctan| tangor" Lritinkd :
2 T C ’ PLI,m +P]§,m

7.7.255  Stereo to stereo "x-2-2" processing mode
In cage of stereo output the stereo preprocessing is directly applied as described in 7.6.3.3.
7.7.256 Stereo to mono "x-2-1" processing.mode

In case of mono output the stereo preprocessing is applied with a single active rendering mptrix entry as
descr]bed in 7.6.3.3.

7.8 [(EAO processing
7.8.1| Introduction

The JAOC technology allows the individual manipulation of a number of audio objects in termg of their level
amplification/attenuation without significant decrease in the resulting sound quality only in a very limited way.
A special "Karaoke-type" application scenario requires a total suppression of the specific objectd, typically the
lead yocal, keeping the perceptual quality of the background sound scene unharmed. A typical application
case [contains. up to four Enhanced Audio Object (EAQO) signals, which can, for example, fepresent two
indepepndentstereo objects.

7.8.2| SAOQC architecture supporting EAO

The EAO processing incorporates the OTN or TTN units, depending on the SAOC downmix mode. The OTN
processing unit is dedicated to a mono and the TTN to a stereo downmix signal. Both these units represent a
generalized and enhanced modification of the TTT box known from ISO/IEC 23003-1:2007. In the encoder,
regular and EAO signals are combined into the downmix. The OTN" /TTN” processing units are employed to
produce and encode the corresponding residual signals. The EAO and regular signals are recovered from the
downmix by the OTN/TTN units using the SAOC side information and incorporated residual signals. The
recovered EAOs are fed into the rendering unit which represents the product of the corresponding rendering
matrix and the resulting output of the OTN/TTN unit. The regular audio objects are delivered to the SAOC
downmix pre-processor for further processing. Figure 16 depicts the general structure of the residual
processor.
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I
i Residual processor '
1
| | obj
SAOC downmix | ! -
- OTN/TTN :
: unit EAO | Rendering | ! EAC
! A /Y |
1
L R A 1
SAOC data Rendering
Residuals Matrix

An MBO is tr¢ated the same way as explained in 7.10.

7.8.3 Dime

The audio sig
parameters &
between the
calculations

dimensionalit

7.8.4 Calcdlation of the OTN/TTN elements

The OTN/TT
energy mode
CPCs for eac

M = Al

where D' i
calculated as

D—l

Figure 16 — Architecture of the residual processor

nsionality of signals and parameters

nals are defined for every time slot n and every hybrid subband k. The corresponding §
re defined for each parameter time slot / and processing band)m . The subsequent m3
hybrid and parameter domain is specified by Table A.31,\ISO/IEC 23003-1:2007. Hen
are performed with respect to the certain time/band indices and the correspdg
es are implied for each introduced variable.

N upmix process is represented either by miatrix M for the prediction mode or MEnergy li

oJ

dl

The matrix A
6X6 are der

21’1.

| is d&fied in 7.7. The elements of the inverse of the extended downmix matrix D' g
ved using the following values:

BAOC

pping
e, all
nding

br the

. In the first case M is the product of two-matrices exploiting the downmix information and the

h EAO channel. It is expressed in paraineter-domain by
)'C,
L the inverse of the extended downmix matrix D and C implies the CPCs, which can be

f size

6?1,1 = 1+an ,
=1

_ 4

dl,z = _[Z
=1

— 2 2 2
d,; = m +mn; +mn; +mn, —mynmn, —mmn, —m,mn,,

54

_ 2 2 2
d,, =m, +m,n; +m,n; +myn; —mn,n, —mn,n; —mnyn,,
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— 2 2 2
d, s =my +mn +myny +myng —mnn, —mynyn, —m,nsn,,

_ 2 2 2
d, o =m, +mn; +mn, +mn; —mnn —m,nn, —mn,n;,

_ 2 2 2
d,, = n +nm; +nmg +nmg —mm,n, —mmsn, —mm,n,,

d

2,4

d

2,5

[

5,5

4 2 2 2
F 1y +nymy +nymy + nymy — myn, — mym,n, —mym,n,

1 2 2 2
F n, +n,m; +n,m; +n,m; —mnn, —mm,n, —n,m,n,

1 2 2 2 2
F mym, +nn, + mynn, + mynn, +nm,n; + mm,n; —mym,nn, — n Ry, — My, n, |

] 2 2 2 2
= mymy +nny + mynn, + mynn, +mmyn, + mmngs mymynn, — mm,n,n, — mMyny,nn, — mm

| 2 2 2 2
S mymy + nyn, +my nyn, + My, Ry + Myman, + m,myny — mm,n,n, — mm,n,ny, —mym,n,n, — m,

| 2 2 2
F 1, + R,y + 1My + 1,y — My, — N, M1, — W, I,

4

4
RN
j=2 j=2

2

2_2 2.2 2_2 2_2 2.2 2_2
L mMyny — MRy —myng — MRy —myn, —myngE2m,myn,ny + 2m,m,n,n, +

4 4
2 2 2 2 2.2 2.2 2.2 2.2 2.2
—I—Zm‘/ —an — MmN, —myne~m ny —myn; —m; n, —myny +2mmnn, +2mmnn, +
J=1 J=l

Jj#2 J#2

2 2 2 2
mym, +n,n, + m_n,n, + myn,n, + mym,n; +m,m,n; —mm,nn, —m,m,n,n, —n,m,nn, —m

4 4
2 2 2.2 2.2 2.2 2.2 2.2 2.2
—I—ij —an —myn, —myn, —m;ny —m n, —m, n, —m,n; +2mm,nn, +2mm,nn, +
3! J=L

%3 j#3

P m.,m,nin,

-y ny,n,n,,

713714

] 2 2 2 2
S mymy, +nn, + mynn, +mynn, +mm,ny wm,n; — m,m,nn, —mym,nn, —mm,n,n, — mnn,n;,

)
 mym,nyn,

1,151,

mynyn, ,

1M, m,Ny0, »

d

d6,6

4 4
den=1+2m]2.+2nf+m

3

3
13-
=

2

J

2
2

J=1 J=1

2.2
+myny —2mm,nn, —2mmnn, —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 j
for the right and left downmix channel as

m; =d, g0 M=y pio-
The elements di,j of the downmix matrix D are obtained as described in 6.5.3.2.

The function EAO(j) determines mapping between indices of input audio object channels and EAO signals:

EAO(j[=N-1-j, j=0,..N,-1.

The energy pased encoding/decoding procedure is designed for non-waveform preserving cading ¢f the
downmix sigrjal. Thus the OTN/TTN upmix matrix for the corresponding energy mode does not rely on specific
waveforms, but only describe the relative energy distribution of the input audio objects.

7.8.4.1  TTN matrix using prediction mode

In case of a dtereo, the extended downmix matrix D is

|
1 0 | m, V-1
|
0 1 Lno Ry
N e e —
D= m, ny o -1 0o |
. ! .
| 0
| —
m £40~1 nNEAO*I | 0 1
and for a mono, it becomes
|
1 : mo Nijo—1
|
N o O
D= m, +n, -1 0
|
| .
: O
| —
m ]EA()_I ]VEA()_1 | O 1

With a stereo|downmix, each EAO j holds two CPCs ¢, , and ¢, yielding matrix C

1 0 10 0
0 1 io 0
C=| ¢ Col il 0].
; : .
|
10 1
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The CPCs are derived from the transmitted SAOC parameters, i.e. the OLDs, |IOCs, DMGs and DCLDs. For

one s

pecific EAO channel j=0...N,,, —1 the CPCs can be estimated by
5 PLOC{) jPRO PR()C() jPLORO ~ PR()C{) jPL() PL()C() jPLORO
70 2 ’ AN 2
PL()PRO PL()R(J PLOIDR() PLoRo
The energy quantities P, Py, , B z,+ Fl,c,; and B, ; are computed as

Nego =1 Npgo -1

») A | A
r,=0LD + p ) mme,,,
=0 k=0
Nego=1 Npgo—1
D __
P, =OLD, + nme,,
=0 k=0
Nego=1 Npgo—1
D —
Koo =€ p T mn.e;, .
=0 k=0
NEA() -1
D —
1L0Co]—mOLD +tne - mOLD Zmlu,
i=0
i#j
I\IEAO—1
D — — —
FProco; =N,0LDy+m e, , —n,OLD, z ne, . .
i=0
i7y

The parameters OLD, , OLD, and IOC,, correspond to the regular objects and can be dlerived using

downmix information:

N=Ngio-1
OLDy = Y d;OLD,,

Kot
OLDy, = :E: CZEi()l;LZ )
o] - 10c, ,, NNeo =2,

’ 05 otherwise.

The cpvarjance matrix ¢, ; (and e, ) is defined in 7.5.3.

The

PC€s are constrained by the subsequent limiting functions:

NEA() -1

m,OLD, +ne, ,— me, ;
i=0

n,OLD, +me, , —

NEA()_l

ne ;
i=0

NEA() -1 NEA()_l

}/fJ = 7]‘,2 - Ngso=1 Nego -1
o0+ 8 S mmes | A oun s $7S e |
i=0 k=0 i=0 k=0
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With the weighting factor

The constrained CPCs become

Cio= (1—/1)51.)0 +A7,0 ;= (1_/1)5,',1 +Ay,, -

The output of the TTN element yields

Y. 1,
Yz ¥
Y=| Voo |=MX=AD'C| res, |,

res
YN..o-1.E40 Npso-1

where X redresents the input signal to the SAOC decoder/transcoder.

7.8.4.2 OTN matrix using prediction mode

In case of a stereo, the extended downmix matrix ﬁ matrix is

oh
Il

1 ! My Npgo~1
R Ty R _
~ w | -1 0
D= [ | .
0
m i -1

1 10 ... 0
PR 0
Co
C= . 50 ..
|
NEAO_l :O 1
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All matrix elements c; are obtained from the SAOC parameters according to the relationships provided in the
previous subclause.

For the mono downmix case the output signal 'Y of the OTN element yields

7.8.43 TTN matrix using energy mode

In cage of a stereo, the matrix M are obtained from the corresponding OLDs according to

Energy

OLD,

Nggo-1 0
OLD, + Y. m’OLD,
i=0
OLD
0 NEA()*IIz
OLD, + Y, n’OLD,
=0
IV[Energy =A mg OLDO l’lé OLDO
Nggo-1 Ngio-1
OLD,+ Y m!OLD, ALOLD,+ > nOLD,
i=0 i=0
mleEAO*lOLDNEAO*I ni’mo*lOLDNEAo*I
Neipst Nggo-1
OLD, + " m?OLD, \[OLD,+ > nOLD,
i=0 i=0

The qutput of the TTN_element yields

___y_R___ l
Y=V Yoro [TMpe X=Mg.. [10 ] :
: 0

Yw,o-1,E40
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The adaptation of the equations for the mono signal results in
[ OLD, [ OLD,
Nggo-1 Npio-1

d d

OLD,+ Y m}OLD,

i=0

OLD,+ Y n’OLD,

i=0

I m>OLD, [ n’OLD,
Nggo-1 Nggo-1
2 2
ty = A \|OLD, + D m’OLD, \|OLD,+ )’ n}OLD,
i=0 i=0
mjszA()_lOLDNEM)_l njszA()_lOLDNEM)_l
NEA()_l 4 NEA()_l 4
OLD,+ Y m!OLD, \|OLD,+ ) n}OLD,
i=0 i=0
The output oflthe TTN element yields
—_— ._y_L___
Y 0,£40 I,
Y = : MEncrgyX = MEncrgy ( .
K
YN..,-1.E40
7.8.4.4 OTN matrix using energy mode
The correspopding OTN matrix M. for the ster€o case can be derived as

OLD,
OLD,
1 | N ey eyl [
Energy =A Nl + Npg—l \/m§OLD0 + \/ﬂéOLDO
\/ OLD, + m; OLD, \/ OLD, + n’OLD, :
i=0 i=0
\/m]z\'EAo‘loLDNEAo‘l + \/n]szAo‘IOLD Veio—1
hence the oufput signal’ Y of the OTN element yields
Y = M ergydu
For the mono case the OTN matrix M. reduces to
OLD,
1 m;OLD,
MEnergy = A Npo-1 .
\/ OLD, + m>OLD,
= Jmi,, OLD,
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7.9 DCU processing
7.9.1 Introduction

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 17. The modified rendering matrix can be accessed by the application,
reflecting the actually effective rendering settings.

