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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees

tablished by the respective organization to deal with particular fields of technical activity. SO

and |IEC

technical committees collaborate in fields of mutual interest. Other international organizations, gevernmental
nd non-governmental, in liaison with ISO and IEC, also take part in the work. In the field\of information

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

he main task of the joint technical committee is to prepare International Standards. Draft Inte

n International Standard requires approval by at least 75 % of the national bedies casting a vote.

BO/IEC 23003-1 was prepared by Joint Technical Committee ISOIEC JTC 1, Information teq
ubcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

o

~ —

bchnologies:

L Part 1: MPEG Surround

mternational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part .

rnational

1
Standards adopted by the joint technical committee are circulated to national badies for voting. Publication as
3

hnology,

BO/IEC 23003 consists of the following parts, under the genefaltitle Information technology — MPEG audio

© ISO/IEC 2007 — All rights reserved
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Introduction

The following MPEG International Standard describes the coding of multi-channel signals based on a
downmixed signal of the original multi-channel signal, and associated spatial parameters. It offers lowest

possible
included

data rate for coding of multi-channel signals, as well as an inherent mono or stereo downmix signal
in the data stream. Hence, a mono or stereo signal can be expanded to multi-channel by a very small

additiond| data overhead. Furthermore, the International Standard describes binaural decoding of the MRE
Surround stream, enabling a surround sound experience over headphones. The International Standa

furtherm

without gny spatial parameters.

The Inte
draw atte

The ISO

The holg

reasonable and non-discriminatory terms and conditions with applicants throughout the world. In this respedt

the state
from the

Attention

rights other than those identified in Annex J. ISO and IEC shall not be held responsible for identifying any ¢

all such

bre defines an Enhanced Matrix Mode that enables a multi-channel upmix from a stereo”signal

national Organization for Standardization (ISO) and International Electrotechnical @ommission (IEC
ntion to the fact that it is claimed that compliance with this document may involve' the use of a patent.

~

and IEC take no position concerning the evidence, validity and scope of this\patent right.

=

er of this patent right has assured ISO and IEC that he is willing_to negotiate licences unde

[o8

ment of the holder of this patent right is registered with the ISO ahd TEC. Information may be obtaing
companies listed in Annex J.

is drawn to the possibility that some of the elements of this document may be the subject of patent

=

batent rights.

Vi
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Information technology — MPEG audio technologies —

Part 1:
MPEG Surround

Scope

his International Standard describes the MPEG Surround standard (Spatial Audio Coding, SAC
pable of re-creating N channels based on M<N transmitted channels, and (additional control dat

annel or a stereo channel pair. The control data represents a significantlower data rate than reg
transmitting all N channels, making the coding very efficient while at theCsame time ensuring compati
th M channel devices and N channel devices.

his International Standard incorporates a number of tools enabling a number of features that allow
pplication of the International Standard. A key feature is the @bility to scale the spatial image quality
flom very low spatial overhead towards transparency. Another key feature is that the compatible decqg
n be made compatible to existing matrix surround technologies. All tools are grouped to covs
rofiles.

Normative references

he following referenced documents ‘are indispensable for the application of this document. F
references, only the edition cited -applies. For undated references, the latest edition of the re
cument (including any amendmentis) applies.

, that is
a. In the

referred modes of operating the spatial audio coding system, the M channels can either be a single mono

uired for
pility with

for broad
jradually
der input
r certain

or dated
ferenced

IBO/IEC 13818-7, Information~\technology — Generic coding of moving pictures and associat¢d audio

imformation — Part 7: Advanced Audio Coding (AAC)

BO/IEC 14496-3, Infermation technology — Coding of audio-visual objects — Part 3: Audio

)

Termstand definitions

3.1 _ Definitions

ortha nurnacn oAf thic A~ an + th

g
q
4
g
3
q
d
q
g
g
q
q
q
g
q
5}

3.1.1
channel

input or output audio channel corresponding to a specific speaker, as given by Table 1 — and illustrated in

Figure 1

© ISO/IEC 2007 — All rights reserved
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Table 1 — Channel abbreviation and loudspeaker position

Channel abbreviation Loudspeaker position

L Left Front

R Right Front

C Center Front

LFE Low Frequency Enhancement

Ls Left Surround

Rs Right Surround

Lc Left Front Center

Rb Rlyilt FIUI It CUIItCI

Lsr Rear Surround Left

Rsr Rear Surround Right

Cs Rear Center

Lsd Left Surround Direct

Rsd Right Surround Direct

Lss Left Side Surround

Rss Right Side Surround

Lw Left Wide Front

Rw Right Wide front

Lv Left Front Vertical Height

Rv Right Front Vertical Height

Cv Center Front Vertical Height

Lvr Left Surround Vertical Height-Rear
Rvr Right Surround Vertical Height Rear
Cvr Center Vertical Height Rear

Lvss Left Vertical Height:Side Surround
Rvss Right Vertical Height Side Surround
Ts Top Center Surround

LFE2 Low Frequency Enhancement 2

B LB A
ool
LFEE ELFEZ

L(((O [(O s Res O) O)j) s
a4 @

& Lsr Cs Rsr
=
Lsd = = = Rsd

A=

Lvr Cvr Rvr

Figure 1 — Loudspeaker positions
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3.1.2

Channel Level Difference

CLD

energy difference between two channels

313
CLD band
one or more hybrid subbands for which a single CLD parameter applies

3.1.4

hannel Prediction Coefficient
PC
rediction coefficient used for re-creating three channels from two channels

1.5
PC band
ne or more hybrid subbands for which a single CPC parameter applies

.1.6
ybrid filterbank

brid filter bank structure, consisting of a QMF bank and oddly modulated Nyquist filter banks,
transform time domain signals into hybrid subband samples

filtering step on a QMF subband signal resulting in multiple hybrid subbands
OTE The resulting hybrid subbands can be non-consegutive in frequency.
.1.8

ybrid subband

bband obtained after hybrid filtering of a QMF 'subband

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

rrelation or coherence between two channels

.1.10

3112
M-N-M configuration

used to

configuration of the spatial audio coding system that re-creates M channels from N downmixed channel and

the corresponding spatial parameters, e.g. 5-1-5 configuration or 5-2-5 configuration

3.1.13
OTT box
conceptual one-to-two box that takes one channel as input and produces two channels as output

3.1.14

parameter band
one or more hybrid subbands applicable to one parameter

© ISO/IEC 2007 — All rights reserved
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3.1.15

parameter band border
parameter band delimiter, expressed as a specific hybrid subband

3.1.16

parameter time slot

specific t

3.1.17

ime slot for which the parameter is defined

parameter set

parameters associated with a specific parameter time slot

3.1.18

paramerr subset

paramet

3.1.19
process
one or

parameters

3.1.20

QMF bank

bank of g

3.1.21
QMF su
subband

3.1.22
SAC
Spatial A

3.1.23

SAC fra
time se
SpatialF

3.1.24
time sed
group of

3.1.25
time slo
finest res

NOTE

rs associated with a specific parameter time slot and a specific OTT box or TTT box

ng band
more hybrid subbands defining the finest frequency resolution that could“be controlled by th

[}

omplex exponentially modulated filters

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

udio Coder

e
ment to which processing is.applied according to the data conveyed in the corresponding
ame() syntax element

ment
consecutive time slots

olution irtime for SAC time borders

One'time slot equals one subsample in the hybrid QMF domain.

3.1.26
TTT box

conceptual two-to-three box that takes two channels as input and produces three channels as output

3.2 Notation

The description of the Spatial Audio Coder uses the following notation:

o V

ectors are indicated by bold lower-case names, e.g. vector.

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

© ISO/IEC 2007 — All rights reserved
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Variables are indicated by italic, e.g. variable.
Functions are indicated as func(x).
Real numbers are denoted by R

Complex numbers are denoted by C

For equations in the text, normal mathematical interpretation is assumed (no rounding or truncation unless
explicitly stated). For flowcharts, normal pseudo-code interpretation is assumed, with no rounding or
truncation unless explicitly stated.

.3 Operations
.3.1

" is the complex conjugate of X .

Scalar operations

:LxJ represents rounding down to the nearest integer, i.e., the largest integer-number that is less than x.

r y:|_x—| represents rounding up to the nearest integer, i.e., the smallest integer number that is| not less

than x.

LY

} =log, (x) is the base-2 logarithm of x.

t =log,,(x) is the base-2 logarithm of x.
J=min(,...,) the minimum value in the argument list.
y= max(,...,) the maximum valuetin the argument list.

V= mod(x,z) is the modulo-eperation y = (x - n*z) where n = ceil(x/z)-1 defined for z ~= 0..

:INT(x) represents truncation to integer (only keep the/integer part), i.e., conversion to th¢ integer
number with the same sign as x and with an absolute value smaller than or equal to the absolute vallie of x.

V= round(x) represents rounding to the nearest integer. Halfway cases are rounded away from zefo.

V= sign(x) the sign of x, hence defined as -1 for negative values of x, 1 for positive values and 0 for|0.

3.3.2, {Vector operations

PSR : g 41 Lol " I L I n 3 etadl L Al
J _QU’L\A} . .y 15 TUUAI U UTT SUTITU VO ULUT A, WITTTT UIT TITITITTILS UT A dit SUTITU TIT ASUTTIUNTTY UTUTT.
y =length(x) . y is the number of elements of the vector x.

3.4 Constants

& A constant to avoid division by zero, e.g. 96 dB below maximum signal

input.

© ISO/IEC 2007 — All rights reserved
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3.5 Variables

0

aliasing condition vector defined for every parameter time slot / and all

QMF subbands m that are the last subband (highest in frequency) within
a parameter band.

U

C)

—

-

—

P4

ch is the current audio channel.

D, is the three dimensional matrix holding arbitrary tree data, i.e. mapped
CLD data, tor every OTT box, every parameter set, and M , . Dbands, T¢r
the arbitrary tree.

D., is the three dimensional matrix holding the dequantized, and mapped CL
data for every OTT box, every parameter set, and M . bands;

D, is the three dimensional matrix holding the dequantized, ‘and mapped IC
data for every OTT or TTT box, every parameter sef, and M, bands.

Depe is the three dimensional matrix holding the dequantized, and mapped fir$
CPC data for every TTT box, every parameter’set, and M . bands.

Depe , is the three dimensional matrix holding the dequantized, and mapped
second CPC data for every TT box, every parameter set, and M
bands.

Dep is the three dimensional matrix holding the dequantized, and mapped firg
CLD data for every TTTbox, every parameter set, and M , = bands.

D¢y, is the three dimensional matrix holding the dequantized, and mapped
second CLD!data for every TTT box, every parameter set, and M |
bands.

DY, is a three dimensional matrix similar toD,,, , the data is dequantized as fq
Dy, , however it has M ,, bands of data. YYY can be any of CLD, IC(,
CPC_1,CPC_2,CLD_1, CLD_2 or ATD.

envRatip is a vector with GES envelope data for each channel X .

Fs is the sampling frequency of the Spatial Audio Tool.

G is a three dimensional matrix holding the dequantized and mapped gain
correction data for all input channels, parameter set, and M . bands.

G? is a three dimensional matrix holding the dequantized gain correction dalla
for all input channels, parameter set, and M, bands.

idxXXX(,,) is a three dimensional matrix holding the Huffman and delta decoded
indices. XXX can be any of CLD, ICC, CPC_1, CPC_2, CLD_1, CLD_2 or
ATD.

K number of hybrid subbands, 71.

K, number of complex QMF subbands for Low Power MPEG
Surround, K, =8.

L number of parameter sets.

6 © ISO/IEC 2007 — All rights reserved
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cover.
cover.

ge in the

be in the

e slots n

e slots n

M. is the number of processing bands, 28.
M}fmc number of complex processing bands for Low Power MPEG Surround, 12.
par is the number of parameter bands signalled by bsFregRes.
M e is the number of QMF subbands depending on sampling frequency as
defined in subclause 6.3.3.
s IS @ vector with the number of parameter bands that each residual
esProc is a vector with the number of processing bands that each residua
iLowProc is a vector with the number of processing bands for thenow ran
TTT boxes.
M, ighproc is a vector with the number of processing bands for the high ran
TTT boxes.
M is the time and frequency variant pre--matrix, defined for all tim
and all hybrid subbands m.
M, is the time and frequency variant) mix-matrix, defined for all tim

1" (1)

reset

o )

proc

delta

Tree(ch,, )

Tree, (ch., )

and all hybrid subbands m.

weighted correlation sum_based on the input downmix signal, dg

every parameter time“slot / and all QMF subbands m that
adjoining parametercborder, used for Low Power MPEG surround.

a variable (in;the encoder and the decoder) set to one if cer
elements have changed from the previous frame, otherwise set to

a matrix indicating for every parameter set and processing
smoething is applied.

a vector indicating for every time-slot the smoothing filter coefficient.

is of length L and contains parameter time slots for all CLD, ICC,
parameter sets in the current frame.

a 3 dimensional matrix, which for each input channel to the Arbit

have a column for each output signal of the sub-tree indexing
modules the input signal must pass before the output is reached.

a 3 dimensional matrix, which for each input channel to the Arbit
have a column for each output signal of the sub-tree indicating wh

fined for
have an

ain data
zero.

band if

and CPC

ary Tree
the OTT

ary Tree
ether the

upper (1) or the lower (-1) output of an OTT module should be fo

lowed to

Tree depth (ch, )

TreeoutChan (Ch)

© ISO/IEC 2007 — All rights reserved

reach the output signal.

a matrix which for each input channel to the Arbitrary Tree have the

number of OTT modules that are passed for every output channel.

is a vector with numOutChan elements and each element contain the

number of output channels for each Arbitrary Sub-tree.
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v is a vector with the hybrid subband output from the pre gain matrix
M;"x"" , defined for all time slots 7 and all hybrid subbands .

w"" is a vector with the hybrid subband output from the decorrelators, the pre-
gain matrix and residuals , defined for all time slots » and all hybrid
subbands m.

Wit is a vector with the hybrid subband output from the decorrelators, defined
wherm termporat staping s used,; defimedforatttimestots7and—attybrid
subbands m.

Wi is a vector with the hybrid subband output from the decorrelators, the pre-
gain matrix and residuals, defined when temporal shaping is.used, defined
for all time slots # and all hybrid subbands m.

x"" is a vector with the hybrid subband input signals (down-mix and residuals)),
defined for all time slots » and all hybrid subbands .

y*" is a vector with the output hybrid subband signals, which are feed into the
hybrid synthesis filter banks, defined for all time slots » and all hybrid
subbands m.

Yiituse is a vector with the output hybrid.subband signals for the diffuse part of thie
output signal, which is defined when temporal processing is applied,
defined for all time slots r.and all hybrid subbands m.

Vit is a vector with the gutput hybrid subband signals for the direct part of the

output signal, which is defined when temporal processing is applieg
defined for all time slots » and all hybrid subbands m.

8 © ISO/IEC 2007 — All rights reserved
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4 MPEG Surround overview

4.1 Introduction

MPEG Surround is based on a principle called Spatial Audio Coding (SAC). Spatial Audio Coding is a multi-
channel compression technique incorporating a backwards compatible downmix, and exploiting the perceptual
inter-channel redundancy in multi-channel audio signals to achieve higher compression rates. In order to
efficiently represent the spatial image of the multi-channel signal, the MPEG Surround encoder employs a
number of spatial parameters:

e Channel level Differences (CLD) describing level differences between two channels,

e Inter channel Correlation / Coherences (ICC) describing the amount of correlation”or cpherence
between two channels and

e Channel Prediction Coefficients (CPC) enabling the recreation of a third channel out of two phannels
by means of prediction.

uring encoding, spatial cues are extracted from the multi-channel audio signal’and a downmix is g¢nerated.
ny number of channels can be used for the downmix, provided that it i§ less than that used for th¢ original
udio signal. The MPEG Surround system supports multi-channel signals_of up to 27 channels.

[ - |

Il parameters are efficiently quantized and coded into the spatial” bitstream. The quantization pfocess is
exible to allow for a gradual quality versus bit-rate trade<off.” For the extreme case where np spatial
arameters are employed, the spatial decoder supports an Efhanced Matrix Mode, in which the parameters
re derived directly from the down-mix. In addition, support-for residual coding is included, that allows coding
f the difference between the multi-channel signal as reproduced by the parametric model and thg original.
ence, the MPEG Surround system, includes severahtools to scale gracefully on the rate/distortion gurve, as
utlined by the following figure.
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Figure 2 — MPEG Surround bit-rate quality scaling
The downmix can be compressed and transmitted without the need to update existing coders and

infrastructures. The spatial cues, or spatial side information, are transmitted in a low bitrate side channel, e.g.
the ancillary data portion of the downmix bit-stream.
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For most audio productions both a stereo as well as a 5.1 multi-channel downmix is produced from the original
multi-track recording by an audio engineer. Naturally, the internal (i.e. automated) downmix produced by the
MPEG Surround encoder can differ significantly from the external (artistic) stereo downmix signal as intended
by the audio engineer. The MPEG Surround encoder can therefore operate in two modes, "Internal Downmix
Mode" or "External Downmix Mode". In the External Downmix Mode the artistic external downmix is
transmitted instead of the internal downmix. The difference between this artistic stereo downmix and the
automated stereo downmix signal, required by the decoder for optimal multi-channel reconstruction, is coded
as part of the spatial side information stream either in a parametric fashion for low bitrate applications or as a
wave-form coded difference signal, by means of residual coding.

On the decoder side, a multi-channel up-mix is created from the transmitted downmix signal and spatial sid
informatipn. In this respect, the Spatial Audio Coding concept can be used as a pre- and post-processing ste]
to upgrafle existing systems. Figure 3 illustrates this for a 5.1 original with a stereo downmix. The,'MPE
Surround decoder supports two different modes, "Normal Mode" in which the spatial parameters_obtaine]
from the|data stream is used for decoding, and a "Enhanced Matrix Mode" in which the decoden-gperates o
the dowrjmix signal only, estimating the required parameters from the received downmix.
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Figure 3 — Overview of the MPEG Surround decoder outlined for a stereo downmix

—

The spalial decoder combines the spatial .parameters with the downmix channels into a multichannel outpd
signal. Further, the MPEG Surround.dewnmix can be provided in two different modes, "Normal Mode" an
"Matrix Compatible Mode". If Matrix Compatible Mode is used, the MPEG Surround encoder provides
downmix signal representation that-is suitable for playback via legacy matrix surround decoders.

[VENeN

4.2 Bg3sic structure

[oN

The basig structure of'the MPEG Surround system is shown in Figure 4. The data stream is de-quantized an
decoded|in the "Bit=stream decoder" modules, as outlined in subclause 6.1. The decoded spatial data is inp
to the mgdules calculating the pre-matrix and the mix-matrix as outlined in subclause 6.5. The residual codin
data is ippuf«to'the residual signal decoder as outlined in subclause 6.9. The input signal is analyzed by th
QMF hyhrid-filterbank as outlined in subclause 6.3. The subband signal vector is multiplied with the pre-matr
as outlined— = f i S i i i
subclause 6.6. The residual signals are also combined with the input signal vector as outlined in subclause 6.4.
The mix matrix is applied according to subclause 6.4, and the temporal shaping is applied according to
subclause 6.7 and 6.8. The output signal is synthesized according to subclause 6.3.

10 © ISO/IEC 2007 — Al rights reserved
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Figure 4 — Overview of the MPEG Surround decoder

4.3 Tools and functionality

431+ GeneralMPEG-Surreund-toels

4311 Introduction
The MPEG Surround 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 MPEG
Surround are briefly outlined.
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4.3.1.2

Residual coding

As the de-correlated signal is based on certain model assumptions, it is an incomplete representation that
allows to scale towards transparent quality for increasing spatial bit-rate. By means of residual coding of the
de-correlated signal this issue is addressed. For certain frequency regions where the de-correlated signal is
not sufficient, the de-correlated signal is substituted by a residual waveform-type representation. One or more
residual signals are coded using the MPEG-2 AAC Low Complexity syntax.
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Enhanced Matrixed Mode of MPEG Surround

EG Surround system includes an enhanced matrixed mode that creates a multi-channel signal base]
ownmix without the transmission of a MPEG Surround bitstream. The parameters required in th
urround decoder are estimated from the received downmix signal. The basic{principle is outlined i

ing figure.
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Figure 5 — Enhanced Matrix Mode of MPEG Surround

External downmix

n the following figure.

FG Surround systemZsupports the use of external downmixes. The MPEG Surround encoder analyze
rence between thejinternal downmix created by the MPEG Surround encoder and the external
. The difference )is compensated for at the MPEG Surround decoder side. The basic principle

envelope shaping (GES) and Subband domain Temporal Processing (STP) are two tools thzlat
ly address the preservation of the temporal structure in the output signal.
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Figure 6 — Support for external downmixes within MPEG Surround

43.1.6 Matrix inversion (Matrix Compatible Mode)

order to supply the highest level of backwards compatibility_with legacy systems, the MPEG Burround
stem supports matrixed encoded downmixes. The MPEG Strround encoder can create a stereo downmix
that is matrixed encoded, and can thus be decode by legacy matrixed surround decoders. The MPEG
urround decoder, will invert the matrixed encoded downmix, and produce the multi-channel signal lbased on
the inverted downmix and the spatial parameters, without any degradation in quality due to the |matrixed

gncoded downmix. The basic principle is outlined in the*following figure.
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Figure 7/ — Matrixed compatible MPEG Surround

4.3.1.7 Binaural and 3D stereo decoding

The MPEG Surround system can be operated in a binaural / 3D stereo mode. This enables a multi-channel
impression over headphones by means of Head Related Transfer Function (HRTF) filtering. Two modes of
operation can be distinguished, 3D stereo and binaural decoding. In the former, the binauralization is done on
the MPEG Surround encoder side, and hence no decoder processing is required for stereo listening. For
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normal MPEG Surround decoding, the binaural encoded downmix is inverted similarly to the inversion of the
matrixed compatible downmix. The basic principle is outlined in the following figure.
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Figure 8 — 3D stereo decoding of MPEG Surround

-

For binayiral decoding on the decoder side, the MPEG Surround downmix and spatial{parameters are used i
combination with HRTF filters supplied to the decoder. There are two modes of operation, a parametri
approach, for lowest complexity, and a filtering approach for highest quality. Theybasic principle is outlined i

the following figure.
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Figure 9 — Binaural decoding of MPEG Surround

4.3.2 High Quality and Low(Power MPEG Surround

The MPEG Surround decoeder can be implemented in a High Quality version and a Low Power version. The
main difference are outlined by the following Table 2, and given in detail in subclause 6.10.

Table 2 — Outline of difference between the High Quality and the Low Power MEG Surround system

Tool| orfunctionality High Quality version Low Power version

Filtefbank Complex valued QMF Partially complex valued QMF

Residual coding Supported over the entire Only supported over the complex
frequency range valued part of the frequency range

Binaural and 3D stereo Parametric and HQ filtering Only parametric HRTF filtering
supported supported

Decorrelators

Aliasing reduction Not Applicable Tool operates on the real-valued

part of the frequency range

Both versions operate on the same data stream, albeit with different output signals.
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4.4 Inter-connection of MPEG Surround with audio coders

The MPEG Surround decoder can be interfaced in either the time-domain or the QMF domain. In general, the
MPEG Surround coder interfaces to the downmix channels by means of a 64 bands QMF domain frequency
representation, identical to that standardized in ISO/IEC 14496-3 for High Quality Parametric Audio Coding. In
the case the spatial coder is combined with HE-AAC, this QMF representation is directly available as an
intermediate signal in the HE-AAC coder. In combination with alternative core coders, additional QMF analysis
or synthesis modules, as defined in ISO/IEC 14496-3, are required for the spatial decoder and encoder,
respectively. A Low Power MPEG Surround decoder cannot be connected in the QMF domain with a High
Quality HE-AAC decoder, and vice versa a High Quality MPEG Surround decoder cannot be connected in the

MF domain with a Low Power HE-AAC decoder. For both combinations they shall be combined.in the time-

main.

he 64 bands QMF representation of the downmix channels is further refined into hybrid subbgnds and
rouped into parameter bands. By means of a pre-matrix operation on the hybrid subbands, generatipn of de-
rrelated signals and mixing, through application of the spatial parameters, multichannel hybrid |subband
gnals are generated. In the last step, these are transformed to the time domain thfough an invefse QMF
brid synthesis procedure resulting in the multi-channel time domain signal representation.

.5 Delay and synchronization

Tlhe MPEG Surround decoder introduces a delay when processing the time domain signal from a [downmix
decoder. Two cases can be distinguished, connecting the MPEG Surround decoder with an arbitrary downmix
coder (including High Efficiency AAC) via the time domain, and-eénnecting the MPEG Surround decpder with
a High Efficiency AAC decoder directly in the QMF domain.<{The direct connection in the QMF domain is not
possible in case of upsampled or downsampled operation of MPEG Surround, as defined in subclausg¢ 6.3.3.

Tlhe MPEG Surround decoder introduces a total delay.6f 1281 samples for the High Quality decoder and 1601
spmples for the Low Power decoder, as shown in Figure 10. The analysis filterbank as outlined in spbclause
8.3.2 introduces a delay corresponding to 704..samples in the time domain. This is divided between 320
samples for the QMF analysis filtering and 384“samples for the Nyquist filtering. The synthesis filtering as
dutlined in subclause 6.3.2 introduces a_delay corresponding to 257 samples in the time domair. This is
divided into 0 samples for the hybrid synthesis filtering and 257 samples for the QMF synthesis filtering.

MPEG Surround, spatial parameters

timefdomain
output,

HQ :
. ' HQ ' sampling rate
time-domain Delay MPEG Fs
input, > Tk . Hybrid . . Hybrid Fmo|] >
p QVIE analysis Surround synthesis exp to QMF

sampling rate synthesis s

| MPEG Surround decoder

LP

NS ARt k- Rkt it et el Mtk St U U Rt
LP: 320

Delay, in time-lomain
samples at Fg

Figure 10 — Delay for the different parts of the MPEG Surround decoder
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If the MPEG Surround decoder is connected with an arbitrary downmix coder (including High Efficiency AAC)
via the time domain, as shown in Figure 11, the additional delay introduced by the MPEG Surround decoding
process will be as outlined above.

MPEG Surround, spatial parameters
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Figufe 11 — Delay when connecting MPEG Surround in the time-domain for'arbitrary core codec
(including HE-AAC)

If the MBEG Surround decoder is directly connected with a High Efficiency AAC decoder via the QMF domai
as shown in Figure 12, the only additional delay is caused by the delay from the real to complex converter i
the case| of Low Power MPEG Surround and corresponding delay in‘case of High Quality MPEG Surroundl.
This is because the QMF synthesis filtering is the same for High Efficiency AAC and MPEG Surround, a
because|the look-ahead of 384 samples needed for the Nyquist filtering is already available in the SBR tool
High Effitiency AAC, as described in ISO/IEC 14496-3 subclause*8.A.3.

MPEG [Surround, spatial parameters

| MPEG Surround decoder

HQ ) )
HQ v time-domain oufput,
MG | g IISBR decoder w petey Hybrid MPEG Hybrid |; !V. FIT sampling rate F
ecoder w/o ybri ybri
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Figure 12~ Delay when connecting MPEG Surround with HE-AAC in the QMF-domain

Transmigsion.of MPEG Surround side information with respect to transmission of the coded downmix signal is
done in guch a manner that there is no need to delay the downmix signal before it is processed by the MPEG
Surround decoder. This means that MPEG Surround data is conveyed such that it is available when needed
by the MPEG Surround decoding process. The temporal relationship between downmix data and spatial data
is defined in clause 6. Note that special consideration is required if an MPEG Surround decoder and an HE-
AAC decoder are connected in the time domain while a connection in the QMF domain would have been
possible. In this case, the spatial parameters have to be delayed by 961 time samples, which is the sum of

257 samples for HE-AAC QMF synthesis and 704 samples for MPEG Surround QMF and Nyquist analysis.

In the case of Enhanced Matrix mode operation of the Low Power MPEG Surround decoder, the delay is the
same as described above. In the case of Enhanced Matrix mode operation of the High Quality MPEG
Surround decoder, the delay is 320 time-domain samples less than described above because the delay
corresponding to the real to complex converter is not present.
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In the case of single-slot parametric binaural decoding, the delay is the same as described above

for both

High Quality and Low Power MPEG Surround. In the case of multi-slot HRTF convolution approach, an

additional delay is introduced depending on the initial delay of the HRTF used.

All delay figures given in this subclause up to now assume that MPEG Surround is operated in its normal
mode using 64 band QMF banks. In the case of upsampled or downsampled operation of MPEG Surround, as
defined in subclause 6.3.3, all delay figures measured in samples have to be multiplied by 2 (for upsampled

operation) or multiplied by 0.5 (for downsampled operation).

he downmix gain is applied to the mono or stereo downmix in the time domain prior to the QMF analysis. If

n MPEG Surround decoder is directly connected to the output of an HE-AAC decoder in the QMF

domain,

the downmix gain is applied to the QMF domain input of MPEG Surround instead. The“surroungl gain is

pplied to each surround channel (i.e., left surround and right surround for a 5.1 configuration) in

he PCM

main after QMF synthesis. The LFE gain is applied to the LFE channel (as presentiinya 5.1 configuration) in

the time domain after QMF synthesis.
4.7 MPEG Surround Profiles and Levels

4.7.1 Introduction

Tlhis subclause defines profiles and their levels for MPEG Surround.

Q

omplexity units are defined to give an approximation of the decoder complexity in terms of processing power

and RAM usage required for the MPEG Surround decoding process. The approximated processing|power is
diven in “Processor Complexity Units” (PCU), specifiedin MOPS. The approximated RAM usage ig given in
“‘RAM Complexity Units” (RCU), specified in kWords(1000 words).
47.2 Baseline MPEG Surround Profile
Tlhe Baseline MPEG Surround Profile comprises the tools as indicated in the following table.
Table 3 — MPEG Surround Tools relation to the Baseline MPEG Surround Profile
MPEG Surround Tool Included in the Baseline MPEG
Surround Profile

Upmix (M1,M2-and M3, as defined by OTT and TTT X

modules, including decorrelators)

Parameterized External Downmix compensation X

(subclause 6.5.2.3.3)

Matrix compatibility (subclause 6.5.2.4) X

Enhanced Matrix Mode decoding X

Temporal Shaping X

Residual Coding X

Residual coding based External Downmix

compensation (subclause 6.5.2.3.4)

Binaural decoding (parametric and filtering) X

3D Audio decoding X

Low Power Decoding (as alternative to High Quality X

decoding)
© ISO/IEC 2007 — All rights reserved 17
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Five different hierarchical levels are defined, which allow for different numbers of input and output channels,
for different ranges of sampling rates, and for a different bandwidth of the residual signal decoding. The level
of the decoder must be equal to or larger than the level of the bitstream in order to ensure proper decoding. In
addition, decoders of level 1 and 2 are capable of decoding all bitstreams of level 2 and 3, though at a
possibly slightly reduced quality due to the limitations of the decoder. The quality and format of the output of
an MPEG Surround decoder furthermore depends on the specific decoder configuration, as detailed below.
However, these decoder configuration aspects are completely orthogonal to the different levels of this profile.

An MPEG Surround decoder can be implemented in two different alternative versions:

An MPE
mandato

An MPH
configura

The definition of the five levels-of the Baseline MPEG Surround Profile is given in Table 4.

18

G Surround decoder can be operated in two different modes, and support for both modes is
ry for all levels:

G Surround decoder can provide three different output:configurations, and support for all three
tions is mandatory for all levels except for level 1, where:multi-channel output is not mandatory:

High Quality decoder (specified throughout the present document).
Low Power decoder (difference to the HQ decoder specified in subclause 6.10).

Normal mode (specified throughout the present document).

In this mode, the decoder takes a downmix signal and a side information bitstream as input and
generates a multi-channel output signal (or a binaural output signal).

Enhanced matrix mode (differences to the normal mode specified in“subclause 6.2).

In this mode, the decoder takes a stereo downmix signal as input;, €:g. a matrix surround stereo
downmix, and generates a multi-channel output signal (or a binaural output signal).

Multi-channel output (specified throughout the present document).

Typically a 5.1 channel configuration for loudspeaker presentation. Also more complex
configurations like 7.1 channels and beyond‘are supported by some levels.

Stereo output (specified in subclause 6/4.7.3).

2-channel stereo output emulating a downmix of the multi-channel signal. This is only applicable
in case of a 515 tree configuration because for a 525 tree configuration, the downmix is already a
2-channel stereo signal.

Binaural output (specified in clause 7).
Stereo output for headphones presentation, generated by integrated binaural rendering based on
an HRTF data set proyided by the user to the decoder.

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

Table 4 — Levels of the Baseline MPEG Surround profile

ISO/IEC 23003-1:2007(E)

Level |Tree Max. Max. Max. Max. PCU|Max. RCU|Max. PCU|Max. RCU
configurati | number sampling |bandwidth High High Low Power|Low Power
ons output rate residual Quality Quality decoder decoder

channels |[kHz] coding decoder decoder
[QMF bands]

1 515,525 (2.0 48 0 (Note 2) 12 5 6 4
(Note 1)
(Note 4)

b4 515,525 |51 48 0 (Note 2) 25 15 12 i
(Note 4)

B 515,525 |51 48 64 (Note 3) 25 15 12 11
(Note 4)

4 515,525, |71 48 64 (Note 3) 34 21 e 15
757,727
(Note 4)

b 515, 525, |32 96 64 (Note 3) 123 61 80 53
757,727, |incl. LFE (max. 70 [(max. 38 |(max.44 |(max.32 at
plus at 48 kHzpat 48 kHz |at 48 kHz |48 kHz
arbitrary sampling)" | sampling) | sampling) |sampling)
tree
extension

not required.

Note 1: This level provides a 2-channel stereo output.
Note 2: Residual coding data, if present in the bitstream s’ not utilized, hence the residual decodirig tool is

Note 3: A low power decoder utilizes only residual.cading data for the first 8 QMF bands, correspgnding to
approximately 2.7 kHz bandwidth.
Note 4: Arbitrary tree extension data, if present;;is not utilized.

—

with binaural decoding.

(subelause 6.6.2.3).

he following applies to all levels of the Baseline MPEG Surround Profile:

o] Support of stereo output for 515+subclause 6.4.7.3) is mandatory for all levels.
o/ Support of “Enhanced matrixumode” (subclause 6.2) is mandatory for all levels, and also in combipation

o] Support of binaural decading in “Single slot parametric low complexity approach” (subclause 6.11}4.1 and
subclause 6.11.4.2(2) and 3DaudioMode (subclause 6.11.5) is mandatory for all levels.
o] Support for “Multi=Slots HRTF convolution approach” (subclause 6.11.4.2.3) is mandatory for all Igvels of a
high quality deeoder (since this mode is not applicable in case of a low power decoder), and the
complexityAfigures assume that a set of HRTF filters with a length of 128 samples (level 1) or 512|samples
(levels 2:t025) in the time domain is used.
o] The complexity figures assume that normal decorrelators and not fractional delay decorrelators arfe used

o/ Thé complexity figures do not include the complexity of the decoding process for the downmix sighal itself
that is input to the MPEG Surround decoder.

e When an MPEG Surround decoder is connected to an HE-AAC downmix decoder in the QMF domain, the
combined PCU and RCU values need to be corrected to take into account that QMF synthesis and
analysis filtering of the downmix signals is removed. A High Quality QMF bank has 1.5 PCU and 0.5 RCU,
and a Low Power QMF bank has 1.0 PCU and 0.5 RCU. For a 2-channel downmix coded using the HE-
AAC Profile at level 2 combined with the Baseline MPEG Surround Profile at level 2, the resulting

complexity is:
e High Quality:
e Low Power:

© ISO/IEC 2007 — All rights reserved
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5 Syntax

5.1 Payloads for Spatial Audio Coding

Table 5 — Syntax of SpatialSpecificConfig()

Syntax No. of bits  Mnemonic
SpatialSpecificConfig()
{
bs X 3 amsbf— ]
if ( gsSamplingFrequencylndex == 0xf ) {
sSamplingFrequency; 24 uimsbf
}
bsFrameLength; 7 uimsbf
bsFreqRes; 3 uimsbf
bsTreeConfig; 4 uimsbf
bsQuantMode; 2 uimsbf
bsQnelcc; 1 uimsbf
bsArbitraryDownmix; 1 uimsbf
bsFjxedGainSur; 3 uimsbf
bsFjxedGainLFE; 3 uimsbf
bsFjxedGainDMX; 3 uimsbf
bsMatrixMode; 1 uimsbf
bs'E'}ampShapeConfig; 2 uimsbf
bsDecorrConfig; 2 uimsbf
bs3PaudioMode; 1 uimsbf
for (j=0; i<numOttBoxes; i++) { Note 1
OttConfig(i);
}
for (j=0; i<numTttBoxes; i++) { Note 1
TttConfig(i);
}
if (b TempShapeConfig == 2) {
bsEnvQuantMode 1 uimsbf
}
if (bg3DaudioMode) {
bs3DaudioHRTFset; 2 uimsbf
f (bs3DaudioHRTFset==0){
ParamHRTFset();
)
}
BytgAlign();
SpatialExtensionConfig();
}
Note 1: humQttBoxes and numTttBoxes are defined by Table 40 dependent on bsTreeConfig.
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Table 6 — Syntax of OttConfig()

Syntax No. of bits Mnemonic
OttConfig(i)
{
if (ottModelLfe[i]) { Note 1
bsOttBands]i]; 5 uimsbf
}
else {
bsOttBands[i] = numBands; Note 2

2
I

Note 1: ottModelLfe[i] are defined by Table 40 dependent on bsTreeConfig.
Note 2: numBands is defined in Table 39 and depends on bsFreqRes.

Table 7 — Syntax of TttConfig()

Byntax No. of bits  Mnemonic
TttConfig(i)
1
bsTttDualModei]; 1 uimsbf
bsTttModeLowfi]; 3 uimsbf
if (bsTttDualModeli]) {
bsTttModeHigh(i]; 3 uimsbf
bsTttBandsLow(i]; 5 uimsbf
bsTttBandsHigh[i] = numBands; Note 1
}
else {
bsTttBandsLow[i] = humBands; Note 1
}

Note 1: numBands is defined in Table 39.and depends on bsFregRes.

Table 8 — Syntax of ParamHRTFset()

Byntax No. of bits  Mnemonic
ParamHRTFset()
bsHRTFfreqRes: 3 uimsbf
bsHRTFasymmetric; 1 uimsbf
for (hc=0; - hc<HRTFnumChan; hc++) { Note 1
far ¢hb =0; hb <HRTFnumBands; hb ++) { Note 2
bsHRTFlevelLeft[hc][hb]; 6 uimsbf
}
if (bsHRTFasymmetric) {
for (=0, b <HRTFnumBands; io=++)% Note 2
bsHRTFlevelRight[hc][hb]; 6 uimsbf
}
}
bsHRTFphase[hc]; 1 uimsbf
if (bsHRTFphase[hc]) {
for (hb =0; hb <HRTFnumPhase; hb ++) { Note 3
bsHRTFphaseLR[hc][hb]; 6 uimsbf
}
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}
bsHRTFicc[hc]; 1 uimsbf
if (bsHRTFicc[hc]) {
for (hb =0; hb <HRTFnumBands; hb ++) { Note 2
bsHRTFiccLR[hc][hb]; 3 uimsbf
}
}
}
1
Note 1: HRTFnumChan= 5.
Note 2: HRTFnumBands is defined in Table 53 and depends on bsHRTFfreqRes.
Note 3: HRTFhnumPhase is defined in Table 53 and depends on bsHRTFfreqRes.
Table 9 — Syntax of SpatialExtensionConfig()
Syntax No. of\bits Mnemonic
SpatialHxtensionConfig()
{
saclExtNum = 0;
whilg (BitsAvailable() >= 8) { Note 1
bsSacExtType; 4 uimsbf
sacExtType[sacExtNum] = bsSacExtType;
sacExtNum++;
cnt = bsSacExtLen,; 4 uimsbf
f (cnt==15) {
cnt += bsSacExtLenAdd,; 8 uimsbf
)
f (cnt==15+255) {
cnt += bsSacExtLenAddAdd,; 16 uimsbf
)
bitsRead = SpatialExtensionConfigData(bsSa¢ExtType) Note 2
hFillBits = 8*cnt-bitsRead;
bsFillBits; nFillBits bslbf
}
}
Note 1: [The function BitsAvailable() returns the number of bits available to be read.
Note 2: SpatialExtensionConfigData() returns the number of bits read.
Table 10 — Syntax of SpatialExtensionConfigData(0)
Syntax No. of bits  Mnemonic
SpatialHxtensionConfigData(0)
{
bsResidualSamplingFrequencyindex; 4 uimsbf
bsgesiduaIFramesPerSpatiaIFrame; 2 uimsbf
for (i=0; i<numOttBoxes+numTttBoxes; i++) { Note 1
ResidualConfig(i);
}
}
Note 1: numOttBoxes and numTttBoxes are defined by Table 40 and depend on bsTreeConfig.
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Table 11 — Syntax of ResidualConfig()

Syntax No. of bits Mnemonic
ResidualConfig(i)
bsResidualPresent]i]; 1 uimsbf
if (bsResidualPresent[i]) {
bsResidualBandsi]; 5 uimsbf
}
}
Table 12 — Syntax of SpatialExtensionConfigData(1)
Byntax No.ef bits Mnemonic
BpatialExtensionConfigData(1)
1
bsArbitraryDownmixResidualSamplingFrequencylndex; 4 uimsbf
bsArbitraryDownmixResidualFramesPerSpatialFrame; 2 uimsbf
bsArbitraryDownmixResidualBands; 5 uimsbf
A
Table 13 — Syntax of SpatialExtensionConfigData(2)
Byntax No. of bits  Mnemonic
BpatialExtensionConfigData(2)
TreeConfig();
]
Table 14 — Syntax of TreeConfig()
Byntax No. of bits  Mnemonic
TreeConfig()
numOutChanAT = 0;
numOttBoxesAT = 0;
for (ch = 0; ch < numQutChan ) Note 1
tmpOpen =%,
idx = 0;
while (tmpOpen > 0) {
bsOttBoxPresent [ch][idX]; 1 uimsbf
if (bsOttBoxPresent[ch][idx]) {
numOttBoxesAT = numOttBoxesAT+1;
tmpOpen = tmpOpen+1;
}
elser
numOutChanAT = numOutChanAT + 1;
tmpOpen = tmpOpen-1;
1
idx = idx + 1;
}
}
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for (i=0; i<numOttBoxesAT; i++) {

defaultATDJ[i] = bsOttDefaultCld; 1 uimsbf
ottModeLfeAT][i] = bsOttModeLfe; 1 uimsbf
if (ottModeLfeAT(i]) {
bsOttBandsAT]Ji] = bsOttBands; 5 uimsbf
}
else {
bsOttBandsAT][i] = numBands; Note 2
1
}
for (j=0; iknumOutChanAT; i++) {
bsOutputChannelPos]i] 5 uimsbf

Note 1: humOutChan is defined in Table 40 and depends on bsTreeConfig.
Note 2: humBands is defined in Table 39 and depends on bsFregRes.

Table 15 — Syntax of SpatialFrame()

Syntax No. of bits  Mnemonic
SpatialHrame()
{
Framinglnfo();
bsindependencyFlag; 1 uimsbf
OttData();
TttData();
SmgData();
TempShapeData();
if (bgArbitraryDownmix != 0) {
ArbitraryDownmixData();
}
BytgAlign();
SpatialExtensionFrame();
}
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Table 16 — Syntax of Framinginfo()

Syntax No. of bits Mnemonic
Framinglnfo()
{
bsFramingType; 1 uimsbf
bsNumParamSets; 3 uimsbf
if (bsFramingType) {
for (ps=0; ps<numParamSets; ps++) { Note 1
if(ps==0)
bSPalanlS:ut[G], nBitsPara—uimsbf
mSlot(0) Note 2
else{
bsDiffParamSlot[ps]; nBitsParas uimsbf
mSlot(ps) Noje 2
bsParamSilot[ps] = bsParamSiot[ps-1] + bsDiffParamSlot[ps] + 1;
}
}
}
]
Note 1: numParamSets is defined by numParamSets = bsNumParamSets™\1.
Note 2: nBitsParamSiot(ps) is defined according to
nBitsParamSlot(0) = ceil(logz(numSlots—numParamSets+1))
and
nBitsParamSlot(ps) = ceil(log,(numSlots—numParamSets+ps—bsParamSlot[ps—1]))
for 0 < ps < numParamSets.
Table 17 — Syntax of OttData()
Byntax No. of bits  Mnemonic
DttData()
1
for (i=0; i<numOttBoxes; i++) { Note 1
EcData(CLD, i, 0, bsOttBandsli});
}
if (bsOnelcc) {
EcData(ICC, 0, 0, numBands); Noje 2
}
else {
for (i=0; i<num©OfttBoxes; i++) { Note 1
if (lottModelLfeli]) { Note 1
EcData(ICC, i, 0, bsOttBands]i]);
h
}
}

© ISO/IEC 2007 — All rights reserved
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Table 18 — Syntax of TttData ()

Syntax No. of bits  Mnemonic
TttData()
tttOff = numOttBoxes; Note 1

for (i=0; i<numTttBoxes; i++) {
if (bsTttModeLow[i] < 2) {
EcData(CPC, tttOff+4*i, 0, bsTttBandsLowl[i]);
EcData(CPC, tttOff+4*i+1, 0, bsTttBandsLowl[i]);

[l S A VY SR TV - AR, L o W . oS W1 1 (| [ Y
LlUuala(luv o, iuVITT™ 1, U, Do T UDdITUSLUVV]I] ),

}

else {
EcData(CLD, tttOff+4*i, 0, bsTttBandsLowfi]);
EcData(CLD, tttOff+4*i+1, 0, bsTttBandsLowf[i]);

f (bsTttDualModeli]) {
if (bsTttModeHigh[i] < 2) {
EcData(CPC, tttOff+4*i+2, bsTttBandsLow(i], bsTttBandsHighl[i]);
EcData(CPC, tttOff+4*i+3, bsTttBandsLow(i], bsTttBandsHighl[i]);
EcData(ICC, tttOff+4*i+2, bsTttBandsLow(i], bsTttBandsHighli]);

}
else {
EcData(CLD, tttOff+4*i+2, bsTttBandsLow]i], bsTttBandsHighli]);
EcData(CLD, tttOff+4*i+3, bsTttBandsLow]i], bsTttBandsHighli]);
}

Note 1: humOttBoxes is defined by Table 40 and depends on bsTreeConfig.

Table 19 —'Syntax of SmgData()

Syntax No. of bits Mnemonic
SmgDafa()
{
for (ps=0; ps<numParamSets; ps++) { Note 1
bsSmoothMode[ps]; 2 uimsbf
f (bsSmoothMode[ps]>=.2) {
bsSmoothTime[ps]; 2 uimsbf
f (bsSmoothMade[ps] == 3) {
bsFreqResStrideSmg|ps]; 2 uimsbf
dataBands = (humBands-1)/pbStride+1; Note 2
for(pg=0; pg<dataBands; pg++) {
bsSmgData[ps][pg]; 1 uimsbf
f

=

}
}
Note 1: numParamSets is defined by numParamSets = bsNumParamSets + 1.
Note 2: pbStride is defined in Table 70 and depends on bsFreqResStrideSmg][]. Furthermore the division

shall be interpreted as ANSI C integer division. numBands is defined in Table 39 and depends on
bsFregRes.
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Table 20 — Syntax of TempShapeData()

Syntax No. of bits

Mnemonic

TempShapeData()

if (bsTempShapeConfig != 0) {
bsTempShapeEnable; 1
if (bsTempShapeEnable) {
for (ch=0; ch<numTempShapeChan; ch++) {
bsTempShapeEnableChannel[ch]; 1

uimsbf

Note 1
uimsbf

I
if (bsTempShapeConfig == 2) {
EnvelopeReshapeHuff(bsTempShapeEnableChannel);

}

else if (bsTempShapeConfig == 3) {
/* reserved */

}

}

Note 1: numTempShapeChan is defined by Table 40 and depends on bsTempShapeConfig and
psTreeConfig.

Table 21 — Syntax of EnvelopeReshapeHuff()

Byntax No. of bits

Mnlemonic

FnvelopeReshapeHuff()

for (ch=0; ch<numTempShapeChan; ch++ ) {
if (bsTempShapeEnableChan]ch]) {
numValRcvd = 0;
while (numValRcvd < numTimeSiots) {
(erVal, erLen) = 2Dhuff.idec(hcod2D_EnvRes, bsCodeW); 1..x
for (k=numValRcvd;-ksaumValRcvd+erLen; k++) {
bsEnvShapeData[ch][k] = erVal;

numValRcvd-*= erlLen;

}

Note 1

Note 2
vidibf

Note 1: numTempShapeChan is defined by Table 40 and depends on bsTempShapeConfig and
bsTreeConfig:
Note 2: numSlots is defined by numSlots = bsFrameLength + 1.

© ISO/IEC 2007 — All rights reserved
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Table 22 — Syntax of ArbitraryDownmixData()

Syntax

No. of bits

Mnemonic

for (

}

ArbitraryDownmixData()

adOff = numOttBoxes+4*numTttBoxes;

ic=0; ic<numInChan; ic++) {
EcData(CLD, adOff+ic, 0, numBands);

Note 1

Note 1:

numBands s defimed i Tabte-38anddepends o bsFregRes:

Table 23 — EcData()

Syntax

No. of bits

Mnemonic

EcData(
{
datg
for (|

setl
whil

}

star
stop

}

dataType, paramldx, startBand, stopBand)

Sets = 0;
ps=0; ps<numParamSets; ps++) {
bsXXXdataMode[paramldx][ps]; 2
f ( bsXXXdataMode[paramldx][ps] == 3 ) {
dataSets++;
)

ix = 0;

b (setldx < dataSets) {

bsDataPairXXX[paramldx][setldx]; 1

bsQuantCoarseXXX[paramldx][setldx];

bsFreqResStrideXXX[paramldx][setldx]; 2

dataBands = (stopBand-startBand-1)/pbStride+%;

FcDataPair(dataType, paramldx, setldx, dataBands,
bsDataPairXXX[paramldx][setldx],
bsQuantCoarseXXX[paramldx][setldx]);

f (bsDataPairXXX[paramldx][setldx]}):

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

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

—

)
setldx += bsDataPairXXX[paramldx][setldx]+1;

BandXXX[paramldx] = startBand;
BandXXX[paramldx] = stopBand;

Note 1

Note 2
uimsbf

uimsbf
uimsbf
uimsbf
Note 3

Note 1:
Note 2:
Note 3:

XXX isdo.be replaced by the value of dataType (CLD, ICC, CPC, ATD ).
humParamSets is defined by numParamSets = bsNumParamSets + 1.

e-interpreted-as-ANSI Cintegerdivision-

pbStride is defined in Table 70 and depends on bsFreqResStride[][]. Furthermore the division shall

28
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Table 24 — Syntax of EcDataPair()

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

mixedTimePair_flag = 0;

bsPcmCodingXXX[paramldx][setldx]; 1 uimsbf
bsPilotCodingXXX[paramldx][setldx] = 0;
if (bsPcmCodingXXX[paramldx][setldx] && dataBands>4) {

Kfparamidxifsetidx}: 1 timsbf
}
if (bsPcmCoding[paramldx][setldx] &&!bsPilotCodingXXX[paramldx][setldx]) {
if (coarseFlag) {
numQuantSteps = numQuantStepsXXXCoarse; Note 2
Else {
numQuantSteps = numQuantStepsXXXFine; Note 2

aaDataPair = GroupedPcmData( dataType, pairFlag,
numQuantSteps, dataBands );
}
else {
allowDiffTimeBack = ('bsIndependencyFlag) || (setldx>0);
(aaDataPairMsbDiff, aPgOffset, pilot, mixedTimePair_flag) =
DiffHuffData( dataType, pairFlag,
allowDiffTimeBack, bsPilotCodingXXX[paramldx][setldx], dataBands);
aaDataPairLsb[0] = LsbData( dataType, coarseFlag; dataBands );
if (pairFlag) {
aaDataPairLsb[1] = LsbData( dataType, céarseFlag, dataBands);
}

}

/* copy information read by EcDataPair() and its subfunctions
into non-ambiguous variables for later delta decoding etc. */

bsDiffTypeXXX[paramldx][setldx]'= bsDiffType[0];
bsDiffTimeDirectionXXX[paramldx][setldx] = bsDiffTimeDirection[0];
bsXXXpilot[paramldx][setldx}] = pilot;
mixedTimePairXXX[paramldx][setldx] = mixedTimePair_flag;

if (pairFlag) {
bsDiffTypeXXX[paramldx][setldx+1] = bsDiffType[1];
bsDiffTimeDirectionXXX[paramldx][setldx+1] = bsDiffTimeDirection[1];
bsPcmCodingXXX[paramldx][setldx+1] =
bsPcmCodingXXX[paramldx][setldx];

bsXXXpilot[paramldx][setldx+1] = pilot;

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

H P uH [ PRHAVAVAVA J Ll dE bl olact 4] : Pl H Do £l
ITHATUTIHTICT dll AAA[PATAITITUA[STUHUAT T = TTHHATU TS dit_nayj,

}
for (pg=0; pg<dataBands; pg++) {

if (bsPcmCodingXXX[paramldx][setldx] &&

IbsPilotCodingXXX[paramldx][setldx]) {
bsXXXpcm[paramldx][setldx][pg] = aaDataPair[0][pg];

else {
bsXXXmsbDiff[paramldx][setldx][pg] = aaDataPairMsbDiff[0][pg];
bsXXXlsb[paramldx][setldx][pg] = aaDataPairLsb[0][pg];
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if (pairFlag) {
if (bsPcmCodingXXX[paramldx][setldx+1] &&
IbsPilotCodingXXX[paramldx][setldx+1]) {
bsXXXpcm[paramldx][setldx+1][pg] = aaDataPair[1][pg];

}
else {
bsXXXmsbDiff[paramldx][setldx+1][pg] =aaDataPairMsbDiff[1][pg];
bsXXXlsb[paramldx][setldx+1][pg] = aaDataPairLsb[1][pg];
}
1
}
}
Note 1: XXX is to be replaced by the value of dataType. ( CLD, ICC, CPC, ATD ).
Note 2: humQuantStepsXXXCoarse and numQuantStepsXXXFine is defined in Table 71 and depends’on
dataType.
Table 25 — Syntax of GroupedPcmData()
Syntax NO. of bits Mnemonic
GroupedPcmData(dataType, pairFlag, numQuantSteps, dataBands)
{
nunmPcmDataBands = dataBands;
if ( gairFlag ) {
humPcmDataBands *= 2;
}
for (i=0 ; iknumPcmDataBands ; i+= maxGrpLen ) { Note 1
grpLen = min( maxGrpLen, numPcmDataBands - i);
NGrpBits = ceil( grpLen*logz(numQuantSteps) );
bsPcmWord; nGrpBits  uimsbf
for (j=0;j <grpLen; j++){
idx =i + (grpLen—1) —j;
pcmValue = bsPcmWord % numQuantSteps; Note 2
if (pairFlag) {
aaDataPair[idx%2][idx/2] =-pcmValue; Note 2
}
else {
aaDataPair[0][idX] 5 pcmValue;
}
bsPcmWord /=.ndmQuantSteps;
}
return (aaDataRair);
}
Note 1: maxGrpLen is defined in Table 72 and depends on numQuantSteps.
Note 2: P6-denotes the modulo operator (ANSI C integer math) and returns the remainder of the division.
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Syntax

No. of bits Mnemonic

DiffHuffData(dataType, pairFlag, allowDiffTimeBackFlag, pilotCodingFlag,
dataBands)

{

mixedTimePair_flag = 0;

bsDiffType[0] = DIFF_FREQ;
bsDiffType[1] = DIFF_FREQ;

HuffData2DtimePair( dataType, aDiffType,
pilotCodingFlag, dataBands );
if ( bsDiffType[0] != bsDiffType[1] ) {
mixedTimePair_flag = 1;
}

© ISO/IEC 2007 — All rights reserved

if (piiutCuu‘il |9Fiag) {
pilot = 1Dhuff_dec(hcodPilot_ XXX, bsCodeW); 1..x viclhf
Note[l,Note2
}
else {
if ( pairFlag || allowDiffTimeBackFlag ) {
bsDiffType|[0]; 1 Uimgbf
}
if ( pairFlag && ( ( bsDiffType[0] == DIFF_FREQ ) ||
allowDiffTimeBackFlag ) ) {
bsDiffType[1]; 1 Uimgbf
}
}
bsCodingScheme; 1 Uimgbf
if ( bsCodingScheme == HUFF_1D ) {
(aaHuffData[0]) = HuffData1D( dataType, aDiffType[0Q], pilotCodingFlag,
dataBands );
if ( pairFlag ) {
(aaHuffData[1]) = HuffData1D( dataType, aDiffType[1],
pilotCodingFlag,
dataBands );
}
}
else{ /* HUFF_2D */
if (pairFlag) {
bsPairing; 1 Uimgbf
}
else {
bsPairing = FREQ_PAIR;
}
if ( bsPairing == FREQ_PAIR ) {
(aaHuffData[0]) =
HuffData2DFreqPair( dataType, aDiffType[0],
pilotCodingFlag, dataBands );
if( pairFlag ) {
(aaHuffData[1]) =
HuffData2DFreqPair( dataType, aDiffType[1],
pilotCodingFlag, dataBands );
}
}
else { /* TIME_PAIR */
(aaHuffData) =
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}

I* Inverse differential coding */
if ( (bsDiffType[0] == DIFF_TIME) || (bsDiffType[1] == DIFF_TIME) ) {
if ( 'allowDiffTimeBackFlag && (bsDiffType[0] == DIFF_TIME) ) {
bsDiffTimeDirection[0] = FORWARDS;

}

else if (!pairFlag || (pairFlag && (bsDiffType[1] == DIFF_TIME)) ) {
bsDiffTimeDirection[0] = BACKWARDS;

)

else {
bsDiffTimeDirection[0]; 1 Uimsbf

f ( pairFlag ) {
bsDiffTimeDirection[1] = BACKWARDS;

return (aaHuffData, aPgOffset, pilot, mixedTimePair_flag);

Note 1: XXX is to be replaced by the value of dataType (CLD, ICC or CPC, ATD).
Note 2: [1Dhuff_dec() is defined in Annex A.1.

Table 27 — Syntax of HuffData1D()

Syntax No. of bits  Mnemonidg
HuffDatad1D(dataType, diffType, pilotCodingFlag, dataBands)

{

pgQffset = 0;
if ( diffType == DIFF_FREQ &&!pilotCodingFlag) {
aHuffData1D[0] = 1Dhuff_dec(hcodFirstBand_ XXX, bsCodeW); 1..x viclbf
Note1,3
pgOffset = 1;
}
for (|i=pgOffset; i<dataBands{ i++ ) {
aHuffData1D[i] = 1Dhyffy dec(hcod1D_XXX_YY, bsCodeW); 1..x viclbf
Note1,2,3
f ( aHuffData1DJ[il450 ) {
bsSign; 1 Uimsbf
if ( bsSign") {
aHuffData1D[i] = -aHuffData1DIi];
}
}

return (aHuffData1D);
}

Note 1: XXX is to be replaced by the value of dataType (CLD, ICC, CPC, ATD ).
Note 2: YY is to be replaced by “PC”, “DF”, or “DT”, depending on the value of pilotCodingFlag and diffType.
Note 3: 1Dhuff dec() is defined in Annex A.1.
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Table 28 — Syntax of HuffData2DFreqPair()

Syntax

No. of bits Mnemonic

HuffData2DFreqgPair(dataType, diffType, pilotCodingFlag, dataBands)

{

Lavldx = 1Dhuff_dec(hcodLavldx, bsCodeW);
lav = lavTabXXX[Lavldx];

pgOffset = 0;

Hd H o ol .

1.

3

Viclbf
Note 1

T ( dhiffT ype—= D:FF_FREQ &&Epi:utCudillgFiaQ) {
aHuffData2D[0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW);
pgOffset = 1;

}

escapeCode = hcod2D XXX YY_FP_LL escape;
/* specific escape code belonging to this Huffman table */

escCntr = 0;

for (i=pgOffset; i<dataBands; i+=2 ) {
(aTmp[0], aTmp[1]) = 2Dhuff_dec(hcod2D_XXX_YY_FP_LL, bs€odeW);

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<escCntr; i++ ) {
aHuffData2D[aEscList[i]] = aaEscData[0][i] - lav;
aHuffData2D[aEseList[i]+1] = aaEscData[1][i] - lav;

}

if ( (dataBands-pgOffset) % 2 ) {
aHuffData2D[dataBands-1] = 1Dhuff_dec(hcod1D_XXX_YY, bsCodeW);

if (aHuffData2D[dataBands-1] =0 ) {
bsSign;
if ( bsSign ) {
aHuffData2D[dataBands-1] = -aHuffData2D[dataBands-1];
}

1.

1.

1.

X

X

viclf Note6

Notep,3,4,5

viclhf,
NotepB,4,5,6

Note|7
viclhf,
NoteB,4,6

Uimgbf

}
return (aHuffData2D);
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Note 1: lavTabXXX is defined in Table 76.
Note 2: The escape code tables are defined in Table A.8, Table A.9, and Table A.10. For some Huffman
tables no escape code is needed since all possible values are covered by the huffman table.
Note 3: XXX is to be replaced by the value of dataType (CLD, ICC, CPC, ATD ).
Note 4: YY is to be replaced by “PC”, “DF”, or “DT”, depending on the value of pilotCodingFlag and diffType.
Note 5: LL is to be replaced by the value of lav.
Note 6: 1Dhuff_dec() and 2Dhuff_dec() are defined in Annex A.1.
Note 7: % denotes the modulo operator (ANSI C integer math) and returns the remainder of the division.
Table 29 — Syntax of HuffData2DTimePair()
Syntax No. of bits -‘Mnemonic
HuffDatd2DTimePair(dataType, aDiffType, pilotCodingFlag, dataBands)
{
Lavidx = 1Dhuff_dec(hcodLavldx, bsCodeW); 1..3 Viclbf
lav F lavTabXXX[Lavldx]; Note 1
pgQffset = 0;
if ( ((aDiffType[0] == DIFF_FREQ) || (aDiffType[1] == DIFF_FREQ) )
&&!pilotCodingFlag) {
paHuffData2D[0][0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1..x viclbf,
Note3,6
paHuffData2D[1][0] = 1Dhuff_dec(hcodFirstBand_XXX,bsCodeW); 1..x viclbf,
Note3,6
pgOffset = 1;
}
escapeCode = hcod2D_XXX_YY_TP_LL escapé; Note2,3,4,5
* specific escape code belonging to this Huffman table */
escCntr = 0;
if ( (BDiffType[0] == DIFF_TIME) }| (aDiffType[1] == DIFF_TIME) ) {
diffType = DIFF_TIME;
}
Elsq {
diffType = DIFF_FREQ;
}
for (|i=pgOffset; isdataBands; i++ ) {
aTmp[0], almp[1]) = 2Dhuff_dec(hcod2D XXX_YY_TP_LL, bsCodeW); 1..x viclbf,
Note3,4,5,6
f (bsCodeW != escapeCode ) {
aTmpSym = SymmetryData( aTmp );
aaHuffData2D[0][i] = aTmpSym][0];
aaHuffDataZD[ ][I = armpsSym[17];
else {
aEsclList[escCntr++] = i;
}
}
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if (escCntr>0) {
aaEscData = GroupedPcmData(dataType, 1, 2*lav+1, escCntr);
for (i=0; i<escCntr; i++ ) {
aaHuffData2D[0][aEscList[i]] = aaEscData[0][i] - lav;
aaHuffData2D[1][aEscList[i]] = aaEscData[1][i] - lav;

}

return (aaHuffData2D);

Note 1: lavTabXXX is defined in Table 76.
Note 2: The escape code tables are defined in Table A.8, Table A.9, and Table A.10. For some Huffrpan
tables no escape code is needed since all possible values are covered by the huffman‘table.
Note 3: XXX is to be replaced by the value of dataType (CLD, ICC, CPC, ATD ).
Note 4: YY is to be replaced by “PC”, “DF”, or “DT”, depending on the value of pilotCedingFlag and diffType.
Note 5: LL is to be replaced by the value of lav.

Note 6: 1Dhuff_dec() and 2Dhuff_dec() are defined in Annex A.1.

Table 30 — Syntax of SymmetryData()

Byntax No. of bits  Mrjemonic
BymmetryData(aDataPair)

sumVal = aDataPair[0] + aDataPair[1];
diffVal = aDataPair[0] - aDataPair[1];
if (sumVal > lav ) {
aDataPair[0] = (2*lav+1) - sumVal;
aDataPair[1] = - diffVal;
}
else {
aDataPair[0] = sumVal;
aDataPair[1] = diffVal,

}
if (aDataPair[0] + aDataPair[1]4=0) {
bsSymBit[0]; 1 uimsbf
if (bsSymBit[0] ) {
aDataPair[0] £ 3y aDataPair[0];
aDataPair[1]y= - aDataPair[1];
}

}
if (aDataPait[0] - aDataPair[1] =0 ) {
bsSymBit[1]; 1 uimsbf
if{ bsSymBit[1] ) {
tmpVal = aDataPair[0];
aDataPair[0] = aDataPair[1];
aDataPair[1] = tmpVal;
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Table 31 — Syntax of LsbData()

Syntax No. of bits  Mnemonic
LsbData(dataType, coarseFlag, dataBands)
for( i=0; i<dataBands; i++ ) {
bsLsb = 0;
if (dataType == CPC && !coarseFlag) {
bsLsb; 1 uimsbf
}
aBataOutiit=bstsb;
}
return (aDataOut);
}
Table 32 — Syntax of SpatialExtensionFrame()
Syntax No. of bits  Mnemonic
SpatialfxtensionFrame()
{
for (ec=0; ec<sacExtNum; ec++) {
f (sacExtType[ec]<12) {
cnt = bsSacExtLen; 8 uimsbf
if (cnt==255) {
cnt += bsSacExtLenAdd; 16 uimsbf
}
bitsRead = SpatialExtensionFrameData(sacExtType[ec]) Note 1
nFillBits = 8*cnt-bitsRead;
bsFillBits; nFillBits bslbf
)
}
}
Note 1: [SpatialExtensionFrameData() returns the number of bits read.
Table 33 —Syntax of SpatialExtensionFrameData(0)
Syntax No. of bits  Mnemonic
SpatialfxtensionFrameData(0)
{
ResjdualData();
}
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Table 34 — Syntax of ResidualData()

Syntax No. of bits  Mnemonic
ResidualData()
for (i=0; i<numOttBoxes+numTttBoxes; i++) {
if (bsResidualPresent[i]) {
if (iknumOttBoxes) {
for (ps=0; ps<numParamSets; ps++) { Note 2
bslccDiffPresent][i][ps]; 1 Uimsbf
if-bsteeBiffPresentfifipsh<
for (pb=0; pb<bsResidualBands]Ji]; pb++) {
IceDiff[il[ps]ipb] = 1.7 vidibf
1Dhuff_dec(hcod1D_ICC_Diff,bsCodeW); Note 3
}
}
}
}
tempExtraFrame=numSiots/(bsResidualFramesPerSpatialFrame+1); Noje 4
for (rf=0; rf<bsResidualFramesPerSpatialFrame; rf++)
individual_channel_stream(0); Note 1
if (window_sequence == EIGHT_SHORT_SEQUENCE)-&& Note 5
((tempExtraFrame == 18) || (tempExtraFrame == 24) ||
(tempExtraFrame == 30)) {
individual_channel_stream(0); Note 1
}
}
}
}
]
Note1: individual_channel_stream(0) according {6*MPEG-2 AAC Low Complexity profile bitstream syntax
described in subclause 6.3 of ISO/IEC13818-7.
Note 2: numParamSets is defined by numParamSets = bsNumParamSets + 1.
Note 3: 1Dhuff_dec() is defined in Annex A:1.
Note 4: numSilots is defined by numSIéts = bsFramelLength +1. Furthermore the division shall be
interpreted as ANSI C integerdivision.
Note 5: individual channel_stream(0) determines the value of window_sequence.
Table 35 — Syntax of SpatialExtensionFrameData(1)
Byntax No. of bits  Mnemonic
BpatialExtensionDataFrame(1)
1
ArbitraryDownmixResidualData();
A
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Table 36 — Syntax of ArbitraryDownmixResidualData()

Syntax No. of bits  Mnemonic
ArbitraryDownmixResidualData()
{
resFrameLength = numSiots / Note 1
(bsArbitraryDownmixResidualFramesPerSpatialFrame + 1);
for (i = 0; i < numAackEl; i++) { Note 2
bsArbitraryDownmixResidual Abs][i] 1 Uimsbf
bsArbitraryDownmixResidual AlphaUpdateSet[i] 1 Uimsbf
Ul (I_f = G, I—I: IUDAI bitldl yDUVVI IIIIiARUDidUd:FIdIIIUDPUI SPGt;a:FIaIIIU L 1,
rf++)
if (AacEl[i] == 0) { Note(3
individual_channel_stream(0); Note 4
else{
channel_pair_element(); Note 5
}
if (window_sequence == EIGHT_SHORT_SEQUENCE) && Note 6
((resFramelLength == 18) || (resFrameLength == 24) ||
(resFramelLength == 30)) {
if (AacEl[i] == 0) {
individual_channel_stream(0); Note 4
else{
channel_pair_element(); Note 5
1
}
)
}
}
Note 1: humSilots is defined by numSlots = bsFramelLength‘# 1. Furthermore the division shall be
nterpreted as ANSI C integer division.
Note 2: humAackEl indicates the number of AAC elements in the current frame according to Table 81.
Note 3: JAacEl indicates the type of each AAC element in the current frame according to Table 81.
Note 4: jndividual_channel_stream(0) according to-MPEG-2 AAC Low Complexity profile bitstream syntax
described in subclause 6.3 of ISO/IEC 13818-7.
Note 5: channel_pair_element(); according to*MPEG-2 AAC Low Complexity profile bitsream syntax
described in subclause 6.3 of ISO/IEC 13818-7. The parameter common_window is set to 1.
Note 6: [The value of window_sequence is determined in individual_channel_stream(0) or
channel pair_element().
Table 37 — Syntax of SpatialExtensionFrameData(2)
Syntax No. of bits  Mnemonic
SpatialHxtensionFrameData(2)
{
ArbitraryTreeData();
}
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Table 38 — Syntax of ArbitraryTreeData()

Syntax No. of bits  Mnemonic
ArbitraryTreeData()
{
for (i=0; i<numOttBoxesAT; i++) { Note 1
EcData(ATD, i, 0, bsOttBandsAT(i]);
}
}
Note 1: numOttBoxesAT is defined by TreeConfig().
8.2 Definition
ByteAlign() Up to 7 fill bits to achieve byte alignment with respect to the beginning of the
syntactic element in which ByteAlign() occurs.
YpatialSpecificConfig() Syntactic element that contains the SAC configuration data,(header).
ksSamplingFrequencyilndex
see ISO/IEC 14496-3, subclause 1.6.3.4.
hsSamplingFrequency see ISO/IEC 14496-3, subclause 1.6.3.3.
hsFrameLength Defines the number of time slots in a spatiahframe according to:
numSlots = bsFrameLength + 1.
hsFreqRes Defines the number of parameter bands according to:
Table 39 — bsFreqRes
bsFreqRes numBands
0 Reserved
1 28
2 20
3 14
4 10
5 7
6 5
7 4
ksTreeConfig Déefines the tree configuration according to:
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Table 40 — bsTreeConfig

bsTreeConfig Meaning

0 5151 configuration
numOttBoxes = 5
defaultCId[0] = 1
defaultCIld[1] = 1
defaultCId[2] = 0
defaultCId[3] = 0
defaultCId[4] = 1
defaultCidf5t="0
ottModeLfe[0] = 0
ottModelLfe[1] =0
ottModeLfe[2] = 0
ottModeLfe[3] =0
ottModeLfe[4] = 1
numTttBoxes = 0
numinChan = 1
numOutChan = 6
output channel ordering: L, R)C, LFE, Ls, Rs

1 5152 configuration
numOttBoxes = 5
defaultCId[0] = 1
defaultCId[1] = 0
defaultCId[2] =A
defaultCId[3]31
defaultCId[4}.= 1
defaultCIdf5] = 0
ottMaodeLfe[0] = 0
ottModeLfe[1] =0
ottModelLfe[2] = 1
ottModeLfe[3] =0
ottModeLfe[4] =0
numTttBoxes=0
numinChan = 1
numOutChan = 6
output channel ordering: L, Ls, R, Rs, C, LFE

2 525 configuration
numOttBoxes = 3
defaultCId[0] = 1
defaultCIld[1] = 1
defaultCIld[2] = 1
defaultCId[3] = 1
defaultCld[4] =0
defaultCId[5] = 1
defaultCIld[6] = 0
defaultCId[7] = 0
defaultCId[8] = 0
ottModeLfe[0] = 1
ottModelLfe[1] =0
ottModeLfe[2] = 0
numTttBoxes=1
numinChan = 2
numOutChan = 6
output channel ordering: L, Ls, R, Rs, C, LFE

40 © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

3 7271 configuration (5/2.1)
numOttBoxes =5
defaultCId[0] = 1
defaultCld[1] = 1
defaultCld[2] = 1
defaultCId[3] = 1
defaultCld[4] = 1
defaultCId[5] = 1
defaultCId[6] = 0
defaultCId[7] = 1
defaultCId[8] = 0
defaultCId[9] = 0
defaultCId[10] = 0
ottModeLfe[0] = 1
ottModeLfe[1] =0
ottModeLfe[2] = 0
ottModelLfe[3] =0
ottModeLfe[4] =0
numTttBoxes = 1
numinChan = 2
numOutChan = 8
output channehotdering: L, Lc, Ls, R, Rc, Rs,|C,
LFE

4 7272 configuration (3/4.1)
numOttBoxes =5
defaultCId[0] = 1
defaultCld[1] = 1
defaultCld[2] = 1
defaultCId[3] = 1
defaultCld[4] = 1
defaultCId[5] = 1
defaultCId[6] = 0
defaultCId[7] = 1
defaultCId[8] = 0
defaultCId[9] = 0
defaultCId[10] = 0
ottModeLfe[0] = 1
ottModeLfe[1] =0
ottModeLfe[2] =0
ottModelLfe[3] =0
ottModeLfe[4] =0
numTttBoxes = 1
numinChan = 2
numOutChan = 8
output channel ordering: L, Lsr, Ls, R, Rsr, R$, C,
LFE
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5 7571 configuration (5/2.1)
numOttBoxes = 2
defaultCId[0] = 1
defaultCId[1] = 1
defaultCId[2] = 0
defaultCId[3] =0
defaultCId[4] = 0
defaultCId[5] = 0
defaultCId[6] = 0
defaultCId[7] = 0
ottModeLfe[0] = 0
ottModelLfe[1] =0
numTttBoxes = 0
numinChan =6
numOutChan = 8
output channel ordering: L, Lc, Ls, R, Rc¢)Rs, C,
LFE

6 7572 configuration (3/4.1)
numOttBoxes = 2
defaultCId[0] = 1
defaultCId[1] = 1
defaultCId[2] = 0
defaultCId[3] = 0
defaultCId[4] = 0
defaultCIld[5] =0
defaultCId[6]= O
defaultCId[#]*= 0
ottModeLfe[0] = 0
ottModelLfe[1] =0
numTttBoxes = 0
numinChan = 6
numOutChan = 8
output channel ordering: L, Lsr, Ls, R, Rsr, Rs, C,

LFE
7..15 Reserved
bsQuant{Mode Defines quantization and CLD energy-dependent quantization (EdQ) according to:

Table 41 — bsQuantMode

bsQuantMode Meaning
0] default fine quantization for CLD, ICC, CPC
1 as above, but with first CLD EdQ curve
2 as above, but with second CLD EdQ curve
3 Reserved
bsOnelcgc Indicates if only a single left/right ICC parameter is conveyed common to all OTT
hoxes

bsArbitraryDownmix Indicates the presence of arbitrary down-mix gains according to Table 42.