SAOC bitstream ---eo--9 SAOC outout
. I decoding/transcoding utpu
Downmix =~ ———— unit channels
! T
! 1 l,m
Im ; : Mren,lim -~
Rendering M DCU ' Modlflgd
matrix input ~7"7 T [TTTT7C $-mmmmmmmmmoememmenoE ¥-rendering
matrix
A
Epcu'

Figure 17 — DCU within the overalll'SAOC system

L . . . . ! . !
Based on the user specified rendering scenario represented by rendering matrix Mr’e’: with elements ml.’;",

the DCU prevents extreme rendering settings by ‘producing a modified matrix Mi;:,lim comgrising limited
rendefring coefficients, which shall be used by the SAOC rendering engine. For all operational mgdes of SAOC
the final (DCU processed) rendering coefficients shall be calculated according to:
I,m _ I,m 1m
Mren, im (1 —8pcu ) Mren + gDCUM

remtar

The parameter g, € [O,l] is used to define the degree of transition from the user specifled rendering

1,m
ren,tar

matri M]re'l'f towards the_Uistortion-free target matrix M The parameter g, ., is deriyed from the

bitstrgam element bsDcuParam according to:

&pcy =ABouParam[bsDcuParam].

Therq are(two possible versions of the distortion-free target matrix Mi’e’r'f,tar, suited for different gpplications. It
is cortrelied by the bitstream element bsDcuMode:

= (bsDcuMode = 0): The “downmix-similar’ rendering, where Y corresponds to the energy

ren,tar

normalized downmix matrix.

= (bsDcuMode = 1): The “best effort” rendering, where M!” s defined as a function of both

ren,tar

downmix and target rendering matrix.
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7.9.2 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:

= The downmix matrix and rendering matrix have the same dimensions (implying that the number of
rendgring channels Is equal 1o the number of downmix channels).

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

7.9.3 “Downmix-similar”’ rendering
7.9.31 Infroduction

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

!
ren,D

The “downmik-similar” rendering matrix M ¢ is computed as

! | !/ _ ! /
Mrcn,DS B Mrcn,tar - NDSDDS ’
where NIDS represents the energy normalization scalar(for each parameter slot /) and D’DS is the doyvnmix
matrix extended by rows of zero elements such that fumber and order of the rows of DIDS correspond fo the
constellation pf Mi’c’:. For example, in the SAOC stereo to multichannel transcoding mode (“x-2-5" procegssing

mode) M =[2 and N, = 6. Accordingly D%y is of size N,,,c XM and its rows representing the frant left
and right output channels equal D'.

7.9.3.2 Alldecoding/transcoding SAOC modes

For all decogling/transcoding~-SAOC modes the energy normalization scalar NE,S is computed using the
following equption:

trace(Mi’e'r'f (Ml”" )* ) +&

ren

[
NDS_

trace(Dl (Dl )* ) +&

7.9.4 “Best effort” rendering
7.9.41 Introduction

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 Ni;;” of size N,,,s XM , hence it
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provides individual values for each output channel. This requires different calculations of NBE for the different

SAOC operation modes, which are outlined in the following. The “best effort” rendering matrix is computed as

Ml

Ml

ren,BE

ren,BE

=M., .. =N} D', for the following SAOC modes “x-1-1/2/5/b”, “x-2-1/b",
=M., .. =N}, D', for the following SAOC modes “x-2-2/5".

where D' is the downmix matrix and NBE represents the energy normalization matrix.

7942_3*6&11'011'0%0’“1'011'0'('“#111“) decoding-mode

For th

7.9.4,

For t
follow

j equation

e “x-1-1" SAOC mode the energy normalization scalar Ni;;” is computed using the followin
N-1 )
l,m
(mly) +e
Nl,m Jj=0
BE — N-1 2
(dj) te
j=0
3 SAOC mono-to-stereo (“x-1-2”) decoding mode
e “x-1-2" SAOC mode the energy normalization matrix Ni;,’;f of size 2x1 is computed using the
ing equation
N-1 Nl r
iz ve Smy) v
Lm _ | J= J=
NBE— N-1 2 ’ N-1 2
(d)) +e (di+e
j=0 j=0

7.9.44 SAOC mono-to-binaurali(“x-1-b”) decoding mode

For th
follow

e “x-1-b” SAOC mode.the energy normalization matrix N} of size N, X1 is compu

ted using the

The e

ing equation
N-, N-1 N T
lm I,m I,m
ZO: J,0 ( ) te 0 aj»NHer-'*l (aj»NHRn-'*l ) tE€
Iom £ = Jj=
Ny = N s s T ;
(¢) + 2(4) +e
j=0 j=0
/ . . . .
lements ax"f comprise the target binaural rendering matrix A

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

For the “x-2-1" SAOC mode the energy normalization matrix Ni;,’;f

following equation

Npr =M (D) ),

Im . . . .
where M is mono rendering matrix of size IXN .

© ISO/IEC 2010 — All rights reserved

of size 1X2 is computed using the

63


https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

ISO/IEC 23003-2:2010(E)

7.9.4.6 SAOC stereo-to-stereo (“x-2-2”) decoding mode

For the “x-2-2" SAOC mode the energy normalization matrix Ni;;” of size 2X2 is computed using the
following equation

.
ILm __ l,m / !
NBE _Mren (D ) J ’
where M%” is stereo rendering matrix of size 2X N .

7-9.4.7 SA to-bi iy 9 h” . e

I,m

For the “x-2-b” SAOC mode the energy normalization matrix N of size N, X2 is computed\using the
following equption

Lm _ Alim (i y
Ny =A™ (D') ¥,
where A" it binaural rendering matrix of size 2Xx N .
7.9.4.8 SAOC mono-to-multichannel (“x-1-5”) transcoding mode

For the “x-1-p” SAOC mode the energy normalization matrix Ni;;” of-size N,,,s X1 is computed usirng the
following equption

V-1

l Z_(;(mj'g )2 +e > (m, )2 +e
Né;l = ]_V—l 5 ’ .y = Nl 5
() +e (d)) %2
j=0 =0

7.9.49 SAOC stereo-to-multichannel({¥x-2-5”) transcoding mode

For the “x-2-” SAOC mode the energy normalization matrix Ni;;” of size N,,s X2 is computed usirg the
following equption

Nir =M (D) g

ren

o1
To avoid nufnerical problems when calculating the term J' :(D’<D’) ) in 7.9.45, 7.94.6, 7.9.4.Y and

7949 J[ ielboaadifiad Fieat $ PR P | af I oro colaidotad coliins Ao
. . . ] IS mrounTouUu. T 1mot utie UIHUIIVUIUUO /le Ul J arc Ua|\/u|ulcu, °U|v|||U A\ av]
,

Eigenvalues are sorted in descending (/1, Zﬂz) order and the eigenvector corresponding to the larger

eigenvalue is calculated according to the equation 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 degrees rotation:
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7.10 MBO processing
7.10.1 Introduction

A Multi-channel Background Object (MBO) is an MPS mono or stereo downmix that is part of the SAOC
downmix. The associated MPS bitstream can be conveyed either parallel to the SAOC bitstream, i.e.,
according to the MPS standard (ISO/IEC 23003-1:2007), or it can be embedded in the SAOC bitstream using
the bsSaocExtType==2 mechanism. As opposed to using individual SAOC objects for each channel in a multi-
channel signal, an MBO can be used enabling SAOC to more efficiently handle a multi-channel object. In the
MBO case, the SAOC overhead gets lower as the MBO’s SAOC parameters only are related to the downmix
channels rather than all the upmix channels.

7.10.2 Decoding process

The fpllowing decoding process shall be applied in the case where MPS data is embedded |in the SAOC

bitstrg

The f
prese

f

If
If
If

am (i.e., carried by means of the bsSaocExtType==2 mechanism):

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

have to be connected directly in the QMF domain in order to-ensure proper time-alignme
and SAOC side information.

SAQOC rendering matrix is different from the number-of downmix channels of the MPS b
the embedded MPS data is discarded and the SAOC decoding or transcoding (depend
number of channels of the rendering matrix) is carried out according to the standard decod

pllowing decoding process shall be applied,in' the case where MPS data and SAOC ¢
ht independently and in parallel, i.e., when:MPS data is not embedded in the SAOC bitstred

a decoder only implements SAOC, then'the standard SAOC decoding process is carried o
a decoder only implements MPS, then the standard MPS decoding process is carried out.

a decoder implements both\ SAOC and MPS, then, if the number of output channels

rendering matrix is the same’as the number of downmix channels, first the SAOC decodi
applied, directly followed_by the MPS decoding process (connected in the QMF domair
exactly the same decoding process as defined for the case where MPS data is embedded
bitstream). If the aumber of output channels of the SAOC rendering matrix is the different

the SAOC decoder supports multi-channel rendering (by means of a subseguent MPS de¢coder) and if
the number of output channels of the SAOC rendering matrix is the safme-as the numbgr of downmix

b 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

nt of the MPS

1 the SAOC decoder does not support multi-channel rendering or if the number of output chhannels of the

tstream, then
ing upon the
ing process.

ata are both
m:

it

pf the SAOC
hg process is
), i.e., this is
in the SAOC
from number

of downmix channels, then either SAOC decoding (discarding the MPS data) or M
(discarding the SAOC data) can be applied.

strate thetdecoding process defined above, an example scenario can be considered, w

PS decoding

ere a stereo

rendermg of only the vocal object ( ‘solo mode ) a muIt| channel SAOC rendermg matrlx can be used that
routes the vocal object to the desired output channels and attenuates the MBO.

7.10.3 MPS bitstream settings for MBO

The MPS parameters for MBO shall be specified according to those of the corresponding SAOC data in order
to be compatible in the transcoding process. The following table contains the list of variables with the
corresponding references to tables defined in ISO/IEC 23003-1:2007.

© ISO/IEC 2010 — All rights reserved

65


https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

ISO/IEC 23003-2:2010(E)

Table 51 — List of the MPS bitstream variables

MBO MPS configuration parameters SAOC configuration parameters Reference’
bsSamplingFrequencyindex bsSamplingFrequencylndex Table 5
bsSamplingFrequency bsSamplingFrequency Table 5
bsFramelLength bsFramelLength Table 5

*) defined in ISO/IEC 23003-1:2007

7.11 MCU Combiner

7.11.1 Introduction

To use the $AOC concept for teleconferencing applications a so-called Multipoint Control Unit (MQU) is
required, which is able to combine the signals of several communication partners withoutcdecoding/re-
encoding the[corresponding audio objects. As illustrated in Figure 18 the MCU combines the input SAOC side
information sfreams into one common SAOC bitstream in a way that the parameters representing all jaudio
objects from |the input bitstreams are included in the resulting output bitstream. These~galculations can be
performed in|the parameter domain without the need to analyze the downmix signals“and introducing no
additional delpy in the signal processing chain.

SAQC bitstreams

----------------------- > Combined SAOC bitstream

——————————————————————— P MCU - --->

_______________________ > combiner

A
MCU parameters
Downmix signals Combined downmix signal
Audio >
combiner
Figure 18 ~ Outline of the MCU combiner
7.11.2 MCU jnterface and SAOC parameter estimation
The MCU combiner interface jis\defined by the input, output and control data. The SAOC parameters (i.ef OLD,
I0C and NR%’) of one or several SAOC bitstreams represent the input data for the MCU. The output $AOC
bitstream conptains the resulting parameters (i.e. OLD, I0C and NRG) of the combined SAOC bitstream
calculated as|follows:
com Ej
OLDj Sty mcomb
NRGCOWI

NRG*"" =max (E, ).

10C" =10C:

Nmmb (l,rl)Nmmb (i,n) )

where
E = F,., F, =G"OLD’"NRG"™, j=N“"(i,n),
N (i )
OLD, =D, (i,l,m) ,  NRG =Dy, (l,m) , 10C, ; =D (i,j,l,m) .
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The MCU control parameters contain the gains G;””’b describing the downmix combination process for the
weighted mixing, the mapping function j = N“"" (z',n) determining a set and order of audio objects in the
combined SAOC bitstream, the parameter for activating the NRG parameter transmission for the combined
bitstream, the control parameter describing the resulting downmix mode (i.e. mono or stereo) and the
corresponding parameters Do (and D, ) describing the downmix.

7.11.3 Energy estimation in the SAOC encoder

All combined SAOC bitstreams must contain parameters specifying the absolute energy of the object with the
highest energy level for a certain time/frequency band (i.e. bsTransmitAbsNrg=1).

The absetute-encrgyparameter-INRGHs-ealeulated-the-SADG-enrcoderasproductofthe-ebjegt signals with
the highest energy (normalized according the corresponding time/frequency tiles) according‘to|the following
formula:

T3 ()

NRG"" = max | 2=lkem +e |,

| 2,21

nel kem

wherg the signal xlf”k corresponds to the filterbank processing described in 7.3 of ISO/IEC 23003-1:2007 for
the reigular SAOC processing mode and in 7.13.2 for the LP processing mode.

7.11.4 Parameters of the combined bitstreams

The JAOC configuration parameters specifying the frame size and sampling frequency (i.e. bskramelLength,
bsSamplingFrequencylndex, bsSamplingFrequency, bsFreqRes) should be identical for all cqmbined (and
resulting) SAOC bitstreams.

7.12 |Effects
7.12.1 Introduction

The FAOC effects interface operates™on the downmix and therefore is part of the downmix prgcessor of the
SAO(Q transcoder or decoder .as,;>shown in Figure 19. The effects interface allows objects or linear
combjnations of objects to be™ extracted from the downmix for effects processing. Two types of effects
processing interfaces are supported. The first type, referred to as the insert effects interface, allows effects
procegsing to individual objeets in the downmix.

The decond type, referred to as the send effects interface, allows effect processing on individyal objects or
linear| combinations\thereof. For this type, the resulting “wet” signals can be directly added fo the SAOC
decoder output (see Annex C).

Send effect signals Object parameters t
A A " transcoder r
A
» » i >
Downmix Effects interface Dowanux Preproces:sed

repanning downmix

| Lad ;

A

Downmix processor

Object
parameters

Figure 19 — The effects interface is a part of the downmix processor
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A block diagram of the SAOC effects interface is shown in Figure 20. 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.

»
Insert 3
| , e}
; | effects | | =S
[ [ O [ W
i i =
Effect ‘., ' Effect 3
objects objects c:p'
output input o
SAOC parameters ' 3
input
. Object Object -
Dc_)wnrmx splitter Remaining objects combiner, Dowimix
input » output
> >
Effect L ObjeCt i i Send effect
configuration 7 extractor ! ! oufput
———————————————————— > >
Effects module
Figure 20 — Effects module in SAOC framework.
7.12.2 Inser{ effects

The processi
the downmix

indicating wh
(Figure 20) s

objects that @re not input™to an insert effect are zero. The effect objects are represented by signal

n,k

insert

plits object y e [O,...,N—l] off of the downmix when r,

ng block for the insert effects.interface consists of an object splitter isolating certain objects
for effect processing, and an object combiner inserting the effect processed objects back in

downmix. The¢ effect configuration data that is input to the effects module contains an object split vector
ich objects should~be separated from the other objects in the downmix. The object s

= 1. All entries correspond

5 from
to the
rinsert
plitter

ng to
ector

X,ere With nymEffObj lelements, defined as:
erty, T Wt 20+ Whiter o X0
where
ye = f()bj—)eﬁ(y)'
B d? oLD, R d; OLD,

insert; ,y,

68

insertp,y,

N-1
\/ d, ,OLD,>"d, OLD, IOC,
i=0

N-1
\/ d, OLD, Z;, d,,OLD, I0C,
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N d.

i,j
i,j 4 £0.05DMG; °
10 /

N-1

numEffObj =y r™" .
i=0

1

Function fabj_)eﬁ maps object indices to insert effect object indices according to:

_.insert
Ti

() —
obj—eff \J']

NeR

Il
(=]

For ajmono downmix case the downmix matrix D is defined as d;, =d, ; =d, ; = IOO'OSDMG-’/\/E.

The rémaining objects are kept in the same format as the downmix and form an additional outpuf of the object
splittgr. This residual downmix is calculated as follows:

numEffObj—1
),n,k — 1_ z Wl,m xztbk,

res; insert; ,i
i=0

numEffObj—1
Lnk _|1_ l,m n,k
‘}resR =1 z M)insertR,i Xgro -

i=0

The gffects applied to the effect objects in X, . may)change the spectro-temporal properties gf the objects.
Using the SAOC parameters in the bitstream for further processing (transcoding and downmix pfeprocessing)
would then yield suboptimal performance. Therefore, the effects interface provides a SAOC pargmeter output
and input allowing the effects functions to update the parameters to reflect the spectro-temporal properties of
the opjects after effects processing. These parameters shall be used by the subsequent trapscoding and
downfmnix preprocessing.

After pffects have been applied,-{He’resulting effect objects X,,,,, are fed back into the object combiner. This
functipnal block combines the effect objects with the other objects in the residual downmix x:’e’skl xt jwhich

it recgives from the object splitter -

nuntEffObj—1 numEffObj
| nk _ _nk ank nk _ _nk ank
TLO, T xresL + Ufor—son (D) Vinsert i 2 xROL,ﬁ - xresR + 2 forsopy (1) insert,i ?
i=0 i=1

wherg

(.ff—\ )hi(y ): yl y,_imerzi

i Je
i=l

7.12.3 Send effects

The preparative processing for the send effects consists of an object extractor extracting 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 ¢, € [0,...,numEﬁ’Ch—l] is calculated by:

xn,k — Wn,k

n,k n,k n,k
send ,c, sendL,cexLO +w xRO ’

sendy ,c,
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where

i

10

For a mono

7.13 Low Plower SAOC processing
7.13.1 Introduction

The SAOC L¢w Power (LP) processing mode includes LP tools from MPS such as itspartially real value

bank, alias r

downmix mode.

7.13.2 Time

In SAOC LP
7.13.3 Alias

In SAOC LP
used. HoweV,|

instead be ap

GMod
G a
G ’

7.13.4 Low Power decorrelator

N-IN-1 N-IN-1
2 32 _ send , send 2 32 _ send  send
Zdudu"cp,z- Voo G deldzjeri ceri Gisj
— |1=0 =0 I,m _ | =0 j=0
- N-1N-1 > sendg.c, N—IN—-1 )
zdl,idl,jei,j dyd, e,
i=0 j= i=0 j=0
d[,j

0.05DMG; *

wnmix case the downmix matrix D is defined as d, =d, ; =d, |

uction and LP decorrelator. In SAOC LP processing mode the decofrelator is disabled in

requency transform

brocessing mode the filterbank described in 6.10.2 of ISO/IEC 23003-1:2007 shall be used.
reduction
processing mode the alias reduction tool described in 6.10.3 of ISO/IEC 23003-1:2007 sh

er, in 6.10.3.3 of ISO/IEC 23003-1:2007 the alias equalization applied to W/* and W,* g
plied to:

in the stereo-to-mono, stereo=to-stereo and stereo-to-transcoding case.

nd P,, in the mono-to-mono, mono-to-stereo and mono-to-binaural case.

in the stereo-to-bindural case.

i filter
stereo

all be
hould

In the monp downmix cases/the MPS LP decorrelator should be use according to 6.10.4.2 in
ISO/IEC 23003-1:2007.
For the stere¢p downmix<{ases, the decorrelator is disabled. This should be implemented by:

e inthe stereoxdownmix transcoding (and stereo output) case, always forcing r,, >0 in section 7.6.3.3.

in th

b $téreo to binaural case, always force o = " =0 in7.7.2.4.

7.13.5 Residual coding

Residual coding is limited according to 6.10.8 of ISO/IEC 23003-1:2007.

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. The QMF
bank is replaced with a LD QMF bank and the additional oddly-modulated Nyquist filterbank is omitted. As
result the number of processing bands is reduced. Furthermore, the decorrelator filters are adapted to the LD

operation.
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7.14.2 Timelfrequency transforms
7.14.21 Overview
The LD SAOC decoder/transcoder employs LD QMF banks to convert time domain signals into subband

domain 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 21.

Time domain input Subband
signals domain signals
QMF o
Y T % analysis [ ® X~
bank
Subband Time domainuiput
domain signals signals
nm QMF v
Y ——® synthesis ————®»_ Y
bank

Figure 21 — Time/frequency transforms in LD SAOC

The UD QMF banks used for LD SAOC decoding can be derived from the QMF banks defined in 6.3.2.1 and
6.3.3 [of ISO/IEC 23003-1:2007 by changing theswindow function and the modulation as degcribed in the
followfing subclauses.

7.14.2.2 Analysis filterbank

The 44 band LD analysis QMF bank is defined by using the QMF LD 256 window function c[|] specified in
TablelA.21 and by replacing the-modulation with

] S)(2n+12 0<k<64
M(k,n):exp(m(k+05)( n+ 9)} { <

128 0<n<128

7.14.2.3 Synthesis filterbank

The g4 band-LD synthesis QMF bank is defined by using the QMF LD 256 window function c[i] specified in
Tablel A¢21and by replacing the modulation with

' 5)(2n-2 0<k<64
M(k,n):iexp(m(km 5)(2n 55)} { <
64 128 0<n<128

7.14.2.4 Downsampled analysis filterbank

The 32 band LD analysis QMF bank is defined by using window coefficients c;[i] obtained by linear
interpolation

2i+1)+c(2i
¢ ()= < ;“( i) 0<i<320
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of the QMF LD 256 window function cf[i] specified in Table A.21 and by replacing the modulation with

in(k+0.5)(2n+65) 0<k<32
64 ’ 0<n<64

M(k,n)zzexp[

7.14.2.5 Downsampled synthesis filterbank

The 32 band LD synthesis QMF bank is defined by using window coefficients cifi] obtained by linear
interpolation

- c(2i+1)+c(2i) o
Cl.(l)— ; 0=<7<3520

2

of the QMF LP 256 window function c[i] specified in Table A.21 and by replacing the modulation with

1 iﬁ(k+0.5)(2n—127)j {0Sk<32

M (k,n)=—exp
64 64 0<n<64

7.14.2.6 Taples
The window function c[i] used for the LD QMF banks is specified in Table A2
7.14.2.7 Propcessing frequency resolution

Due to the gmission 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 bands
M __is 23. The number of parameter bands is also adapted.accordingly, as described in Table 33.

proc

Table A.22 specifies the mapping from parameter to\processing bands and is used instead of Table|86 of
ISO/IEC 23003-1:2007.

The hybrid td processing band mapping is *specified in Table A.23 and is used instead of Table A[31 of
ISO/IEC 23003-1:2007.

7.14.2.8 Bipaural decoding mode

The processipg follows the description of 7.7.2.1 and 7.7.2.4. The HRTF parameters are given by H" | 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 23003-1:2007, where the |index
mapping ¢ (72) from Table A.32 in ISO/IEC 23003-1:2007 is replaced by g(m) = m as no hybrid fiter is
applied.

As the numbgrof processing bands is different for the LD decoding mode, the expression 0 <m <11 |in the

1,m

formulas for inter channel phase difference ¢." and rotation angle o s replaced by 0<m<6.

7.14.2.9 Decorrelation

X4

The decorrelated signals Xd=[ j are created from the decorrelator described in 6.6.2 of

X2a
ISO/IEC 23003-1:2007. Following this scheme, the bsDecorrConfig=0 configuration shall be used with a
decorrelator index X = 2. For region £, , as defined in Table B.13, the lattice coefficients are defined in Table

B.14. For region k, and £k, the coefficients are given in Table B.15 and Table B.16.
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8 Transport of SAOC side information

8.1

Overview

Due to its basic principle of operation, SAOC technology requires two data streams for its operation, namely a
stream of downmix data (the coded downmix audio signal) and as side information a stream of SAOC data
(the parametric spatial audio data guiding the SAOC transcoding/decoding process). Depending on the
application scenario, both data streams may or may not be conveyed to the SAOC transcoder/decoder as part
of a single stream, and may or may not be conveyed in a synchronized way. The subsequent subclauses
define mechanisms for the transport of spatial data for SAOC for different environments employing MPEG
Audio and Systems to convey a coded downmix audio signal.

8.2
8.2.1
The

coder
Howe

Transport and signalling in an MPEG environment
Time alignment of SAOC frames and downmix coder frames
AOC frame length is preferred to be an integer multiple of the frame length{of-the underl

Asynchronous framing of SAOC data and the downmix data (i.e., different/frame lengths
ver, in this case, additional buffering of the SAOC data in the decoder might be needed.

In gemeral, SAOC data is preferably conveyed in such a manner that it\is“available to the SAQ

time

down
in thg
doma
efficig
accor
this d

In the
tempc

vhen it is required to process the decoded downmix signals, assuming the most efficient
mix decoder to the SAOC decoder. This is a direct connectiongf HE-AAC and SAOC in the
case that both use the same number of OMF bands (sée 5.4), and a connection in t
n in all other cases. When HE-AAC and SAOC are connected in the time domain even thd
nt connection would have been in the QMF domain, the SAOC parameters have {d
Hingly in order to maintain the time alignment between"SAOC data and downmix data. Info
blay is given in 4.5.

case that the SAOC data is embedded in~the downmix data stream (see 8.2.2, 8.2.3, a
ral relationship between SAOC frames and downmix frames is indicated by the value of s

(see 8.2.5). If saocTimeAlign has the value-0; this indicates that the SAOC data is conveyed in

mann

In the
relatid
the c(
carryi
frame
frame
the Af

If the

er outlined above.

case that the downmix data.and the SAOC data are conveyed in separate streams,
nship between SAOC frames-and downmix frames is indicated by the time stamps of the a
rresponding streams. If a_downmix coder other than HE-AAC is used, the time stamp of 3
ng an SAOC frame identifies the first PCM sample of the corresponding time domain dd
that is input to the-SAOC decoder. If HE-AAC is used as downmix coder, the time stamp
identifies the first PCM sample of the corresponding time domain downmix signal frame af
A\C core decoder.

strea

transport layer does not provide time stamps, the temporal relationship between the data
s needs to be defined by other means. In case of LATM (see ISO/IEC 14496-3), the first §

unit apdthe’first downmix coder access unit in an AudioMuxElement() are considered to have t

stamp.