Table 42 — bsArbitraryDownmix

bsArbitraryDownmix Arbitrary down-
mix gains

0 Not present

1 Present
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bsFixedGainsSur Defines the gains used for the surround channels according to:

Table 43 — bsFixedGainsSur

bsFixedGainSur Surround gain
0 1
1 2M1/4)
2 2N2/4)
3 2M(3/4)
4 2/4/4)
57 TESETVEY
hsFixedGainsLFE Defines the gains used for the LFE channels according to:

Table 44 — bsFixedGainsLFE

bsFixedGainLFE LFE gain
0 1

1 104(1/2)

2 10(2/2)

3 10(3/2)

4 10°(4/2)

5..7 reserved

hsFixedGainsDMX Defines the gains used for the downmix’according to:

Table 45 — bsFixedGainsDMX

bsFixedGainDMX Dowhmix gain
1

NOUAWN-O
N
>
—_~
£
SRR

hsMatrixMode Indicates if a matrix compatible stereo downmix has been generated in the ¢ncoder
according to:

Table 46 — bsMatrixMode

bsMatrixMode Meaning
0 normal downmix
1 matrix compatible stereo downmix
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bsTempShapeConfig Indicates operation mode of temporal shaping (STP or GES) in the decoder
according to:

Table 47 — bsTempShapeConfig

bsTempShapeConfig Meaning
0 do not apply temporal shaping
1 apply STP
2 apply GES
3 reserved
bsDecoirConfig Indicates operation mode of the decorrelator in the decoder according to:

Table 48 — bsDecorrConfig

bsDecorrConfig Meaning
0 QMF split frequencies: 3, 15, 24, 65
1 QMF split frequencies: 3, 50, 65, 65
2 QMF split frequencies: 0, 15, 65, 65
3 Reserved
bs3DaudlioMode Indicates that the stereo downmix was 3D audio encoded and that inverse HRTF

processing is to be applied.

bsEnvQuantMode Defines the quantization mode of the envelope shaping data according to:

Table 49 — bsEnvQuantMode

bsEnvQuantMode Meaning,
0 5-step quantizer
1 reserved

bs3DaudioHRTFset Indicates the set of HRTE parameters according to the following table:

Table 50 — bs3DaudioHRTFset

bs3DaudioHRTFset | Meaning
0 set of HRTF parameters defined by ParamHRTFset()
1 reserved
2 reserved
3 reserved
OttConfig() Syntactic element that contains the configuration of an OTT box.
bsOttBands Defines the number of parameter bands 0 <= pb < bsOttBands for which OTT
information is present.
TttConfig() Syntactic element that contains the configuration of a TTT box.
bsTttDualMode Indicates if the TTT box operates in different modes for a low and high band range

according to:

Table 51 — bsTttDualMode

bsTttDualMode Meaning

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

1 different TTT modes for low and high band ranges
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bsTttModeLow Indicates the mode of operation of the TTT box according to:
Table 52 — bsTttModeLow
bsTttModelLow Meaning
0 Prediction mode (2 CPC, ICC)
with decorrelation
1 Prediction mode (2 CPC, ICC)
without decorrelation
2 energy-based mode (2 CLD)
withsubtraction, mmatrix compatibitity emabted
3 energy-based mode (2 CLD)
with subtraction, matrix compatibility disabted
4 energy-based mode (2 CLD)
without subtraction, matrix compatibility enabled
5 energy-based mode (2 CLD)
without subtraction, matrix compatibility disabjed
6 Reserved
7 Reserved
hsTttBandsLow Defines the number of parameter bands for which-TTT information is preserjt. The
full band range or low band range is 0 <= pb <\bsTttBandsLow.
hsTttModeHigh Same as bsTttModeLow but for high band range.

o

sTttBandsHigh

-

aramHRTFset()
sHRTFfreqRes

to

hsHRTFasymmetric
HsHRTFlevellLeft
hsHRTFElevelRight
ksHRTFphase

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

Syntactic element that contains‘a-set of HRTF parameters.

Indicates number parameter.bands for HRTF according to:

Table 53— bsHRTFfreqRes

bsHRTFfreqRes HRTFnumBands HRTFnumPhase
0 Reserved Reserved

1 28 13

2 20 13

3 14 8

4 10 7

5 7 4

6 5 3

7 4 3

Indicates if HRTF set is asymmetric.
Level of left ear (quantization step size 1 dB).
Level of right ear (quantization step size 1 dB).

Indicates if phase difference data is conveyed.

bsHRTFphaseLR
bsHRTFicc
bsHRTFiccLR

SpatialExtensionConfig()

sacExtNum

Phase difference between left and right ear (uniform quantization).
Indicates if HRTF ICC data is conveyed.

HRTF ICC data between the left and right ear according to MPEG surround fine ICC
quantization.

Syntactic element that acts as container to carry extensions to the spatial audio
configuration. The presence of a spatial extension of type bsSacExtType (see Table
54) is signaled by the presence of a SpatialExtensionConfigData(bsSacExtType)
element in SpatialExtensionConfig().

Helper variable storing the number spatial extension containers present.
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bsSacExtType Indicates type of spatial extension data according to:

Table 54 — bsSacExtType

bsSacExtTyp Meaning

0 Residual coding data

1 Arbitrary downmix residual coding data

2 Arbitrary tree extension data

3 User data (data delivered to applications outside the scope of

this specification)

41 1 RUDUI VUUI, SpdﬁdiE)\tUI ID;UI IFI dall IUDdtd() PIESCTI It

12..15 Reserved, SpatialExtensionFrameData() not present
sacExtType[ec] Helper variable storing the type of spatial extension data carried in the gxtension

container ec.
bsSacExtLen Number of bytes in SpatialExtensionConfigData() or SpatialExtensionFrameData().
bsSacExtLenAdd Additional number of bytes in SpatialExtensionConfigData() or,

SpatialExtensionFrameData().
bsSacExtLenAddAdd Further additional number of bytes in SpatialExtensionCenfigData().
bsFillBits Fill bits, to be ignored.

SpatialExtensionConfigData(bsSacExtType)
Instance of the SpatialExtensionConfigData-that carries configuration data for spatial
extension of type bsSacExtType (see Table 54).

SpatialExtensionConfigData(0)

Syntactic element that, if present, indicates that residual coding information is
available. Residual coding is only supported for the spatial frame lengths according
to Table 55. numSilots is defingd:by numSlots = bsFrameLength + 1.

Table 55 — Values of numSlots for which residual coding is supported

numsSlots
15
16
18
24
30
32
36
48
60
64
72

alSamplingFrequencylndex

EC 14496-4.

individual_channel_stream(), according to ISO/I
bsResidualFramesPerSpatialFrame

Indicates the number of residual frames per spatial frame, ranging from one to four
according to
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Table 56 — bsResidualFramesPerSpatialFrame

bsResidualFramesPerSpatialFrame Meaning
0 1 frame
1 2 frames
2 3 frames
3 4 frames
ResidualConfig() Syntactic element that contains the configuration used to encode a residual signal.

—— o PE—— . .

residual signal information is present.

(ds)

patialExtensionConfigData(1)
Syntactic element that, if present, indicates that arbitrary downmix residual
information is available. Arbitrary downmix residual codingris:only supported
bsFramelLength + 1.

hsArbitraryDownmixResidualSamplingFrequencylndex
Determines the sampling frequency assumed when decoding the AAC indiv|
channel streams or channel pair elements, aceording to ISO/IEC 14496-4.

ksArbitraryDownmixResidualFramesPerSpatialFrame
ranging from one to four according to’ Table 57

Table 57 — bsArbitraryDownmixResidualFramesPerSpatialFrame

Indicates the number of arbitrary down-mix residual frames per spatial framg

hsResidualBands Defines the number of parameter bands 0 <= pb < bsResidualBandsfor)which

oding
for the

spatial frame lengths according to Table 55. numSilots is‘defined by numSiofs =

dual

bsArbitraryDownmixResidualFramesPerSpatialFrame number of arbitrary
down-mix resigual
frames per sp3tial

frame
0 1 frame
1 2 frames
2 3 frames
3 4 frames

hsArbitraryDownmixResidualBands
Defines the number of parameter bands 0 <= bsArbitraryDownmixResidualB
numBands for which arbitrary down-mix residual signal information is prese

0

patialExtensionConfigData(2)

Syntactic element that, if present, indicates that arbitrary tree data is availak
TreeConfig() Syntactic element describing tree
hsOttBoxPresent Determines whether an intermediate signal in the tree is processed by an O

according to:

Bands <
nt.

le.

TT box

Table 58 — bsOttBoxPresent

bsOttBoxPresent Meaning
0 signal connected to output channel
1 signal connected to an OTT box
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bsOttDefaultCld

Defines the default value for idxCLDI][][] according to:

Table 59 — ottDefaultCld

ottDefaultCld Meaning
0 default idxCLD[][][] = 0
1 default idxCLD[][][] = 15
bsOttModeLfe Indicates if OTT box operates in normal or LFE mode according to:
Table 60 — ottModelLfe
ottModelfe Meaning
0 OTT box in normal mode
1 OTT box in LFE mode
bsOutputChannelPos Specifies the loudspeaker positions associated with each output©hannel of the tree
as follows:
Table 61 — bsOutputChannelPos
bsOutputChannelPos | Channel abbreviation Loudspeaker position
0 L Left Front
1 R Right Front
2 C Center Front
3 LFE Low Frequency Enhancement
4 Ls Left Surround
5 Rs Right Surround
6 Lc Left Front Center
7 Rc Right Front Center
8 Lsr Rear Surround Left
9 Rsr Rear Surround Right
10 Cs Rear Center
11 Lsd Left Surround Direct
12 Rsd Right Surround Direct
13 kss Left Side Surround
14 Rss Right Side Surround
15 Lw Left Wide Front
16 Rw Right Wide front
17 Lv Left Front Vertical Height
18 Rv Right Front Vertical Height
19 Cv Center Front Vertical Height
20 Lvr Left Surround Vertical Height Rear
21 Rvr Right Surround Vertical Height Rear
22 Cvr Center Vertical Height Rear
23 Lvss Left Vertical Height Side Surround
24 Rvss Right Vertical Height Side Surround
25 Ts Top Center Surround
26 tFE2 tow Frequency Entrancement2——
27-31 reserved

SpatialFrame()
bsindependencyFlag

Framinglinfo()

48

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

Indicates if lossless coding of current SAC frame is done independently of previous
SAC frame, i.e. whether the current SAC frame can be decoded without knowledge
about the previous SAC frame.

Syntactic element that contains information about the number of parameter sets and
their associated time slots.
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bsFramingType Indicates if parameter time slots information is available according to:

Table 62 — bsFramingType

bsFramingType Meaning
0 fixed framing (equidistant parameter time slots)
1 variable framing

bsNumParamSets Defines the number of parameter sets in a frame according to:
numParamSets = bsNumParamSets + 1:

sParamSlot[ps] Defines the time slot to which each parameter set (0 <= ps < numParamSetg)
applies, where ps = 0 for the first time slot in a frame. If nBitsParamSlef(0) 5 0,
bsParamSlot[0] is directly read from the bitstream. If nBitsParam$lot(0) ==|0, then
bsParamsSlot[0] = 0. bsParamSilot[ps] for 0 < ps < numParamSets is furthgr
determined by bsDiffParamSlot[ps].

o

to

sDiffParamSlot[ps] Defines the difference between consecutive bsParamSlot[ps]'s according t¢
bsParamSilot[ps] = bsParamSlot[ps-1] + bsDiffParamSlot[ps] + 1 for 0 < ps <
numParamSets, where bsDiffParamSlot[ps] = 0 if aBitsParamSlot(ps) ==

OttData() Syntactic element that contains all parameters for all OTT boxes.
T|ttData() Syntactic element that contains all parameters\for all TTT boxes.
3mgData() Syntactic element that contains the information about the temporal smoothinjg to be

applied to the dequantized spatial parameters.

hsSmoothMode Defines the smoothing mode for asparameter set according to:

Table 63 — bsSmoothMode

bsSmoothMode Meaning

0 set all smoothing flags to 0 (off)

1 keep previous smoothing parameters unchanged
2 set all smoothing flags to 1 (on)

3 read coded smoothing flags

hsSmoothTime Defines the time constant of the parameter smoothing filter by means of time slots
for 1% order IIR smoothing. The number or time slots depends on bsSmoothTime.

Table-64 — number of time slots depending on bsSmoothTime

bsSmoothTime smoothTime
0 64
1 128
2 256
3 512

hsEreqResStrideSmg Indicates whether and how parameter bands are grouped for transmission df

bsSmgData Smoothing flag for a certain individual parameter set and parameter band.

smgData[ps][pb] Smoothing flag for the i:th parameter set (0 <= ps < numParamSets) and the pb:th
parameter band (0 <= pb < numBands) according to:

Table 65 — smgData

smgData Meaning
0 no smoothing
1 smoothing according to time constant
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TempShapeData()

bsTempShapeEnable

Syntactic element that contains the information about the temporal envelope
shaping to be applied to the upmixed signals.

Indicates if temporal envelope shaping data is present.

bsTempShapeEnableChannel[ch]

Indicates if a temporal envelope shaping tool is applied to an upmix channel ch
according to:

Table 66 — bsTempShapeEnable

Envelopg¢ReshapeHuff()

bsCodeW
hcod2D |EnvRes

ArbitraryPownmixData()
EcData(

bsXXXdrtaMode

bsTempShapeEmableChammetichi—Meaning

0 temporal processing inactive
1 temporal processing active

Table 67 — Channel ordering for TempShapeEnableChannel

The channel ordering is according to Table 67:

bsTempShape bsTreeConfig |numTemp Channel‘ordering
Config ShapeChan

L,R,C\Ls,Rs
LR)C,Ls,Rs
L,R,Ls,Rs
L,R,Ls,Rs,Lc,Rc
L,R,Ls,Rs,Lsr,Rsr
L,R,Lc,Rc
Ls,Rs,Lsr,Rsr

L,R,C,Ls,Rs
L,R,C,Ls,Rs
L,R,C,Ls,Rs
L,R,C,Ls,Rs,Lc,Rc
L,R,C,Ls,Rs,Lsr,Rsr
L,R,Lc,Rc
Ls,Rs,Lsr,Rsr

NNMNNOMNNNN[- A o a
ocoobhwNOCooObhwN O
AAN~NOGORMRNIOD~GO

Syntactic element that contains additional envelope information in case Guided
Envelope Shaping (GES) is applied.

Huffman‘eode word or escape code.

Two-dimensional Huffman code (Table A.11) used for coding envelope reshaping
information.

Syntactic element that contains the arbitrary downmix gain parameters.

Syntactic element that contains all parameter subsets of a given parameter in the
SAC frame.

Indicates whether and how new information for a parameter subset is encoded
according fo:

bsDataPairXXX

50

Table 68 — bsXXXdataMode

bsXXXdataMode Meaning

0 set to default parameter values

1 keep previous parameter values unchanged
2 interpolate parameter values

3 read losslessly coded parameter values

Indicates if two subsequent parameter subsets are coded jointly as a pair.
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bsQuantCoarseXXX Indicates if coarse quantization is employed according to:

Table 69 — bsQuantCoarseXXX

bsQuantCoarseXXX Meaning

0 parameter values coded with full quantizer resolution
(fine quantization)
1 parameter values coded with half quantizer resolution

(coarse quantization)

hsFreqResStrideXXX Indicates whether and how parameter bands are grouped for entropy coding of XXX
data. Grouping is performed according to Table 70.

Table 70 — bsFreqResStrideXXX

bsFreqResStrideXXX  pbStride

0 1 (i.e., no grouping)
1 2
2 5
3 28

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

-

to

sPcmCodingXXX Indicates whether PCM coding is applied.

o

sPilotCodingXXX Indicates whether pilot-based codingis applied in a single or in two temporall
successive data sets.

y

GroupedPcmData() Syntactic element that contains one or two temporally subsequent parametgr
subsets of a given parameter in the SAC frame, where groups of quantized palues
are represented by a single PCM code. numQuantSteps depends on the dafa type
XXX and whether coarse or fine quantization is used and is defined in Tablg 71.

maxGrpLen depefnds on numQuantSteps and is defined in Table 72.

Table 71 — numQuantSteps

XXX (dataType) numQuantStepsXXXCoarse numQuantStepsXXXFjine
CLD 16 31
fele 4 8

CPC 26 51

Table 72 — maxGrpLen

numQuantSteps maxGrpLen
3

6

7

11

13

19

25

51

any other value

PR OWPHABNOOOGOO

bsPcmWord Single PCM code word representing a group of jointly coded quantized values.
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DiffHuffData()

hcodPilot_XXX

bsDiffType

Syntactic element that contains one or two temporally subsequent parameter
subsets of a given parameter in the SAC frame, where the quantized values are
coded using a combination of differential coding and Huffman coding.

One-dimensional Huffman code (Table A.2, Table A.3, and Table A.4) used for
coding of pilot the data type of which is determined by the value of XXX. It is applied
for coding of the pilot signal whenever pilot-based coding is applied.

One or two bits determining whether differential coding in frequency or in time
direction is applied in a single or in two temporally successive data sets.

bsCodingSeheme

bsPairing

bsDiffTimeDirection

HuffData1D()

hcodFirsfBand_XXX

hcod1D_[XXX_YY-

O bt Aot H= bath ClimY Lo Y m W I Y PNH H Lad-
DTG UTCU T T Ty wWinC e T U Z 0 T T arT COUn Ty TS AP PTicuy

Table 73 — bsCodingScheme

Mnemonic | Value |Meaning
HUFF_1D 0 1D Huffman coding
HUFF 2D 1 2D Huffman coding

One bit determining the pairing direction of the 2D Huffman code:

Table 74 — bsPairing

Mnemonic Value Meaning
FREQ_PAIR 0 pairing in frequency direction
TIME PAIR 1 pairing in time direction

One bit determining whether differential coding in time direction is calculated relativ
to predecessor or successor frame.

1%

Table 75 — bsDiffTimeDirection

Mnemonic Value Meaning

BACKWARDS 0 difference relative to previous
parameter time slot data
difference relative to following

parameter time slot data

FORWARDS 1

Syntactic element that contains Huffman data making use of one-dimensional
Huffman_codes.

One-dimensional Huffman code (Table A.2, Table A.3, and Table A.4)used for
coding of data the data type of which is determined by the value of XXX. It is applie
for coding of the lowest frequency band whenever differential coding in frequency
direction is applied.

One-dimensional Huffman code (Table A.5, Table A.6, and Table A.7) used for
coding of data the data type of which is determined by the value of XXX. It is applie
for pilot-based or differentially coded data with YY determining the usage of pilot-
based coding or the direction of the difference calculation (PC: pilot-based

=N

=N

bsSign
HuffData2DFreqPair()

52

coding;DFdifferences N frequency direction; DT differences i time direction). Th
Huffman table used for hcod1D_XXX_PC shall be the same as that used for
hcod1D_XXX_DT.

One bit determining the sign of a 1D Huffman coded value (0O: positive; 1: negative).

Syntactic element that contains Huffman data making use of two-dimensional
Huffman codes representing pairs of values neighboring in frequency direction.
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One-dimensional Huffman code (Table A.24) used for coding of the Lavldx data.
This determines the largest absolute value in one or two data sets coded with two-

dimensional Huffman codes according to Table 76.

Table 76 — lavTabXXX

HuffData2DTimePair()

0

ymmetryData()

o

sSymBit][i]
sbData()

—

ksLsb

to

sXXXpcm[pil[ps}{pb]

Lavidx lavTabCLD lavTablCC lavTabCPC
[Lavidx] [Lavidx] [Lavidx]
0 3 1 3
1 5 3 6
2 T 5 )
3 9 7 12

hcod2D XXX _YY_ZZ LL_escape

hcod2D XXX_YY_ZZ LLTwo-dimensional Huffman code (Table A.11 to Tablg A.22) used for coding

s XXXmsbDiff[pi][ps][pb] Differentially coded most significant bits of a quantization index of data typ

Single Huffman code (Table A.8, Table A.9, and Table A.10) outof the two-
dimensional Huffman code table hcod2D XXX _YY_ZZ LL inducing an esc
mechanism within which one or more pairs of values are transmitted by me
grouped PCM coding.

pe
ns of

of data

the data type of which is determined by the valué of XXX. It is applied for pilpot-based
or differentially coded data with YY determiningthe usage of pilot-based cogling or
the direction of the difference calculation (P€: pilot-based coding; DF: differences in

frequency direction; DT: differences in time-direction) and ZZ determining th

e

direction of the 2D pairing (FP: pairing of'values neighboring in frequency direction;
TP: pairing of values neighboring in‘time direction). The value of LL determipes one
out of four possible LAV steps according to Table 76. The Huffman table usgd for

hcod2D XXX _PC_ZZ LL shall'be the same as that used for
hcod2D_XXX_DF_TP_LL.

Syntactic element that cenhtains Huffman data making use of two-dimensiona

Huffman codes representing pairs of values neighboring in time direction.

Syntactic elementdetermining to which one out of four possible symmetry r¢gions a

pair of two jointly coded values belongs to.
Two bits determining one out of four symmetry regions.

Syntagctic-element that contains the least significant bits of each value in one
temporally subsequent parameter subsets of a given parameter in the SAC

One bit determining the mapping between quantization indices resulting fror
applying coarse or fine quantization scales, respectively.

PCM coded indices where XXX is to be replaced by CLD, ICC, or CPC. The
are offset so that they cannot be negative.

(where XXX can be either CLD or ICC or CPC) belonging to parameter inde
parameter set ps and parameter band pb.

or two
frame.

n

indices

e XXX
X pi,

bsXXXIlsb[pi][ps][pb]

idxXXX[pi][ps][pb]

Least significant bit of a quantization index of data type XXX [...]. May only be 1 in

case of data type CLD and fine quantization; otherwise always 0.

Quantized spatial parameter (as index, can be negative) for the pi:th XXX parameter
for the ps:th parameter set (0 <= ps < numParamSets) and the pb:th parameter

band (0 <= pb < numBands). XXX is to be replaced by CLD, ICC, or CPC.

SpatialExtensionFrame() Syntactic element that acts as container to carry extensions to the spatial audio

frame.
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53


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

SpatialExtensionFrameData(bsSacExtType)
Instance of the SpatialExtensionFrameData that carries frame data for spatial
extension of type bsSacExtType (see Table 54).

SpatialExtensionFrameData(0)
Syntactic element carrying residual coding data.

ResidualData() Syntactic element that contains the residual signal information.

bslccDiffPresent[pi][ps] Signals the presence of differential ICC parameter indices for parameter instance pi
and parameter set ps, which will be used to update idxICC[pi][ps][pb] for parameter

b arnda " o andalc A a adicatac arnan

is present for parameter instance pi and parameter set ps. A value of 1 indicatesthe
presence of an ICC difference for parameter instance pi and parameter set ps.

hcod1D_|ICC_Diff One-dimensional Huffman code (Table A.23) used for coding of lccDiff data.

lccDiff[pj][ps]ipb] Differential ICC parameters to update idxICC[pi][ps][pb] for parameter-instance pi,
parameter set ps and parameter band pb. Values are encoded aceording to Table
A.23.

individua_channel_stream()

MPEG-2 AAC Low Complexity profile individual_channel_stream() elements
according to the syntax defined in Table 16 (and related\tables) of subclause 6.3 of
ISO/IEC 13818-7. Decoding of an individual_channgl\stream() element also
determines the value of window_sequence, according to ISO/IEC 13818-7.

A second individual_channel_stream() element.is present when window_sequenceg
(determined by the first individual_channel <stream() element) equals
EIGHT_SHORT_SEQUENCE and tempExtraFrame equals 18, 24 or 30. In this
case, the value of window_sequence‘determined by the second
individual_channel_stream() elementshall equal EIGHT_SHORT_SEQUENCE.

Restrictions apply to the elements of the individual_channel_stream() syntax and th
ics_info() syntax. The restrictions applied to the elements of the
individual_channel_stream()-syntax are given in Table 77.

D

Table 77 — Restrictions in'syntax of individual_channel_stream()

Tool Allowed value
pulse_data. present 0
gain_caontrol_data_present 0

The restrictions applied to the elements of ics_info(), defined in Table 15 of
subclause 6.3 of ISO/IEC 13818-7, are given in Table 78.

Table 78 — Restrictions in syntax of ics_info()

Tool Allowed value
window_shape 0
predictor_data present 0

In addition to the existing restriction on the maximum number of scalefactor bands to
which Temporal Noise Shaping is applied, (the constant TNS_MAX_ BANDS defined
in Table 33 of subclause 7.1.6 of ISO/IEC 13818-7), the lowest scalefactor band
where Temporal Noise Shaping is applied is restricted and depends on the sampling
rate (derived from bsResidualSamplingFrequencylndex) and whether
window_sequence indicates a long or short window, as specified in Table 79.
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Table 79 — Lowest scalefactor band where Temporal Noise Shaping is applied

n

> o

patialExtensionFrameData(1)

rbitraryDownmixResidualData()

sArbitraryDownmixResidualAbs]i]

sArbitraryDownmixResidualAlphaUpdateSet][i]

Sampling Rate [Hz] Sfb (long windows) Sfb (short windows)
96000 10 2
88200 10 2
64000 14 2
48000 15 3
44100 15 3
32000 19 4
24000 23 5
16000 22 7
12000 26 9
11025 27 9
8000 28 11

Syntactic element carrying arbitrary downmix residual goding data.
Syntactic element that contains the arbitrary downmix residual signal informjation.

indicates whether the signal(s) of the arbitrary down-mix residual AAC elempnt i

(either an individual_channel_stream ora channel_pair_element) is generafed either
in the differential (0) or in the absoluté\(1) mode, disregarding signal modifidations to
allow for smooth transitions.

indicates first parameter set-to-‘which new value of o, (see subclause 6.5.2|3) is
applied according to Table 80.

Table 80 — bsArbitraryDownmixResidualAlphaUpdateSet

bsArbitraryDownmixResidualAlphaUpdateSet[i] Meaning

0 The new value of o, is
applied to all parameter sets
the frame.

1 The value of o, calculated ip
the previous frame is applied
to the first parameter set. Th
new value is applied starting
from the second parameter
set.

n

D

umAacEl Specifies the number of AAC elements in the current frame according to Table 81.

acEl

Specifies the element type of each AAC element, according to Table 81. AacEl[i] represents the it
entry in the AacEl string. ‘0’ indicates an “individual channel stream” (ICS) whereas

© ISO/IEC 2007 — All rights reserved

a value of ‘1’ indicates a “channel_pair_element”.

Table 81 — number of AAC elements and the element type depending on the number of down-mix

channels
numInChan
1 2 6
numAacEl | AacEl numAacEl | AacEl numAackEl AackEl
1 ‘0’ 1 ‘1’ 2 ‘111
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SpatialExtensionFrameData(2)

Syntactic element carrying arbitrary tree data.

ArbitraryTreeData() Syntactic element that contains the ATD data for all OTT boxes in the arbitrary tree.

6 Decoding process

6.1 Caompressed data stream decoding and de-quantization

6.1.1 Introduction

This sub
used by

matrices
directly o

6.1.2 D

6.1.2.1

The dec
ATD, IC(

idxQ
idxA
idxI(
idxQ
where of

pi

ps

pb

clause describes the decoding and dequantization of the bitstream payload into variables that an
he different modules of the spatial audio decoder. The final subclause describes the derivation of th

M/* and M4, in the case of Enhanced Matrix Mode operation, where the matrix-coefficients af
@lculated from the downmix.

D O

[¢]

ecoding of CLD ATD, ICC, CPC, and arbitrary downmix gain parameters

Overview

pding of the SpatialFrame() data result in the parameteriindices idxXXX[][][] of the quantized CLD,
L, and CPC parameters

LD[pi][ps]ipb] having values in the range -15 .. 15,

TD[pil[ps][pb] having values in the range -15.115,

CC[pil[ps][pb] having values in the range 0 .. 7,

PC[pi][ps][pb] having values in the\range -20 .. 30,

tional arbitrary downmix gain,parameters are handled as CLD data, and where
= parameter instance having values in the range which,

for CLD, ICC and~CPC have the range 0 .. numOtiBoxes+4*numTttBoxes+numinChan-1,

and for ATD have'the range 0 .. numOttBoxesAT-1

parameter sef having values in the range 0 .. numParamSets-1,

parameter band having values in the range 0 .. numBands-1,

P9 I

parsameter group having values in the range 0 .. dataBands-1,

is carried out as described in the following subclauses. The value ps = -1 refers to the last parameter set of
the previous frame, which is required when applying time-differential decoding over frame boundaries.

The following process described in the subclauses below is carried out for all instances pi of all parameter
types CLD, ATD, ICC, CPC, where XXX denotes the actual parameter type.

56
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6.1.2.2 Loop over parameter sets

Prepare looping over parameter sets.

dataSets = 0;
for (ps=0, ps<numParamSets; ps++) {
if (bsXXXdataMode[pi][ps] == 3) { /* coded */
dataSetIdx[ps] = dataSets;
paramSet [dataSets] = ps;
paramHandled[ps] = 0;
dataSets++;
}
}
Decode all parameter sets ps according to their bsXXXdataMode[][] according to the-subclause below.
while (ps=0; ps<numParamSet; ps++) {
switch (bsXXXdataMode[pi] [ps]) {
case 0: /* default */
for (pb=0; pb<numBands, pb++) {
switch (XXX) {
CLD,ATD:
if (defaultXXX([pil)
1dxXXX([pi] [ps] [pb] = 15;
else
idxXxXX [pi] [ps] [pb] = 0%
break;
ICC:
idxXXX [pi] [ps] [pb] =10;
break;
CPC:
idxXXX[pi] [ps] [pb] = 10;
break;
}
}
break;
case 1l: /* keep\*/
case 2: /* irnterpolate */
for (pb£0 pb<numBands, pb++) {
1d&XXX [pi] [ps] [pb] = idxXXX[pi] [ps-1] [pb];
}
bxeak;
case¥3: /* coded */
if (!paramHandled[ps]) {
DecodeDataPair(); /* see subclause 6.1.2.3 */
}
break;
}
}
6.1.2.3 Decoding of a data pair element

6.1.2.3.1 DecodeDataPair overview

Dependent on the signaled grouping of data ( bsDataPairXXX[][] ) the delta decoding is either done for a
single parameter set or for two parameter sets which is reflected by the variable paramHandled[ps]. An
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overview of the data buffers involved in decoding of a data pair is shown in Figure 13. The actual delta
decoding is preceded by a pre processing which has three purposes listed below:

e Map the already decoded indices to match the frequency grouping of the current data which is
signaled by bsFreqResStrideXXX[][].

e Offset the indices to so that they never have negative values.

e If the current data has coarse quantization, then convert the previous data to coarse as well. Since the

coarse quantization is a subset of the fine quantization it is possible to do delta coding in between

data sets even though they do not have the same quantization resolution.

The actyal delta decoding includes the pilot delta decoding and the data delta decoding. The pilot“delta
decoding is done compared to a single value bsXXXpilot[][]. The data delta decoding is either done in thie
frequendly direction from low frequencies to high frequencies or in the time direction generally compared to th
previous| parameter set. In the case that two parameter sets are decoded ( bsDataPairXXX{][] == 1) it
possible|to delta code compared to the next parameter set and hence that parameter, Sets needs to b

decoded|before.

D »n O

Similarly|to the pre processing the post processing has three purposes which are listed below:
e Map the decoded indices to the highest frequency resolution which is.signaled by bsFregRes.
e [Remove the offset.

¢ (Convert indices into fine quantization index range.
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Pre-processing-ef-previousindices
* Map to current frequency resolution
* Offset indices to be non negative

* Convert to coarse quantization if needed

l idxXXXmsb

Yvyyy

Delta decoding

¢ idxXXXnotMapped

Post-processing of indices¢
* Map to Highest frequency resolution
* Remove offset

* Convert to fine quantization

ide XXX

Figure 13 — DecodeDataPair data overview

6.1.2.3.2 DecodeDataPair syntax

—

parameter set‘ps-is carried out as follows.