$

ing downmix
) is possible.

C decoder in
connection of
QMF domain
he PCM time
ugh the most

be delayed
mation about

nd 8.2.4), the
pocTimeAlign
the preferred

the temporal
Ccess units of
n access unit
wnmix signal
of the SAOC
the output of

of these both
BAOC access
he same time
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8.2.2 Transport and Signalling in an MPEG-4 Audio/Systems Environment

The signalling of the availability of SAOC data is possible by means of an SAOC elementary stream that
depends on the elementary stream containing the related coded audio downmix data (as, e.g., indicated by
the dependsOn_ES _ID field defined in 7.2.6.5.2, ISO/IEC 14496-1:2010). The actual SAOC data is either
conveyed in the SAOC elementary stream or multiplexed into the downmix data stored in the elementary
stream upon which the SAOC elementary stream, if present, depends. The latter is specified for MPEG-2/4
AAC payloads (see 8.2.3) and for MPEG-1/2 Layer I/ll/lll payloads (see 8.2.4).

Backwards compatibility with decoders that can decode the coded audio downmix data but not the SAOC data
is achieved in both scenarios.

The interface
elementary s
The AudioSp
flag that indid
the downmix

to ISO/IEC 14496-1 is in line with the specification given in 1.6 of ISO/IEC 14496-3:200
ream carrying SAOC data is identified by the Audio Object Type “SAOC” (Object Type |
pcificConfig() for this object carries the SaocSpecificConfig() data and a saocPayloadEmbs
ates whether the SaocFrame() payload is conveyed as an elementary stream or embedde
data, as defined in 1.6.3.18 of ISO/IEC 14496-3:2009.

8.2.3 Embedding SAOC data in MPEG-2/4 AAC payloads

SAOC data
EXT_SAOC |
The extensio
of ISO/IEC 1
complete or

ancDataSegr
ancDataSegr

This mechan
signalling is
described in
out-of-band

extension_tyy
saoc_extensi

can be conveyed in the AAC extension_payload() mechanism using extensiorn
DATA (“1010”), as defined in 8.8 of ISO/IEC 13818-7:2006 and 4+5.2.9 of ISO/IEC 14496-3
n_payload() for type EXT_SAOC_DATA comprises the saoc_gxtension_data(), as defined
3818-7:2006 and 4.4.27 of ISO/IEC 14496-3:2009, which is“used to carry a SaocDataFra
plit into several fragments, using the same syntax eleménts ancType, ancStart, ancStop
nentByte as defined in 7.2.4, and where
nentByte, the term AncDataElement is to be replaced by saoc_extension_data.

sm is backwards compatible with existing AAC.decoders and provides implicit signalling. E
ossible in an MPEG-4 environment if the SaocSpecificConfig() is conveyed out-of-band, 3
he previous subclause. In that case, any«in-band SaocSpecificConfig() shall be identical
one. There must be at .tleast one extension_payload() element
==EXT_SAOC_DATA in each AAC4rame in order to enable immediate implicit signallir]
bn_data() element can have an empty payload, i.e. cnt==1.

8.2.4 Embgdding SAOC data in MPEG+1/2 Layer l/ll/lll bitstreams

SAOC data

ISO/IEC 1117
MPEG-1/2 frd
the ancSyncy
frame header
frame. There
enable imme
If there is 1

can be inserted as_ ancillary data into an MPEG-1/2 Layer I/lIl/lll bitstream as defin
2-3 and ISO/IEC 13818-3. The AncDataElement() is conveyed in the ancillary data part
me. It does not have to be located immediately after the audio_data of that frame. The firs
vord must be byte-aligned with respect to the first bit of the OxFFF syncword of the MPE
. The AncDataElement() must be completely included in the ancillary data of a single MPE
must be atdeast one AncDataElement() in the ancillary data of each MPEG-1/2 frame in o
Hiate implicit signalling. An AncDataElement() can have an empty payload, i.e. ancLenByte
hore( than one AncDataElement() in the ancillary data of an MPEG-1/2 frame, all

9. An
D 43).
dding
d into

_type
:2009.
in 6.3
me(),
, and

in theé semantics of the syntax el¢gment

xplicit
s e.g.
fo the

with
g- An

ed in
of an
bit of
G-1/2
G-1/2
der to

==0.
these

AncDataElen

ents() must directly follow each other.
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Table 52 — Syntax of AncDataElement()

Syntax

No. of bits  Mnemonic

AncDataElement()
{

ancSyncword; /* 0x473 */ 1 bslbf
ancCrclLen; 1 uimsbf
ancType; 2 uimsbf
ancStart; 1 uimsbf
ancStop; 1 uimsbf
cnt = ancLenBytes; 8 uimsbf
if (cnt==255) {
cnt += ancLenBytesAdd; 16 uimsbf
}
if((@ancCrcLen==0) {
ancCrcWord; 8 uimsbf
} else {
ancCrcWord; 16 uimsbf
ahcCrcWord; 8 uimsbf
fqr (i=0; i<cnt; i++) {
ancDataSegmentByte]i]; 8 bslbf
}
}
ancSyncword Identification syncword. Shall be 0x473:
ancCfcLen Indicates the length of ancCrcWord: 0: 8 bit, 1: 16 bit
ancType Indicates type of ancillary data, see following table:
Table 53 — ancType
ancType Meaning
0x0 SaocDataFrame(0) (SAOC frame)
0x1 SaocDataFrame(1) (SAOC header and SAOC frame)
0x2 reserved
0x3 reserved
ancStart Indicates if data segment begins a data block.
ancStop Indicates if data segment ends a data block.
anthnBytes Number of bytes in data segment.
ancLenBytesAdd Additional number of bytes in data segment, needed if the data segments contain
255 or more bytes.
ancCycWord ancCrcWord is defined by the generator polynomial G(x) = x*8+x"2#x+1 and the
imitrat—vatoe—for the—CRE€—Tatcutatiomis—OxFF —if am—8—bit—CRC s signalled by
ancCrclLen. For the 16 bit CRC, the generator polynomial is G(x) = x"16 + x*5 +
x"2 + 1 and the initial value is OxFFFF. The CRC covers all bits in the
AncDataElement() excluding ancSyncword, ancCrcLen and the ancCrcWord itself.
ancDataSegmentByte The concatenation of all ancDataSegmentByte from consecutive AncDataElement(),

starting from the AncDataElement with ancStart==1 up to and including the
AncDataElement() with ancStop==1 forms one data block. In case a complete data
block is contained in one AncDataElement(), it has ancStart==1 and ancStop==1. If
ancType==0x0 or ancType==0x1 then this data block constitutes one
SaocDataFrame() syntax element, padded at the end to obtain an integer number of
bytes.
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8.2.5 SaocDataFrame including optional header

The syntax of “SaocDataFrame()” is given in the table below:

Table 54 — Syntax of SaocDataFrame()

Syntax No. of bits Mnemonic
SaocDataFrame(saocHeaderFlag)
{
numSaocBits = 0;
if (saocHeaderFlag) {
saocTimeAlignFlag; 1 uimsbf
num$aocBits += 1; "l
cnt =|saocHeaderLen; 7 uimsbf
num$aocBits += 7;
if (cnj==127) {
t += saocHeaderLenAdd; 16 uimsbf
umSaocBits += 16;
}
tmpBits = SaocSpecificConfig(); Note 1
numfFillBits = (8*cnt)-tmpBits;
bsFillBits; numFillBits bslbf
num$aocBits += tmpBits+numFillBits;
if (sapcTimeAlignFlag) {
ocTimeAlign; 16 simsbf
numSaocBits += 16;
}
}
numSaodBits += SaocFrame(); Note 1
return (nymSaocBits);
}
Note 1: SaocppecificConfig() and SaocFrame() returnithe number of bits read.
The following|semantics apply:
saocHeaderHlag 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, n¢eded
if this fength 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 value 0.
saocTimeAlign Signed integer in the range -32768...32767, identifying the PCM sample in th¢ time
domain output frame of the downmix decoder that corresponds to the beginning of
thepresent-SAOC frame (e the firstsampleof the timedomaiminputsigmat that is

76

consumed by the SAOC decoding process for the present SAOC frame). The
position of the first sample of the output frame is represented as 0. The present
SAOC frame is the first SAOC frame that is completed (i.e., ancStop==1) in the
present downmix decoder frame. If HE-AAC is used as downmix coder, the time
domain output frame of the AAC core decoder (delay-free upsampled by a factor of
two in case of normal operation of SAOC with 64 QMF bands) is considered here.
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8.3 Transport of SAOC data over PCM channels

8.3.1 Introduction

3-2:2010(E)

SAOC data can be conveyed over traditional PCM audio channels through adding a noise signal with specific
characteristics to the PCM data. This noise signal, which actually is a randomized version of the SAOC data,
can be rendered inaudible by employing subtractive dithered noise shaping controlled by the masked

threshold.

8.3.2 Syntax

According to 7.3.3 of ISO/IEC 23003-1:2007

With the following changes:

bsBOType Indicates the type of buried data according to 7.3.3 in ISO/IEC 23003-1:2007, with
the addition of the two types 4 and 5 as specified in the following table.
Table 55 — bsBDType
bsBDType | Type of data
0..3 see ISO/IEC23003-1:2007
4 SAQOC frame, i.e., SaocDataFrame(0)
5 SAOC:header+frame, i.e., SaocDataFrame(1)
6..7 seedSO/IEC 23003-1:2007
bsBOBytes[b] One byte of the _payload of BuriedDataElement(). The concatepation of all
bsBDBytes from one BuriedDataElement() forms one data block. If bsBDType==0x4

8.3.4| Decoding process

8.3.4.1 Introduction

or bsBDType==0x5 then this data block constitutes one SaocDataFn
element, padded at the end to obtain an integer number of bytes.

ame() syntax

The decoding process consists of two steps. In the first step the payload from the buried data channel is

decoded. In the second step the payload is converted into a complete SAOC audio bitstream.
In thelnext subclauses the decoding of the payload is described.

8.3.4.2 £, Extraction of buried data payload (including header information)

According to 7.3.4.2 of ISO/IEC 23003-1:2007

8.3.4.3  Synchronization

According to 7.3.4.3 of ISO/IEC 23003-1:2007
8.3.4.4 Allocation
According to 7.3.4.4 of ISO/IEC 23003-1:2007

8.3.4.5 Retrieval of buried data payload
According to 7.3.4.5 of ISO/IEC 23003-1:2007
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8.3.4.6 CRC check
According to 7.3.4.6 of ISO/IEC 23003-1:2007
8.3.4.7 SAOC decoding

In the case that the buried data payload is of type SAOC frame or SAOC header+frame, the SaocDataFrame
data buried in one PCM buried data frame shall be applied to a PCM frame having the same length as the
PCM buried data frame and having an offset in PCM samples specified by the value of saocTimeAlign (see
7.2.5). Furthermore the first frame shall contain the SaocSpecificConfig, i.e. bsBDType shall have the value 5,
and it is recommended, for an encoder, to add the SaocSpecificConfig to a 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 Introduction

The preset rgndering concept allows to start playback with some initial predefined settings)and (if morg than
one set of the rendering data is available) instantaneously switch between them. A sifigle configuration data
structure can|contain several independent descriptions of the predefined output audio iscenes. The numper of
the available rendering options is defined by the bitstream syntax variable bsNumPresets. Depending ¢n the
application specific scenario the preset information specification can also be\emitted. Each preset el¢ment
contains a simple text string label stored in the text variable 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 he represented by the mono, stereo or multi-channel signals, the preset rendering information
relates to eadh individual channel of the audio object.