-

irstly, the.previous data is pre-processed for time-differential decoding.

setIdxStart = dataSetIdx|[ps];
startBand = startBand YY[p-i],-

he DecodeDataPair() process for a single parameter or a parameter pair of type XXX, instance pi, starting at

stopBand = stopBandXXX([pi];

pbStride = pbStrideTable[bsFreqResStrideXXX([pi] [setIdx]]; /* see Table 70 */
dataBands = (stopBand - startBand - 1)/pbStride + 1; /* ANSI C integer math
*/

aGroupToBand = createMapping(startBand, stopBand, pbStride) ; /* see

subclause 6.1.2.4 */

for (pg=0; pg<dataBands; pg++) {
pb = aGroupToBand[pgl;
tmp = 1dxXXX[pil[ps-1]I[pbl;
switch (XXX) {
case CLD,ATD:

© ISO/IEC 2007 — All rights reserved
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if (bsQuantCoarseXXX([pi] [setIdx]) {
tmp = (tmp/2)+7; /* ANSI C integer math */
}
else {
tmp = tmp+15;
}
break;
case ICC:
if (bsQuantCoarseXXX([pi] [setIdx]) {
tmp = tmp/2; /* ANSI C integer math */

1

break;

case CPC:
tmp = (tmp+20)/2; /* ANSI C integer math */
break;

}

1dxXXXmsb[pi] [setIdxStart-1] [pg] = tmp;

Then, delta decoding is done in the following order

if |[(bsPilotCoding[pi] [setIdx]) {

decodePilotDeltaData (setIdxStart);

if (bsDataPairXXX[pi] [setIdxStart]) {
decodePilotDeltaData (setIdxStart+1l) ;

elsp 1if (!bsPcmCodingXXX[pi] [setIdx]) {
if (bsDataPairXXX[pi] [setIdxStart]) {
if ((bsDiffTypeXXX([pi] [setIdx]==DIFF TIME) &&
(bsDiffTimeDirectionXXX [piksetIdx]==FORWARDS)) {
decodeDeltaData (setIdxStaxt+l) ;
decodeDeltaData (setIdxStart) ;
}
else {
decodeDeltaData (setIdxStart) ;
decodeDeltaDataysetIdxStart+l) ;
}
}
else {
decodeDeltalData (setIdxStart) ;
}
} ellse {
idxXXXnotMapped|[pi] [setldx] [pg] = bsXXXpcm[pi] [setIdx] [pgl;

where thg'decodePilotDeltaData(setldx) process is carried out as follows.

for (pg= 0; pg< dataBands; pg++) {
1dxXXXmsb [pi] [setIdx] [pg] =
bsXXXmsbDiff[pi] [setIdx] [pg] + bsXXXpilot[pi][setIdx];

if (bsQuantCoarseXXX[pi] [setIdx] || (XXX != CPC)) {
idxXXXnotMapped|[pi] [setIdx] [pg] = idxXXXmsb[pi] [setIdx] [pgl;

}

else {

idxXXXnotMapped[pi] [setIdx] [pg] =
2*1dxXXXmsb [pi] [setIdx] [pg] + bsXXXlsb[pi] [setIdx] [pgl;
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and the decodeDeltaData(setldx) process is carried out as follows.

for (pg= 0; pg< dataBands; pg++) {
switch (bsDiffTypeXXX[pi] [setIdx]) {
case DIFF FREQ:
if( pg > 0 ) |

1dxXXXmsb[pi] [setIdx] [pg] =
1dxXXXmsb[pi] [setIdx] [pg-1l] + bsXXXmsbDiff[pi] [setIdx] [pg];

} else {
1dxXXXmsb[pi] [setIdx] [pg] = bsXXXmsbDiff[pi] [setIdx] [pgl;
}
break;
case DIFF TIME:
if ( (pg > 0) || (mixedTimePairXXX[pi][setIdx]) ) {

switch (bsDiffTimeDirectionXXX[pi] [setIdx]) {

case BACKWARDS:

1dxXXXmsb[pi] [setIdx] [pg] =
1dxXXXmsb[pi] [setIdx-1] [pg] + bsXXXmsbDiffi[pi] [setIdx] |pgl

break;
case FORWARDS:
/* assert that idxXXXmsb[pi][setIdx+1](is already available */
1dxXXXmsb[pi] [setIdx] [pg] =
1dxXXXmsb[pi] [setIdx+1] [pg] - bsXXXmsbDiff [pi] [setIdx] |pgl;
break;
}
} else {
1dxXXXmsb [pi] [setIdx] [pg] = bsXXXmsbDiff [pi] [setIdx] [pb];
}
}
if (bsQuantCoarseXXX[pi] [setIdx] | (XXX != CPC)) {

idxXXXnotMapped[pi] [setIdxifpg] = idxXXXmsb[pi] [setIdx] [pg];

}
else {
idxXXXnotMapped[pi] [setldx] [pg] =
2*idxXXXmsb [pi] [setIdx] [pg] + bsXXXlsb[pi] [setIdx] [pgl;

Hinally, the following post-process is applied to the decoded data.

for (i=0; i&sbsDataPairXXX[pi] [setIdxStart]; i++) {
setIdx~=/setIdxStart+i;
ps = paramSet[setIdx];
paramHandled[ps] = 1;
for (pg=0; pg<dataBands; pg++) {
tmp = idxXXXnotMapped|[pi] [setIdx] [pg];
switch (XXX) {
case CLD,ATD:
if (bsQuantCoarseXXX([pi] [setIdx]) {
tmp = (tmp-7) *2;
if (tmp==-14) tmp=-15;
if (tmp==14) tmp=15;

}
else {

tmp = tmp-15;
}

break;
case ICC:
if (bsQuantCoarseXXX([pi] [setIdx]) {
tmp = tmp*2;
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}
break;
case CPC:
if (bsQuantCoarseXXX[pi] [setIdx])
tmp tmp*2;

}
tmp
break;

tmp-20;

}
pbStart aGroupToBand[pg];

{

posStop aGroupToBand[pg+1l];
for (pb=pbStart; pb<pbStop;
idxxXxX[pi] [ps] [pb] tmp;

pb++) |

6.1.2.4 | Handling of parameter band stride
Handling

vector with start and stop borders for the frequency grouping.

Ccre

{

bteMapping (startBand,

inBands
outBands

stopBand-startBand;
(inBands - 1) /pbStride + 1;

bandsAchieved outBands*pbStride;
bandsDiff inBands - bandsAchieved;
for( i = 0; 1 < outBands; i++ ) {
vDk[1] pbStride;

while (bandsDiff < 0 )=\
vDk[k] vDk[k]
k k + incr;
bandsDiff bandsDiff + incr;
if (k >= owtBands) {

k=0;

—--Ancr;

}
}
aMap [0Y startBand;

for,((ya» = 0; 1 < outBands; 1i++ ) {
aMap [1i+1] aMap[i] + vDk[i];

1

of the stride for parameter band grouping is carried out by the following function which creates

stopBand, pbStride)

/XNANSI C integer math */

return( aMap )

62

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

6.1.3 Decoding of smoothing control parameters

ISO/IEC 23003-1:2007(E)

The decoding of the smoothing control parameters to obtain smgData[ps][pb] is carried out as follows. The
value ps = -1 refers to the last parameter set of the previous frame, which is required for time-differential

decoding.
for (ps=0; ps<numParamSets; ps++) {
switch (bsSmoothMode[ps]) {
case O0:
for (pb=0; pb<numBands; pb++) {
smgData[ps] [pb] = 0;
}
break;
}
case 1:
for (pb=0; pb<numBands; pb++) {
smgData([ps] [pb] = smgDatal[ps-1][pbl;
}
break;
}
case 2:
for (pb=0; pb<numBands; pb++) {
smgData[ps] [pb] = 1;
}
break;
}
case 3:
pbStride = pbStrideTable[bsFreqResStrideSmg[ps]]; /* see Table 7(
dataBands = (numBands - 1) /pbS$t¥ide + 1;

for (pg= 0; pg< dataBands}y
pbStart =
pbStop =

for

pg++) |
aGroupToBand[pg];
aGroupToBand[pg+l];
(pb=pbStartjiupb<pbStop;
smgData[p$§]ipb] =

pb++) |

bsSmgData[ps] [pgl;
}

}

break;

6.1.4 Decoding of number of parameter bands
Tlhe number of available parameter bands is defined according to:

M . = numBands

aGroupToBand=createMapping (Q, numBands, pbStride) ;) ;/*see subclauss

*/

6.1.2.4%/

where numBands is defined in Table 39.
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6.1.5 Decoding of residual coding elements

A residual coding element consists of one or two individual_channel_stream() elements (for OTT and TTT
boxes) and differential ICC elements (for OTT boxes). The presence of a residual coding element for
parameter instance pi is signaled through bsResidualPresent(pi) and the presence of differential ICC
elements is signaled by bslccDiffPresent(pi,ps).

The individual_channel_stream() elements are decoded according to the description in subclause 8.3
(“Decoding of a smgle channel element (SCE), channel palr element (CPE) and |nd|V|duaI _channel_stream
(ICS)) o
of windoys window_sequence.

In the cafe window_sequence equals EIGHT_SHORT_SEQUENCE and tempExtraFrame equals 18,.24-or 30,
(see Table 34), the decoded MDCT coefficients of the second individual_channel_stream()_element are
appended to those of the first element, resulting in 2048 MDCT coefficients.

The numper of residual bands m,,, (pi) is set equal to bsResidualBands(pi) according t0.

m,_ .. (pi) =bsResidualBands( pi)
for 0 < pli < numOttBoxes + numTttBoxes .

The decpded MDCT coefficients are transformed to the QMF domain) by the transformation described in
subclause 6.9.2.

In the cape bslceDiffPresent(pi,ps) equals 1, differential ICC elements are decoded according to the Huffma
code gijen in Table A.23, yielding lccDiff(pi,ps,pb). The NCC parameter indices idxICC(pi,ps,pb) ai
updated [by adding IeeDiff(pi,ps,pb) when the parameteriband pb corresponds to a residual band, yieldin
idxICCUpd(pi,ps,pb) according to:

D S5

(@]

pb mreSPar (pl)

idxICC( pi, pSopb) +iceDiff ( pi, ps, pb) i
idx (pl PSP ) 1ccih (pz ps:p ) lf{bslchlffPresent(pi,PS):]

idx]CCUpd ( pi, ps, pb) =
ideCC( pi, ps, pb) ,otherwise

for 0< pf <numOttBoxes ,.0.<ps < numParamSets and 0< pb<M

6.1.6 Decoding-of arbitrary down-mix residual coding elements

A residdidl-coding element consists of a collection of individual _channel_stream() elements, and/ar
channel_pair_element() elements. The channel_pair_element() and/or individual_channel_stream() elements
are decoded according to the description in subclause 8.3 (“Decoding of a single_channel_element (SCE),
channel_pair_element (CPE) and individual_channel_stream (ICS)”) of ISO/IEC 13818-7 up to the inverse
IMDCT, resulting in 1024 MDCT coefficients and the sequence of windows window_sequence.

In the case window_sequence equals EIGHT_SHORT_SEQUENCE and resFrameLength equals 18, 24 or 30,
(see Table 22), the decoded MDCT coefficients of the second channel pair_element() or
individual_channel_stream() element are appended to those of the first element, resulting in 2048 MDCT

coefficients. The number of residual bands m, ,, ... is set equal to bsdrbitraryDownmixResidualBands. The

decoded MDCT coefficients are transformed to the QMF domain by the transformation described in subclause
6.9.2.
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6.1.7 Decoding of time / frequency grid
The parameter time slots bsParamSlot[ps] are decoded from the SpatialFrame() data as follows.
If the last signaled parameter time slot is not the last time slot in the frame ( numSlots - 1 ) the last parameter

set indices available are copied into a new parameter set and hence the last element in the parameter time
slot vector t should always be ( numsSiots - 1 ). The number of parameter sets is defined according to:

[numParamSets ,if bsFramingType =0

==

L= 1numParamSets ,if bsFramingType =1, bsParamSlot(numParamSets-l) = numSlots\—

numParamSets +1 ,otherwise

<

here  numParamSets = bsNumParamSets +1 , numSlots = bsFrameLength+1 afd  furtheriore if
sParamSlot[numParamSets-1] = numSilots-1 the last available parameter set is copied-according to

lox

idxXXX( pi,numParamSets, pb) = idxXXX( pi,numParamSets —1, pb)
smgData(numParamSets, pb) = smgData(numParamSets —1, pb)

ideCCUpd(pi,numParamSets,pb) = ideCCUpd(pi,numParamSets - 1,pb) (if applicable )

—h

br all parameter types XXX, instances pi, and all parameter bands pb.

—

he parameter time slot vector t is then finally defined according to:

) (numSlots . (l + 1)
ceil 7

J —1 ,bsFramingType=0, /<L-1
t(l) = bsParamSlot[l] sbsFramingType=1, /<L-1,

numSlots —1 J=L-1

—h

br 0</< L.

6.1.8 Dequantization of CLD, ATD, ICC or ICCUpd, CPC, and arbitrary downmix gain parametgers

Allparameter types are dequantized according to the definitions in this subclause for all paramefer bands
<m<M,  and all parameter sets 0</<L . Throughout this subclause the dequantization| function

”

deq(index,parameterType) is used. It is defined by selecting an appropriate table (Table 82, Table 83 or
Table 84) depending on parameterType . It returns a dequantized value according to chosen table and index .
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When parameter interpolation is used as signaled by bsXXXdataMode(pi,l,m)=2 for the corresponding
indices idxXXX(pi,/,m) , the dequantization function deq(index, parameterType) will also use the
parameter time slot vector t and the previous and next parameter indices idxXXX(pi,l

idxXXX( pi,!

> “after *

bef§ore m) and

m) , respectively, to calculate the interpolated parameter indices according to:

idxXXX (pi,[,m) = idxXXX ( pi, l e m ) +
(idxXXX(ni ]l  m)—idxXXX(nil
i A\E4 allCr VA \1

t (lafter ) - t (Zbefore )

) |
— : (t (1) - t(lbefore ))J Ibefore < Z < Zafter

INT

where

Leiore 1S the parameter set with the largest value smaller than / for which bsXXXdataMode(pi,lb

and whefe

m);tZ

efore »

[

after

is the parameter set with the smallest value larger than / for which bsXXXdataMode(pi,l m) #2

after ?

and whefe idxXXX(pi,—l,m) refers to the last parameter set in the previous‘frame and t(—l) is set to the
first parameter time slot in the current frame, hence equals zero.

In the chse bsIchiffPresent(pi,l) equals 1, no interpolation .is ‘applied to the ICC parameter indices,

idxICC( pi,/,m) in parameter band 0<m <m_,, (pi).

Table 82 — CLD and ATD parameter quantization table

ldx -15 -14 |13 |12 |- |-10 | -9 -8 -7 -6 -5
CLD[idx] | -150 |-45 |-40 |-35 <30 |-26 |-22 |-19 |-16 |-13 |-10
ldx -4 -3 -2 -1 0 1 2 3 4 5 6
CLD[idx] | -8 -6 -4 2 0 2 4 6 8 10 13
ldx 7 8 9 10 11 12 13 14 15

CLD[idx] | 16 19 22 25 30 35 40 45 150

Table 83 — ICC parameter quantization table

idx 01 2 3 4 5 6 7
ICClidx} | 1]0.937 [ 0.84118 | 0.60092 | 0.36764 | 0 -0.589 | -0.99
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Table 84 — CPC parameter quantization table
idx 20 |19 |18 |-17 |-16 |-15 |-14 |-13 |-12 |-11 -10
CPClidx] | -20 |19 |-18 |17 |16 |-15 |14 |13 |12 |11 |-1.0
idx -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1
CPClidx] | -09 |-08 |-0.7 |-06 |-05 |-04 |-03 |-02 |[-0.1 |00 |O.1
idx 2 3 4 5 6 7 8 9 10 11 12
CPCJidx] |02 |03 |04 |05 |06 |07 |08 |09 1.0 1.1 1.2
idx 13 14 15 16 17 18 19 20 21 22 23
CPCIiax 13 [ 5 6 177 -8 79— 20 21 22123
idx 24 25 26 27 28 29 30
CPClidx] |24 |25 |26 |27 |28 |29 |30
Hor the CLD parameter type the Energy dependent Quantization (EdQ) tool is available. The use gf EdQ is
controlled by bsQuantMode. In case of a 5-2-5 configuration the EdQ tool is not used. The dequant|zation of
the CLD parameter type is defined as follows.
i bsQuantMode = 0 or bsTreeConfig > 1 the CLD parameter type is dequantized according to:
DgLD (ott, l, m) = deq(idxCLD(ott, l, m), CLD) 0 < ott < numOttBox
gnd the CLD index shall not be updated by EdQ, hence:
idxCLDEdQ (ott,/,m) = idxCLD (ott,l,m)
atherwise if bsQuantMode > 0 the EdQ tool is used“and hence the configuration signaled in bsTreelConfig is
needed for the dequantization of the CLD parameters according to the following, where the function frcFunc()
i defined below.
I{ bsTreeConfig = 0 the CLD dequantization is defined according to:
DY, (0,4,m) = deq(idxCLD(0,/,m),CLD)
D(QLD(O'l'm)
10 10
RelativeLocalEnergyFCs s, (1,m) =10log,, [DSLD(O,Z,m)J
1+100 "
. 1
RelativeLocalEnergySs,s, (I,m)=10log,, [DSLD(o,z,m)]
I S
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idxCLDEdQ(1,/,m) =
max(—lS,min(lS,round (idXCLD(l,I,m) . facFunc(RelativeLocalEnergyFC5151 (l,m)))))

DY, (1,1,m) = deq(idxCLDEAQ(1,/,m),CLD)

D%_D(l,l,m)
)
RelativeLocalEnergyFys, (I,m)=10log,,| ——————-10 10

[DSLD(I’I'm)}
10 10
TO

RelativeLocalEnergyFCs;s,(1,m)

1
\l—l_

idxCLDEdQ(2,/,m)=
max (—15, min (1 5,round (idXCLD(2, I,m)- facFunc(RelativeLocalEmzrgyS5151 (1, m)))))

DY |, (2.1,m) = deq(idxCLDEAQ(2,/,m),CLD)
idxCLDEdQ(3,/,m) =

max (—15,min(1 5,round (idXCLD(3,I,m) . facFunc(RelativeLocalEnergyF5151 (1, m)))))
DY |, (3,1,m) = deq(idxCLDEAQ(3,/,m),CLD)
DY}, (4,1,m) = deq(idxCLD(4,/,m),CLD)

If bsTreefConfig = 1 the CLD dequantization is defined accarding to:

68

DZ}, (0,1,m) = deq(idxCLD(0,7,m),CLD)

DEip (0.4,m)
e
RelgtiveLocalEnergyLR;, ., (l , m) =l0log,,

DSLD(O,I,m)
10

1+10[

idxCLDEdQ(1,/,m) =
max (—1 55 min(l 5, round (idXCLD(l, l, m) . facFunc(Re lativeLocalEnergyLR,,, (Z, m)))))

DY}, (1,1,m)€deq(idxCLDEAQ(1,/,m),CLD)

DgLD(lvlvm)
10{ 10 ] RelativeLocalEnergyLRs,s, (1,m)
RelgtivéLocalEnergyL.,., (I.m) =10log,, ﬁ-lo 10
1+ 10L o)
1 RelativeLocalEnergyLRs,s,(1,m)
RelativeLocalEnergyR;,s, (1,m)=10log,, W -10 10
1+100 "
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DY, (2,1,m) = deq(idxCLD(2,/,m),CLD)
idxCLDEdQ(3,/,m) =

max (—1 5, min (1 5,round (idXCLD (3,1,m)- facFunc(Re lativeLocalEnergyLs,, (1, m)))))
D¢, (3,1,m) = deq(idxCLDEAQ(3,/,m),CLD)

CNEPal th a\ nt Pa VAV IS A
TOXC IO aQ 57—

max (—1 5, min (1 5,round (idxCLD(4, l, m) - facFunc (Re lativeLocalEnergyR;, s, (Z, m)))
DY, (4,1,m) = deq(idxCLDEdQ(4,/,m),CLD)

~—

—

he function facFunc() is defined according to below:

JacFunc(—x)= (x—x)(y.-v)

Y, X, <x

<

Vhere x;, x,, y; and y, are defined according tosthe Table 85 which depends on the bitstream| element
sQuantMode. Furthermore Figure 14 illustrates the function facFunc().

o

Table 85— facFunc parameters table

bsQuantMo&‘ X, X Vi Vs
0 O 1 1 1 1
HIENE 1 21 1 5
2 A 1 25 1 8
30~ reserved | reserved | reserved | reserved
facFunc(-X)
A
Y, T
Yi 7
I | >
X, X, X

Figure 14 — Visualization of facFunc()
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The ATD parameter is transmitted for each OTT box in the Arbitrary Trees and hence is only available if
arbitrary tree data is present. Dequantization of the ATD parameter type is defined below:

ng (atd,l,m) =deq (idxATD(atd,Z,m), CLD) ,0 < atd < numOttBoxesAT

The ICC

parameter can be transmitted either for each OTT box separately, or one combined left/right ICC

parameter can be transmitted for all OTT boxes. Additionally a ICC parameter is transmitted for the TTT box if
bsTttModeLow(ti) <2 or bsTttModeHigh(ti) < 2. Dequantization of the ICC parameter type is defined

below:

Q
DIC

where ti

it

For each

paramete¢rs or CLD parameters are transmitted: The dequantization of these parameters are defing]

accordin

Q
D¢, -

deq (idxICCUpd(0,/,m),ICC) ,bsOnelCC =1,0< pi <off

deq (idxICCUpd( pi,l,m),ICC) ,bsOnelCC =0,0< pi < off

(pi,l,m)z

< pi,bsTttModeF.ow (#i) <2
deq(ideCCUpd(oﬁ+(¢,’).4’l’m)’lcc) ’{0]7 pi,bs odeLow (1) <

i(ti,m) =low
off < pi,bsTttModeHigh (1) < 2
i(ti,m) =high

deq(idxICCUpd (off +(1i)-4,1,m),ICC) {

= pi —numOttBoxes , off = numOttBoxes and

) {high ,bsTttBandsLow (¢/) < m < bsTttBandsHigh (#),bsTttDualMode (# ) =1
m)=

low ,otherwise

TTT box the parameter bands can be divided into two regions and for each region either CPC

[oN

) to:
(t.1m) deq(idxCPC(off+4-ti,l,m),CPC) ,bsTttModeLow (ti)<2,i(ti,m)=low
tﬂ 2 =
A deq(idxCPE(off +4-ti+2,1,m),CPC) ,bsTttModeHigh (i) < 2,i(ti,m)= high
(t.1m) deq(idXCPC(off +4-ti+1,1,m),CPC) ,bsTttModeLow (ti)< 2,i(ti,m)=low
t’ , =
AL deg(idxCPC (off +4-ti+3,1,m),CPC) ,bsTttModeHigh(ti)<2,i(ti,m)= high
(553) deq(idxCLD(off +4-i,1,m),CLD) 2 <bsTttModeLow (1i),i(ti,m)=low
t 2", =
-1 1Y deq (idxCLD(off +4-ti+2,1,m),CLD) ,2<bsTttModeHigh(ti),i(ti,m)= high
DY (1.fm) = deq (idxCLD (off +4-ti+1,,m),CLD) ,2<bsTttModeLow (#),i(ti,m)=low
deq (idxCLD (off +4-ti+3,1,m),CLD) ,2<bsTttModeHigh (t),i(ti,m)= high
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for 0 <ti < numTttBoxes where off = numOttBoxes and

high ,bsTttBandsLow (i) < m < bsTttBandsHigh (i ),bsTttDualMode(7) =1

low ,otherwise

i(ti,m)z{

2007(E)

The arbitrary downmix gain parameters are dequantized using the CLD parameter dequantization table and

are defined according to:

GQ(ic i m)—dgq‘idxcl D{off +icm), CL D)
VA ]

for 0 <ic < numinChan , where off = numOttBoxes + 4 - numTttBoxes

6.1.9 Decoding of tree description

escribed by bsOttBoxPresent[ch][], where ch (0<ch < numQOutChan) js\the channel index of th

d
vector x for the predefined trees. Figure 15 graphically shows how to derive a arbitrary sub-tree usin
string example bsOttBoxPresent[0][] =“11100010100".

In case Arbitrary Trees are used (i.e., arbitrary tree data is present) the. configuration of the frees are

e output
g the bit-
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bsOttBoxPresent[0][ ] = 11100010100

________ —
@100010100 (100010100 1{1p0010100
\ -~ / g / \

gl s L

Box0Q Box 0 Box0

- wqn “q”
11400010100 “” 11100010100 Box 2

_____ Box2 ~~ar

0 0
11100(@0100 / Box 2 1110001@100 / Box2
\ “1” \ \\E
o A v < e 2B *

Box0 \ Box.0
& aC
Box 3
AN

T Y
oo L w0y, g
N \ LN \
wq N “ry
Bt ‘o N “0"
“ar N K “r \ N
Box 0 \ Box 0 \)/ N
0’ ‘0 N
7 /Y\ - “q” \\_ A
Box3 \\ Box 3

Figure 15 — Graphical representation of decoding an Arbitrary Tree description

The Arbitrary Trees which are fully described by bsOttBoxPresent[][] is decoded to the intermediate helper
variables Treeg, , Tree, ., Tree . and Tree. by following the flowchart shown in Figure 17. But to

further exemplify the definition of the helper variables the bsOttBoxPresent[0]] ] = 11100010100 example is
used once more as shown below in Figure 16.

72 © ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

Output Path
o Box0,1,2 Sign 1,1,1 Tree-depth 3

Box 2
L

. / Box 1 \ -~

‘0" Box0,1,2 Sign1,1,-1 Tree-depth3

Y Box0,1  Sign1-1  Treedepth2
Input —— Box 0
\ “ar “0” Box 0,3 Sign -1,1 Tree-depth 2
\ o - “0" Box034 Sign-1,-1,1  Tree-depth 3
Box 4

«o» Box0,3,4 Sign-1,-1,-1 Tree-depth3

Figure 16 — Graphical representation of the relation between the tree descriptive variables, gnd the
signaled tree.
and _Tree as below.

Which results in the helper variables Tree Tree,,,, , Tree

sign ? outChan
As given by Figure 16) the first (Oth) output signal (tpp of the
tree) is based on-alsignal that has been passed thropgh OTT
modules 0, 1, and.3, as given by column 0 in the matrix.

1 1 1 -1 -1 -1
Tree, (0, , ): 1 1 -1 1 -1 —1|The matrix holding a column for each output signal of|the sub-
1 -1 n/a nla 1 -1

tree indicating whether the upper (1) or the lower (-1) joutput of
an OTT module should be followed to reach the outplit signal.
Hence, as given by Figure 16, the first (0"‘) output signial (top of
the tree) is based on a signal that has been passed though the
upper path of OTT modules 0, 1, and 3, as given by ¢olumn 0
in the matrix.

Tree, ., (0,)=[3 3 2 (273 3] The number of OTT modules that are passed for evefy output

channel as given by Figure 16. The output channels cplculated
from top to bottom are given from left to right in the vegtor.

Tree,, .. (0)Z6] the total number of output channels for the single sub-tfee is 6.
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( Start

Init
ch=0;

g,
Y

ch >= numOQutChan

False
F

numChan = 0;
tmpOpen = 1;

ch=ch+1

A bsldx  =0;
boxldx =0;

_ ! sigldxCur= 0;
Treeyuichar(ch)= numChan; pt =1

True

Done )

bsOttBoxPresent[ch][bsldx] ==

True

\

Output Variables
for (i= 0; i<sigldxCur; i++) {
Treeggn(ch,i,numChan) = signCurf[il;
Tree(ch,i,numChan) = boxCuri];
}
Treeyeptn(ch,numChan) =sigldxCur;
numChan = numChan + 1;

pt=pt-1;

for (i= 0; i<sigldxCur; i++) {
signCur[i] = signStack{[i][pt];
boxCur{i] = boxStack([i][pt];

}
sigldxCur = sigldx[pt];
tmpOpen = tmpOpen.- 1%

pt=pt+1;

sigldx[pt] = sigldxCur+1;

for(i=0;i <sigldxCur; i++) {
signStack([i][pt] = signCurf[i];
boxStack([i][pt] = boxCuri];

}
signStack[sigldxCur+1,pt] = -1;

signCur[sigldxCur+1] =1;
boxStack[sigldxCur+1,pt] = boxldx;
boxCursigldxCur+1] = boxldx;

sigldxCur = sigldxCur +1;

boxldx = boxldx + 1;
tmpOpen = tmpOpen + 1;

bsldx = bsldx + 1;

Figure 17 — Flowchart for decoding help variables from bsOttBoxPresent
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6.1.10 Decoding and dequantization of guided envelope shaping (GES) data

The envelope ratios used for the guided envelope shaping are obtained from the transmitted reshaping data
(signed quantization indices) according to

bsEnvShapeData[ch][n]
1 — 2
envRatio , (n) =2 ,

with 0 <n < numSlots-1 and ch denoting the output channel according to Table 67.

.1.11 Parameter smoothing
.1.11.1 Introduction

Im order to account for coarse quantization and low up-date rate of spatial parameters (CLD, ICC apd CPC),
moothing can be applied. The MPEG Surround decoder performs the smoothing-on)the matrices |resulting
om the received parameters rather than directly on the parameters. The resulting-effect is the sgme. The

moothing is performed on the matrices W, and W, by first order IIR filtering_of the parameter bands, for
hich smoothing is active. The actual smoothing process as well as those matrices are defined in supclauses
.5.2 and 6.5.3 for matrix W, and W, , respectively.

D < 0 S

o))

.1.11.2 Smoothing flags

Depending on the bsSmoothControl smoothing is disabled’ or enabled. For each parameter band and
parameter set a smoothing on/off flag is determined as follows:

S(1,m)=smgData[/|[m],

—h

pr all parameter sets 0</< L and all parameterbands 0 <m <M, .

6.1.11.3 Time constant and filter coefficient

Hor encoder controlled smoothing ohe of four time constants can be signaled in the bitstream, while the
utomatic mode uses a fixed value of 256 time slots:

Q

7(1) = smoothTime(1),
where smoothTime(/) is defined by bsSmoothTime(/) according to Table 64.

s the number of time slots between two subsequent parameter sets is variable, the filter coefficient is
etermined by

Q>

S delia (Z) = d({\) )

L
AU

where

a(1)= () +1 =0
)= (-t(I-1) ,I>0
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6.1.12 Mapping of parameters to processing frequency resolution

This subclause describes the mapping of the smoothed and non-smoothed parameters from the frequency
resolution of the bitstream data M . to the frequency resolution of the signal processing M . being 28.

proc

The parameters are mapped to M__ =28 bands using to the function mapfunc(m,Mpar) , which is defined in

proc

Table 86. The mapping function is used as follows:

L AV

D, f(i.[,m)=Dy, (z,l,mapjunc(m,Mpar))
G(z,l,m):GQ (i,l,mapfunc(m,Mpar))

for 0<m<M, . andall YYY,iand L

The sane mapping procedure should be applied to the smoothing flag matrix S(l,m), resulting in the new

matrix S| . (1,m), as well as the vectors m,,, , bsTttBandsLow and bsTttBandsHigh, resulting in the new

vectors mresl’roc’ mmLowProc and mmHighPmc’ respectively.

Table 86 — Mapping function mapfunc(m,Mpar)
mapfunc (m,M o )

m | M, =28 | M, =20 | M =14 | M <10 | M =7 | M =5| M =4
0 0 0 0 0 0 0 0
1 1 1 0 0 0 0 0
2 2 2 1 1 0 0 0
3 3 3 1 1 0 0 0
4 4 4 2 2 1 1 0
5 5 5 3 2 1 1 0
6 6 6 4 3 2 1 1
7 7 7 4 3 2 1 1
8 8 8 5 4 2 2 1
9 9 9 6 4 3 2 1
10 10 10 6 5 3 2 1
11 1 11 7 5 3 2 2
12 12 12 7 6 3 2 2
13 13 13 8 6 4 2 2
14 14 14 8 7 4 3 2
15 15 14 8 7 4 3 2
16 16 15 9 7 4 3 2
7 17 5 9 T 4 3 2
18 18 16 10 8 5 3 2
19 19 16 10 8 5 3 2
20 20 17 11 8 5 3 2
21 21 17 11 8 5 3 2
22 22 18 12 9 6 4 3
23 23 18 12 9 6 4 3
24 24 18 12 9 6 4 3
25 25 19 13 9 6 4 3
26 26 19 13 9 6 4 3
27 27 19 13 9 6 4 3
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6.1.13 Requirements

The following requirements apply to the spatial audio parameters. bsXXXdataMode[numParamSets-1] shall
not have the value 2.

The allowed values for bsResidualFramesPerSpatialFrame or
bsArbitraryDownmixResidualFramesPerSpatialFrame depend on numSlots. Table 87 shows the allowed
values for bsResidualFramesPerSpatialFrame or bsArbitraryDownmixResidualFramesPerSpatialFrame as a
function of numsSiots.

Table 87 — Allowed combinations of numSlots and bsResidual FramesPerSpatial Fraine d
bsArbitraryDownmixResidual FramesPerSpatial Frame

-

numsSlots  bsResidualFramesPerSpatialFrame
or
bsArbitraryDownmixResidualFramesPerSpatial Fyanie
15 0
16 0
18 0
24 0
30 0
32 0, 1
36 1
48 1
60 1
64 1,3
72 2
The allowed values for bsResidualSamplingFrequencylndex or
BsArbitraryDownmixResidualSamplingFregquencylndex depend on bsFrameLength,
AsSamplingFrequencylndex and bsResidualFramesPerSpatialFrame or
BsArbitraryDownmixResidual FramesPerSpatialFrame, respectively, as shown in Table 88.
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Table 88 — Allowed combinations of bsSampling Frequencylndex and
bsResidualSampling FrequencylIndex or bsArbitraryDownmixResidualSampling FrequencylIndex

(bsFrameLength+1)l Allowed combinations of
(bsResidualFramesPerSpatialFrame+1) {bsSamplingFrequencylndex,

or bsResidualSamplingFrequencylndex}

(bsFrameLength+1)l or

(bsArbitraryDownmixResidualFramesPerSp — {bsSamplingFrequencylndex,

atialFrame+1) bsArbitraryDownmixResidualSamplingFrequencylndex}

15 10x0,—0X03 {0503, —{0x2,—0x2},—{O0x3,—0x3},—{Oxd,—Oxd

{Ox5, 0x5}, {Ox6, 0x6}, {Ox7, 0x7}, {Ox8, 0x8}, {0Ox9, 0x9},
{Oxa, Oxa} and {Oxb, Oxb}
16 {0x0, 0x0}, {Ox1, Ox1}, {0x2, 0x2}, {0x3, 0x3}, {0Ox4,.0x4},
{Ox5, 0x5}, {Ox6, 0x6}, {Ox7, 0x7}, {Ox8, 0x8}, {Ox9, 0x9},
{Oxa, Oxa} and {Oxb, Oxb}

18 {0x0, 0x2}, {Ox1, 0x2}, {Ox2, 0x3}, {Ox3, Ox5}, {Ox4, 0x5},
{Ox5, 0x6}, {Ox6, 0x8}, {0x7, 0x8}, {0x8, 0x9}; {0x9, Oxb} and
{Oxa, Oxb}

24 {0Ox0, 0x3}, {Ox1, 0x3}, {Ox2, 0x5},,§0x3, 0x5}, {Ox4, 0x5},
{0x5, 0x8}, {0x6, 0x9}, {0x7, 0x9} and {0x8, Oxb}

30 {Ox0, 0x3}, {Ox1, 0x3}, {0x2,.0x5}, {0x3, 0x7}, {Ox4, Ox7},
{0x5, 0x8}, {0x6, 0x9}, {0x7, Ox9} and {0x8, Oxb}

32 {0Ox0, 0x3}, {Ox1, 0x4}, {Ox2, 0x5}, {Ox3, 0x6}, {Ox4, 0x7},

{Ox5, 0x8}, {Ox6, 0x9¥ {Ox7, Oxa}, {Ox8, Oxb}, {Ox9, Oxb},
{Oxa, 0xb} and {Oxb, ©xb}

6.2 Enhanced Matrix Mode of MPEG Surround

6.2.1 Inptroduction

o

In the Enhanced Matrix Mode configuration, the spatial parameters for the spatial synthesis stage are derive
from an |analysis of the received stereo downymix. The process of decoder-side parameter generation

depicted|in Figure 18.
QOutput 1
Input 1 QMF(analysis QMF synthesis
) Output 2
Input 2 QMF analysis Spatial | QMF synthesis ;
; v synthesis ‘

— Output 6
Analysis —»| QMF synthesis —»-

Spatial parameters

[2]

A4

Figure 18 — Overview of parameter-less SAC extension

The analysis stage generates spatial parameters based on stereo down-mix parameters. These down-mix
parameters comprise a Channel Level Difference (CLD,, ) and an Interchannel Cross Correlation (CLD,, )

parameter per processing band. STP and GES are not supported by Enhanced Matrix Mode of MPEG
Surround.