The SAOC bjtstream 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
bsPresetMatfrix = 0 means that the preset data have a spécific format. The matrix-based format reprgsents
the rendering information in the native form-‘<used for the SAOC transcoding/decpding.
The dequantized rendering parameters obtained from:'the variable bsPresetMatrixElements][i][j] can be

unambiguousdly fed into the rendering interface of thesSAOC transcoder/decoder using the following mgpping
information, dee Table 56.
Table 56 — Matrix-based preset parameter quantization table

idx Q 1 2 3 4 5 6 7
bsPresetMatrixElements[i][idx] -150dB  -24 dB -20 dB -18 dB -16 dB -14 dB -12 dB -10dB
idx 8 9 10 11 12 13 14 15
bsPresetMatrixElements[i][idx] -8 dB -7 dB -6 dB -5 dB -4 dB -3dB -2dB - dB
idx 16 17 18 19 20 21 22 23
bsPresetMatrixElements|iJfidx] 0dB 1dB 2dB 3dB 4 dB 5dB 6 dB TdB
idx 24 25 26 27 28 29 30 31
bsPresetMatyrixElements[i][idx] 8 dB 10 dB 12 dB 14 dB 16 dB 18 dB 20 dB 24 dB
idx 0 1 2 3 4 5 6 7
bsPresetMatrixElements][i][idx] -inf -20 dB -16 dB -12 dB -9 dB -6 dB -4 dB -p dB
idx 8 9 10 11 12 13 14 15
bsPresetMatrixElements[i][idx] 0dB 2dB 4 dB 6 dB 9dB 12 dB 16 dB 20 dB

The proposed bitstream structure permits a support of any other alternative data formats containing preset
information. Description of such upmix representation approaches remains informative. The specific preset
description formats are recognized by the particular identifier label bsPresetUserDataldentifier. The variable
bsPresetUserDataLen contains the length information for the preset data included into
PresetUserDataContainer() bitstream syntax element. This allows the SAOC transcoder/decoder to skip the
corresponding part of the preset configuration data if this specific description format is not relevant (not
supported) by the transcoder/decoder.
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9.2 Rendering information description file format

The preset rendering concept allows to store and exchange user-defined rendering information. The binary file
structure is based on the bitstream syntax elements ObjectMetaData() and PresetConfig(). The bitstream
variable bsNumObjects provides an information about the number of audio objects presented in the
described scene and used in ObjectMetaData() and PresetConfig().

The information stored in the variable bsNumObjects and in the element ObjectMetaData() can be also used
for identification and compatibility check. For example, the SAOC transcoder/decoder can use the number of
audio objects, metadata and other corresponding information obtained from the SAOC bitstream for these
purposes.

If it is

canb

necessary, the bitstream syntax element RenderingInformation() determining the binaryj
b encapsulated into a higher level structure depending on the specific realization approach.

Table 57 — Syntax of Renderinginformation()

file structure

Syntax No. of bits | Mnemonic

Rendgringlnformation()

{
bsNumObjects; 5 uimsbf

Note 1

BjteAlign();
OpbjectMetaData(); Note 1
BjteAlign();
PresetConfig(); Note 1
BlyteAlign();

}

Note [I: Described in 6.1.
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Annex A
(normative)

Tables

A.1 Huffman tables

The function [Dhyff dec() is used as:

data = IDhuff dec(hcod_huff, codeword),

where hcod |huff is the selected Huffman table and codeword is the word read from the’ bitstream
returned value data, is a Huffman table index corresponding to a specific code word, with~the Huffman
offset value subtracted. The offset value is specified for each Huffman table in Table A. %

Similarly the function 2Dhuff dec() is used as:

(data0, datal) = 2Dhuff dec(hcod huff, codeword),

where hcod Jhuff is the selected Huffman table and codeword is theiword read from the bitstream.

returned values data0 and datal is the corresponding Huffman tablé index Idx0 and Idx1 correspondin
specific codg word with the Huffman table offset value subtracted. The offset value is specified for|
Huffman tabl¢ in Table A.1.

Table A.1 — Huffman table overview

. The
table

The
j to a
each

Table name Offset LAV Notes
hcodFirstBand_OLD 15 15

hcodFirstBand _NRG 0 12 Note 1
hcod1D_OLD_YY 0 15 Note 1
hcod1D_NRG_YY 0 12 Note 1
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
hcod2DSNRG_DF_ZZ 03 0 3 Note 1
hcod2D, NRG_DF_ZZ 05 0 5 Note 1
hecod2D_NRG_DF_zZz 07 0 7 Note 1
hcod2D_NRG_DF_ZZ 09 0 9 Note 1
hcod2D_OLD_YY_ZZ 01 0 1 Note 1
hcod2D_OLD_YY_ZZ 03 0 3 Note 1
hcod2D_OLD_YY_ZZ 05 0 5 Note 1
hcod2D_OLD_YY_ZZ 07 0 7 Note 1
hcod2D_NRG_DT_ZZ_03 0 3 Note 1
hcod2D_NRG_DT_ZZ_06 0 6 Note 1
hcod2D_NRG_DT_ZZ_09 0 9 Note 1
hcod2D_NRG_DT_ZZ_12 0 12 Note 1
hcod1D_ICC_Diff 0 7 Note 1
hcodLavldx 0 N/A

Note 1: 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 6 Ox2e
3 5 0x14 11 6 0x2f
4 5 0x15 12 6 0x23
5 5 0x16 13 6 0x26
6 5 0x1f 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 0x0¢e
1 12 0x8fe 33 7 0x007
2 12 0x8ff 34 7 0x046
3 11 0x67f 35 7 0x05e
4 1 0x2fe 36 7 0x05f
5 11 0x47e 37 7 0x077
6 10 0x17e 38 7 0x066
7 1M 0x2ff 39 6 0x002
8 10 0x23e 40 6 0x00e
9 10 0x33e 41 6 0x027
10 9 0x0be 42 5 0x002
11 9 0xlle 43 5 0x00a
12 9 0x19%e 44 5 0x012
13 8 0xQ5e 45 5 0x018
14 8 0x08e 46 5 0x01c
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 0x0la
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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Table A.4 — hcod1D_OLD_YY

Index DF DT
length | codeword | length | codeword
0 1 0x000 1 0x000
1 3 0x006 2 0x002
2 3 0x004 4 0x00e
3 4 0x00e 4 0x00c
4 4 0x00a 5 0x01le
5 5 0x01le 5 0x01la
6 5 0x016 6 0x03e
7 5 0x01f 5 0x01b
3 Vé 0x05c¢ 3 0x0fc
9 8 0x0be 9 Ox1fc
10 7 0x05d 9 Oxlfa
11 8 0x0bc 9 0x1fb
12 9 0x17e 10 0x3fe
13 9| O0x17a 10| Ox3ff
14 9 0x17b 9 0x1fd
15 9 0x17f 9 Ox1fe

Table A.5 - hcod1D_NRG_YY

82

Index DF DT

length | codeword | length | codeword

0 3|10x000006 2. 0x000000
1 2|10x000000 210x000002
2 3(10x000007 310x000006
3 3(10x000004 310x000002
4 3|10x000002 410x00000e
5 41 0x00000a 510x00001e
6 41 0x000006 510x00000e
7 510x000016 510x00000c
8 5/\0x00000e 6| 0x00003e
9 6| 0x00002e 6| 0x00001e
10 6| 0x00001e 6| 0x00001a
11 710x00005e 710x00007e
12 710x00003e 710x00003e
13 8| 0x0000be 710x000036
14 9|10x00017e 8| 0x0000fe
15 9| 0x0000fe 8| 0x00007e
16 9| 0x0000fc 8| 0x00006e
17 10| 0x0002fe 9| 0x0000fe
18 10| 0x0001fe 9| 0x0000de
19 11| 0x0005fe 10| 0x0003fe
20 10| 0x0001fa 10| 0x0003fc
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| 0x00037£
27 14| 0x001ffe 12| 0x000ffc
28 14 | 0x001£ff£f 12| 0x000ffe
29 14| 0x001ffc 12| 0x000£ff6
30 15| 0x005ffe 12| 0x0007fe
31 15| 0x003ffa 13| 0x000ffe
32 17 | 0x00ffee 13| 0x000fff

© ISO/IEC 2010 — All rights reserved


https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

Table A.5 (continued)

ISO/IEC 23003-2:2010(E)

Index DF DT

length | codeword | length | codeword
33 15| 0x005£fff 14| 0x003ffc
34 22 | 0x1ffde8 15| 0x007ffc
35 16 | 0x007£ff6 15| 0x007£f£fd
36 14| 0x002ffe 14| 0x003£ff6
37 22 | 0x1ffde9 15| 0x007ffe
38 22| 0x1ffdea 15| 0x007fea
39 22 | 0x1ffdeb 14| 0x003fdc
40 22 | 0x1ffdec 16| 0x00f£ff6
47 22 | OxIffded T4 0x003EL7
42 22 | 0x1ffdee 16| 0x00fffe
43 22 | 0x1ffdef 15| 0x007feb
44 22 | 0x1£f£df0 17 | 0x01fffe
45 22 | 0x1ffdf1l 14| 0x003fde
46 22 | Ox1ffdf2 14 | 0x003fdd
47 22 | Ox1£f£df3 14 | 0x003£ff4
48 22 | 0x1ffdf4 18| 0x03fffe
49 22 | 0x1£f£fdf5 24 | Oxf££Efe
50 22 | 0x1ffdf6 14| 0xQQ3£df
51 22 | 0x1f£fd£f7 16| 0x00f£ff4
52 22 | 0x1f£fd£8 16" 0x00£££5
53 22 | 0x1f£df9 24 | Oxffffff
54 22 | 0x1ffdfa 16| 0x00£££7
55 22 | 0x1ffdfb 20| 0x0ffffe
56 22 | 0x1ffdfe 19| 0x07fffe
57 22 | Ox1ffdfd 23 | 0x7ffff8
58 22 | 0x1ffdfe 23 | 0x7f£f£ff9
59 22 | QxXffdff 23| 0x7ffffa
60 21| 0x0ffef0 23| 0x7ffffb
61 21 0x0ffefl 23| 0x7ffffc
62 21| 0x0ffef2 23| 0x7£ffffd
63 21| 0x0ffef3 23| 0x7ffffe

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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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

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 0x0de
0 3 3 0x003 8 0x0dc
1 0 3 0x000 5 0x01le
1 1 4 0x00e 4 0x00e
1 2 4 0x002 6 0x036
1 3 5 0x01le 7 0x07e
2 0 6 0x03e 6 0x032
2 1 6 0x00e 7 0x07f
2 2 6 0x00f 5 0x018
2 3 7 0x07e 5 0x01la
3 0 9 Oxlfe 8 0x0df
3 1 9 Ox1ff 8 0x0dd
3 2 8 0x0fe 6 0x033
3 3 5 0x006 2 0x002
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ldx0 | Idx1 DF/FP DT/FP
length | codeword | length | codeword
0 0 1| 0x0000 1| 0x0000
0 1 5| 0x00la 71 0x007e
0 2 6| 0x0032 9| 0x0lea
0 3 71 0x0066 11| O0x07ae
0 4 71 0x0056 13| Oxlefo6
0 5 8| 0x00ce 16| Oxf7fe
0 6 9| 0x01f4 16| Oxf7ff
1 0 6| 0x002e 6| 0x003e
i i 47 0x0008 47T 0x000c
1 2 6| 0x002a 8| 0x00f2
1 3 7| 0x006e 9| 0x015e
1 4 8| 0x00f4 12| 0x0f7e
1 5 9| 0x0lea 14| Ox3dfe
1 6 13| Ox1f7e 8| 0x00da
2 0 71 0x0057 6| 0x002¢
2 1 6| 0x0026 6| 0x003a
2 2 5| 0x0016 5| 0x0014
2 3 8| 0x00fe 10| \O0x03d6
2 4 8| 0x00a6 12(| Y0x0f7a
2 5 12| 0x0fbc 8] 0x00de
2 6 12| 0x0fbd 71 0x005a
3 0 9| 0x01f5 71 0x006e
3 1 71 0x0052 6| 0x002e
3 2 8| 0x00%6 8| 0x00f6
3 3 6| 0x0028 71 0x0056
3 4 8| O0x00f7 9| 0x0leb6
3 5 8 Ox00fc 71 0x005b
3 6 8 0xO00ff 6| 0x002f
4 0 12| 0x0fba 8| 0x00f4
4 1 11| 0x07dc 71 0x006¢c
4 2 12| 0x0fbe 8| 0x00ae
4 3 8| 0x00a7 11| 0x07af
4 4 6| 0x003c 6| 0x002a
4 5 71 0x006f 71 0x007f
4 6 71 0x005e 6| 0x003b
5 0 14| O0x3efe 9| 0x0lee
5 1 12| O0x0fbb 8| 0x00df
5 2 9| 0x01f6 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| 0x00la
6 0 14| Ox3eff 9| 0x015f
6 1 9 0x01eb 15 0x'/btfe
6 2 8| 0x00cf 13| Oxlef?7
6 3 71 0x005f 11| 0x07bc
6 4 6| 0x0027 91 0x0le7
6 5 5] 0x0012 71 0x0078
6 6 41 0x000e 3| 0x0004
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Table A.11 — hcod2D_OLD_YY_ZZ_09

ldx0 | ldx1 DF/FP DT/FP

length | codeword | length | codeword
0 0 1| 0x00000 1| 0x00000
0 1 6| 0x00036 7| 0x00042
0 2 7| 0x0007e 9| 0x0015a
0 3 7| 0x0005c¢ 11| 0x007da
0 4 8| 0x000ec 12| 0x009ee
0 5 8| 0x000c6 14| 0x027fe
0 6 7| 0x00068 15| 0x06f7e
0 7 6| 0x0002a 14| 0x0279%e
0 3 91 0x001d2 191 Ox6tf/fte
0 9 10| 0x003b6 17| 0x13dfe
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| 0x004fe6
1 5 9] 0x0018e 13| 0x01lbde
1 6 8| 0x000d2 13| 0x013fe
1 7 10| 0x00278 16| 0x0defe
1 8 10| 0x0031e 19| Ox6fUHFf
1 9 6| 0x00030 11| Ox006fa
2 0 7| 0x00056 7| 0%0005a
2 1 7| 0x0006a 6] 0%00020
2 2 6| 0x00032 61 0x0003a
2 3 8| 0x000ce 10| 0x003ec
2 4 9] 0x001da 11| 0x004fa
2 5 8| 0x000ea 11| 0x004£f2
2 6 10| 0x002le 15| 0x04f7c
2 7 12| 0xQO0d7e 17| Oxlbdfe
2 8 12| 0x009f6 11| 0x006fDb
2 9 11J\0x005fe 10| 0x0027c¢
3 0 8| 0x0008e 7| 0x0004e
3 1 7| 0x00040 7| 0x0007c¢c
3 2 6| 0x00037 8| 0x000fe
3 3 6| 0x00022 7| 0x0006e
3 4 7| 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| 0x005£f2 8| 0x000ff
4 1 10| 0x0033f 7| 0x0005e
4 2 10| 0x003ae 8| 0x000fa
4 3 91 0x0017e 71 0x0004a
4 4 9] 0x001ae 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 7| 0x00072
5 0 11| 0x0075e 8| 0x000eb6
5 1 11| 0x0074e 7| 0x00054
5 2 11| 0x0074f£ 7| 0x00076
5 3 10| 0x0023e 11| 0x007de
5 4 10| 0x00279 12| 0x00dee
5 5 9| 0x0019e 11| 0x0056f