The conversion from stereo input signal to spatial parameters and temporal processing flags comprises 4
steps that are executed in the following order:

1. Conversion of the current analysis states to temporal processing flags; this process is performed once
per frame (at the start of a frame);
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2. Conversion of the current analysis states to stereo down-mix parameters; this process is performed

every 4 slots;

3. Conversion of stereo down-mix parameters to spatial parameters; this process is also performed every

4 slots (whenever step 1 is performed);

4. Update of the analysis states for a every newly received down-mix signal slot.

6.2.2 Down mix analysis states

nk

—

slot index and k the hybrid frequency-band index. For each processing band m (0Sm<Mproc M,

gnd each newly received signal slot n, three states ( ", P,"", """ ) are updated accerding to:

R merri e (ime) 3wt (vl

keK(m)

P =P + (1 - c) Z x;’ok (xg;k )*

keK(m)

P =P +(1—c)iﬂ{ > i )*}

keK(m)

<

perator, and ¢ a low-pass constant (representing a time constant of 60 ms), given by

—64
c=exp ,
0.06F,

with Fs the (time-domain) ingutysampling rate.

(@)

Hurthermore, a slot-based energy Q) for each slot n is computed from both stereo hybrid QMF-dom

gnals (x* x™) féllowing

(7))

42 N
Y = fo{’k(xf(‘k) , Xe{LO,RO}

k=16

-

rém O} , two analysis state parameters 7y, and ry, for X e{L,,R,} are subsequently updated &

to:

no_ n—1 1 n 2
Tx) =6y, +( _Cr)(QX) ’

2
ry=cri,+(1-¢)(0v-0r') .
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=28)

1roC

ith, K(m) representing all hybrid frequency bands k corresponding to processing band m, R the rpal-value

ain input

ccording
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with

6.2.3 Stereo parameter generation

A CLD
processi

dm

dm

with ¢ a gmall number to prevent division by zero (e=1e-9).

6.2.4 Spatial parameter generation

The ster

Level Ingex) dm_, and /C/ (Interchannel Correlation Index) dm,, for each processing band m:

dm

dm

The qua
obtained
required
obtained
table ind

CPq(

parameter dm,, and a ICC parameter dm, . of the stereo down mix is generated for €ach
ng band m according to:

e+ P

Jerrmerrm)’

po parameters dm,, and dm,.. are converted to-(unrounded) table lookup indices CL/ (Channgl

(m) 30 Jif [dm, (m)}>30
A= |dmCLD (m)| ,otherwise ’
. (m)=101CC,, (m)+10

htizer indices of the_ spatial parameters required to compute the mixing matrices M, and M, af

e
by table lookup F-using the table lookup indices dm, and dm,, . These quantizer indexes for the
CPC, CLD and ICC spatial parameters are given in Table A.31. The actual parameter values are
using bi-linear interpolation of the dequantized parameter indexes based on the dm., and dm,
BXes:

L= (1= w, (m)) (1=, (m))CLD| Ty (| dmey, (m) ]| dmyg, (m) ]) |+

where L

+

+

w (m) (1=, () CLD[ Ty [ amey, (m) . ami (m) ]
(1= () (m)CLD[ T | e, () [y )]
w, (m)w2 (m)CLD[TCPC ((dmcu (m)—‘,l_dmlCl (m)-m

J denotes the ‘floor’ function, |"| the ‘ceil’ function, and w; and w, the interpolation weights:

w, =dm, (m) - Ldmcu (m)J ’
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This process is performed for two CPC parameters, one CLD and one ICC parameter, according to Table.

A.31. These parameters are used to generate the spatial synthesis matrices My and M,, under the
constraints:

following

1. Generation of My and M, is based on the ‘525’ mode, using matrix compatibility (bsMatrixMode=1, see
subclause 6.5.2.4), and a prediction based up-mix (bsTttModeLow =1, see subclause 6.5), and where

7" is assumed to be " =1;

2. The same CLD and ICC value is used for CLD; / CLD, and ICC, / ICC, , for both. OT
respectively;

3. The CPC parameters for processing band m have to be interchanged if CLD,,(n1)'5 0.

6.2.5 Parameter processing and interpolation

—

he process of state updates, stereo parameter estimation, spatial \parameter lookup and p
ositioning is depicted in Figure 19. A new down-mix frame is received, starting at hybrid QMF dowr]
" up to N-1 (N=32). The down-mix states (S) are updated for every-down-mix slot. Stereo param
timated after a state-update of the last slot of the previous_frame (slot -1’). The stereo param
nverted to spatial parameters using a table lookup T. Finally;the generated spatial parameters ar
slots ahead. The process of spatial parameter generation“is performed once per 4 slots. The M
atrices are interpolated linearly for hybrid QMF slatsyin between parameter positions. The
processing flags for the whole frame are based on the analysis states of slot -1.

QMF
down mix slots L'LL:»L;_L:_‘_:» 4 |56 |7]|8
Down-mix
analysis states

SO

T boxes

Arameter
mix slot
bters are
bters are
b applied
and M,
temporal

Stereo parameter
estirr;ation dmcip dmice dmcp dmice dmcp dmice
, \j v v
Spatial parameter Table lookup Table lookup Table lookup
lookup ‘ ‘ ‘
Parameter
positioning _1‘0‘1‘2‘3‘4‘5‘6‘7‘8‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘N_1

Figure 19 — Stereo down mix analysis procedure

6.3 Time / frequency transforms

6.3.1 Introduction

The MPEG Surround decoder employs hybrid QMF banks to convert time domain signals into non-uniform
(hybrid) subband domain signals and vice versa. All processing of the MPEG Surround decoder is conducted
in the hybrid subband domain. The hybrid QMF banks consist of two parts, the first being a uniform complex-
modulated QMF bank and secondly additional oddly-modulated Nyquist filter banks. The analysis filterbank is

outlined in Figure 20.
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Apart from the regular mode of operation where the Spatial Audio decoder is fed with time-domain samples

X", also intermediate (QMF) subband domain samples X"* from an HE-AAC decoder can be taken. In that
case the subband domain samples prior to HE-AAC QMF synthesis are taken, as defined in ISO/IEC 14496-3

subclause 4.6.18. Hence, the vector X"* holds the subsample n for the QMF subband k for all input
channels. Furthermore, if enabled, the residual decoding module provides subband domain samples " that

also need to be transformed to the hybrid domain (x"*).

Hybrid-sub-bend
T{me domain input downmix domain signals
signals — delay >
~v : QMF analysis Nyquist L g X
X bank analysis banks
—>
QMF input

signals

ﬁn,k

QMF residual input
signals

aAnk
res

Figure 20 — Timel/frequency transforms in MPEG-Surround, hybrid QMF analysis bank

A delay ¢f 5 QMF samples is inserted in the downmix sighal path prior to the Nyquist analysis filterbanks, gs
shown il Figure 20. It is applied in order to account for'the delay introduced by the real-to-complex transform
utilized in the Low Power decoder. In case of enhanced matrix mode operation, no such delay is inserted.

At the synthesis side the hybrid subband-domain samples y”’k are transformed back to the time domain

samples|y" . The synthesis filterbank is,outlined in Figure 21.

Hybrid sub-
pand domain Time domain
signals output signals
wm Nyquist QMF _
Y ——» synthesis p synthesis ——» Y
banks bank

6.3.2 Filterbanks

6.3.2.1 QMF filterbanks

If the Spatial Audio decoder is fed with time-domain samples a QMF analysis bank as defined in ISO/IEC
14496-3, subclause 4.B.18.2 is employed. However, in the equation for matrix M(k,n) and in Figure 4.B.20, the
term ,(2*n+1)" has to be substituted by ,(2*n-1)“. The input of the filter bank are blocks of 64 samples of each
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column vector of the input signal X" :[)EIV X, .. i};] with K the number of input signals. The output of the

filter bank are slots of 64 subband domain samples which are stored in X" .

The QMF synthesis filter banks are identical to the 64 bands complex QMF synthesis filter banks as defined in
ISO/IEC 14496-3 subclause 4.6.18.4.2. The input to the filter banks are slots consisting of 64 subband domain

~n,k

samples of y"". For each slot the filter bank outputs one block of 64 time domain samples of ¥".

6.3.2.2 Nyquist filterbanks

he additional filter banks are applied on the lower sub bands, and gives in total a number of 71 hybrid sub
nds. This 71 bands configuration is identical to that used for the 20 stereo-bands  cenfiguration in
arametric Stereo as defined in ISO/IEC 14496-3. Hence, the output of the QMF filter bank, for|all input

annels X" are mapped to, either by hybrid filtering or by delay, to x"* as outlined insibclause $.6.4.3 of
ISO/IEC 14496-3.

he Nyquist synthesis filter banks is identical to that used for the 20 stereo-bands ¢onfiguration in Parametric
tereo as defined in ISO/IEC 14496-3. The vector y"* (or z"* in the caselof Arbitrary Trees) holding the
utput channels are synthesized with the hybrid filterbank according to subglause 8.6.4.3 in ISO/IEC| 14496-3
forming the input §"* to the QMF synthesis filterbanks.

.3.3 Support for lower and higher sampling frequencies

upport for low sampling frequencies, that is if bsSamplingFrequency < 27713, and for high sampling
flequencies, that is if bsSamplingFrequency >= 55426, is provided by using downsampled 32 bgnd QMF
nks or upsampled 128 band QMF banks, respectively, instead of the 64 band QMF banks that are| used for
rmal sampling frequencies like 32, 44.1, or 48.KHz.

or downsampled operation, the 32 band” QMF analysis bank is defined in ISO/IEC 14496-3 subclause
.6.18.4.1. The 32 band QMF synthesis’bank is defined in ISO/IEC 14496-3 subclause 4.6.18.4.3. The upper
QMF bands are set to zero prior)to MPEG Surround processing and only the lower 32 QMF bpnds are
rocessed by the QMF synthesis bank.

or upsampled operation,the/128 band QMF analysis bank is defined by replacing the modulation pf the 64
nd QMF analysis bank.with

exp(i%(k+0.5)(2n —2)), 0<k<128,0<n<256

ing a_41280 sample version of the window function c[i] where the additional intermediate saniples are
btained by linear interpolation of neighboring samples of the original 640 sample window function specified in
IBO/IEC 14496-3 subclause 4.A.6.2 Table 4.A.87. The 128 band QMF synthesis bank is defined by feplacing
the“modulation of the 64 band QMF synthesis bank with

exp(i%(k+0.5)(2n—510)j, 0<k<128,0<n<256

using a 1280 sample version of the window function c[i] as defined above. The upper border of the highest
processing band is moved from the 64™ QMF band to the 128" QMF band. Decorrelation (see subclause
5.5.2) for the upper 64 QMF bands is done by means of a 1 QMF sample delay, and no energy-shaping gain
vector is applied to the decorrelated signal in the upper 64 QMF bands.
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For downsampled and upsampled operation of MPEG Surround in combination with an HE-AAC coded
downmix signal, it is necessary to connect the HE-AAC decoder to the MPEG Surround decoder in the time
domain.

6.4 MPEG Surround processing overview

6.4.1 Introduction

The follgwing subclauses give a general overview of the processing of the input signals to form the output
signals hased on the spatial parameters. The whole processing is defined by two matrix multiplications, th
first formling the input signals to the decorrelation units and also performing the two-to-three channel upmix for
stereo-dpwnmix signals, and the second forming the output signals based on the downmix japut and th
output from the decorrelators.

The gengral concept is outlined in e.g. Figure 22 for the 5-1-5 configuration and Figure 25 for the 5-2
configurgtion. Alternative visualizations are given in e.g. Figure 23 and Figure 26, where the multi-channgl
reconstriiction is outlined as a tree structure built up from OTT (One-To-Two) and TRFEATwo-To-Three) boxes.
The OTT boxes are conceptual boxes re-creating two channels from one input{channel and a decorrelatgr
providing a decorrelated version of the signal being input to the OTT box. Every)decorrelator can, for certa

two-to-thfee upmix is done differently (prediction based upmix or enérgy based upmix) depending on the da
stream sjnce different coding or processing of the downmix signal being input to the TTT box requires differemt
upmix methods. The TTT box also includes a decorrelator that can by means of signalling in the data strea
by activdted. When a prediction based 2 to 3 channel upmix'is used, this decorrelator compensates for t
prediction error, by replacing the missing signal energy by-decorrelated signal. Alternatively, the predicti
error is gompensated for by means of a residual signal.

Returning to the matrix visualization, it is clear that the first matrix strives to create input signals to th
decorrelators that have the same level as theginput signals to the OTT boxes of which the decorrelato
conceptyally are part of, and performs the two-to-three upmix for the 5-2-5 configuration. This allows for a tre|
structured parameterization while having a tflat” matrix based processing.

[¢]

Given this, the processing of the input.€hannels to form the output channels can be described according to:
Vn,k — MT,an,k
yn,k — M;,kwn,k

Mf’k is @ matrix (orfor the 5-1-5 configurations a vector) mapping a certain number of input channels to fa
certain number ©f channels going into the decorrelators, and is defined for every time-slot n, and every hybrid
subband
output ch

k. M;”‘ is a matrix mapping a certain number of pre-processed channels to a certain number of

If temporal shaping (STP or GES) of the upmixed signal is used, the w™* vector comes in two versions,

wi and wdf" Based on these, two temporary output vectors are derived, one holding the direct signal

and one holding the diffuse signal, according to:

n,k _ nk __ nk
Yairruse =Mo" Wiitruse

nk nk__ nk
{ydirect - M2 wdirect
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The output is derived from these as outlined in subclause 6.8, if the GES tool is used, and subclause 6.7 if the
STP tool is used, as indicated by data stream element bsTempShapeConfig.

nk k

In the following subclauses the vectors x™*, v"* w™* and y™* are defined for the different configurations.

The M* and M}* matrices are defined for the different configurations in subclause 6.5.

6.4.2 The 5-1-5 configuration

[Ty | P
mnrovucuurni

here are two different 5-1-5 configurations given, 5-1-5, and 5-1-5,. They provide different.advantages for
ifferent signal-types or operation conditions. For both configurations, the input vector to -be mulliplied by

V[f”‘ is a vector containing the downmix mono channel. Four decorrelators are used, and the outpdts of the

T
d
1
decorrelators are depending on the bitstream replaced by residual signals for certain\frequency regions. No
decorrelation is used for the separation of the centre channel and the LFE channel,and no residual sjgnal can
be inserted for this OTT box.

X \Y, w y y
— YL s
Xy — TP . >
Mo —P»| YR Yis
\\
AN >
Pre- > Da s !
res’™™— decorrelator \(\Q’ mrg’:)r(ix —| Yc YR
matrix ».Dy .y n :
[M1] A~§\> 5 > [M2] ——P»| YLFE YRs
O ¢ | res,——Hp
I~
- Dd = . : — VYis Ye
decorrelators
—»| YRs YLFE

5-1-5¢ 5-1-%,

Figure 22 — Matrix view of the spatial audio processing for the 5-1-5 configuration

Tlhé-decorrelators and residual signals in Figure 22 (labelled “a” to “d”) correspond to different OTT boxes
depending on configuration.

The multi-channel reconstruction for the 5-1-5 configuration can also be visualized by means of a tree-
structure. This is outlined in Figure 23 and Figure 24. In Figure 23, every OTT box re-creates two channels
based on one input channel, the corresponding CLD and ICC parameters, and residual signal. The OTT
boxes and the corresponding data are numbered corresponding to the order they appear in the bitstream.
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5-1-5, tree structure 5-1-5, tree structure
CLD3, ICC3W CLD3, ICC3W
res; —p OTT, i L ress —p OTT3 i L
1—2 1—2
CLD:, ICC—y —» R CLD:,ICCy —® Ls
CLDsy, ICCOW rest oTT: CLD, CLD,, ICCOW res; > oTT, CLDy4, ICC4
reso—po-{  OTTo|—» 1—p»2 OTT, ! C reso—p[ OTTo}—pl 1—pp-2 | ©Stppl OTT, L i R
Mo—{ 1—9 2 —— 12 Mo—»| 1—» 2 ——p{ 12
L il FE it Rg
CLDz, ICC2 CLDZW
res;, —p| OTT, . OTT2| 4pd
—Pp 12 —p 12
—p»i Rs L~ il FE

Figure 23 — Tree structure view of the spatial audio processing for the 5-1-5-configurations

The pargmeterization used for the different 5-1-5 configurations are outlined in Figure.24. Again, the CLD and
ICC pargmeters are labelled corresponding to the order they appear in the bitstream.

5-1-5; parameterization 5-1-5, parameterization
CLD,, ICC, CLD,, IC@»

(C, LFE parameters m (C, LFE paranieters) o~
‘\‘ g '/‘ /N g
_ £ ©
34 :
______ . Qh g N\ S §
¥ l 2§ | || 5E
® I o= Q I _ g2
SE 5, ICCy 8.05 % | S -
O 5 (L, R parameters) — VvV OE | O E £
3 QP et SR 3 AN - ;
9% 58 ! 9¢ [ =

o8 : / o- I / ox

- [2]
= | % N\ ‘ o JE N\ | ‘ ¢
£ : é = [ é =
=~ |
»'4yq \ 4
CLD,, ICC, CLDy, ICCy L
(Ls, Rs parameters) (left, right parameters)

Figyre 24 — Parameterization view of the spatial audio processing for the 5-1-5 configurations

The defipitions of\the vectors and matrices depend on which 5-1-5 configuration is used. The matrixes M;"

and M| aré defined accordingly in subclause 6.5, while the vectors to be multiplied with the matrices in
order to form the output are defined in the following subclauses.
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6.4.2.2 Vector definitions for the 5-1-5, configuration

6.4.2.21 Operation without temporal shaping tools

For the 5-1-5, configuration, the input signals to the decorrelators are defined by v"* which is derived from
the input vector x* and the matrix M;”" having 5 rows and 1 column, according to:

T k]
VMU

k
x]r\z/ik Vg

Vn,k — Mn,kxn,k — Mn,k 0 — V"’k
1 1 n,k 1

resl/\rtDmx

nk
V3

nk
V2

Tlhe subscripts for the different elements in the v"* vector indicate which OTT box-decorrelator the|signal is
mput to, with the exception of v{;’i‘ , Which is the direct signal.

—

he vector w"* holding the direct signal, decorrelated signals, and théfesidual signals is defined gdccording
to:

| o
8, (k) Dy (v )+ (1= 8, (k)i || wp
wt =16, (k) D, (v )+ (1= (k))vis | =|
8, (k) D, (v )+ (1=, (kv | 2"
5, (KD, (v )+ (1=, (k)i L7

sct

where &, (k)= and where k, is the set for which all value§q of k

0 ,0<k<max{ky}
1 ,otherwise

—h

;[Ifili((k)<mrespmc()() given-by Table A.31, and where D, (V") is the output from decorrelator D, given

e input signal vf('k i

—

he subscripts_for)the different elements indicate which OTT box the signal corresponds to the numpering of

QTT boxes forthe 5-1-5; configuration as given by Figure 23. Hence, D, (vf(’k) is the decorrelator oufput from

box OTTxand v"* s the corresponding residual signal.

resy
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The subband output signals are subsequently defined for every time-slot »n, and every hybrid subband % , by
y"*, which is derived from the vector w"* and the matrix M}* having 6 rows and 5 columns, according to

- - n,k
WI’\I/If YL
Jk
w(’)”k Vr )
n,
yn,k — M;,kwn,k — M;,k Wln,k — yC
n,k
ik YirE
W’x u
ik yLs
Wz’ n,k
- - _yRs n

The elements of M;’k are defined in subclause 6.5.3, and the hybrid subband signals defined.in y”’k ar
synthesized to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3,

[¢]

6.4.2.2.2l Operation with temporal shaping tools

If tempotal shaping is used, the vector v is defined identically to the previcus‘subclause, however two w"

n,k

vectors are defined. The first, wg;fw holds the direct signal and the residual signals, while the second w; |.

holds thg decorrelator output signals, according to:

1 [t
(l—§o(k))vfe’:; w(')"k
Wide = (1=6,(k))vidy |=| "™
(1=, (k))vik | | wi*
(1= (R | ||
—V{\I/E: 7 _W;'A-:f_
o, (k)D0 (vg’k ) Wg-k
Wik =| 8 (k) D, (v ) '=f wi*

(k)D,(E) | | "
5 (ki) | L]

where P

¢ and where £k, is the set for which all values of

L] it

fulfil & (k) < m, .. (X) given by Table A.31, and where D, (v}*) is the output from decorrelator D, given

the input signal v;’;" . The subscripts are used as outlined in the previous subclause.

n,k
direct

holding the direct signal, and y“%  holding the diffuse

Two temporary output vectors are derived, y ffse

signal. They are calculated from w’% and w' ., using M5* which is identical to that used if no temporal

shaping is applied. The output is derived from these as outlined in subclause 6.7, if the STP tool is used, and
subclause 6.8 if the GES tool is used, as indicated by data stream element bsTempShapeConfig.
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6.4.2.3 Vector definitions for the 5-1-5, configuration
6.4.2.3.1 Operation without temporal shaping tools

For the 5-1-5, configuration, the input signal to the decorrelators is defined by v"* which is derived from the
input vector x™* and the matrix M;”" having 5 rows and 1 column, according to:

T k]
VMU

x]r\z/ik Vg 4
Vn,k — Mfl,kxn,k — M;z,k 0 — Vn,k

n,k 1
res/ArDmX

nk
V3

nk
V4

Tlhe subscripts for the different elements in the v"* vector indicate which OTT box-decorrelator the|signal is

n,k
m

imput to, with the exception of v** , which is the direct signal.

Tlhe vector w™* holding the direct signal, decorrelated signals, and the-fesidual signals is defined gccording
to:

Wnk = 51( reﬂsl
8, (k) Dy (vi* )+ (1= 6, (k))vik
8, (k) D, (vi* )+ (1=, (k))vidk

0 ,0<k<max{ky]}

_ and where £k, is the set for which all valueg of &k
1 ,otherwise

where &, (k)= {
n,k

]:Ifillc(k)<mrespmc(X) given-by Table A.31, and where DX(vX ) is the output from decorrelator D, given

e input signal v}* .

—h

—

he subscripts_forythe different elements indicate which OTT box the signal corresponds to accordipg to the
umbering of ‘OTT boxes for the 5-1-5, configuration as given by Figure 23. Hence, D, (v;’(’ ) is the

-}

decorrelatoroutput from box OTTy, and v"* is the corresponding residual signal.

resy
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The subband output signals are subsequently defined for every time-slot »n, and every hybrid subband % , by

y"*, whi

nk

The elen
synthesi:

6.4.2.3.2

If tempo

vectors 4
holds thg

where

ch is derived from the vector w"* and the matrix M>" having 6 rows and 5 columns, according to
r - B n,k 7
WI’\I/If YL
n,k
W(’)”k yLsk
n,
_ nk _nk __ n,k nk | _ yR
=MW" =M | w" | = ik
n,k yRS
W’x ) Lk
Wn,k yC .
n,
L™ 1 [ e

nents of M;’k are defined in subclause 6.5.3, and the hybrid subband signals defined.in y”’k ar
red to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3,

[¢]

Operation with temporal shaping tools

al shaping is used, the vector v"*is defined identically to the previcus‘subclause, however two w"

n,k

re defined. The first, wg;fw holds the direct signal and the residual signals, while the second w ;.

decorrelator output signals, according to:

use

k

set

0 ,0<k<max{k,}

D¢ and where £k, is the set for which all values of

(=]

1 __.otherwise

fulfil & (k) <m,, . (X) given by Table A.31, and where DX(

the input

Two temporary output vectors are derived, y

signal. They are calculated from w

vi*) is the output from decorrelator D, given
n,k

signal vy . The subscripts are used as outlined in the previous subclause.

n,k
direct

n,k
diffuse

holding the direct signal, and y holding the diffuse

»k oand wit | using M%" which is identical to that used if no temporal

direct

shaping is applied. The output is derived from these as outlined in subclause 6.7, if the STP tool is used, and

subclaus

90

e 6.8 if the GES tool is used, as indicated by data stream element bsTempShapeConfig.

© ISO/IEC 2007 — All rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

6.4.3 The 5-2-5 configuration

6.4.3.1 Introduction

ISO/IEC 23003-1:2007(E)

In the following subclauses the general structure for the 5-2-5 system is outlined. For this configuration, two
downmix signals are present denoted X, and Xy, and a number of residual signals are also present

(depending on the data stream).

A4 AL AL y
L
- — Y
R >
C
X —
to > | Vis
Xz, P
Pre- OTT d, .
D 't
decorrelator > D res{"L i< mﬂl[)r(ix —»> YR
matrix
OTT d2
M2
. M1] > D resTH——-tp- M) —-{ Yk
res, —m
do d
> 0 d; = E —p YC
res/-‘:]rtDmx .
resAzr'Dmx | YiFE
. decorrelators

N >

tructured system.

Figure 25 — Matrix view of the spatial audio processing for the 5-2-5 configuration

n alternative visualization of the 5-2:5-system is given in Figure 26, where the system is outlined &
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5-2-5 tree structure 5-2-5 parameterization
CLDy, |ccz—v CLDy, ICC,
o~ C, LFE parameter i
res; gl OTT1| g 1 2 ( P :)/‘ J%’
—> {12 FE Eg
CPCICLDrr, ICCTir —>ilst 96 8¢
O N\ =8
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Figur¢ 26 — Tree structure and parameterization view of the spatial audio processing for the 5-2-5
configuration

For the %-2-5 configuration, the input vector to be multiplied with Mf’k consjsts of the two downmix signals,

and an gptional residual signal. For this configuration, two decorrelatorsiare used in the same manner WiII
respect tp residual coding as for the 5-1-5 configuration. However, if decorrelation in the TTT box is employed,
an additipnal decorrelator is used, the output of which is combined-with the output of the other decorrelators.

6.4.3.2 | Vector definitions for the 5-2-5 configuration
6.4.3.2.1 Operation without temporal shaping'tools

As for the previous configurations, the input $ignals to the decorrelators are defined by v**, which is derived
from the| input vector x** and the matrix Mf”‘ having for the 5-2-5 configuration 6 rows and 3 columns,
according to:

- M nk
n.k ’
5X Vi
0 nk
nk VR
AR
0 nk
n,k nk o nk n,k n.k Ve
Vo= MPXT = M| X (=]
0 \Y >
nk OTT,
resl/\anx vg’Tle
n,k
_xresé‘"["“" ] v;fTU

The subscripts for the different elements in the v"*vector indicate which OTT or TTT box decorrelator the

signal is input to, with the exception of vf‘k , vl’{k , and vg’k , Which are the direct signal.
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The vector w”* holding the direct signal, decorrelated signals, and the residual signals for the OTT boxes is

defined according to:

and where k_, is the set for which all values of k fulfitk'(k)<m, . (1)

0,

oTT,

( )_{0 ,0<k <max{k,,}

1 ,otherwise

and where £, is the set for which all'values of k fulfil x(k)<m,, . (2)

0.

TTT,

0 ,0<k<maxpk,,
(k):{l otherviise { }

and where k_, is thesét for which all values of & fulfil x(k)<m . (3)

The x (k) function is given by Table A.31.

= —

vt
k -
Vn, n,k
R w!
1 Ji’k
ngk n,k
n,k WC,
W= = n,k
W
OTT [ nk _ nk oTT,
o, (k)D; ("OTT. )+ (1 orr, (k )) Vies0Tt i
Worr,
k
OTT ( nk nk Wy
5OTT2 (k ) D, (VOTT2 ) + (1 - 5OTT2 (k ))Vresgm LT, |
1 TTT n,k OTT n,k OTT n.k
Oy, (k)(\/g D, (VTTTU ) +D, (VO’TTZ ) +D (VOTT1 )
Where
S () = 0 ,0<k<max{k,|
‘ 1 ,otherwise

he subscripts for the different elements indicate which OTT or TTT box the signal corresponds to gccording
b the ‘\numbering of OTT and TTT boxes for the 5-2-5 configuration as given by Figure 26

20 (v:%‘TX ) is the decorrelator output from box OTTy, and V.. is the corresponding residual signa
X

Hence,
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The subband output signals are subsequently defined for every time-slot n, and every hybrid subband &£ by
y"*, which is derived from the vector w"* and the matrix M}* having 6 rows and 6 columns, according to

ok ]
w M onk ]
L n,
) YL
n,K
w,’ nk
R yLs
n,k
w nk
nk _ wamkoonk _ wamk| | C | IR
y _M2 w _M2 n,k - nk
Worr, Yrs
1k n,k
Worr, Ye
ik n,k
Wiy, | VirE |
The elements of MZ”‘ are defined in subclause 6.5.3, and the hybrid subband signals defined in y”’k are

synthesized to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.8

6.4.3.2.2l Operation with temporal shaping tools

Similarly[to the 5-1-5 configurations, if temporal shaping is used, the vecter v"*is defined identically to th

previous|subclause, however two w"* vectors are defined. The first, W~ holds the direct signal and th

n,k
diffuse

D O

residual signals, while the second w holds the decorrelator output signals, according to:

0 n,k

V, — -
L n,k
k WL
n
%% k
R .
Wr
n,k
v n,k
(¢ We

ct k
n,k s
(1 - é‘OTT] (k)) vres?TT WOTT‘

n,k
n,k WOTT
(1 - 5OTT2 (k))vres?TT ’

sk
Werr,
0
n,k
129
n,k — -
VR W]’i’k
wl’{’k
vn,k
C n,k
0, We
Wiitfuse =
5 (k)DOTT vn,k WOTT]
oTT, 1 OTT, "
Worr,
n,k
OTT (. nk Wi/
Sort, (k)Dz (VOTT2 ) LT

O, (k) LD()TTT (V'F:lcho ) +D;" (V(’%T2 ) +D7 (V(’%T1 )
i V2

where oy, (k), Sorr, (k) and &y (k) are defined identically to the previous subclause.
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nk
direct

Two temporary output vectors are derived, y holding the direct signal, and y/.. holding the diffuse

signal. They are calculated from w/* and w’t . using M."* which is identical to that used if no temporal

shaping is applied. The output is derived from these as outlined in subclause 6.7, if the STP tool is used, and
subclause 6.8 if the GES tool is used, as indicated by data stream element bsTempShapeConfig.

6.4.4 The 7-2-7 configurations

6.4.4.1 Introduction

In the following subclauses the general structure for the 7-2-7 configurations is outlined. Fpr these
configurations, two downmix signals are present denoted x; and x; , and a number of,residual signals are

gdlso present (depending on the data stream).
X \ w y y
L
» _> y|_ y|_
Xy, > R >
C
- > Yic Yisr
Xg, ? - Do'rr d1 A - — Vs Yis
L resO S
Pre- 1 §\ mix
deoorrte.lator 1% LN\ |  matri Ll e Vi
reSOTrr » matrix - D2 gg,—r (] > "
(M1] 3 2l — Yre Yrs
p| 07 o Sy 3
ArtD y dé <
res,™ ™ —p >
1 \O d3 > YRs YRsr
‘{“ DY resJ™ L]
‘\\0 - yc yc
regAtom | d, >
2 | D' resjt -
— Yire Yire
decorrelators

7-2-71  7-2-72

Figure 27 — Matrix view of the spatial audio processing for the 7-2-7 configurations

As for the{other configurations the 7-2-7 configuration can also be visualized by means of a tree-gtructure.
Tlhis is_outlined in Figure 26 and Figure 29. As before, in Figure 26, every OTT box re-creates two phannels
based ‘on one input channel, the corresponding CLD and ICC parameters, and residual signal. The OTT
boxes ‘and the corresponding data are numbered corresponding to the order they appear in the bitstrdgam.
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7-2-71 tree structure

7-2-7, tree structure
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Figure 28 — Tree structure view of the spatial audio processing for the 7:2<7 configurations
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meterization used for the different 7-2-7 configurations are outlined in Figure 29. Again, the CLD and
meters are labelled corresponding to the order they appear in the bitstream.

re 29 — Parameterization view of the spatial audio processing for the 7-2-7 configurations

-2-7 cenfigurations, the input vector to be multiplied with Mf’k consists of the two downmix signal

CPC/CLDy+r, ICCrrr
(center, left/right parameters)

4

the TTT box is employed, an additional decorrelator is used, the output of which is combined with the output of

two of the other decorrelators.

96
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6.4.4.2 Vector definitions for the 7-2-7 configurations

6.4.4.21 Operation without temporal shaping tools

As for the previous configurations, the input signals to the decorrelators are defined by v"* which is derived
from the input vector x"* and the matrix Mf‘k having for the 7-2-7 configuration 8 rows and 3 columns,

according to:

n,k
VL
k
xn,k v]’i
Lo n,k
n,k vC
xRo vn,k
k OTT,
Vn,k :Miz,kxn,k — MII,I( x:lengT — vn,k
nk OTT,
X ArDm
wim |k
n,
xres’z\ rtDm; ngn
n,k
| Vorr, |
Tlhe subscripts for the different elements in the v"* vector indicate Which OTT or TTT box decorrélator the
sfgnal is input to, with the exception of v, vl’{’k , and vg'k , which/are the direct signal.
Tlhe vector w™* holding the direct signal, decorrelated signals, and the residual signals for the OTT|boxes is
defined according to:
n,k
VL
n,k
vR
B n,k B
WL
n.k
Yo n,k
C WR
Wn,k
C
oTT n,k n,k
é‘OTT] (k)DI (VOTTI )+ (1 - §OTT1 (k))vres?ﬂ Wn,k
wh = _ | Moty
- - n,k
W
OTT n,k n,k OTT.
St (k) D™ (v, )+ (1= G, (K)) V16 or,
WTTTO
|- OTT (  nk OTT ( nk Witk
5TTT0 (k) D, (VT:FTU ) +D, (VO’TTZ )+ D, (VO:FTI ) oTT,
\/E Wn,k
| Yorr, |
OTT n,k n,k
5OTT3 (k )D3 (VOTT3 ) + (1 - 5OTT3 (k ) ) Vies0TT
OTT n,k n,k
é‘()TTA (k)D4 (VOTT4 ) + (1 - é‘OTTa (k))vresf,)TT
where
0 ,OSkSmax{ksel}
§OTTX (k) = .
1 ,otherwise
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and where k_, is the set for which all values of & fulfil x(k)<m g,  (X) for ISX <4.

0,

,otherwise

0 ,0<k<max{kg,]|

(0=,

and where k_, is the set for which all values of & fulfil x(k)<m .. (5)

The x (k) function is given by Table A.31.

The subs
to the n

OTT n
Dy (VC

The sub

y”’k , wh

n,k

n,k

k

I n,k
WL

n,k

R
n,k
We

n,k

W,
_ nk__nk __ n,k OTT,
=MW" =M, ek

Worr,

n,k

Wrrr,

n,k

Worr,

n,k

I n,k

nk__ nk n,k
=MW" =M

2 2 .k

n,k

| Worr, |

| Worr, |

o ) is the decorrelator output from box OTTy, and v

nk
YL
n,k
Le
n,k

yLs

nk

| IR

nk
yRc
nk

yRs

n,k
Ye

n,k

| VirE |

m ok 0
YL
0,k
yLsr
n,k

y Ls
et
vl
Vi
n,k

Ye

n,k

| VirE |

n,k
res?(TT

pand output signals are subsequently defined for every time-slot n, and every hybrid subband £ hy
ch is derived from the vector w™* and the matrix M’* having 8 rows and 8 calumns, according to

for the 7-2-7, configuration, and

for the 7-2-7, configuration.

is the corresponding residual signal.

eripts for the different elements indicate which OTT or TTT box the signal corresponds to accordirJg
umbering of OTT and TTT boxes for the 7-2-7 configurations as given by Figure 26! |Hencg,

The elements of M;’A are defined In subclause 6.4.4, and the hybrid subband signals defined In y”’A are

synthesized to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3.
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6.4.4.2.2 Operation with temporal shaping tools

Similarly to the other configurations, if temporal shaping is used, the vector v**is defined identically to the
previous subclause, however two w"* vectors are defined. The first, w2 holds the direct signal and the

direct
residual signals, while the second wZ;/’;W holds the decorrelator output signals, according to:

[ nk
TR WL
VR Wn,k
vn,k R
C n.,k
We
1 _ ) n,k 0k
Wit = ( 50TT| (k) Vres?TT _ Worr,
direct — - k
nk 7
(1 N 50TT2 (k)) resyTT WOTT2
n,k
0 Wrrr,
n,k
W,
B OTT,
(1_5OTT (k)) g OTT k
3 res n,
Worr,
nk - -
_(1 §OTT4 (k)) rengT
nk
L
n,k
VR
m ok T
W
L
n,k
Y n,k
C WR
n,k
w
5 ( k) DOTT Vn,k C
oTT, 1 OTT, Wik
n,k _ . OTT,
W ditfuse = T|
OTT [ Snk OTT,
Sorr, (k) D, (Vom ) ok
Wrrt,
I et (o 1.k
s OTT n,k OTT n,k w,
§TTT0 (k) =D, (vTTTO ) +D, (VOTT2 ) +D (VOTT1 ) OTT,
2 Wn,k
| "orr,
OTT n,k
Iorr, (k ) D; (VOTT3 )
OTT n,k
Sort, (k) D, (VOTT4 )

where 8oy (k), Sorr, (k) Sorr, (k) Sorr, (k) and &y, (k) are defined identically to the previous subclause.

n,k
direct

holding the direct signal, and y”"‘ holding the diffuse

Two temporary output vectors are derived, y Hfuse

n,k
direct

signal. They are calculated from w* and wit , using M}* which is identical to that used if no temporal

shaping is applied. The output is derived from these as outlined in subclause 6.7, if the STP tool is used, and
subclause 6.8 if the GES tool is used, as indicated by data stream element bsTempShapeConfig.
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6.4.5 The 7-5-7 configurations

6.4.5.1

Introduction

In the following subclauses the general structure for the 7-5-7 configurations is outlined. For these
configurations, 5.1 downmix signals are present denoted x, , x,,, x;, X, X. and x,.., and a number of
residual signals are also present (depending on the data stream).

X W y A"
X - - > v Y.
Xk Ls >|
X > R — Yic Yisr
-
X Rs > — Yis Yis
X Pre- i
C mix
Xige P deorﬁ;rterzilj\tor - matrix P YR YR
ArDm LFE
res M2
o > ML ) e o
I'eSAan
11—
reS’;an P dO A — YRs YRsr
AfDm p-| DO G
res3 > 0 reso
— Vyc Yo
ArDm
res) > ds Vadl NGy
- » DT | resThf L ip-
51 —» —P ViFe YLFE
decorrelators
7-5-74 7-5-7,
Figure 30 — Matrix view of-the spatial audio processing for the 7-5-7 configurations
As for the other configurations the 7-5-7 configuration can also be visualized by means of a tree-structur¢.
This is optlined in Figure 31 and)Figure 32. As before, in Figure 31, every OTT box re-creates two channe
based oh one input channel_the corresponding CLD and ICC parameters, and residual signal. The OT|
boxes ar|d the corresponding data are numbered corresponding to the order they appear in the bitstream.

S
T
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7-5-7, tree structure 75-7, tree structure
CLD,, lCCO_V
resg el OTTo] gl | L 2l
L———— 12
> Lo s —— FH[TI
- s
L Clonico— ™1 resy >
o H CLD,, ICC,_A
res;—e OTT |l ygip R > R
R——————pl 1> OTTy
i Re Re—— o | T ERY
Rs i Rs res”] - Rs
CLDy, ICC
C - C C D, WJ i C
LFE i LFE LFE w-iLFE

he parameterization used for the different 5-1-5 configurations are dutlined in Figure 32. Again, the
CC parameters are labelled corresponding to the order they appear'in the bitstream.

= —

7-5-7, parameterization 7-5-7, parameterization
AR N\

& &2 /A
o & ?.Q
.y X3

SN v

&/ ‘\
& CLDs, |CQA\’: £, g\ CLDy, ICCs

(Ls, Lsr parameters) (Rs, Rsr paramete|

Y

Figure 32— Parameterization view of the spatial audio processing for the 7-5-7 configurat

-

or the 7=5-7 configurations, the input vector to be multiplied with M;”" consists of the six downmi
or this configuration, four decorrelators are used in the same manner with respect to residual codi

-

Figure 31 — Tree structure view of the spatial audio processing for the 7-5-7 configuratigns

CLD and

ons

signals.
hg as for

Q

[I'the other configurations.
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6.4.5.2

6.4.5.2.1

Vector definitions for the 7-5-7 configurations

Operation without temporal shaping tools

As for the previous configurations, the input signals to the decorrelators are defined by v"* which is derived

from the

input vector x™* and the matrix M{”k having for the 7-5-7 configuration 8 rows and 6 columns,

according to:

n,k
L
n,k
'st
n,k
xR n,k
k VL
n,
XRs nk
nk ViLs
'xC n,k
v
n,k R
XLrE ik
nk|__ nk nk _ nk n,k _ Rs
\% = M1 X = Ml xresgrtDmx = n.k
Ve
n,k 4
res P VITFE
n,k n,k
xres?“DmX VOTT(,
n,k n,k
resy DM _VOTTI B
n,k
resy O™
n,k
_xresg\“DmX
The subscripts for the different elements in the v"* vector indicate which OTT or TTT box decorrelator the
signal is jnput to, with the exception of v/"* | vi-t vt 40 3% “and v/;5 , which are the direct signals.
The vector w™* holding the direct signals, decorrelated signals, and the residual signals for the OTT boxes Is
defined gccording to:
B n,k 7
vy ) .
nk Wﬁ’k
vLS Wn,k
Vn,k Ls
R n,k
Wr
nk
vRs W]Z’k
ni _ _ S
w - nk - n,k
Ve We
Jk
ek Wike
LFE W" L
OTT (. n.k nk OTT,
50TT0 (k)Do (VOTTU ) + (1 - 5OTT0 (k))vreSOOTT Wn,k
OTT,
OTT n,k n,k
_é‘OTT1 (k)Dl (VOTTI )+ (1 —Sorr (k))vm?ﬁ |
where
<k<
5 (k)_{o ,0<k <max{k,, ]
OTTy
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1 ,otherwise
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and where k_, is the set for which all values of k fulfil & (k)<m, g, (X) for 0< X <1.

The x (k) function is given by Table A.31.

As for the other configurations, the subscripts for the different elements indicate which OTT box the signal
corresponds to according to the numbering of OTT boxes for the 7-5-7 configurations as given by Figure 26.

OTTy

Hence, D" (v"’k ) is the decorrelator output from box OTTy, and v, is the corresponding residual signal.

Tlhe subband output signals are subsequently defined for every time-slot n, and every hybrid subbj
Y"*, which is derived from the vector w"* and the matrix M%* having 8 rows and 8 columns, aceord
Wn,k _ _
| P
WL; n,k
ik Le
Y
Wn,k n.k
yh=Mrtwrt =Mt = y‘:k for the 7-5-7, configuration, ahd
we Vre
n n,k
WLFI;E YRs
n,k
n,k ’
Worr, yS .
n,k .
R | VLrE
_wn,k _ _
L n,k
i L
w;! nk
Lsk yLsr
LR I
W”’k nik
yr =My w = My ]:Sk = ylsk for the 7-5-7, configuration.
WC’ yR;r
n,k
WS;I;E yRs
n,k
n.k ’
Worr, yf .
n,k :
Wit | VirE
Tlhe eleménts of M;"‘ are defined in subclause 6.4.5, and the hybrid subband signals defined in
siynthesized to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3.
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6.4.5.2.2 Operation with temporal shaping tools

Similarly to the other configurations, if temporal shaping is used, the vector v"*is defined identically to the
previous subclause, however two w"* vectors are defined. The first, w’*

direct

holds the direct signal and the

residual signals, while the second /% holds the decorrelator output signals, according to:

n,k
L
, wpt
vLs
n,k
WLs
Vn,k .
R W]Z’
n,k
VRs W]Z;k
Wg_’ ¢ = = )
irgc Jk
vg‘k We
Jk
n.k Wike
VLFE
Wn,k
n.k OTT,
(1 - é‘OTTO (k))vreSOOTT n,k
Worr,
nk
1= Gy, (k) v
B n,k 7
VL —
n,k
vn,k WL
Ls n,k
‘ WLs
n,
A% n.k
R WR
n,k .k
n,K _ Rs _ WRs
wdif se nk - n.k
Ve We
k
Wn,
ik
n,k.
w,
OTT ( n,k OTT,
Sor, (k )Do (VOTTO) .k
OTT k Yorr,
n, - -
Sorr, (k)Dl (VOTT, )
where b, (k), G4y, (k)caredefined identically to the previous subclause.
Two tenfporary outfiut' vectors are derived, y%* holding the direct signal, and y’ _ holding the diffuse
signal. They are-calculated from w’* and wir ., using M,* which is identical to that used if no temporal
shaping |s applied. The output is derived from these as outlined in subclause 6.7, if the STP tool is used, and
subclause(®:8 if the GES tool is used, as indicated by data stream element bsTempShapeConfig.

6.4.6 The Arbitrary Trees configurations

6.4.6.1 Introduction

In the following subclause the general structure for the Arbitrary Trees is outlined. For this configuration any of
the predefined trees e.g. 5-2-5 or 7-5-7 can be extended to output even more channels. This is achieved by
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applying a post-matrix Mg”‘ to the output from any of the predefined trees. Figure 33 below shows a general
overview of how the post-matrix is applied to the output of the predefined trees.

X y : z
Arbitrary

Pre- . Tree
Mix
decorrelator )

. matrix
matrix \ Post
A o
V M2 V V ITIatliA V
[M1] Decorrelators (M2]
M3]
- L N- |

Figure 33 — Matrix view of the spatial audio processing when adding the arbitrary trees as a post
process

6.4.6.2 Vector definitions for Arbitrary Trees

(ds)

ince Arbitrary Trees can be combined with any of the predefined-trees the output vector from the predefined
lee y"* can have several different number of channels and thannel order, which in combination with the fact

[ =3

at Arbitrary Trees can produce many output channels fesult in the fact that the size of the post-majrix M’;’k
an vary a lot. The subband output signals from the Arbitrary Trees is defined for every time-slot n, gnd every
ybrid subband & by z"*, which is derived from the'vector y** and the post-matrix M’;’" according|to:

=2 O

nk __ nk _ nk
" =MZ"y

he elements of Mg”k are defined insstbclause 6.5.4, and the hybrid subband signals defined in z"* are

ynthesized to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3.2.2.

[ I

6.4.7 Stereo output-from mono downmix signals

6.4.7.1 Introduction

In order Ao Youtput stereo signal from a mono downmix with the corresponding MPEG Burround
parameterization (5-1-5; or 5-1-5, tree structure) the parameters needs to be recalculated to a single set of
GLD.and"ICC parameters.

6.4.7.2 Parameter recalculation
6.4.7.21 5-1-5; configuration

For 0sm<M,,.,

channel powers

0</<L, the four CLD parameters CLD.", X =0,1,2,3, are used to obtain normalized
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2
Im __ l,m I,m I,m

E" = (Cl,OTT0 G011, C1L01T, ) .
I,m l,m l,m I,m 2

E" = (Cl,OTT0 €011, 2,017, )

lm l,m l,m 2
E" = (CI,OTTO Cyorr, )

2

1mp— 15T 15T
E =0, o, )

1,m l,m l,m 2
Exd|= (cz,OTTO CorT, )

where
CLDY™
10
cf”(’)”TTX _ |10 T and ;g =
1+10 1© 1+10 1
where

CLD}" =D, (X,l,m)
The normalized powers of the stereo output channels are then gestimated by

1,m

Bl = B B

1,m

E
E| = B + Bl + ;

Two of the ICC parameters ICC;;”’ ,X=2,3 where
ICCY" =Dy (X,1,m)
are incorporated into an estimate of the correlation of the stereo output channels,

l,m
E; 2 2
_ C l,m I,m l,m l,m l,m I,m l,m I,m l,m
pLOH0 - 2 T [CCZ (CZ,OTTO ) cl JOTT, cZ,OTT2 + [CC3 (cl,OTTO cl JOTT, ) cl JOTT; cZ,OTT3

The desifed.unquantized CLD and ICC values are then computed according to

I,m

' ELO +&
C'LDf =1010g10 m ,
Ry

Prg, T €

Im l,m ’
,/ELO E" +¢&

ICC;”” =max<—.99, min< 1,
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which are subsequently quantized into CLDé’”’ and ]CCé’”’ by rounding to the nearest CLD and ICC values
in Table 82 and Table 83.

A gain adjustment factor is also defined by

gl’m =1.

6.4.7.2.2 5-1-5, configuration

-

or 0<m<M,, ,0<I<L,the two CLD parameters CLD}" for X =0,1, are first used to,obtéin nqrmalized
hannel powers

(@]

lm l,m I,m 2
Ey :(Cl,OTT0 cl,OTT,) :

l,m l,m

2
Im __
EY _(CI,OTTO c2,OTT1) :

2
E¢ :(Cé:OTTO) :
Tlwo of the ICC parameters ICC%" , X =0,1, where

ICCY" =Dy (X,1,m)

- HIce

gre incorporated into estimates of normalized pewers and correlation of the stereo output channels,

I,m

Iom _ plm C Lom _I.m Fsin lm
ELO =E" + ) +V2ICC, € qrat StorT C2,0T, *

El,m
EIl{;” :EIl{m + C

bm _I,m Im I,m
+N2IE66;" ¢ o1, Crorr €

2,0TT, “2,0TT, *

l,m
E; 1
_~c [ m Lom _Im l,m I,m Iom _Im Lm _Im 1m
Dig, = —2 Y€t 1CC, ¢ o, G orr, Crorr, + —2 1CC, Crom, \/ 1+ ICC)" ¢, ot € i

\/— 2,0TT,

where
CLDY™
10 10 / 1
e = —  and " = |
O+ r TIDY SOy CLDY
V1+1O 10 \]1+10 10
where

CLDY" =Dy (X,1,m)

- ' CLD
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The desired unquantized CLD and ICC values are then computed according to

+&

1Im
l,m ELo
CLD;" =10log,, e |
Ry

+&
ICC!™ = max {—.99, min {1&“—}} ,
LR, +¢

which arg subsequently quantized into CLDé’”’ and ]CCCII’”’ by rounding to the nearest CLD and ICC values in
Table 82]and Table 83.

A gain adljustment factor is also defined by

lm|_ lm l,m
g _\IELO +ER0

6.4.7.3 Stereo output processing

Given the parameters, the output is derived similar as for the normal operation.

One decprrelator is used, and the input signal to the decorrelatoris defined by v"**, which is derived from the
input vedtor x™* and the matrix M;”k has 2 rows and 1 columnyaccording to:

k
1 Vi
Vn, — Mn,kxn,k — xn,k — 0
1 1 1 n.k
Vo

The subscripts for the different elements ifi the v"* vector indicate which OTT box decorrelator the signal
"% which is the direct signal.

m

o~

[72]

input to, with the exception of v

The vector w"* holding the direct-signal, decorrelated signals, and the residual signals is defined according

to:
n,k n,k
nH _ vMU - WMO
w - D sk - n,k
o (Yo 0

where Eo(v(’)”k) is the output from decorrelator D, given the input signal v;* .

The subband output signals are subsequently defined for every time-slot »n, and every hybrid subband % , by
y"*, which is derived from the vector w"* and the matrix M* having 2 rows and 2 columns, according to

n,k n,k
yn,k — M;,kwn,k — M;,k WMo — |:yL :| ’
n,k n,k
Wo IR
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where M%" is defined according to subclause 6.5.3, albeit given R, as defined below.

The R’” matrix is defined, given the recalculated CLD and ICC parameters, according to:

Lm _ —

2

[HI " HI2" w

o Cll,m Cos(al,m + ﬂl,m) cll,m sin(al,m +ﬁl,m)
H2I" oM '

el oo glm o oglm)  dma (o bm  plm)
2 \ r~ / 2 = /

|- uJ

where
I,m
Cl - ’
and where:
l,m l,m
c," = 1
[ = arctan tan(a”'”)ﬁ ,and " =—arccos(]CC(’1’”’)
"+ 2
for 0<m<M .., 0<I<L,given the CLDC’I’”’ and ICCC’I’”’ parameters calculated in the previous subdauses

§.5 Calculation of pre-matrix M1, mix-matrix M2 and post-matrix M3

6.5.1 Introduction

the following subclauses, the matrices Mf‘k and M;’k are defined for every time-slot n, and every hybrid

bband & . They are interpolated versions of R{"”Gi””H”"’ and R’z”” which are defined for a given pprameter
time-slot /, and a given processing band m , based on the CLD and ICC and CPC parameters valifl for that
rameter time-slot and processing band. Hence, the matrices are frequency dependent and R{"”Gi””H”"’

nd R’z”” are calculated for every processing band, and subsequently mapped to every hybrid band.

.5.2 _Definition of pre-matrix M1

5.2.1 Introduction

The pre-matrix M;”" defines how the available downmix signals are input to the decorrelators used in the

decoder. Therefore, the matrix size depends on the number of downmix input signals available and the
number of decorrelators used, while the elements of the matrix are derived from the CLD and/or CPC
parameters.

— Wha(nl)+(1-a(n )W ,0<n<t(l),/=0
b WHra(n )+ (1-a(n )W t(1-1)<n<t(l),1<I<L
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for 0<I/<L, 0<k< K where

a(n,l)=

n+l

e
n—t(l-1) .
() t( 1) ,otherwise

Lk . . .
and “/'1 canbe prnr\neend hy emnnfhlng gr\r\nrdlng io

for 0<k

hybrid sybband % , the second row is the corresponding processing band, and the third row is the comple

conjugat

=

The matfices R[™, G;™, and H"" are defined in the following subclauses.

6.5.2.2
6.5.2.2.1

The R}
mix from
therefore

dependir

by the (
configura

“I* corresponds to the last parameter set of the previous frame (zero for the first frame).

sdclta (Z) W]iolxiq (1 sdclta (1)) Wl o s Sproc (l (k)) = 1
Wliolrcu ? SPTOC (l (k)) = O

1,x(k Lx(k Lx(k
= RGO

j :Kkonj(k Wlk )

temp

D

<K,0<I<L and where x(k) and Ko (k,X) are given in.Table A.31, where the first row is th

X

on x* of x for certain hybrid subbands £ .

Calculation of R,
Introduction

matrix controls thésamount of input to the decorrelators, and for the 5-2-5 configuration does the up-
two downmix{channels to a left, centre, right channel. It does not add decorrelated signal, an
, it is onlysa<function of the CLD and/or CPC parameters. The R;™ matrix is defined different

I,m

I,m

g on the eonfiguration used. For the 5-1-5 configurations the elements of the Ry

LD parameters corresponding to the OTT modules as indicated in the bitstream. For the 5-2

decorrela

d
y
matrix is defined
5
e
Mt

tlon the functlonallty of the TTT box is |mplemented as weII as controlllng the |nput to th

frequency ranges, th|s is S|gnaled by means of bsTttModeLow and bsTttModengh
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6.5.2.2.2 5-1-5 configuration
6.5.2.2.2.1 5-1-5, configuration

For the 5-1-5; configuration R} is defined according to:

1
1 cLDy"
—
10
Iom __ I,m I,m _ 10 l,m _ 1
R" = ¢ o1, , where C o1ty _\/ o and ¢ o, _\/ ol
I,m 1,m 10 10
¢ ot ClotT, 1+10 1+10
lm
Gy 01T,

and where:

CLDY" =D, (X,I,m), 0<X<2,0<m<M, ,0<I<L

roc ?

The OTT, indexing corresponds to the labels of the OTT boxes as giverrin Figure 23, and the subscf
i|orr, indicates the upper output of box OTT, , and consequently 2 ¢77; indicates the lower output.

pt

6.5.2.2.2.2 5-1-5, configuration

Hor the 5-1-5, configuration Ri”” is defined according to:

1
1

Iom __ l,m 1,my
R = ¢ o011, , Where CrotT,
I,m I,m
G011, C1.01T,

Im Im
| GLorr, ©20tT, |
and where:

CLDY" =Pg, (X.I,m), 0<X<2,0<m<M, ,0<I<L

The OIE," indexing corresponds to the labels of the OTT boxes as given in Figure 23, and the pubscript
1|oFr, Nindicates the upper output of box OTT, , and consequently 2, orr, indicates the lower output.

6.5.2.2.3 5-2-5 configuration
6.5.2.2.3.1 Introduction

For the 5-2-5 configuration the pre-matrix Ri”” is defined differently depending on bsTttModeLow and
bsTttModeHigh . This enables the use of different up-mix strategies for different frequency ranges, which is
particularly useful for downmix signals where parts of the frequency range is coded by a non-waveform
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preservi

ng coding algorithm e.g. SBR in High Efficiency AAC. The subsequent definitions are given based on

bsTttModeLow for the frequency range covered by O0<m<m ;.. (O) . The exact same definitions apply

for the p

arameter bands covered by m, .. (0)<m <m ... (0), albeit dependent on bsTttModeHigh .

6.5.2.2.3.2 Prediction based up-mix

The prediction based up-mix comes in two flavours, with decorrelation (bslttModeLow(U) =0) or withoiit

decorrel

equivalent to an energy loss in the three up-mixed signals. This energy loss can be compensated for by:

Neither g¢f the above can be applied simultaneously for the same frequency, range. For a data stream wher
e.g. bsTttModeLow(O) =0 is indicated, i.e. decorrelation is to be used, anda residual signal is present, th

decorrel
present.

below, the last row of the matrix is not applicable and thus setyto zero. A residual signal can be adde
nevertheless.

Furthermore, the decorrelated signal added for the freguency range where bsTttModeLow(O):O, an

where n
decorrel

right side signals (subsequently to become left-front/surround pair and right front/surround pair) is only adde]
to the leff front and right front part of the left front/surround pair and the right front/surround pair.

For bsT{tModeLow (0)=0 the pre-gain matrix is defined according to:

112

ation ( bsTttModeLow(0)=1). The prediction based upmix introduces a prediction error that Is

adding a residual signal corresponding to the energy loss;
applying a gain to the up-mixed signals compensating for the energy loss;

applying a decorrelated signal corresponding to the energy loss.

ator signal is replaced by the residual signal for the frequency‘range where the residual signal
For bsTttModeLow(0)=1 no decorrelation is used and therefore, in the matrix definitions give

o 5 »w b O

d
b residual is present, is added to the left front, right front and centre output channels, by mixing in
ated signal as outlined in subclause 6.5.3.5; Hence, the energy compensating signal for the left and

d

, 0<m<myg 0. (0),0<I<L

W | =

1 L\ Lm [~
= )}/ v

P
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For bsTttModeLow (0)=1 the pre-gain matrix is defined according to:

_
—~
p—
|
Q\
E}
N—
¥\
E}
S

R == , 0<m<my . (0),0<1<L

W
—
Q\‘
3
+
[\®)
SN—
Y\.
E
—
=
3
[
—
N—
Y\.
3
—

where ", "™ and y"" are given by:

m<m,,, (3),bsResidualPresent(3)=1,bsResidualCoding =1

resProc

otherwise
,CC 3 l m

DPC] (0,,m), 0<m<m (0),0</<L

tttLowProc

ﬂlm = CPC 2 (0 l m) OS m< mmLowProc (0)’0S l <L

o))

.5.2.2.3.3 Energy based up-mix

Tlhe energy based upmix is designed:for non-waveform preserving coding of the downmix signal, su¢h as the
9BR frequency range as coded by _the High Efficiency AAC codec. The energy based upmix comeés in two

lavours, bsTttModeLow (0)=3 (with subtraction) and bsTttModeLow (0)=5 (without subtractfon). For
gnergy based up-mix neithef 3 decorrelator signal nor a residual signal can be added to the output gignals of
the TTT module, since thére is no prediction error to compensate for. Hence, the third column and|the sixth
row of the matrices are(not applicable for this operation mode. They are set to zero in order to keep the matrix
size constant throughout the description.

—h

-

or bsTttModeLow(O) >3 the pre-gain matrix depends on parameters:

CLD{™ CLDy™

g =10 0 gb" =10 9,

where
CLD" = D, | (0,1,m)

CLDy" =D, ,(0,4,m)

for 0Sm<m ,..(0),0</<L.
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For bsTttModeLow(O) =3 the pre-gain matrix is defined according to:

Wi Wi, 0
witow 0
/,m l,m
w \/5 Wy, \/5 0
R{m = 3 » H OS m< mmLowProc (0)’0 < Z < L
Wlllm Wllém 0
VV;IWI VV;Zm C
0 0 0]
where
>
ol e e (1 g . 0" (1+4,7)
Wll N I,m _I,m I,m 2 le T I,m I,m Lim _I.m I,m 2
a"gy" +(1+45") (¢ +q +1)(q1’ g +(1+q5 ))
(1+ l"”)z Im 1% > ILm
I 9> | 4t g+
W21 Lom _l.m I,m Iom _I,m I.m 2 WZZ - Lngl,m 1 l,m 2
(ql 9, *+4q, +1) 91 9 +(1+q2 ) a1 +( +49; )
/,m 1 qém +1 15m qé,m +1
Wi |=2 Im Lim _Im W) =7 I,m l,m
q," +1+q,"q, q" +q," +1

For bsT tModeLow(O) =5 the pre-gain matrix.is. defined according to:

0 l,m
wy 0
l,m
0 Wy,
wl,m\/g wl,m\/g
R = 31 32
1 - l,m 0
Wi
I,m
0 W
0 0
where

b

o o oo o o

0<m<m (0),0<I<L

tttLowProc
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6.5.2.2.4 7-2-7 configuration
6.5.2.24.1 Introduction

For the 7-2-7 configuration the pre-matrix Rf”” is defined similar to the pre-matrix for the 5-2-5 configuration,
i.e. differently depending on bsTttModeLow and bsTttModeHigh . The matrix is identical to that of the 5-2-
5 configuration, albeit with two additional rows.

6.5.2.2.4.2 Prediction based up-mix
Hor bsTttModeLow(O) =0 the pre-gain matrix is defined according to:
_(al m +2)7/1,m ( _ ) Lm 1 ]
(o (e
(l_alm)y/,mﬁ (1 ,Bl m) lm _ﬁ
(@2 (g R
R} =3 (a”" —1)7/’ N (/3 ) ' | L 0<m<my, .. (0),0<I<L
(1-a")y'"N2 (1=p")y"V2 0
(al "+ ) lmCléT)TT (IBlm ) lmcfs”ci)TT1 C(lsrgTT]
_(al " _1)7] meS?)TT (ﬂlm + ) lmczlsrgTT C(ZST)TTZ
Hor bsTttModeLow(O) 1 the pre-gain matrix is defined according to
(AR ) B
(al,m_l)ylm (ﬁlm ) Lm 1
(e CE B VAN
l,m 2 l,m lm l,m 1
R =1 (a"232)7 (£ =1)r L 0<m<my . (0),0</<L
3 (al,m_l)yl,m (ﬁlm+ ) I,m 1
0 0 0
(al’m + 2)7/’"16}]5,nc1>TT1 (ﬁl . )71 " 'Z)TTI C(IST)TT,
(al B _1)7/1"6(;’6TT2 ( +4}7//"C(Isy6TTz c&,OTTZ_
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where "™, B"" and y""are given by:

1 m<m,,. . (3),bsResidualPresent(3) =1,bsResidualCoding =1

————  otherwise
D, (3,Z,m)

Lo\ o

and whe

l,m
Clort

for

CLD}" 5

The OT]

1,OTT, INg

6.5.2.2.43 Energy based up-mix

For bsT

I,m

9,

where

CL]
CLI

h'n Y (o1 AY yay 1 I
=D (\G L), VST AU UST<E
=Depe 5 (0,,m), 0<m<m o (0),0<I<L

| for the 7-2-7, configuration, and 6 =2 for the 7-2-7, configuration,

€

=D, (X, Lm), 1SX<2,0Sm<M,, ,0<I<L

proc ®

[, indexing corresponds to the labels of the OT{T "boxes as given in Figure 26, and the subscript
icates the upper output of box OTT, , and consequently 2,077, indicates the lower output.

tModeLow(O) >3 the prefgain matrix depends on parameters:

cLpl™ CLDY!

=10 10 ,qé"":lo 0

)1”’” = DCLDJ (O,Z,m)
)é”” N DCLDJ (O,Z,m)

for 0<m<mg, .. (0),0<7/<L and where

5:
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1 for the 7-2-7, configuration, and 6 =2 for the 7-2-7, configuration,
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For bsTttModeLow(O) =3 the pre-gain matrix is defined according to:

l,m s
Wi W 0
I.m l,m
Wi W 0
w2 w20
I.m I,m
m | M Win 0
R = 0<m<m (0 o<i<r
T Tom Tom TCowrToc </
Wai W 0
0 0 0
l,m I.m Im _I.m l,m
Wi Csorr, W2 Csorr,  Csor
Iom _I,m I,m I.m s
| Wai Csotr, Wiz Csor, C&,OTT2 i
where
I,m _I,m I,m 1,m 1,m I,m
P P (1+q5m) i " (1+4;
1 - Iom _Im (1 l,m)2 le - I,m I,m 1 Lm _Im 1 I,m 2
a"gy" +(1+ g (g™ + a5 +1) g gy +(1+45")
Lm Iom _Im l,m
- (1+g") | @ gy 41
WZI B Iom _I.m l,m 1 I,m lm 1 WZZ_ I,m lm 1
(a7gi" + ™ +1)| g™ +(1+ g5 gl"qs" + (145" )
l m I,m
Iom 1 +1 Iom 1 qz +1
Wy =3 lm 1 Tm m W =00 Tm , i 1
+l+q,7"q; 9 tq; +
and where C(SOTT and c(’;‘,’gTT2 are the same as for the prediction based up-mix, and 6 =1 for the 7-2-7,
configuration, and 6 =2 for the:7-2-7, configuration.
Hor bsTttModeLow(O) =5 the pre-gain matrix is defined according to:
W 0 0
0 why' 0
w2 w2 0
o my 0 0
R = o , 0<m<mg 00 (0),0</<L
0 Wy, 0
0 0 0
I,m I.m l,m
Wit Cs o, 0 Cs,01T,
0 I.m _Im l,m
i Wy Csorr,  CsotT, |
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where
Lm _lm I,m
,m q ’ q ) ,m q ’
Wi :\/ I : zl,m Tom wyy' = 1,#
" +1+4q,"q, q" +g9," +1
I,m l,m
I,m 1 q27 + 1 l.m 1 q2, + 1
wy =5 Wy =5,
31 2 \/qé,m +1+ qll,mqé,m 32 2 qll,m + qé,m +1
and whdre cg:jgnl and cé:,’g”z are the same as for the prediction based up-mix, and 6 =1 for the 7<2:7
configurgdtion, and 6 =2 for the 7-2-7, configuration.
6.5.2.2.5( 7-5-7 configuration
For the 7-5-7 configurations the pre-matrix R;” is defined according to:
1 0 0 0 0 O]
1 0000
01 000
m 001 00 . ,
R/ = 0<m<M_ ,0<I<L forthe 7-5-73configuration,
00010 ?
0 0 0 011
1 00 0 0O
06 01 0 0 0]
and
1 00 0 0 0]
1 00 00
01 000
m 001 00 , ,
R™ = 0<m<M_, ,0</<L forthe 7-5-7, configuration,
0 0 01,0 P
0 0 0_“0—1
I 0£00'0 O
10 05021 0 O]

6.5.2.3 External downmix compensation

6.5.2.3.1 Introduction

In order to handle modifications of the down-mix signal prior to MPEG Surround decoding, or externally
supplied downmix signals, data stream controlled correction factors can be applied. The correction factor is

applied to the downmix by means of the Gf’”’ matrix, and ensures that the level of the downmix, for the
specific time frequency tile the parameter represents, is the same as the level of the downmix signal obtained

118 © ISO/IEC 2007 — Al rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

when the spatial parameters were estimated on the encoder side. This is accomplished by the Gf"” matrix.

Three cases are distinguished, no external downmix compensation ( bsArbitraryDownmix=0 ),

parameterized external downmix compensation ( bsArbitraryDownmix =1), and residual coding based

external downmix compensation ( bsArbitraryDownmix =2 ).

A decoder that does not support residual based external downmix compensation shall operate as if

bsArbitraryDownmix =1.

6.5.2.3.2 No external downmix compensation bsArbitraryDownmix =0

I{ no external downmix compensation is applied, the Gf”” matrix is defined according to théfollowing.
Hor the 5-1-5 configurations, the matrix is defined according to:

G"=[1 0]

Hor the 5-2-5 configuration it is defined according to:

1
G"=|0
0

S~ O
- o O
oS O O

0
0
0
Hor the 7-2-7 configuration it is defined according to:

1
Gll,m — 0
0

S = O
- o O
S O O

0
0
0

Hor the 7-5-7 configuration it is defined according to:

l
Gl =

S O = OvVDo\O
S = O O o'
- O O O O O
S O O O o O
S O O O o O
S O O O o O
S O O O o O
S O O O o O
S O O O o O

S OO O O =
oS O OO —~ O
S O O o o

6.5.2.3.3 Parameterized external downmix compensation bsArbitraryDownmix =1

For the 5-1-5 configurations, the matrix is defined according to:

Gll’m = [gllm 0]
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where

g" =G(0,l,m), 0<m<M_ ,0<I<L,

proc?

For the 5-2-5 configuration it is defined according to:

[¢ 0 0 0 0]
GM=l 0 g™ 0 0 0
0 0 100

where

gV'=G(X.,I,m), 0<X<2,0<m<M_ ,0<I<L.

proc >

For the 7-2-7 configuration it is defined according to:

g” 0 0 0 0
G"=l 0 g” 00 0
0 0 1 00

where

¢|-G(X.Lm), 02X <2.02m<M, 0<IET.

roC 2

For the 7-5-7 configuration it is defined according to:

g 0 0o 00 0 0000 00
0 g™ 0 (9o 0 0 00O0O0O0O
G = 0 0 g~ ? 0 0 00O0O0O0O
0 0<0 g™ 0 0 0000O00O00O
0O o> 0 0 g™ 0 00O0O0O0O
00 0 0 0 g™ 0000 0 O]

where

gy =G(X,I,m), 0<X<6,0sm<M, ,0<I<L.
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For the 5-1-5 configurations, the matrix is defined according to:

l,m .
a- gO 1:| H m S mArtDmees (l)

[
l,m —
¢ [gé’m O] ,otherwise

where

ISO/IEC 23003-1:2007(E)

Residual coding based external downmix compensation bsArbitraryDownmix =2

I,m

g" =G(0,,m), 0<m<M, ,0<I<L,

roc?

dnd the value of o is updated as follows

{max (0,a,_,— &) ,bsArbitraryDownmixResidualAbs =0,
a, =

rnin(l,oz,{f1 + 5) ,otherwise,

Hor the 5-2-5 configuration it is defined according to:
[a-gl" 01 0
0 a- gllm 0 0 1 > < mArtDmees (l)
0 0 1 00
G ="
g™ 0 0 0 0
0 g” 000 ,etherwise
0 0 1 00
Where

I,m

gy =G(X,Lm), 0<X<2,0<m<M_ 0<I<L

proc ?

nd the value of o is updated as in the case of the 5-1-5 coder, hence

{max (0, a, ,—0 ) ,bsArbitraryDownmixResidualAbs =0,
a, =

min{lL,e, , +5) ,otherwise,

or the #-2-7 configuration it is defined according to:

here o, denotes the value of o for the k-th data frame and the adaptation speed 6 amounts to 0.33

g0 0 T 0]
0 a-g” 0 0 1| m<m,p.q(i)
0 0 100
6=t
g" 0 000
0 g” 000 ,otherwise
0 0 1 00
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where
gV =G(X.,Lm), 0<£X<2,0<m<M, ,0<I<L

proc?

and the value of a is updated as for the previous configurations.