86

© ISO/IEC 2010 — All rights reserved


https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

Table A.11 (continued)

ISO/IEC 23003-2:2010(E)

Idx0 | Idx1 DF/FP DT/FP

length | codeword | length | codeword
5 6 10| 0x0035e 11| 0x006f£6
5 7 9| 0x0011le 7| 0x0005b
5 8 10| 0x002fe 71 0x00043
5 9 10| 0x003be 71 0x00077
6 0 11| 0x0075¢f 8| 0x000e7
6 1 11| 0x0077f 6| 0x0002c¢
6 2 10| 0x0027c¢ 10| 0x002bf
6 3 11| 0x005£7 11| 0x004fe
6 Z TT[ Ox005LT T4 Ox027LT
6 5 10| 0x0023¢f 13| 0x01lbfe
6 6 5| 0x0001c 6| 0x0002e
6 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| Ox04£7d
7 4 10| 0x003b7 14(] 0x037fe
7 5 71 0x00041 11) 0x007df
7 6 9| 0x001de 10| 0x00278
7 7 6| 0x00024 6| 0x00024
7 8 71 0x00046 7| 0x0005f
7 9 7| 0x0004d 6| 0x00026
8 0 12| 0x00d7£ 11| 0x004f£fDb
8 1 11| 0x005£3 11| 0x007db
8 2 104n0%002£8 17| 0x13dff
8 3 9y 0x0010e 15| 0x04f7e
8 4 8| 0x000e8 12| 0x009e6
8 5 8| 0x00086 12| 0x00dfe
8 6 8| 0x000d3 11| 0x007dc
8 7 7| 0x0004b 9| 0x001bc
8 8 6| 0x0003e 5| 0x00014
3 9 7| 0x0007£ 6| 0x00038
9 0 12| 0x009£7 12| 0x00fbb
9 1 11| 0x0063e 18| 0x37bfe
9 2 11| 0x0063f 16| 0x09efe
9 3 8| 0x000d6 14| 0x037ff
9 4 9| 0x001de 13| 0x013ce
9 5 8| 0x000af 12| 0x009fe
9 6 7| 0x0005d 10| 0x0027a
9 7 71 0x0005e 91| 0x0015e
9 8 6| 0x00029 7| 0x0004b
) ) 5 0x0001e 2 0x0000C
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Table A.12 - hcod2D_OLD_YY_ZZ_12

Idx0 | Idx1 DF/FP DT/FP

length | codeword | length | codeword
0 0 410x00000a 210x000002
0 1 81 0x0000d6 710x000070
0 2 810x000074 810x000036
0 3 310x000000 910x00006e
0 4 5(10x000004 11|{0x00035e
0 5 6|1 0x00001a 12| 0x000d7e
0 6 710x000046 13| 0x0003fc
0 7 10| 0x0002de 16| 0x0045fe
0 3 1110x0006tc 1510x0022te
0 9 710x000036 22| 0x3cfbf4
0 10 4 10x00000e 22 | 0x3cfbf5
0 11 6| 0x000026 22| 0x3cftbfé6
0 12 710x00006a 22 | 0x3cfbf7
1 0 710x00004e 6| 0x00001c
1 1 710x00005¢ 410x000000
1 2 710x00004a 710x000028
1 3 6| 0x000022 910x0001fa
1 4 410x00000c 10| 0x0001£6
1 5 6|0x000024 11| 0x0000fe
1 6 710x00003e 13| 0x00Dd76
1 7 8| 0x00006e 14| 0x0007fa
1 8 81 0x000075 141 0x0007fb
1 9 710x00004f£ 221 0x3cfbf8
1 10 6|0x000036 22 | 0x3cftbf9
1 11 4| 0x00000£f 22 | 0x3cfbfa
1 12 710x00005e 910x0001be
2 0 8| 0x0006de 710x00007a
2 1 7|10x00006e 6|1 0x00001e
2 2 6 |.0x00000a 6|1 0x00003e
2 3 640x00001e 910x0001eb
2 4 5)| 0x000006 910x000066
2 5 410x000004 11{0x00022e
2 6 710x000016 12| 0x0006be
2 v 11{0x00069%e 15| 0x0079f6
2 8 710x00005d 14| 0x003cfa
2 9 710x000068 22 | 0x3ctbfb
2 10 6| 0x00001c 16| 0x00£f3ee
2 11 5(10x00000c 910x0001fe
2 12 5(10x00000a 81 0x00006e
3 0 10| 0x0002fa 710x00003a
3 1 910x00017¢c 6|1 0x00000e
3 2 6| 0x00000e 710x000068
3 3 6| 0x00000£ 710x000078
3 Z 6| 0x00002C T0 | Ox000LL7
3 5 510x000010 11{0x00022c
3 6 11{0x00047¢c 12| 0x000eba
3 7 10| 0x0000ba 13| 0x0008b6
3 8 11)|0x00037c 13| 0x0003fe
3 9 12| 0x0006fa 22 | 0x3ctbfc
3 10 19| 0x02ebf4d 910x0001d4
3 11 19| 0x02ebf5 8| 0x0000de
3 12 19| 0x02ebfb6 710x00002a
4 0 11|{0x0005ae 710x000024
4 1 10| 0x0002d6 6| 0x00000a
4 2 10|0x000204 710x00001a
4 3 10| 0x0001de 8| 0x00007e
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Idx0 | Idx1 DF/FP DT/FP

length | codeword | length | codeword
4 4 910x0000be 8| 0x0000£f6
4 5 11|0x00047d 11| 0x0001be
4 6 10| 0x000176 11| 0x0001bc
4 7 11| 0x0004bc 12| 0x0006bf
4 8 12| 0x000966 15| 0x006bfe
4 9 19| 0x02ebf?7 910x00003e
4 10 19| 0x02ebf8 810x00005e
4 11 19| 0x02ebf9 710x000029
4 12 191 0x02ebta 71 0x000018
5 0 11| 0x0002ee 710x000026
5 1 10|0x000170 710x000074
5 2 11|0x0005fe 7|10x00001e
5 3 11| 0x0005£f6 810x000046
5 4 11|0x000476 9|10x0000be
5 5 910x00017e 81 0x0000de
5 6 11| 0x0004b6 11| 0x0006be
5 7 12| 0x000bee 13| 0x001le7c
5 8 11|0x000472 10| 0x00038e
5 9 11| 0x0005be 9(] 0x0001de
5 10 11| 0x0005af 8) 0x0000£7
5 11 12| 0x0008fe 81 0x0000£2
5 12 13|0x001la7e 710x00002b
6 0 13| 0x001a?7t 81 0x0000fc
6 1 12| 0x000d3e 710x000069
6 2 11| 0x0002e2 710x00000a
6 3 12| 0x000dfe 9|10x0001£fb
6 4 1040x0000bb 910x0001c6
6 5 114 0x0005aa 10| 0x0003ce
6 6 910x00005¢c 10| 0x00035e
6 7 12| 0x000df£ 11| 0x0007£6
6 8 11| 0x00037a 910x000067
6 9 11|10x000474 810x000047
6 10 12| 0x0006£6 9|10x0001fc
6 11 12| 0x0006fb 7|10x00001f
6 12 12| 0x0005d6 710x00006a
7 0 14| 0x00175e 81 0x00006£
7 1 13| 0x000bae 710x000025
7 2 13| 0x0016ae 8|1 0x00006a
7 3 12| 0x000dfc 810x0000e6
7 4 12| 0x000d36 9|10x0000d6
7 5 12| 0x0006fe 11|0x00075c
7 6 12| 0x000d437 13| 0x001le7e
7 7 910x00011e 910x0001ff
7 8 TO [0x0001dt 9 [0x0001lae
7 9 11|0x0002ef 910x0000£8
7 10 11|{0x000473 810x0000e2
7 11 11|10x000475 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|(0x001d77
8 7 10| 0x0001bc 11| 0x00075e
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Table A.12 (continued)

Idx0 |Idx1 DF/FP DT/FP

length | codeword | length | codeword
8 8 10| 0x00034c 810x000032
8 9 11|0x00069a 9| 0x0001bt
8 10 10(0x000174 81 0x0000dd
8 11 10(0x00017e 710x00003b
8 12 10]0x000258 6| 0x00000b
9 0 18| 0x0175£0 910x0001d5
9 1 18| 0x0175f1 710x000034
9 2 18| 0x0175f2 81 0x00006¢c
(o] 3 181 0~01765Ff3 Q01 0~0000Ff0
9 4 12| 0x0008fE 18| 0x03cfbe
9 5 11| 0x0004b7 13| 0x0008b7
9 6 10| 0x000172 12| 0x000ebe
9 7 11|0x000477 12| 0x000ebt
9 8 11| 0x0006£fd 10| 0x0001lae
9 9 910x00012e 710x000027
9 10 10[0x00034e 710x00000b
9 11 910x0000bc 710x000072
9 12 910x0000bd 6|0x000016
10 0 18| 0x0175£f4 91| 0x0004d6
10 1 18| 0x0175£5 8| 0x000067£f
10 2 18| 0x0175f6 9|0x0001df
10 3 12| 0x0006£fE 22, 0x3ctbfd
10 4 12| 0x000d£fd 13¢ 0x0008be
10 5 11| 0x0004bt 33| 0x001e7£
10 6 11| 0x0002fe 12| 0x00045a
10 7 11| 0x0005b£ 11| 0x0001bd
10 8 10| 0x00025a 11| 0x0007£7
10 9 91 0x00005e 91 0x0000bf
10 10 8| 0x0000b4 6| 0x000010
10 11 9 0x0001lae 6| 0x000006
10 12 9 0x0001be 6| 0x000036
11 0 18| 0x0175£7 910x0001lac
11 1 18| 0x0175£8 910x0001lad
11 2 12| 0x0006£7 22 | 0x3cftbfe
11 3 11|0x0002e3 22 | 0x3ctbff
1% 4 11| 0x0004b2 14| 0x0035fe
11 5 11| 0x0002ea 16| 0x00d7fe
11 6 11| 0x0004bd 13| 0x0003fE
11 7 10(0x000173 11| 0x0001bf
11 8 10| 0x0002fe 10|(0x00007e
11 9 910x0000ee 910x0000fa
11 10 910x0001laf 810x0000e7
11 11 710x00003f 5(10x00000c
11 12 81 0x0000b6& 51 0x000004
12 0 18| 0x0175£9 10| 0x00038¢E
12 1 13| 0x0016af 21 | 0x1e7d£f8
12 2 12| 0x000967 16| 0x0045ff
12 3 11| 0x0002££ 21 | 0x1e7d£f9
12 4 12| 0x000b56 16| 0x00d7££
12 5 11|0x00037e 17| 0x0le7de
12 6 11| 0x0005£ff 13| 0x001lafe
12 7 10(0x000238 12 10x00045e
12 8 91 0x00005f 11|{0x00079%e
12 9 910x00016e 910x00008a
12 10 810x000076 8| 0x00006d
12 11 8| 0x0000d2 710x000076
12 12 6|0x000016 4 |0x00000c
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Table A.13 — hcod2D_NRG_DF_ZZ_03