For the 7-5-7 configuration it is defined according to:

Im

o-gi 0 0 0 0 100000
0 a-g” 0 0 0 0 010000
0 0 oag” 0 0 0 001000 .
: Im M S MGET Res (l)
0 0 0 o-g 0 0 000100
0 0 0 0 ag” 0 000O0T1O0
oL O 0 0 0 0 ag” 0000 0 14
I fgm 0o 0o o 0o 0 00000 0]
0O g” 0 0 0 0 00O0O0OGO0O
0O 0 g" 0 0 0 000O0O0O0O ,
. ,otherwise
O 0 0 g” 0 0 000000
0O 0 0 0 g™ 0 00 0 0,020
0 0 0 0 0 g" 000 0,0 0]
where
gV"|=G(X.,I,m), 0<X<6,0<m<M, 0LI<L

and the Yalue of a is updated as for the previous configurations.

6.5.2.4 | Matrix compatibility

In order fo handle matrix surrotnd compatible stereo down-mixes, the matrix surround operation on the sterep
down-mik is reverted if this s indicated in the SpatialSpecificConfig(), i.e., if bsMatrixMode is 1.

The inversion of the\matrix surround encoded downmix is visualized in Figure 34, where scaled versions ¢f
the two dJownmix:signals are used to derive the matrix surround inverted downmix signals.
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> - -Wo/R(W2)
Lmrx L
» (T-w2)RW2) B + 1IN —»
- CW1/R(W1)
c=1/sqrf3)
R(w)=sqrt(1-2w+2w?)
P -C W2/ R(W2)
Ryrx R
3 - (1-w1)R(w1) 1N —»
> > wi/R(wi)

A0
m" byt 0
o = 0 0 1
0 0 0
0 0 0

= o O O

Figure 34 — Matrix compatibility, inversion-matrix

O O O O

where the entries hi}:’" are complex functions of the CLD and CPC parameters:

he matrix surround inversion matrix only processes the stereo down-mix. Other input signals [like TTT
psiduals and artistic down-mix enhancement residuals are passed unchanged. The size of tHe matrix

1
.
surround inversion matrix is therefore defined by the size of theinput signal vector x
for configurations with a stereo down-mix is defined according_to:

"k The inversipn matrix

1,m I,m
Iom __ g22 Iom __ _g12
hll = Im _Im Sogom Lm h12 = Im _Im o ohm m
8 EnC-8n 82 8 8xn —8n 8
Im l,m
Im _ —&7 Im _ 8
h21 < Nm _Lm _ I,m _I.m h22 — Im __Im _ I.m _I.m
8 8»n ~&n 8xn 8 8n ~ & 8xn
with
1,m . Im . Im
I,m 1_M}] +]W1 ILm __ ]WZ

l,m

no= )
‘1—wf"" + jw
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8n = )
\/g‘l—wé”" +]wé”"

1,m

I.m .
o L=wy" = jwy

I,m

22 = .
‘1—w§"" + jw,
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For para

meter bands where a prediction-based up-mix is used, the variables wf"” and wé"” are given by:

wi" = f, (DCLD (1,1,m))f2 (Dcpc,l (O,I,m)) w" =1, (DCLD (2’19'"))](2 (DCPCJ (O,I,m))

For para

l,m l,m

meter bands where an energy-based up-mix is used, the variables w;™ and w,™ are given by:

w" = f, (DCLD (l,l,m))f3 (DCLDJ (O’I’m)’])cul2 (O,Z,M))

I,m
WZ

where f|......f, are defined as:

A

£

(

/s

—

This defi
matrix in

or bsTt

processi

For conf

=/ (DCLD (2’l’m))f4 (DCLDJ (O’I’m)’DCLDJ (O’Z’m))

-CLD

i 10 20
/LD)Z——CLD
1+10 2
1
-1-2CPC _1<CPC<_E
CPC) = 1 . |cpCl=1
L2OPC L gpean

CLD,CLD,
CLD,CLD, +2(CLD, +¥)

CLD,,CLD, ) = \/

CLD,
CLD, +2(CLD, +1)

CLD,,CLD,) = \/

hition is valid for alkprocessing bands where prediction based, or energy base up-mix is used, and
version is enabled”(i.e. bsTttModeLow (0) <3, or bsTttModeLow (0)=4 if 0<m<m ... (0

tModeHighi(0) <3 , or bsTttModeHigh(0)=4 if m .  (0)<m<m .. (0) ). For othg

pid

hg bands;the matrix H"" is the unity matrix.

gUrations with a down-mix that contains more (e.g. 757) or less (e.g. 515) down-mix channels thie

matrix surround-inversion s ot applicable—Themversiom matrix for these configurationstherefore defautts

the unity
sets and

124

matrix with a size that is equal to the number of columns in input signal vector x"* for all parameter
processing bands.
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6.5.3 Definition of mix-matrix M2

6.5.3.1 Introduction

2007(E)

The post-matrix M;’k defines how the direct signals and the decorrelated signals shall be combined in order

to form the re-created multi-channel output signal. It is defined according to:

Wka(n,0)+(1-a(n,0))W,"™, ,0<n<t(l),1=0

My =
(W o (= a(m W, - 1) <<t IZI<L
for 0</< L, 0<k < K where

_n+l =0

t(/)+1
a(n,l)=

n—t(l—l) .

,otherwise

t([)-t(I-1)

and Wzl’k can be processed by smoothing according to:

Sdelta (I) : RIZ,K(k) + (1 - sdelta (l)) ' W2l_1’k > ™ proc (l’ (k)) 1

1,k S K
o PO SISE
2 > M pro¢ ’K(k)) - 0

Q

nd where x (k) is given in Table A.31, where the first row is the hybrid band & , and the second r

porresponding processing band. Wz’“‘ correspdnds to the last parameter set of the previous frame
e first frame).

Q

—

.5.3.2  Derivation of arbitrary matrix element

or the R}* matrix the elements are calculated from an equivalent model of an OTT box. The O]

picted in Figure 23-and Figure 26 can be visualized as shown in Figure 35. The OTT box is ess
rametric stereo décoder as outlined in ISO/IEC 14496-3. The mono input signal is input to the deq
nd the mixing unit-that creates a stereo output, based on the mono signal, the decorrelated counter
the CLD and<{ICC parameters, where the CLD controls the localization in the stereo field, and
rameter controls the wideness of the stereo output signal.

bW is the

(zero for

T boxes
Entially a
orrelator
part, and
the ICC

CLD,, ICC,
I'_______l_n-.r_-.r_l

" ! D Mixing :
I,m _> /,
X I Wi "

Figure 35 — Equivalent model of a conceptual OTT box
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Based on this illustration, the output for an arbitrary OTT box can be defined according to

W[ | [H, 2,
" q"" | | H2Igy  H22G% |l ]

Arbitrary matrix elements, HI

]l,m "'H221,m

OTTy

for the OTT box labelled OTT, (where 0< X <numOttBoxes),

OTTy

for the time slot /, and a parameter band m in the post gain matrix are defined according to:

o’y cos(aﬁ;’” + )’(”") 1
, . ) ,m <resBands
1Im I,m & (_ o »m ) —
Hilow,,  HIZ255, ~ | Gy cos|—ay + fy 1
4 7l,m I,m r .

HALy  H225 ciucos(al” + py")  clusin(al + i)
, | ) . . l ,otherwise
sm ,m ,m mo ,m ,m

&k cos(—aX + By ) o'y sm(—aX + By )
where

Im|__
CI,X — ’
and whefe:
cl,m _cl,m 1
Bi"| = arctan tan(aﬁ;"’ )H ,and a)” =—arccos( pj(’”’) :
Cx TGy 2
and whefe
CLDY™ ~GLDY"
max? ICCY",2,[ 10 2 +40 - 2 ,m < resBands
o= ,with 4, =-11/72.
ccyr ,otherwise
for 0O<Sm<M ., 0<LI<L.
And wheye
rttCoding—1t
resBands, = ’ .
,otherwise
126
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6.5.3.3  5-1-5; configuration

The R’2”” matrix for the 5-1-5, configuration is defined according to:

[HI Tov Hl gy HIIGE,  HIIGS HIIGS HI2G  Hllgh HI2 ., HI25 0
H2lg Hlgy HIIG,  H2150 HIIG HI20  H2lgh HI20h  H2265 0
RY" — Cll:(”)lTLHZ I(l)’;nT, Hl ]é"i"nTU Cll:gTT4 H?2 ](l)’?T, Hl Z(I)’?TU cll:ng HZZS?TI 0 0
2 m w w o o
(’;,OTT4 C;,OTT, °1, JOTT, Y 0 Y
Hl1lgpy H2Igp Hllgp H2260 0 0 HI25%
H2lgp H2Igp H2lgp H2260, 0 H2261
Wwhere, the elements are defined using the definition of arbitrary matrix elements HII(’J’;’TX ---H22Z?TX as
dutlined in subclause 6.5.3.2, for which,
CLDy" =D, (X,1,m)
ICCY" =Dy (X,1,m)
for 0< X <5,0<m<M_,,0</<L.The OTT, indexing corresponds to the labels of the OTT boxes as
diven in Figure 23.
6.5.3.4  5-1-5, configuration
The R’z”" matrix for the 5-1-5, configuration is-defined according to:
CHIIG HIIGy HILGy HEFGe HILe HI25w  HIL HI25  HI25n 0 ]
H2lgyy Hlgy HI G~ H2I50 HLIGS HI20w  H2I5h HI2gh  H2265 0
R Hllgyy H21gy HESS  HIIGS H2160 HI26wh  HIIGY H2260 0 HI257,
P H2lgr H21g% HI 5w, H2I50 H2I60 HI26w,  H2I5h H2267. 0 H2257,,
Cll ,’(”)ITT2 H2 ]é)’?TO Cll:gTTz H2 2(15¥1T0 0 0 0
_Cé’,gTTO céngTz 0 0 0 0 |
Where, th€ ‘elements are defined using the definition of arbitrary matrix elements HIJS?TX ---H228’}’TX as
dutlined,in subclause 6.5.3.2, for which,
CL nﬁ(v"’ =D ( Y,I,na)
ICCY" =Dy (X,1,m)

for 0< X <5,0<m<M_,,.,0<I<L.The OTT, indexing corresponds to the labels of the OTT boxes as

given in Figure 23.
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6.5.3.5

5-2-5 configuration

For the 5-2-5 configuration the definition of the RIZ’”’ depends on bsTttModeLow and bsTttModeHigh . As

outlined

in subclause 6.5.2.2.3 these correspond to different two-to-three up-mix styles in the TTT box

implemented by the Rf”” matrix. Since for the prediction-based upmix in the TTT box, the prediction error can
be replaced by an additional decorrelated signal (part of the same TTT box), the different modes of the TTT

box affe
(decorrel

cts the R)” matrix as well, since the R)” matrix does the mixing of all direct and diffuse
ated) signals, including the decorrelated signal corresponding to the TTT box.

The dec
frequenc

The mattix is consequently defined according to:

prrelator in the TTT box and the residual signal in the TTT box are mutually exclusive for the same
y range (as all decorrelated signals and residual signals corresponding to the same OTT or TTH box).,

K, Hl g, 0 0 HI2gp;, 0 &1, Crlom,
H2lg, 0 0 H225% 0 0
ol |0 K H L 0 0 HI2l  ghm clos
1o H2I5, 0 0 H2250. 0
0 0 ki Clom, 0 0 2, i,
0 0 Cé’,gm 0 0 0
where, the elements are defined using the definition of arbitrary matrix elements HII(I)’?TX---HZZ(I)’;’TX ds
outlined |n subclause 6.5.3.2, for which,
CLDY" =Dy (X,1,m)
1CAY" =D (X,1m)
for 0< X <3,0<m<M,,,0<I<L.The OFT, indexing corresponds to the labels of the OTT boxes gs
given in Figure 26.
The varigibles K§ﬁ0 and glr';"ro depend’on bsTttModeLow or bsTttModeHigh as well as the presence of ja
residual |signal. If no residual signal is present for the TTT box, i.e. bsResidualPresent(3):0 and

bsResidyalCoding = 0, thevariables are defined according to:

1D 3,1,
J PecOLM) sy (0)bsTetMadeLow (0) -0
/ /1_(DIFF (3,[,”1))2

g'l"’"i:tTO = 3 > mlttLomec (U) sm <’ mmHighProc (U) > bs'l‘ttMOdengh (U) = U
0 otherwise
D (3,0,m) ,0<m<m, .. (0),bsTttModeLow (0)=0

kit =1Diee (3u1im) oMy e (0) Sm<mypn,, (0),bsTttModeHigh(0) = 0
1 otherwise

128
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If a residual signal is present for the TTT box, i.e. bsResidualPresent(3)=1 and bsResidualCoding =1, the

variables are defined according to:

0
0
0
HIZ,

HZZg’;TA
0
0

0

(= = )

H12,
H2257,
0
0

lm Im
grrr, =0 and Krrr, =1.
6.5.3.6  7-2-7 configuration
Hor the 7-2-7 configurations the definition of the RIZ"” depends on bsTttModeL.ow and bsTttMoIdeHigh,
dccording to the same principles as for the 5-2-5 configuration.
Hor the 7-2-7, configuration the RIZ"” matrix is defined according to:
[l HLL HIL, 0 HI2l HIL 0 gimleln HILy  HI2,
Ky H1 1y, H2 1y, 0 HI1247, H21p7, 0 S ClomH2 gy, H22g,
H21y, 0 0 H225, 0 0 0
. 0 K#”,O Hli 1(",’;72 Hl ](’;’;74 0 0 HlI 23";T2 Hl1 1(",’;74 g;’;}o Cff(n;rrz HlI 1(",”;,4 0
0 Ky Hl g H2157, 0 0 HI207, H21p7  grin Crom H2Ior, 0
0 H2lg;, 0 0 H2247, 0 0
0 0 K elom 0 0 ~2gi ety 0
0 0 S 0 0 0 0
and for the 7-2-7, configuration the Rlz’”’ matrix is defined according to:
K HIL 0 0 HI2g;, 0 72, CLorT 0
Ky H1 Iy, H Iy, 0 HI1247, Hllgy, 0 grmClomHl gy HIZp,
zc;’r”’r" Hli If‘)?rl szg";n 0 Hl 23’& H2 Zé';n 0 g’T’;"T” c{;gm HZIQ?E H22 ‘"T’E
Lo |0 K I 0 0 HiZy, Shmcln 0
L
0 Ry Hl gy HIIGE 0O 0 HI25p HIIy g clom Hl gy 0
0 Kppn Hl I H2150 0 0 HI247 H2157,  grin clom H2 g5, 0O
0 0 om0 0 ~2gtm 0
0 0 . 0 0 0 0
where, the elements are defined using the definition of arbitrary matrix elements H]](’)?Ty ---H228’$Ty as

outlined in subclause 6.5.3.2, for which,

CLD}"

D., (X,l,m)

ICCY" =Dy (X,1,m)

for 0< X <5,0<m<M_,.,0<I<L.The OTT, indexing corresponds to the

given in Figure 26.
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The variables Kﬁ’}ﬂ and gé’;”Tﬂ depend on bsTttModeLow or bsTttModeHigh as well as the presence of a

residual signal. If no residual signal is present for the TTT box, i.e. bsResidualPresent(S)zO and
bsResidualCoding =0, the variables are defined according to:

2
1-(D,.. (5,1,
\/ ( ‘ch ) ,0<m <M o (0),bsTttModeLow (0) =0
=D ST
- SL,m
g'll'f?ﬂ = \/ ( ICC; )) 7mtttLowProc (0) S m <7mtttHighProc (O)ﬂbST“MOdeHigh(O) = O
0 otherwise
Do (5.0,m) ,0<m<m, .. (0),bsTttModeLow (0)=0
krml =4 Diee (5,0,m) M gy pe (0) < m < m, oo (0), bsTttModeHigh (0) <0
1 otherwise

D

If a resiqual signal is present for the TTT box, i.e. bsResidualPresent(S) =1and bsResidualCoding =1, th
variableq are defined according to:

Iom lom
grrr, =( and Ktrr, =1.

6.5.3.7 | 7-5-7 configuration

For the [/-5-7 configurations the RIZ’”’ matrix ds~defined according to the same principles as for the 5-1-f6
configurgtions.

For the 7-5-7, configuration the Rlz"" matrix is defined according to:

HIL 0 0 0 0 HI2jp 0 1
H2g 00 00 0 H2, O
0 1 0000
o |0 0 Hilg; 0 0 0 0 HIZo
=1 0 H20 0 0 0 0 H22,
0 0 0 1 000 0
0 00 01 00 0
0 00 0010 0
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and for the 7-5-7, configuration the R’2”” matrix is defined according to:

2007(E)

1 0 0 0 0 00 0

0 HIlg, 0 0 0 0 HI2g 0

0 H2lg, 0 0 0 0 H22m, O

i 0 0 1 0 000 0
* lo o 0 HI 0 0 0 HI2l
00 0 H2I5, 0 0 0 H225,

0 0 0 0 1 00 0

0 0 0 0 01 0 0

Where, the elements are defined using the definition of arbitrary matrix\elements H]]é’?TX ---H228’}’TX as
dutlined in subclause 6.5.3.2, for which,
CLDy" =D, (X,1,m)
ICCL" =Dy (X,I,m)
for 0< X <2,0sm<M,, ,0<I<L.The OTT, indexing’corresponds to the labels of the OTT boxes as
diven in Figure 26.
6.5.4 Definition of post-matrix M3 for arbitrary trees
6.5.4.1 Introduction
Tlhe post-matrix M’;”‘ defines~how the output from the pre-defined trees are extended in accordancqg with the
grbitrary trees into the wanted number of output channel. It is defined according to:
M W;”‘a(n,l)+(1—a(n,l))W3’”‘, ,0<n St(l),le
O WEA () + (- a(n )W, t(1-1)<n<t(l),1<I<L
where
+1
L =0
T(7)F1
a(nl)= v
n —t(l - 1) .
—————~—  otherwise
t([)-t(1-1)
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and W;’k can be processed by smoothing according to:

W.

Sgera (1) Ry (L (k) + (1= 540 (1)) W5 (1= LK) S, (Lic(k)) =

3(”"):{&(1,:«(@) |

S 1
S e (L (K)) =0

and where K‘(k) is given in (Table A.30), where the first row is the hybrid band % , and the second row is the

correspo

nding processing band.

-1,k
W, co
refers to

6.5.4.2

The R}
OTT mo

The R}

for 0

loffset

rresponds to the last parameter set of the previous frame (zero for the first frame) and W, (—l,k

the last parameter set in the previous frame.

Calculation of R; for an arbitrary configuration

matrix is defined by the CLD parameters for the arbitrary trees named ATD corresponding to th

jules as indicated in the bitstream.

matrix is defined according to:

Treege,, (Vﬂi*i(urrset (v) )’1

()=

0 ,otherwise

XTree(v,p,i—ion\SC‘(V)) ’loffset (V) Si< iotfset (V) + TreeoutChan (V)

numChanOutAT and 0 <v < numOutChan where

(v) = Z(;TreeoutChan (k) ,v>0 and

=
0 atherwise

D

b

Cl,id,\f(v,p,iu“p) ? TreeSig“ (V, p’llmp ) =1
X = where
Tr e(v,p,l"np) Tree ) (V p l — _1
r,idx(v,p,iunp)’ sign \ "2 £72 "tmp
v—1
_ | D Tree, o (k) + Tree(v, p,itmp) ,v>0
idx v,p,llmp)z =0
Trnn(w n_i \ atherwise
"7’ L7 mp |
and where
CLD;, 1 S
———=—and ¢, , = |[———— ,where CLD, , =10
1+ CLDy, ’ 1+ CLDyg, 4 ’
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and where

CLDY" =D (X,I,m), 0<m<M,0<I<L.

6.6 Decorrelators

6

uction

2007(E)

he decorrelators as depicted in Figure 22, Figure 25, and Figure 35 are implemented as reverberat
im the QMF subband domain, with a reverberation filter in every hybrid subband with) differ
aracteristics depending on which hybrid subband it is situated in. The reverberation filters are |

on filters
ent filter
R lattice

filters, with filter coefficients chosen differently for the different decorrelators in order to have decorrelators that

roduce orthogonal signals, i.e. mutually decorrelated.

he de-correlation procedure consists of a number of steps. First of all, the outputs of the M1 pre-
" are fed through a set of all-pass de-correlation filters. The filtered sigdals on their turn are in

nergy-shaping procedure, which spectrally shapes the de-correlated signals to more closely match
gnals in terms of its spectral envelope.

In the following subclauses the decorrelator procedure is outlined{for an arbitrary decorrelator input si

Mmatrices,
put to an
the input

nk
gnal vy

as part of the v"* vector. In order to ensure orthogonal decorrelated signals, different decorrelgtors are
derived from different filter coefficients, as given in Table A.26 to Table A.29 for the decorrelators X =0,...,9.
Tlhey correspond to the decorrelators in the different configurations (as outlined in subclause 6.4) acdording to
Tlable 89.
Table 89 — Decorrelator-index as a function of decoder configuration
Decorrelator X =0,...,9

configuration 0 1 2 3 4 5 6 7 8 9

b-1-5, Dé)TT( ) DIOTT( ) D3OTT( ) D20TT( )

b-1-5, Dé)TT( ) DIOTT( ) D3OTT( ) D:)TT( )

h-2-5 D;)TT( ) DIOTT ( ) DOTTT( )

7_2_71 D;)TT ( ) DIOTT ( ) D(;FTT ( ) D;)TT ( ) D40TT ( )

7_2_72 DZOTT( ) DIOTT( ) D(;FTT( ) D:;OTT( ) D40TT( )

y-5-7 1 Dé)TT( ) DIOTT( )

/-5-7, Dé)TT( ) DIOTT( )

6.6.2 De-correlation

6.6.2.1 Introduction

The de-correlation filters consist of a number of all-pass (IIR) sections preceded by a constant frequency-
dependent delay. In principle the frequency axis is divided into a maximum of four different regions as a
function of bsDecorrConfig variables as shown in Table 90, which correspond to the QMF split frequencies
given in Table 48. In each region the length of the delay and the length of the filter coefficients vectors are

© ISO/IEC 2007 — All rights reserved

133


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

identical. Furthermore, in case of fractional delay decorrelators the filter coefficients are dependent on the
hybrid subband index due to an additional phase rotation that is being applied.

Table 90 — Division of hybrid subbands as a function of bsDecorrConfig

bsDecorrConfig | 0 1 2 3

ko 0-7 0-7 - reserved

k, 8-20 8-55 0-20 reserved

k, 21-29 56-70 21-70 reserved

k, 30-70 - - reserved
6.6.2.2 | Decorrelator IIR filtering

The reve
a subsed

dn,k

where v
hybrid sy

n,k
dX i

where LX

from the

o |

o |

n—8.k

Vx
n—7,k
X

,dplay n-2.k

Vx

n—1,k
VX

k ek,
kek
Jkek,’
Jk ek,

rberation filters for the different frequency regions given by Table 90, are implemented by a delay an
uent IIR filter. The delayed hybrid subband domain samples are obtained as:

[oX

1 = Lk 1k = Lk 1k
_ . K n—lk _ FLa n—i,
At T ok be dX,delay Zax dy syl
ay =0 =1

gnd the lattice ocoefficients [} , are defined in Table A.26.

gnd thelattice coefficients /; | are defined in Table A.27.

“ for n<0 contains the buffered values of the last frame at position numSlots —n . The delaye
bband domain samples are filtered as:

[oN

is the length of the lattice coefficient vectors 7} ; and the filter coefficients ay' and b}* are derived

lattice coefficient vectors [}, as outlined in the following subclause, where:

ror region &, and décorrelators X =0,...,9 , the length of the coefficient vector is given by L, =20

For region, &, and decorrelators X =0,...,9 , the length of the coefficient vector is given by L, =135

Iy

e For region k, and decorrelators X =0,...,9 , the length of the coefficient vector is given by L, =6,

and the lattice coefficients /; | are defined in Table A.28.

e For region k, and decorrelators X =0,...,9 , the length of the coefficient vector is given by L, =3,

and the lattice coefficients /| are defined in Table A.29.

134
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6.6.2.3 Derivation of filter coefficients from lattice coefficients

The filter coefficients are derived from the lattice coefficients differently depending on if fractional delay is used
or not. For a fractional delay decorrelator, a fractional delay is applied by adding a frequency dependent
phase-offset to the lattice coefficients.

First the lattice (reflection) coefficients ¢)”(’k are calculated as shown in Table 91 with qk as given in Table 92,
where the phase coefficients ¢} for X =0,...,9 are defined in Table A.30.

Table 91 — Calculation of lattice coefficients

k Normal decorrelator Fractional delay decorrelator n

k, =1 )’é”‘=eng-<p;-q"j-l;,o 0,..19
ke | ot =103, 3§’k=expg-¢;-q"j-l;,l 0,..,14
ky | it =13, ;,k:exp(%w;.qkj.l;l 0.5
k, =1 ;’}’k=eXp(§¢;’(-qu-l;ﬁ 0,..2

Table 92 — Definition of ¢"

k q"
0-5 0
6-7 1
8-9 2

10-70 k=T

Tlhe reflection coefficients are converted into the filter coefficients a}* and b}* according to:
ik .
ay =@, (l)

*
gk N\ Ly ik
b3 —(aX

for O§i<LlX, p:LIX,
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where (af(‘f"’k) denotes the complex conjugate of a;* ", and where a, (i) are filter coefficients for a filter

of order

(
(
it

p
P

R K& R

p , given by the following recursion:

0)=1
p)=¢i"
i)=a,.(i)+ ¢ " a,. (p-i)

for 1<i

6.6.3 H

The dec
transient

of the in
Hence, 4
again for

E"

A\

n,
Ed

with x (Al
E7;
Ey;

with a =

vectors.

n,m
v,smooth

as:

:p—l, p=1,2,...,L1

X

nergy adjustment

=

brrelated signal undergoes energy adjustment in order to e.g. avoid audible reverberation tails aftg
5. A gain value applied to the decorrelated signal is calculated based on smoothed energy estimate

put to the decorrelator and the corresponding output, as well as a given‘\detection threshold 71’ .

[

fter the signals d;’(’ﬂkﬁhhave been obtained for 0 <n < numSlots , the following procedure is applied,

0 <n < numSlots . First the power per processing band m (m =0.128) is calculated as:

_ n,k B
= Vy ,

Vkerc(k):m

_ dn,k 2
- X filt

Vkex(k)=m

defined in Table A.31. Next, low-pass filtering on the powers is applied as:

_ n—-1,m n,m
ooth _a'Ev,smooth +(1_a)'Ev ’

n-1,m nim.
a'Ed,smooth +(1_a)'Ed ’

ooth —

[e)

0.8. For the first slot(of the first frame both E’_" ~and E;" with n=0 are initialized as zer

V,smoot] ,smoot

=

For the first slotscof\all other frames, both £'_" ~and E;.-" (with n=0) are set to the values ¢

V,8moot] d,smoot

[oN

and £} . ofithe previous frame at n = numSlots —1. The energy-shaping gain vector is calculate

d,smoot!

}/En,m

v,smooth n,m n,m
H E > E smooth}/

Al pn.m . d,smooth v,

n,m

&s

136

Y ~dsmooth ' ¢

n,m

_ . v,smooth n,m n,m
=4 min En'm s 2 ’yEd,smoolh < Ev,smooth ’
7/ d,smooth té
1 ,otherwise
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with ¥ =1.5 and &£ =1¢—9. Finally the decorrelator outputs are constructed as:

nhk __nux(k) nk
dy =g “d iy

S

6.7 Subband Domain Temporal Processing (STP)

./. T Introduction

he subband domain temporal processing tool is used for shaping the envelope of the diffuse signal

portion of

ch output channel to substantially match the temporal shape of the transmitted downmix, sighal. 1 consists
envelope estimation for both direct and diffuse sound respectively, the computation ef the envelgpe ratio,

nd a shaping of the upper spectral part of the diffuse signal.

he STP tool is activated by signalling bsTempShapeConfig =1 and it is used to_process the diffuse

the output signal of an upmixed output channel if bsTempShapeEnableChannel(c/)=1 is signale
channel.

6.7.2 Overview Diagram

-

igure 36 provides a schematic block diagram of the different processing steps for STP:

portion of
i for this
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n,sb n,sbh
z direct V z diffuse
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6-54 diffuse Splitter
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Zdirect in,xb
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+ |¢«—— HPFilter 4—‘

¢ 7t (Signal Output)

Figure 36 — Subband Domain Temporal Processing

n,sb

For both|HQ MPEG Surround andLP"MPEG Surround, the STP operates on the diffuse signal zg; . and the
direct signal Z:;;:::t output by the Nyquist synthesis filterbank. Since the shaping of the diffuse signal is donge
on the high band part of Z;> only, a splitter is employed to remix z} and z}© into Z" and
7 acpording to:
S n,s Zz;:elz:t + ZZ{;;;se ’0 S Sb < 5
" ALt ,5<sb<64
ansr 0 ,0<sb<5
e gt - 5<sh< 64
Furthermore, Z}°7 . and Zj , respectively denote the direct and diffuse output for a channel ch from the
splitter.

138
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6.7.3 Downmix

STP is functional to shape the temporal envelope of the diffuse signal portion of the upmixed signal to match
the temporal envelope of the transmitted downmix. To alleviate the need for delay alignment of the original
transmitted downmix with respect to the spatial upmix, a downmix of the spatial upmix is computed being an

approximation of the transmitted downmix:
In the following, unless stated otherwise, the indices n and sb are defined as

<n<numSlots 6<sh <24 with numSiots = bsFramelencth + 1

Hor 5-1-5, a common direct downmix signal is obtained as follows:

ansh ~n,sbh
Z firect = Z 4 direct,ch,,

ch,,

where ch, comprises the following upmix channels:

Table 93 — Defining ch,, for 5-1-5

Configuration ch

m

5-1-5 L, Ls,€, R, Rs

An,sb _ ~n,sb
4 direct 1 4 direct,chy
chy

~n,sb _ ~n,sb
Z direct_r Z Z direct, ch,

ch,

where ch, and ch, comprise théfollowing upmix channels for various configurations:

Table 94 — Defining c/, and ch,_ for X-2-X and X-5-X

Hor 5-2-5, 7-2-7,, 7-2-7,, 7-5-71 and 7-5-7,, two direct downmix signals are obtained as follows:

Configuration ch, ch,
5-2-5 L, Ls R, Rs
7-2-7, L, Lc, Ls R, Rc, Rs
7-2-7, L, Lsr,Ls R, Rsr, Rs
w A~ 4 1 1 R_D

v I’I =, LU T\, TAU
7-5-7, Lsr, Ls Rsr, Rs
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6.7.4 Envelope Estimation

In a second step, the broadband envelopes of the downmix and the envelopes of the diffuse signal portion of
each upmix channel are estimated:

For 5-1-5, for each sample of a direct signal, its direct energy is computed as

En,sb — én,sb 'BPSb . GFSb 2

direct direct

where a pandpass factor 5P and a spectral flattening factor GF “—are defined in Table 95.

Table 95 — Defining BP" and GF*

shb BP™ GF* shb BP* GF*
0 0.0000 0.0000 |13 0.9984 0.0075
1 0.0005 0.0000 | 14 0.9908 0.0086
2 0.0092 0.0000 | 15 0.9639 0.0099
3 0.0587 0.0000 | 16 0.8952 0.0114
4 0.2580 0.0000 |17 0.7711 0.0125
5 0.7392 0.0000 | 18 0.6127 0.0141
6 0.9791 0.0001 19 0.4609 0.0158
7 0.9993 0.0009 | 20 0:3391 0.0179
8 1.0000 0.0019 | 21 0.2493 0.0203
9 1.0000 0.0029 | 22 0.1848 0.0232
10 1.0000 0.0040 |\23 0.1387 0.0266
11 1.0000 0.00527| 24 0.1053 0.0307
12 0.9999 0.0063

The dire¢t energy for each time slot isscomputed as follows:

Enll.. = 527: Ep + i £

direct direct
sb=6 sb=38

where 6|=1 for the HQ,MPEG Surround and 6 =0.5 for the LP MPEG Surround.

The enelgy envelepe for the direct signal is defined as

En‘ diréct (I’l) =a- Envdirecl (I’l - 1) + (1 - a)Endirect (I’l)

where a =0.95 and Envdim(—l) is defined as the last value in the previous frame and initialized as
Envdirect(_l)zo .

The energy envelope is sampled once every 32 consecutive time slots, regardless of numSJots, and stored in
a holding parameter:

Envdirect(n) ’lfﬁ(n):o

En vdireclihold = E th )
nvdirectihold ,olnerwise

140 © ISO/IEC 2007 — Al rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:

To achieve this, a counter parameter is defined as

ii(n)=mod(ii(n-1)+1,32)

2007(E)

where ﬁ(—l) corresponds to the 7 of the last time slot of the previous frame and initialized as ﬁ(—l) =0.

The normalized direct energy is computed as follows:

T
E. ndirect

n —_
direct_norm

EnViee noa €

-

or 5-2-5, 7-2-74, 7-2-T5, 7-5-74 and 7-5-7,, since there are two direct signals, E; . ,ommp-@nd £,

direct |

O

e obtained in a similar manner.

Likewise, for each sample of a diffuse signal, its diffuse energy is computed as follows:

En,sb _ ‘En,sb . BPsb . GFsb 2 )

diffuse,ch — |“diffuse,ch

Tlhe diffuse energy for each time slot and channel (according to Table67) is computed as follows:

7 24
n _ n,sbh n,sb
Endiffusc,ch =0 Z Ediffusc,ch + Z Ediffusc,ch

sb=6 sb=8

here ¢ =1 for the HQ MPEG Surround and ¢ = 0.5¢for the LP MPEG Surround.

<

—

he energy envelope for each diffuse signal is .defined as
n _ n—1 n
Enviigsean = - EnVigre o + (1 - 0‘) * Egituse.cn

where a =0.95 and Envdiffuse‘rh(—l) is defined as the last value in the previous frame of the corre

channel and initialized as Envggyy, ., (—1)=0.

—

he energy envelope of-the“diffuse signal is also sampled once every 32 consecutive time slots and
holding parameter:

Q

Envdiffuse»hold,ch

& {Envdiffuse,ch (”) Jif ﬁ(”) =0

E”Vdiffusefhold,ch ,otherwise

—

he normalized diffuse energy is computed as follows:

can

horm r

5ponding

stored in

n _ ENgigguge.cn
diffuse_norm,ch —

E. MVittuse holden T €
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6.7.5 Scale Factors

In a next

step, the ratio of the envelope estimates is calculated by relating the appropriate downmix envelope

to each of the upmix envelopes. This yields the scale factors for the final envelope processing:

For each time slot of a diffuse signal, a scale factor is computed as follows:
For 5-1-5
bl
17
scale!, = | ——"""—  che{ch,}
Ediffuseinorm,ch +&
For 5-2-p, 7-2-74, 7-2-7,, 7-5-7, and 7-5-7,
n direct_norm_1
scale), =, | ————— ,che {chl}
E diffuse_norm,ch te
scafel), = |[——" - chefch, )
Ediffuseinorm,ch te
The scalg factor further undergoes damping, limiting and smoothing:

scal
scal

scai

where A

correspo;

6.7.6 H

In the lag
the diffus
substant
each che

If enveld
channel

e(’ilamp,ch = 2’1 + (1 - /11 ) : Scale:h
el’ilmit,ch = min (maX (Scale(’ilamp,ch b 1 / 2’2 )3 /12 )

esmooth,ch (n) = 2’3 : Scalelrilmit,ch + (1 - ﬂ'} ) : Scalesmoolh,ch (l’l - 1)

=0.1, 4,=2.82, 4,=0.45,and scale;ooth,ch is defined as the last value in the previous frame of the

nding channel and initialized as scalegsy ., (—1)=0.

nvelope Processing and Signal Mixing

t step, the diffuse signal portion of each channel is processed by applying the scale factors (such that
be signal portion_efyeach channel when processed using the scale factors has a temporal envelope
ally matching-the’temporal envelope of the downmix signal). Finally, the processed diffuse signal ¢f
nnel is mixed‘with the corresponding direct signal portion:

=4

pe processing is signaled by bsTempShapeEnableChannel(ch)=1 to be active for a particula

—

are not p

scale’

clr_its diffuse signal portion is scaled by the processed scale factors, otherwise, and for channels thT

i 1 ,if bsTempShapeEnableChannel (ch)
,if bsTempShapeEnableChannel (/)

0
1

apply.ch

scale”

smooth,ch

In the same step the diffuse signal is added to the direct signals as follows,

~n,sb

Zch

~n,sb

Zch

142

_ znsh ~n,sb n
= Zgirect,cn T Zdituse,ch S Caleapply,ch

_ pmnysb
=z direct,ch

-BP" if 0<sh<8
Lif 9<sh <63

~n,sb n
* Zjituse,cn * S caleapply,ch
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For channels that are not processed by STP,

~n,sb _ ~n,sb ~n,sb
Zep = Zirect,on T Zdiffuse,ch 0<sb<63

Finally, in HQ MPEG Surround, 2" is passed to the synthesis QMF filterbank to produce the time domain

ch

signals. In LP MPEG Surround, Z;;;Sb is passed to the complex to real converter (subclause 6.10.2.4) for further
processing.

q.8 Guided Envelope Shaping (GES)

6.8.1 Introduction

—

he guided envelope shaping (GES) restores the broadband envelope of the synthesized output [signal. It
omprises a modified upmix procedure, followed by envelope flattening and reshaping for the dirgct signal
ortion of each output channel.

kol ®)

or the reshaping, parametric broadband envelope side information contained in the bitstream is uged. The
de information consists of ratios envRatio, relating the transmitted” downmix signal’s envelope to the
riginal input channel signal’s envelope. In the decoder, from these ratios gain factors are derived to be

pplied to the direct signal on each time slot in a frame of a given,output channel. The diffuse sound portion of
lach channel is not altered by the tool. Figure 37 shows the position of the GES tool in the decoder signal flow.