Idx0

Idx1

DF/FP

length | codeword

0x0c
0x0d
0x08
0x06
0x0e
0x00
0x0a
0x09

Q=077

ISO/IEC 23003-2:2010(E)
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0x02
Oxle
0x0b
0x06
0x07
0x1f
0x02
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Table A.14 — hcod2D_NRG_DF_ZZ.05

Idx0

Idx1

DF/FP

length | codeword

0x0006
0x0008
0x0006
0x004a
0x0092
0x005e
0x0007
0x0000
0x0016
0x0026
0x0016
0x002e
0x0008
0x0017
0x0007
0x0048
0x002e
0x007e
0x004b
0x0016
0x004e
0x007f£
0x003e
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0x000a
0x0093
0x009e
0x002f
0x0004
0x001le
0x000a
0x005f
0x009f
0x000a
0x0009
0x000e
0x0006
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Table A.15 — hcod2D_NRG_DF_ZZ_07

Idx0

ldx1

DF/FP

length | codeword

0x00018
0x0001a
0x0000a
0x00002
0x0002e
0x000ce
0x00008
0x000bc
0x0001le

0x00014
0x00026
0x0004a
0x0007c
0x00012
0x0001e
0x00002
0x00015
0x00003
0x00016
0x0004e
0x0009e
0x00176
0x001f6
0x00024
0x00000
0x@0003
0x0005c
0x0003c
0x000ct
0x000fa
0x000ba
0x000fe
0x0003e
0x0001f
0x0002c
0x00013
0x00066
0x0005e
0x0000e
0x000be
0x00096
0x001£7
0x000ff
0x0005f
0x0000a
0x0002d
0x0000e
0x0017a
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0x000bf
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

ldx1

DF/FP

length | codeword

0x000006
0x000010
0x000032
0x000068
0x0000d6
810x000066
10| 0x0002fe
10| 0x0002de

0 ~J o U1 L

ISO/IEC 23003-2:2010(E)

111 0x00077e
12 | 0x000efe
510x000011
0x000002
0x000012
0x000036
0x00006a
0x000026
0x00004e
0x00006a
0x000166
0x00037e
0x000037
0x00000e
0x00000a
0x00001e
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
0x0001cé6
0x00001d
0x000007
0x0000ee
0x0000b6
0x0000ec
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Table A.16 (continued)

1dx0

Idx1

DF/FP

length

codeword

7

[e)

0x00003f£
0x0000bc
0x00000a
0x000009
0x0002ff
0x0001c?
0x00004f£
0x00001e
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0x0000ba
0x00001e
0x0000d47
0x000036
0x000073
0x000026
0x0001be
0x0000cb
0x0003bd
0x00003e
0x00000b
0x000005
0x000069
0x000027
0x00Q08a
0x0Q0008
0x00037f£
0x0002df
0x00017e
0x0000ba
0x0000be
0x000058
0x000006
0x000000
0x000018
0x00001e
0x000eff
0x0003be
0x00003f£
0x00001f£
0x0000bb
0x00005a
0x000012
0x00000b
0x00001f£
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Table A.17 — hcod2D_NRG_DT_ZZ_03

1dx0

Idx1

DT/FP

length

codeword

0x000
0x006
0x002
0x00e
0x004
0x006
0x00e
0x03e

ISO/IEC 23003-2:2010(E)

WwwwdhdhdDNDNEFRPE PR RPROOOO

WNRFPFOWNRPEPFOQWNREOWNRO

W J 000U JdJJoyo Ul idb W ixhWWDN

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

=

0x0000e
0x00012
0x000ba
0x0027e
0x03dae
Oxled77e
Oxled7f
0x00002
0x00002
0x0005e
0x00176
0x004fe
0x0f6be
0x0000e
0x00008
0x00000
0x0007e
0x00177
0x004ff
0x000b8
0x00006

© ISO/IEC 2010 — All rights reserved

BRI IR WWWWWWWNDNDMNNMNNMNNNMNNNMNNRRPRPPRPRPEREOE OOOOOO

b WNhRPFRPOOUIDD WNRPRPOOWULE WNDNEPFP OOONUTE WNDERP OOUYME W P O

'_\
OO W JO0U JWVWW-Ju ujoy P W d i

0x00006
0x00007
0x0004e
0x0013e
0x001lec
0x0007a
0x00016
0x00026
0x0007f
0x001lee
0x007b6
0x000be
0x0003c¢
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Table A.18 (continued)

Idx0 | Idx1 DT/FP

length | codeword
4 6 4| 0x0000a
5 0 7| 0x0000£f
5 1 8| 0x000bf
5 2 12| 0x00f6a
5 3 11| 0x007b4
5 4 8| 0x000b9
5 5 6| 0x0003e
5 6 3| 0x00003
6 0 91 0x001et
6 1 15| 0x07b5e
6 2 13| 0x01led6
6 3 11| 0x007b7
6 4 8| 0x0009%e
6 5 51 0x00002
6 6 3] 0x00006

Table A.19 — hcod2D_NRG_DT_ZZ_09

Idx0 | Idx1

DT/FP

length

codeword

4
5
8
10
11
12
18
18
18
14
4
4
7
9
11
12
14
14
18

0x00004
0x0000Qa
0x0001%6
0x0032e
0x002de
0%0035c
0x0d77c
0x0d774d
0x0d77e
0x032fa
0x0000a
0x00002
0x00066
0x000fe
0x001be
0x0037e
0x00d76
0x032fe
0x0d77f
0x0007a
0x0001a
0x00016
0x00064
0x001lea

96
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0x0016e
0x0035e
0x0035e
0x032fb
0x0005e
0x0003c
0x0003c
0x00002
0x0005e
0x0005a
0x0006e
0x0065e
0x0197e
0x001lee
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Table A.19 (continued)

Idx0

Idx1

DT/FP

length | codeword

0x0002c
0x00018
0x00030
0x00036
0x00034
0x000£f4
0x000£6
0x002d£
0x003d6

e

ISO/IEC 23003-2:2010(E)

0x0005f
0x0003e
0x0002e
0x0000c¢
0x0000e
0x00032
0x00036
0x000de
0x000d6
0x001lef
0x00033
0x0005E
0x00037
0x00036
0x00006
0x000ca
0x000ff
0x0197c¢
0x003de
0x00034
0x0000e
0x0000f
0x0000e
0x00037
0x0002e
0x00196
13| 0x006ba
12| 0x0037f
10| 0x001lee
9| 0x000d6
71 0x0000f
6| 0x00031
4| 0x00000
8| 0x0006a
8| 0x0007e
16| 0x035de
13| 0x00f7e
0x007be

e

b
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T Ox00tae
9| 0x0006a
8| 0x000ce
6| 0x0003e
4| 0x0000e
9| 0x000b6
15| 0x0laee
13| 0x00£7£
12| 0x0035f
14| 0x032ff
11| 0x0035f
10| 0x003d4d7
8| 0x000cf
6| 0x0003f
3] 0x00004
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Table A.20 — hcod2D_NRG_DT_ZZ_12

1dx0

Idx1

DT/FP

length

codeword

5
5
8
10
10
13
13
22

0x00001a
0x000002
0x0000b4
0x0002d6
0x0000fe
0x001ldfe
0x0016be
0x3bfef2

= I S I
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22
22
22
22
22

4

5

6

9
10
11
16
22
22
22
22
22

0x3bfef3
0x3bfef4
0x3bfefb
0x3bfefb6
Ox3bfef7
0x000004
0x000014
0x000000
0x00011e
0x000376
0x00055c
0x00effe
0x3bfef8
0x3bfefd
O0x3bfefa
0x3kfefb
0x3bfefc
0x00009a
0x000012
0x000010
0x000074
0x00000e
0x0001fe
0x000dfc
0x0013fe
0x001bfe
0x3bfefd
O0x3bfefe
Ox3bfeff
0x000006
0x000010
0x00003e
0x00003¢f
0x000002
0x0000e6
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0x0001de
0x000aba
0x005afe
0x00effa
0x001bfa
0x1df£f70
0x00000e
0x0000b6
0x000054
0x00001a
0x00002e
0x00004e
0x00009e
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Table A.20 (continued)

Idx0

ldx1

DT/FP

length

codeword

9
11
13
15
12
10

8

0x00001e
0x0005ae
0x001bfb
0x0013ff
0x00027e
0x00023a
0x0000aa
0x000036

ISO/IEC 23003-2:2010(E)
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10

0x000072
0x000056
0x00001c
0x000046
0x00003e
0x0000de
0x00055e
0x0001ff
0x001bff
0x000238
0x000136
0x00006b7
0x000032
0x00000a
0x000075
0x000076
0x000016
0x00001e
0x000137
0x0003be
0x00003e
0x000efe
0x00000f
0x000026
0x00000c
0x00003a
0x000022
0x000002
0x00005e
0x0000ae
0x0000dc
0x0000d£f
0x00055f
0x000dfe
0x00037e
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0x00007e
0x000377
0x0000e7
0x00004c
0x00001e
0x00000e
0x00001c
0x00001da
0x00006e
0x00009%e
0x00effc
0x00007e
0x0000fe
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Table A.20 (continued)

100

Idx0 | Idx1 DT/FP

length | codeword
8 8 10| 0x000239
8 9 910x000156
8 10 710x000017
8 11 6|0x000006
8 12 6|0x000036
9 0 8| 0x0000at
9 1 710x00005£
9 2 810x000066
J 5] 1 UXUUUU4e
9 4 21| 0x1dff71
9 5 14| 0x0009fe
9 6 12| 0x000b5e
9 7 11| 0x0000£ff
9 8 11|{0x00007£
9 9 910x00016a
9 10 710x00001e
9 11 6|10x000018
9 12 510x000006
10 0 8| 0x0000ee
10 1 710x000011
10 2 910x00011f
10 3 21 | 0x1dff72
10 4 21 | Ox1dEL£73
10 5 15| 0x00batt
10 6 17| 0x01dff6
10 7 11 [0x000476
10 8 9/ 0x00001a
10 9 910x0001ba
10 10 710x000012
10 11 6|0x00002c
10 12 510x00001e
11 0 8 10x000067
1 1 8| 0x00009f
1 2 21| 0x1dff74
11 3 21| 0x1df£f75
11 4 16 | 0x00effd
11 5 21 | 0x1dff76
11 6 12| 0x000abb
11 7 11{0x000477
11 8 10| 0x00007e
11 9 910x00003e
11 10 710x00003b
11 11 6|0x00001f
11 12 410x000005
12 0 910x0001be
12 1 21| 0x1df£77
12 2 14| 0x002d7e
12 3 15| 0x0077fc
12 4 21| 0x1df£f78
12 5 16 | 0x00efff
12 6 13| 0x0004fe
12 7 11{0x00013e
12 8 11|{0x00077e
12 9 910x00001b
12 10 81 0x0000de
12 11 6|0x000038
12 12 4|0x00000c
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A.2 Misc. tables

ISO/IEC 23003-2:2010(E)

Table A.21 — Coefficients c[i] of the QMF LD 256 window

i c[i] i c[i]
0 -7.949261005955764e-004 320 -1.210755701624524e-001
1 -1.232074328145439e-003 321 -1.185237142283346e-001
2 -1.601053942982895e-003 322 -1.159184450952715e-001
3 -1.980720409470913e-003 323 -1.132654367461266e-001
4 -2.397504953865715e-003 324 -1.105698782276963e-001
5 -2.838709203607079e-003 325 -1.078369135648348e-001
6 -3.314755401090670e-003 326 -1.050716118804287e-001
7 -3.825180949035082e-003 327 -1.022789198651472e-001
8 -4.365307413613105e-003 328 -9.946367410320074e-002
9 -4.937260935539922e-003 329 -9.663069107327295e5002

10 -5.537381514710146e-003 330 -9.378454802679648e-~002

11 -6.164241937824271e-003 331 -9.092970207094843e-002

12 -6.816579194002503e-003 332 -8.807051083640835e-002

13 -7.490102145765528e-003 333 | -8.521107266503664e-002

14 -8.183711450708110e-003 334 | -8.235562752947133e-002

15 -8.894930051379498e-003 335 -7.950789957683559e-002

16 -9.620004581607449e-003 336 -7.66777989755110e-002

17 -1.035696814015217e-002 337 | -7.8385092587441364e-002

18 -1.110238617202191e-002 338 -%7.104866702770536e-002

19 -1.185358556146692e-002 339 -6.826847016140082e-002

20 -1.260769256679562e-002 340 -6.551341011471171e-002

21 -1.336080675156018e-002 341 -6.278658929544248e-002

22 -1.411033176541011e-002 342 -6.009091369370080e-002

23 -1.485316243134798e-002 343 | -5.742919825387360e-002

24 -1.558550942227883e<002 344 | -5.480383115198150e-002

25 -1.630436835497356e-002 345 | -5.221738078737957e-002

26 -1.700613959422392e-002 346 -4.967213638808988e-002

27 -1.768770555992799e-002 347 -4.717023345307148e-002

28 -1.834568069395711e-002 348 -4.471364025371278e-002

29 -1.897612496482356e-002 349 -4.230438144160113e-002
30 -1.957605813345359e-002 350 -3.994384828552555e-002
31 -2.0%4213322475170e-002 351 -3.763371362431132e-002
32 -2.067061748933033e-002 352 -3.537544041600725e-002
33 <2.115814831921453e-002 353 -3.317035188016126e-002
34 -2.160130854695980e-002 354 -3.101971215825843e-002
35 -2.199696217022438e-002 355 -2.892453070357571e-002
36 -2.234169110698344e-002 356 -2.688575425197388e-002
37 -2.263170795250229e-002 357 -2.490421725219031e-002
38 -2.286416556008894e-002 358 | -2.298058501129975e-002
39 -2.303589449043864e-002 359 | -2.111545692324888e-002
40 -2.314344724218223e-002 360 -1.930927680100128e-002
41 -2.318352524475873e-002 361 -1.756239270089077e-002
42 -2.315297727620401e-002 362 -1.587511449869362e-002
43 -2.304918234544422e-002 363 -1.424750749465213e-002
44 -2.286864521420490e-002 364 -1.267955527855867e-002
45 -2.260790764376614e-002 365 -1.117125833414906e-002
46 -2.226444264459477e-002 366 | -9.722405440999532e-003
47 -2.183518667784246e-002 367 | -8.332704660914712e-003
48 -2.131692017682024e-002 368 -7.001789872901951e-003
49 -2.070614962636994e-002 369 | -5.729226040772489e-003
50 -1.999981321635736e-002 370 -4.514503359783591e-003
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Table A.21 (continued)

i c[i] i c[i]
51 -1.919566223498554e-002 371 | -3.356946762357950e-003
52 -1.828936158524688e-002 372 -2.255849987026407e-003
53 -1.727711874492186e-002 373 -1.210459261524451e-003
54 -1.615648494779686e-002 374 -2.199474640570699e-004
55 -1.492335807272955e-002 375 7.167268627887994e-004
56 -1.357419760297910e-002 376 1.600440185590357e-003
57 -1.210370330110896e-002 377 2.432366605744087e-003
58 -1.050755164953818e-002 378 3.213605482343768e-003
oY —0./027/40L01L7£40/7/05Ue—-UUS 379 O .J8405UL40401L00241€e—-UUS
60 -6.927329556345040e-003 380 4.628665378925932e-003
61 -4.929378450735877e-003 381 5.264976586624488e-003
62 -2.800333941149626e-003 382 5.855653555178131e-003
63 -4.685580749545335e-004 383 6.401634331453516e-003
64 2.210315255690887e-003 384 | -6.903046246257517e=003
65 5.183294908090526e-003 385 | -7.364537203059431e+-003
66 8.350964449424035e-003 386 | -7.785917436812734e-003
67 1.166118535611788e-002 387 | -8.168780818165564e-003
68 1.513166797475777e-002 388 -8.514510536234886e-003
69 1.877264877027943e-002 389 -8.824526581578384e-003
70 2.258899222368603e-002 390 -9.100444687042341e-003
71 2.659061474958830e-002 391 -9.343819821939981e-003
72 3.078087745385930e-002 392 | -95566089247587111e-003
73 3.516391224752870e-002 393 |..-9.738929904236388e-003
74 3.974674893613862e-002 394.4.%-9.893728065983530e-003
75 4.453308211110493e-002 395 | -1.002221842309897e-002
76 4.952626097917320e-002 396 -1.012567516563336e-002
77 5.473026727738295e-002 397 -1.020575952382967e-002
78 6.014835645056577e-002 398 -1.026389875785943e-002
79 6.578414516120631e-002 399 -1.030162959448537e-002
80 7.163950999489413e-002 400 | -1.032037849566083e-002
81 7.771656494569829e-002 401 | -1.032154667898522e-002
82 8.401794441130064e-002 402 | -1.030658039367325e-002
83 9.054515924487507e-002 403 | -1.027682791880806e-002
84 9.729889691289549e-002 404 -1.023360327572998e-002
85 1.042804039148369e-001 405 -1.017821017226088e-002
86 1.334900795290448e-001 406 -1.011195224927225e-002
87 7189284254931251e-001 407 -1.003602653649432e-002
88 1.265947532678997e-001 408 | -9.951564927254814e-003
89 1.344885599112251e-001 409 | -9.859735321541087e-003
90 1.426090972422485e-001 410| -9.761689935477358e-003
91 1.509550307914161e-001 411 | -9.658335268268776e-003
92 1.595243494708706e-001 412 -9.550506541750015e-003
93 1.683151598707939e-001 413 -9.439239790180602e-003
94 1.773250461581686e-001 414 -9.325311662898867e-003
95 1.865511418631904e-001 415 -9.209571052890813e-003
96 1.959902227114119e-001 416 | -9.092729858436259e-003
97 2.056386275763479e-001 417 | -8.975504153186832e-003
98 2.154925974105375e-001 418| -8.858564024669505e-003
99 2.255475564993390e-001 419 | -8.742547510216072e-003
100 2.357989864681126e-001 420 -8.627917215653412e-003
101 2.462418809459464e-001 421 -8.515236113018675e-003
102 2.568709554604541e-001 422 -8.404834686887089e-003

© ISO/IEC 2010 — All rights reserved



https://iecnorm.com/api/?name=f51f8fbbd6b215e263ced3fef0d62013

Table A.21 (continued)

ISO/IEC 23003-2:2010(E)

i c[i] i cli
103 2.676805358910440e-001 423 —8.297046052%82970e—003
104 2.786645734207760e-001 424 -8.192181771808344e-003
105 2.898168394038287e-001 425 -8.090558375952284e-003
106 3.011307516871287e-001 426 -7.992340268718087e-003
107 3.125994749246541e-001 427 -7.897787592331651e-003
108 3.242157192666507e-001 428 | -7.806979111626161e-003
109 3.359722796803192e-001 429 | -7.720005213599928e-003
110 3.478614117031655e-001 430 -7.636899169053526e-003
111 D.0J07/12455020 /705 7Ue—-UUL 431 =/ .03270J40500481L5402€—-UUDS
112 3.720056632072922e-001 432 -7.482361735247336e-003
113 3.842444358173011e-001 433 -7.410882580163479e~0.03
114 3.965831241942321e-001 434 -7.343084196594709e-=003
115 4.090129566893579e-001 435 -7.2789186144090%6e-003
116 4.215250930838456e-001 436 | -7.21820631283Q¥78e-003
117 4.341108982328533e-001 437 | -7.160843298305507e-003
118 4.467608231633283e-001 438 | -7.106600272887440e-003
119 4.594659376709624e-001 439 | -7.055249359796239e-003
120 4.722166595058233e-001 440 -7.006591539682229e-003
121 4.850038204075748e-001 441 -6.960450953203489e-003
122 4.978178235802594e-001 442 -6.916554770130135e-003
123 5.106483456192374e-001 443 -6.874623603448978e-003
124 5.234865375971977e-001 444 ) -6.834443173086539e-003
125 5.363218470709771e-001 445| -6.795786363014294e-003
126 5.491440356706657e-001 446 | -6.758476537306303e-003
127 5.619439923555571e-004% 447 | -6.722125942626111e-003
128 -5.746001351404267e<001 448 -6.686140904391229e-003
129 -5.872559277139351e-001 449 -6.650228698006217e-003
130 -5.998618924353250e-001 450 -6.614354298921371e-003
131 -6.123980151490041e-001 451 -6.578320578669048e-003
132 -6.248504862282382e-001 452 | -6.541865503698597e-003
133 -6.372102969387355e-001 453 | -6.504729306516950e-003
134 -6.494654463921502e-001 454 | -6.466690242148724e-003
135 -6.606044277534099e-001 455 | -6.427556828582072e-003
136 -6.736174463977084e-001 456 -6.387124476277924e-003
137 =6.854929931488056e-001 457 -6.345262303711465e-003
138 -6.972201618598393e-001 458 -6.301766582696827e-003
139 -7.087881675504216e-001 459 -6.256542736138121e-003
140 -7.201859881692665e-001 460| -6.209372064970386e-003
141 -7.314035334082558e-001 461 | -6.160215935384255e-003
142 -7.424295078874311e-001 462 | -6.108902434484468e-003
143 -7.532534422335129e-001 463 | -6.055355267266873e-003
144 -7.638649113306198e-001 464 -5.999473903317320e-003
145 -7.742538112450130e-001 465 -5.941211676077848e-003
146 -7.844095212375462e-001 466 -5.880495927392625e-003
147 -7.943222347831999e-001 467 -5.817286139372493e-003
148 -8.039818519286321e-001 468 | -5.751536864441650e-003
149 -8.133789939828571e-001 469 | -5.683230954033062e-003
150 -8.225037151897938e-001 470 -5.612375999953358e-003
151 -8.313468549324594e-001 471 -5.538957988293047e-003
152 -8.398991600556686e-001 472 -5.462963107291498e-003
153 -8.481519810689574e-001 473 -5.384396217909888e-003
154 -8.560963550316389e-001 474 -5.303337109336215e-003
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Table A.21 (continued)

i c[i] i cli
155 -8.637239863984174e-001 475 —5.219739775%98678e—003
156 -8.710266607496513e-001 476 -5.133623037830525e-003
157 -8.779965198108476e-001 477 -5.045046346880483e-003
158 -8.846258145496611e-001 478 -4.954008597884707e-003
159 -8.909071890560218e-001 479 -4.860588885693231e-003
160 -8.968337036455653e-001 480 | -4.764720830452409e-003
161 -9.023985431182168e-001 481 | -4.666469548192818e-003
162 -9.075955881221292e-001 482 | -4.565946029127366e-003
103 =7 . 12810740 70U2500€—-—UUL 4585 —4.420510Uc0cJ2U1L207JUe—-UUDS
164 -9.168621399784253e-001 484 -4.358150755039186e-003
165 -9.209204531389191e-001 485 -4.250967471708103e-003
166 -9.245886139655739e-001 486 -4.141634861746089e-003
167 -9.278619263447355e-001 487 -4.030165355928349e-003
168 -9.307362242659798e-001 488 | -3.916597675997815e=003
169 -9.332075222986479e-001 489 | -3.80099468540544%2e+-003
170 -9.352724511271509e-001 490 | -3.683451012833619e-003
171 -9.369278287932853e-001 491 | -3.563914929838276e-003
172 -9.381709878904797e-001 492 -3.442490007998456e-003
173 -9.389996917291260e-001 493 -3.319256438897666e-003
174 -9.394121230559878e-001 494 -3.194250476422174e-003
175 -9.394068064126931e-001 495 -3.067525877056119e-003
176 -9.389829174860432e-001 496 | -25989139106182801e-003
177 -9.381397976778112e-001 497 | ~-2..809151898728351e-003
178 -9.368773370086998e-001 4984 %-2.677703006241942e-003
179 -9.351961242404785e-001 499 -2.544830774162231e-003
180 -9.330966718935136e-001 500 -2.410617950987095e-003
181 -9.305803205049067e-00% 501 -2.275190768887402e-003
182 -9.276488080866625e-001 502 -2.138586519570023e-003
183 -9.243040558859498¢%001 503 -2.000881763033976e-003
184 -9.205488097488350e-001 504 | -1.862161137529843e-003
185 -9.163856478189402e-001 505| -1.722850651410707e-003
186 -9.118180055332041e-001 506 | -1.583005323492318e-003
187 -9.068503557855540e-001 507 | -1.442635273572746e-003
188 -9.014858673099563e-001 508 -1.301735673138880e-003
189 -8.9571295448806664e-001 509 -1.160531184883257e-003
190 -8.895882558527375e-001 510 -1.018710154718430e-003
191 ~8%.830582442418677e-001 511 -8.753658738743612e-004
192 =8.761259906419252e-001 512 7.250868879948704e-004
193 -8.688044201931157e-001 513 5.901514303345345e-004
1294 -8.611140376567749e-001 514 4.571251178344833e-004
195 -8.530684188588082e-001 515 3.254504484897777e-004
196 -8.446723286380624e-001 516 1.951832637892118e-004
197 -8.359322523144003e-001 517 6.661818101906931e-005
198 -8.268555005748937e-001 518 -6.002729636107936e-005
199 -8.174491260941859e-001 519 -1.845163192347697e-004
200 -8.077214932837783e-001 520 -3.065712811761140e-004
201 -7.976809997929416e-001 521 | -4.259661821125124e-004
202 -7.873360271773119e-001 522 | -5.424773586381941e-004
203 -7.766956604639097e-001 523 | -6.558084462274315e-004
204 -7.657692341138960e-001 524 -7.659101269870789e-004
205 -7.545663748526984e-001 525 -8.724859431432570e-004
206 -7.430967641354331e-001 526 -9.753531169034512e-004
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