O DO » T

—Envelope Side Information———

GES
L Di .
~ Spatial Side irect Signa
Information Vit
Spatial o o
ynthesis )
Mll?lﬁf:?g\?\rr;el {=2| Conversion to Equivalent and B e bank [UPMIX
Upmix Factor for Scaling the Dl_ffuse
P Direct Signal Signal
; —
—Downmix
] Diffuse Signal———————m

Figure 37 — Placement of the Guided Envelope Shaping tool in the decoder

—

he GES calgculations described in detail in the following subclauses are performed if bsTempShape(onfig=2.
However;the actual envelope shaping by application of these gain factors to the upmixed signal of 4 channel
$ only'performed if bsTempShapeEnableChannel (ch)=1.

IFthe~GES s enabted, directand diffusesigmats—are synthesizedseparatety using—a modifiedpostmixing in
the hybrid subband domain according to

nk nk __ nk
ydirect _MZ wdirect

n,k _ nk __nk
Yatmuse =Mo" Wit
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for 0<k < K and 0<n<numSlots . The direct outputs hold the direct signal and the residual signal (if
present). The diffuse outputs provide the diffuse signal. Solely the direct signal is further processed by the
GES tool. Nevertheless the mix is needed for the normalized envelope extraction and is defined as:

nk _ . nk n,k
ygcs - ydircct + ydifﬁjsc

The GES tool extracts an envelope for certain downmix channels dependant on tree configuration and for
those output channels that are upmixed from corresponding downmix channels by the spatial decoder except
the LFE channel. The envelope extraction process is described in detail first and is subsequently referred to in
the descfiptionmof the actual shaping process.

6.8.2 Hstimation of normalized envelopes

[e)

The norrpalized envelope Env,,, , is a smoothly whitened envelope, or spectrally flattened envelope. T
estimate[the normalized envelope firstly, for each slot n in a frame, it is needed to calculate the paramets

=

bands epergy E.  for a certain range of parameter bands x .and a total avérage (broadband) enerdy

slot,ch
n 4
E total,ch *

and output ch channels defined in

output

[his is done for all input ch.

input

Table 97|and Table 98.

Kunc(x+1)-1 .

n, — n,/g n,I;
Eg 72,ch = Z Uz77.ch (uZZZ,cll) ,che {Chzzz}
k=kfunc(x)
1 Kstop
n _ n,Kx
Etota 7727 ch — 1 z EslolZZZ,ch ’Ch € {ChZZZ}
stop - Kstan + K=Ktart
where
Ky =10 and x,,, =18
and
n.k " —
nk y 808, Chyyipuf ’l‘f ZZZ - Outp ut
U777 chy,, = i . .
x5 ,if ZZZ =input

inpiit

for ZZZ|e {inputoutput} , &, <& <k, and 0<n<numSlots where numSlots = bsFrameLength+1. The

N

function |[kfunc(x) is defined in Table 96 . ch. - and ch o are defined in Table 97 and Table 98.

Table 96 — Hybrid to GES band function kfinc(x)

K 10 11 12 13 14 15 16 17 18 19
kfunc(x) 12 13 14 15 16 18 21 25 30 42
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Table 97 — Output channels c/ for various configurations

output

2007(E)

Configuration Moot

5-1-5 L,Ls,C,R,Rs
5-2-5 L,Ls,C,R,Rs
7-2-74 L,Lc,Ls,C,R,Rc,Rs
727 LLsr s CR RerRs
7-5-74 L,Lc,R.Rc
7-5-7, Lsr,Ls,Rsr,Rs

Table 98 — Input channels c/.

input

for various configurations

Configuration -
5-1-5 M,
5-2-5 Lo .R
7-2-7 I5.R,
7-5-7, Ly R,
7-5-7, Ls,.Rs,

(ds)

ubsequently a long-term energy average'is defined for all input and output channels for both the p

n

n,K .
ands energy £, , ~and the total@average (broadband) energy E¢.,,, ;. ~as:

jox

n,K _ n,K n-l,x
EslotZZZ,chZZZ - (1 - a) EslotZZZ,chZZZ ta EslotZZZ chyyy

Erwm, =(1-0) Einy +a-Ei

totalZZZ ,ch,,, totalZZZ ch,,, totalZZZ ,ch,,,

Arameter

for ZZZ e {input,output}, x,,, <k <k, and 0<n<numSlots with . =10, , =18 and wherg « is a
weighting factor‘corresponding to a first order IIR lowpass (approx. 400 ms time constant):
64
a=Xp| —————
0.4-44100
where ESI;IIZ(ZZ,chZZZ and LF‘t:)iaIZZZ,chZZZ are—defined—as—thetast-values—inthe plcviuua frame—of-the—corre ponding
TR -lLx _ -1 _
channel, initialized as E,;,, , =0and E_ ., ., =
The parameter bands energy ]Z’};’fzzz‘chzzz and averaged broadband energy E;;MZ,M are used to calculate
whitening weights as defined below:
n
Wn’K _ ElolalZZZ chyyy
777 chy;; T nk
ESlotZZZ,chZZZ +é
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The broadband envelope estimate is obtained by summation of the weighted contributions of the parameter
bands, normalizing on a long-term energy average and calculation of the square root. Furthermore the 5-2-5
and 7-2-7 trees need a centre-channel envelope for C; which is not available as an input signal and therefore

the envelope for C, is defined as an average of L, and R envelopes:

n n o
Envinput,LO + Envinput,RO 277 =iput
9
2 Chinput = CO
n —
EnvZZZ,chZZZ - ———
EnvAbs
777 ch .
— ,otherwise
El’lezz,chZZZ

where

Kstop
n,K

n _ n,K
EnvA bSZZZ,chZZZ = Z W22z chyy, EslotZZZ,ChZZZ
K=K,

=Kstart

n —n-1
Envzz.a,, =(1-fB)- Envdbsy,, , + f-Envzz.a,

for ZZZ E {input,output} , 0<n<numSlots and where [ is a weighting factor*corresponding to a first ordg

pL4

IIR lowpass (approx. 40 ms time constant):

5o -4
P 0.04-44100

Any negative index is defined as the last value in the previous frame and the initial value is set to:

En _ngz,chZZZ = 327682

6.8.3 Tlime Envelope Shaping

6.8.3.1 Introduction

The timg envelope shaping.process consists of a flattening of the direct sound envelope for each output
channel followed by a reshaping towards a target envelope.

6.8.3.2 | Estimation of the envelope adjustment gain

FOr the cofracnondina conficuiration tha tarant Anualana 1o AltAainAA Iy Actimatins tha A a
COMTCSPOoGMmMg—ComMmguTat o, —tHC—tar G Crv CrioOpPC—o— O otamCt— oy — Cothautg—iiC—Crve

transmitted downmix Env’

input,chypp

for each input channel (defined in Table 98) and subsequently scaling it

with encoder transmitted and requantized envelope ratios envRatio), .

The gain curve g/, for all slots in a frame is calculated for each output channel (defined in Table 99) by

estimating its envelope Env’, and relating it to the target envelope.
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Finally, this gain curve is converted into an effective gain curve for solely scaling the direct part of the upmixed
channel:

put

. . . n i n —
ratio}, = mm(max ( o + ampRatio,, (gchnmm“ 1),1//14),14)

where 4, =4, for 0 <n < numSlots and where

, Kl _— 12
L | Viffuse,chyypu;
. n _ k=8
ampRaz‘zochmut =T S ,
z Virect ey | T €
k=8
" en VRatiOchmpm ) Envoutput,Dch(ch(,mpm)
gCl = n 2
P E n Vinput,ch(,umm
Where the downmix channel mapping function DCh(Chomput) is defined jnTable 99.
Table 99 — Downmix channels DCh(Choutpm) for various configurations
Configuration bsTreeConfig Dch (Chout out )
5-1-5 0,1 Deh(chyyp ) =M, if chyyp, €{L.Ls.C,RRs}
C, .if chOutput e{C}
5-2-5 2 Dch(chyyp )=3Ly  if Chyypy €{L.Ls}
RO ’if Choutput € {R’RS}
C0 ’if Choutput € {C}
7-2-7, 3 Dch(chOutput ) =1L, .if chy,, €{L,Lc,Ls}
R, if chy,,, €{R.Rc,Rs}
CO ’if Choulput € {C}
72-7, 4 Dch(chompm)z L, if ¢hyy, €{LLsr,Ls}
R, .if chy,, €{R.Rsr,Rs}
(T, i ch,e{LLc
7-5-7, 5 Deh(chy, )=4 0 T thLej
R, if chy, € {R.Re}
Ls, .if ch,,,, €{LstLs
7-5-7, 6 Deh(Chyyp, )=1 0 7 { }
Rs, Lif chypu € {Rsr,Rs}
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6.8.3.3  Application of the envelope adjustment gain curve

The envelope adjustment gain curve is applied to the upper subbands of the direct part of the upmixed

channel che{ch } if bsTempShapeEnableChannel(ch):1 is signaled for this channel in the side

output

(according to Table 67) the direct signal is copied:

information, otherwise and for all remaining c/ ¢ {chompu[}

o omk _.|bsTempShapeEnableChannel (ch) = 1
~n,k ranoch ! ydirect,ch 5l ° ; -
ydire t,ch C T =7 15
{y‘;’{rﬁmh ,otherwise

6.8.4 Mixing of direct and diffuse signal

o

In a last ptep, the (processed) direct signals and the unaltered diffuse signals are mixed.in the hybrid subban
domain:

nk|_ ~nk nk
y - ydirect + ydiffuse

for 0 <kl< K and 0 <n < numSlots , where numSlots = bsFrameLength &4 Y.

6.9 Residual coding

6.9.1 Introduction

This subclause describes the transformation of.the critically sampled MDCT coefficients, as obtained b

S <

decoding an individual channel stream (ICS)\element (subclause 6.1.5) for residual coding or either a
individual channel stream or a channel pair_element (CPE) for arbitrary downmix enhancement (6.1.6), to thee
non-critigally sampled complex valued hybrid’QMF domain signal x” in the case of a TTT box, v, v5, |.

x"4.ih the case of an arbitrary downmix enhancement residual, as defined

Tes2

in the cape of an OTT box or xfe;kl ,
in subclause 6.4.

(or 2048 in case two elements have been decoded, see Table 22, Table 34 and Table 100) MDC
coefficiefts are first transformed to the QMF domain using windowing, overlap-add and inverse MDCT an

o —

~n,k

MDST transforms, resulting in X%, in the case of a TTT box or %, ¥"* , ... in the case of an OTT box qr
-k %1, in the case of an arbitrary downmix enhancement residual. This transformation is dependent op

[¢]

the window_sequernce corresponding to the ICS or CPE, the spatial frame length (bsFrameLength) and th
number pf residual frames per spatial frame (bsResidualFramesPerSpatialFrame for residual coding an
bsArbitrgryPDownmixResidual FramesPerSpatialFrame for downmix enhancement residual coding).

[oN

The MDCT to QMF transformation is described in subclause 6.9.2. The QMF domain samples are then
converted to the hybrid QMF domain as described in subclause 6.9.3. An overview of the residual decoding
process is given in Figure 38, and Figure 39 shows an overview of the decoding process for artistic downmix
enhancement residuals.
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Figure 38 — Overview of residual decoding process.
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Spatial bit stream
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Xrest OT Xen
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Figure 39 — Overview of artistic enhancement residual decoding process of residual decoding
process.

6.9.2 TransformingtMDCT coefficients to QMF samples

General definitions\required in the description of the transformation are given in subclause 6.9.2.1. The QM
and MDQT windows are defined in subclause 6.9.2.2 and subclause 6.9.2.3 respectively. The MDCT to QM
transformpation applies the inverse MDCT and inverse MDST transformations, which are defined in subclau
6.9.2.4. Thee'MDCT to QME transformation is described in subclause 6.9.2.5

6.9.2.1 General definitions

The residual QMF frame length, denoted by N ong » SPecifies the number of time slots spanned by the

QMF samples after the MDCT to QMF transformation for long windows (window sequence equals
ONLY_LONG_SEQUENCE, LONG_START_SEQUENCE or LONG_STOP_SEQUENCE, according to
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number of residual frames per spatial frame ( bsResidualFramesPerSpatialFrame ):

. The variable N

gmf ,LONG

N bsFrameLength +1

qmf,LONG =

bsResidualFramesPerSpatialFrame +1°

The allowed values of N o\ are derived from the restrictions specified in Table 87.

2007(E)

is derived from the spatial frame length (bsFrameLength) and the

Hor short windows (i.e. window_sequence equals EIGHT_SHORT_SEQUENCE), the values for.thg residual
QMF frame length, denoted by N ;s0rr @re a function of the short window index i, as givefiin' Table 100.
Hor the elements marked with an asterisk two ICS elements are decoded to obtain theproper amount of
NIDCT coefficients.

Table 100 — Number of short windows N, . as a function of residual frame’length N_ ., o\ I,nd the
corresponding half window lengths for short windows N :qorr (i) @5(@ function of short window
index i, . .

quf,LONG Nshon ishon quf,SHORT (ishort )

15 7 0-5 2

6 3

16 8 0-7 2

18 9* 0-8 2

24 12* 0-11 2

30 15* 0-15 2

32 8 0-7 4
Tlhe MDCT coefficients are denoted by s with length N _,. . The long and short window sequepces are
defined in subclause 6.9.2.2(
6.9.2.2 Definition of QMIF windows
Tlhe QMF window w, is the sine window, with left and right halves defined according to

. (7 1+ oddflag
_ -~ i =3 <
WLEFT,N[n] s1n(N(n+ 5 ﬂ for0<n<N/2
(7 1+ oddflag
_ i =3 <
WRIGHT,N[n] sm(N(n+ 5 D for N/2<n<N.

where

1 ifN/21is odd;

oddflag=1_ '~

0 if N/2iseven.
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For window_sequence equal to ONLY_LONG_SEQUENCE, the QMF window is defined according to

WLEFT 2N pirone [n] forO<n<N, qmELONG
w,[n

WRIGHT 2N uron LT [n] for N, Nymerong <1 <2N gueionG-

For window_sequence equal to LONG_START_SEQUENCE, the QMF window is defined according to

(WTFF‘T’)NW“‘L - [n] 5f0r0Sn<NanONG
wt[l]z 1.0 , for N, amttonG S <Nyuerong + V)
WRIGHT 2V, srionr |:n = Nymirong =N, + N, qu,SHORT:I , for N antrong TNV SH<Nerong T NN e
0.0 ,for N, amfLONG T N, + qufSHORT SHS 2qufLON

where

Nl quf,LONG /2-2 iqumf,LONG =32
"1 LquﬂLONG /2J -1 else. '

For window_sequence equal to EIGHT_SHORT_SEQUENCE, the QMFE window is defined according to

w,. | [n]=

Lolgnbre

{WLEFT,ZNq,“£SHORT(iShOn))[n] for 0<n<N, qmf,SHORT (lshon)

WRIGHT 2N esiiont (inon) [n] for N, qmf,SHORT (lshort ) SH<2N, qmf,SHORT (lshon)

incase N_.siorr (ior ) 1S €VEN, and

WLEFT 2 Nyesiorr (o) 2[ n] for 70 <1 < Nyuesiorr (lSh‘m ) -1
- 1 for 1= Ny siorr (fgor )~ 1
e WRIGHT 2N gstion (i ),2[,1 =1 for Nywesuorr (lshon ) S < 2N guesiorr (lShm ) -1
0 for n=2N qmESHORT (ishon ) -1

in case N,.csiort (fon ) iS70H.

For window_sequence-equal to LONG_STOP_SEQUENCE, the QMF window is defined according to

HORT

020 ,for 0<n< N,
[ WIEFT2ON psssions [”_Nl] s Jor Ny <n <N, + Nyuesiorr
W |n|=
Ll 1.0 , for N, + qufSHORT sn< qufLONG
WRIGHT, 2N 51 o [”] s Jor Nywerong <1 <2NgueionG

Figure 40 illustrates a stylistic view of the QMF windows for the case where N, ., ,\;is even
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0

window_sequence ==0
] <%

QMF sample

2

e
%‘3«

i

window _sequence == 1

0 whe QVF sample
R Vg, ey %’q%
7 q})\ &3 ¥
first ICS second ICS %‘?
A
s N N
1 8 9 NS|]0I1
/\ /><\ /\ window_sequencq == 2
L 5 4 /Ef‘ (;; (gj; (g,,; y%:‘_ QMF sample ‘:__,g,v,
i “Qvgﬁ _?,?;;r < é;‘féi ?‘éga- %’#@
E 5 3 N
%@? %‘A? %4’3- {;Jj»
%{'\(‘%p
/ i window _sequenge ==3
0 /l}' " 4%"/3» ‘%;n "if%n QMF sample \;;%
P
*’%:%%? B, Uy
Figure 40 — Stylistic view of the QMF windows
6.9.2.3 Definition of MDCT windows

= _Q

bllows:

hn]=

Be 1]
_hqu (7]
hgebnl
e [71]
P[]

The-yector his normalized, resulting in h

if0.Xn <127

if128<n <255
if256<n <383
if384<n <511
if 512 <n <639.

rm °

Tlhe MDCT window is denoted by w,. Let the vector h,. € R*’ contain the QMF filter prototype cogfficients,
s defined in ISO/IEC 14496-3, subclause 4.A.6.2, Table 4.A.87. The vector h e R** is derived fron

h ot 88

hnorm [n] =

h[n]

p il
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Let
N - N jmtron for long windows
| Nynestiorr (igere ) fOr short windows
and let

if N, is odd;

it N 1s even.

od ﬂﬂo:Jl
& LO

The MDCT window is then given by

319 n+1+ odd N
Wf[yl]: Z hnorm [320+m]COS ﬂ-( nrito ﬂag qu)m
=31 128N,

for n =C,l,...,2quf —1—oddflag . If oddflag =1, then

we [2N e —1]=0.

6.9.2.4 | Definition of inverse MDCT and inverse MDST transformations

The anallytical expression for the inverse MDCT f;,,,., ofé vector x,_,, € R" under the window w e R" is ds

follows

mdct

xlime [l’l] = (ﬁMDCT (decl 2 W)) [n]
= \/zw[n]fx J[Klcos| Z(n+n )Ek +1j for 0<n<2N.
N ~ mdct N 0 2

The analytical expression for the inverse MDST f
follows

of a vector x_,. € R" under the window w € R" is ds

MDST mdst

xtime[n] = (fiMDST (xmdst ,W))[I’l]
=\/zw[n]Nzix [k]sin| = (n+n )(mlj for 0<n<2N.
N prd mdst N 0 2

For both ltheinverse MDCT as well as the inverse MDST 4 =1/2 —!_N/’7J|

6.9.2.5 Description of MDCT to QMF transformation
6.9.2.5.1 Introduction

The MDCT coefficients for long windows are mapped to the QMF domain and are contained in the matrix Z,,,

having 2quf’LONG rows (representing the time slots) and LCImf columns (representing the QMF sub bands).
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For short windows, each of the N

short
Z. where i

Ishort short

sets of 128 MDCT coefficients are mapped to a QMF domain matrix

is the short window index, having 2N rows and L . columns. The number of

qmf,SHORT (lshort )

QMF sub bands is given by:

1024 .
max (64, ceil ( ﬂ for long windows
N quLONG
Lqu =
max | 64,ceil| ——— for short windows.
quSHORT
After Lqu is determined, for each window (one window in case of a long window) the vector S contdining the
NIDCT coefficients is padded with zeros, or truncated, until the length equals
Lqu -N qmfLoNG T LN qmELONG / 2J for long windows, if LGlmf < 64
N = Lqu -N qmesHORT T LN qmf SHORT / 2J for short'windows, if Lqu <64
mdct .
64 N ironG fordong windows, if L . =64
64 N ishort for short windows, if L . =64
In case of N suorr (i ) =3+ Which-occurs only for N_ . =15 and iy, =6, the MDCT cogfficients
required are merged from the two-last AAC short blocks distributed in the manner depicted in Figure 41.
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011 95 0..0 |block?7

0(1(2(3 190 | 191

011 95 0..0 |block8

MDCT to QMF

01 23 45 6 78 91011121314 1516 17 1819 20 21 22 23 24 2526 27 28 29

window_sequence == QMF sample

Figure 41 — Merging the MDCT coefficients from two last AAC short blocks into“one set of 192 MDC1
coefficients for window 7.

The MDCT to QMF mapping is described in subclause 6.9.2.5.2. Updating the QMF samples by overlap-add
is described in subclause 6.9.2.5.3.

6.9.2.5.2f The MDCT to QMF mapping

A flowchart of the MDCT to QMF transformation is given inFigure 42.
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Figure 42 — Flowchart of MDCT to QMF transformation

The MDCT to{@MF mapping is described for windows with residual QMF frame length quf. For Jong and

short windows, N_ . is to be replaced by N oxg @and Nycgiorr (is0r ) respectively in the dgscription

below.\In"case of short windows, the procedure outlined below is performed for i, = =0..N, —1. Otherwise,

short short

this“procedure is performed only once. Furthermore, an integer valued split quf =N, +N, is fgrmed by

putting N, =| N, /2 |and N, =[N, /2].

qmf qmf

The entries of the MDCT window w, are distributed into two butterfly coefficient sequences £ and o of

length N,

qmf ?

Blrl=wl[r+N,], r=0,..,N,

qmf

_1,
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wi[r+N,+ N, r=0,...,N, -1
alr]=
wi[r—=N,], r=N

a a® 2" Tqmf
The MDCT coefficients in § are mapped into blocks according to

silr]= o SkN o + 7], k=0,...,L =1, ,r=0,....N,

qmf

-1,

qmf

<64,

where o], =sign cosL anf

JJ and additionally, if L

qumf[r]zaL . [L N +r]

qmf ' qmf

for 0<r|< N, . These MDCT blocks are windowed to form L, . pass band signals b,

b [l = Blrls[rl,

for 0<A<

qu’
alr]s,[N. amf —1-7] N, ST <Ny k=0
alrls, [r] N, Sr<quf, 1$k<Lqu
a,[f]= alrls,. [r] ,0<r<N_, 0$k<Lqu—l
a[r]sL ] 0<r<N,, k=Ly=1, L, <64
a[r]sL [Ny —1=7], ,0<r<N_, k=L —1, L, =64
The pasg band and stop band signals are combined’into MDCT and MDST data vectors &, and n, as follow

for k=0f...,

L

qmf

{ak Ny —1-r1, k even}
bi[Nywe —1-7], Kk odd
, keven
{ak[r] k odd }

-1, r=0,...,quf—1,

v [r]+Vilr )

1=(vlr
1= (v 1=, [r1) /2

0<r <N,y Similarly, L,

stop band signals a, are computed-from

[
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Next, the IMDCT transformation is applied to the vectors &, , and the IMDST transformation is applied to the
vectors 1, under the window w, . The result is phase-adjusted and placed in the QMF matrix Z:

2N,
X :fiMDCT(gk’Wt)ER o

Vi = Soupst (M- W, ) € R*
z, =X, +jy,, k=0,...,L

J7T (heo o
O"VvU

T 256

exp(_%(ZSS (Lo —1)+ 385)}2”_1} Y-

6.9.2.5.3 Updating the QMF output

onstruction of the residual frame output QMF samples X v ., or.v ) takes place using a gouple of

res0 ? resl TCs2

d
stages, first of all the individual windows Z, of the current residual ‘frame are overlap-added in|a buffer
y consisting of L, . columns and 2N o rows. Then, for all residual frames within the current

4
residualframe

ffame overlap-add is applied, resulting in a buffer /Z consisting of L colunjns and

spatialframe qmf

Nipse T+ I)quﬂLONG rows. Finally this buffer is overlap-added with the previous buffer Z

spatialframe,prev *

In case the window sequence for the current residual frame indicates a long window, the buffer Z [, .. is
constructed as:
n,m _ n,m
Zrcsidualframc - ZO fOl" 0<sm< Lqu’ 0<n< quf,LONG )
In case the window sequencefor the current residual frame indicates short windows, the buffer Z , }. /s i
nstructed using the following recursion. First a zero buffer Z,, , is defined. Then for i, =0..[V,,, —1

this buffer is updatedcas:

Zn,m - Zn,m + Z"*’lsmn("short)vm

tmp, igpor +1 0P, ighor Ishort ’

—h

pr 0 SmE L n (ishon ) =n< nstart (ishon ) + 2]\']qu,SHORT (ishon )

qmf > "start

where'the short window start position for short window i, . is given by

nstart (lshort ) = noffset (quf,LONG ) + lshort ' quf,SHORT (0)

) is given in Table 101.

and the start-position of the first window 7, (N qmfLONG
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Table 101 — Short window offset position 7, (N, onc)

N, qmf,LONG N tset (N qmf,LONG )
15 6

16 7

18 8

24 11

30 14

32 2

After the|above procedure is completed, the temporary buffer is copied to the current residual frame-buffer as
=7

residualfrarhe tmp, Ngpory

In order|to construct the Z buffer a temporary zero buffer Z,_, consisting of)L, . columns and

spatialframe

(Ngesr +1)quf’LONG rows is initialized. This buffer is updated for all residual frames in the current frame, i.et,
7f =0..Nppsr —1 as:

Z’H - NamLonG M __ Z”*’f‘quf,LONG’m + Zn,m
tmp}rf +1 — “tmp,f residualframe, 7f

0<n<?2N

for 0<m<L, mELONG -

mf >

After thiq procedure is completed, this temporary buffer is copied to the buffer for the current spatial frame as

spatialfram = tmp, Nypsp

In the final overlap-add stage the output buffer Z _--is constructed by overlap-add of the previous spatigl

t

frame degnoted by Z with the current spatial frame Z, as:

spatialframe, prev spatialframe

Zm — Z"+quf,LONGﬂm n,m
out spatialframe,prev spatialframe

for 0<m <L, ,0<n<Ngion

are copied to X vV . or

res0 resl

After all residual frames in ‘a-Spatial frame are processed, the elements of Z_,

v depending on which/parameter instance pi is being processed.

res2 ’

6.9.3 Transforming the QMF samples to hybrid QMF samples

The first Nepgp N jniong QMF time slots in the residual QMF matrix (X
for OTT residuals) are transformed to the hybrid QMF domain through the transformation described in 6.3.2,
resulting in the hybrid QMF buffers x_, (for TTT residuals) and v, or v, (for OTT residuals), described in

subclause 6.4. Note that the hybrid QMF filter states, corresponding to each residual, are stored for the next
frame.

for TTT residuals and v, or v

res res2

res
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6.10 Low Power MPEG Surround decoding

6.10.1 Introduction

The following subclauses outline the differences for the implementation of the Low Power version of the
MPEG Surround decoder compared to the High Quality version outlined in previous chapters. The Low Power

MPEG Surround decoder operates on real-valued subband domain signals above the K_-th QMF subband,

corresponding to the M

proc

-th processing band. A real-valued QMF filterbank is used in combination with a

al tn comnlevx caonvaerter tao achieve this nartially comnlex subhhand domain renresentation Furthern ore the
~ ~ J Ld d 3 )

.
Low Power MPEG Surround decoder incorporates additional modules in order to reduce aliasingintroduced
due to the real-valued processing, and replaces some existing modules in order to minimizeceemputational
complexity.

6.10.2 Time / frequency transforms

6.10.2.1 Introduction

—

he Low Power MPEG Surround coding system employs time/frequengy transforms according to Figure 43
nd Figure 44.

Q

Hybrid sub-bangl

Time domain input N
domain signals

signals G

< Real QUF Real to Nyquist v
X —» analvsi complex analysis ——® X

ysis
converter banks

QMF input

signals

X

—» Delay
QMF residual input

signals

sn,m

res

Figure 43 ~=Time/frequency transforms for Low Power MPEG Surround, hybrid QMF analysis bank

Apart from the regular mode of operation where the MPEG Surround decoder is fed with time-domainl samples

X, also intermediate real valued (QMF) subband domain samples X"-"' from a Low Power HE-AAC decoder

real

can be taken. In that case the subband domain samples prior to HE-AAC QMF synthesis are taken [ISO/IEC

14496-3]. The real QMF samples are converted to partially complex samples X"” by the real to complex
converter described in subclause 6.10.2.3. Furthermore, if enabled, the residual decoding module provides

an,m

subband domain samples x." that also need to be delayed in order to compensate for the delay of the real to
complex converter and transformed to the hybrid domain ( x"™).
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Figure

At the synthesis side the hybrid subband domain samples y"" are transformed to partially complex QM

subband| domain samples y

convertef described in subclause 6.10.2.4. Those real QMF samples are transformed back tothe time domai
samples|y by the real QMF synthesis bank.

For Low| Power MPEG Surround, real-valued QMF filterbanks are used. The analysis filterbank uses 6
channeld and is outlined below. The synthesis filterbank also has 64 channels and-is identical to the filterban
used in Jow Power HE-AAC (subclause 4.6.18.8.2.3 of ISO/IEC 14496-3).

6.10.2.2

The realfvalued QMF bank is used to split the time domain_signal output from the core decoder into 6
subband| signals. The output from the filterbank, i.e. the supband samples, are real-valued and critical
sampled| The flowchart of the operation is given in Figure 45: The filtering involves the following steps, wher
an array x consisting of 640 time domain input samples is assumed. A higher index into the arrg
corresponds to older samples.

e Shift| the samples in the array x by 64 pesitions. The oldest 64 samples are discarded and 64 new

sam

e Multiply the samples of array x by the’ coefficients of window ¢. The window coefficients can be found in

Tabl

e Sum|the samples according to'the formula in the flowchart to create the 128-element array u .

e Calcplate new 64 subband samples by the matrix operation Mu, where

M

I

Hybrid sub-band

S Time domain output
domain signals

signals
Nyquist v Complexto | Yrea .
y"" —— | synthesis ——p real > Re:tIhQIViIF —»y""
banks converter syninesis

4 — Time/frequency transforms for Low Power MPEG Surround, hybrid QMF synthesis bank

&

~n,m A n,m

which are converted to real QMF samples y,_; by the complex to re

5*

~ =~

Real-valued analysis QMF bank

SICAIES

bles are stored in positions 0 to 63.

> 4.A.87 of ISO/IEC 14496-3.

(n-(k+o.5)-(2-n—192)J {O£k<64
k,n)=2-cos ,
128 0<n<128

Every lopp-inithe flowchart produces 64 subband samples, each representing the output from one filterbank
subband'—a—the—fewehart— X[ —eorresponds—te—subband—sample—{—of—-QMF—subband——Hene

Arnea:rk = Xreal [m][n]
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Start
(for QMF subsample | )

) J
for(n = 639; n >=64; n--) {
x[n] = x[n - 64]
}
\ 4
for(n =63; n>=0; n--){
x[n] = nextinputAudioSample
}
) J
for( n =0; n <=639; nt++) {
z[n] = x[n] * c[n]
}
\ 4
for( n =0; n <=127; n++) {
u[n] = z[n]
for(j=1;j <= 4; j++){
u[n] = u[n] + z[n +j * 128§]
}
) J
for( k =(0;k’'<= 63; k++) {
XraalKIl] = u[0] *2 *cos(m/128* (k+0.5)* (-192))
for( n=1;n <= 127, n++){
XrealKIN = XiealKI[1] + uln] * 2 * cos(n/ 128 * (k+ 0.5)* (2*n -192) )
}
) J

K Done j

Figure 45 — Flowchart of real-valued analysis QMF bank
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6.10.2.3 Real to complex converter

The real QMF subband signals are transformed into partially complex QMF subbands according to Figure 46.

64-K, real 64-K. real
sub-bands sub-bands
—»  Delay -
Kc real K. complex
sub-bands sub-bands
Delay Fixed gain ——»
Multiband iy
filter

Figure 46 — Real to complex convérter

The first|group of K_ real subband signals is filtered by a multiband filter, multiplied by the negative of th
imaginary unit and added to the K delayed real subband signals in order to produce K, complex subban
signals. [Those subband signals are gain adjusted by a“fixed real gain and output as the K_ comple

subbandp of the partially complex analysis. The second group consisting of 64 — K real subband signals af
just delayed. The role of both delays is to compensate for the delay introduced by the multiband filter. Th
length of this delay is half of the order of the, mdltiband prototype filters a"[n] given in Table 102. Th

amounts|to 5 subband samples.

The muliband filter operates on the K first QMF subband signals in the following way,

p(m) 10

anm| SN+ T _ _
ximag kT z Zf;;1,r[v]xreal,k , M= 09 19"':Kc 19

r:—q(m) v=0

where the QMF subband.summation limits are defined by

=

0, rm=0 1
q( ):{ for m

, and p(m)z
I~ form=1,..,K -1 0, form=K_ -1

, form=0,.. K -2

|

»w O O© X o O

The filters £, .are derived from them prototype filters of Table 1 via

sin{%[—(2m+l)(v—5)ﬂa° V() d ] i (mr)el(0.0).(K. ~10)).

S, V1= i
sin[z[—r—(2m+1+r)(v—5)]}ar [v], else.
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¢ a’[n] a'[n]
0 0.00375672984184 | 0.00087709635503
1 0 0.00968961250934
2 -0.07159908629242 | 0.04670597747406
4 0.56743883685217 | 0.20257613284430
5 0 0.23887175675672
6 0.56743883685217 | 0.20257613284430
7 0 0.12080166385305
8 -0.07159908629242 | 0.04670597747406
9 0 0.00968961250934
10 0.00375672984184 | 0.00087709635503
Tlhe output of the multiband filter is combined with the delayed{real valued QMF subband samples gccording
tp Figure 46 to form the partially complex QMF subband samples
. L(fcr’;f’k”’ —jfci’;;Z’gk), m=0,1,...,K —1;
x[:l,m — \/E s 5
Ar”e;i’k”’, m=K_,...,63;
6.10.2.4 Complex to real converter
Rrior to the real QMF synthesis; the partially complex subband QMF signals are transformed into neal QMF
sjgnals according to Figure-47.
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The conpplex part of the partially complex QMF subband signals y,

imaginar,

~n,m

64-K; real 64-K. real
sub-bands sub-bands
»  Delay >
K. complex K. real
sub-bands sub-bands

[ ———— % Fixed gain | —Reatpart % Deray

Imaginary Multiband
part filter

Figure 47 — Complex to real converter

An,m

are) gained and split into real an
y parts according to

+ O = =P m=0,1,...,K, 1.

The mulfband filter operates on the imaginary parts as follows,

~n,

Where f
filters of

plm) 10
= > g, I, m=0,1,.. K7,
r:—q(m)v:()

(m)and g(m) are defined in ¢he. previous subclause and the filters g,  are derived from prototyp
Fable 1 via

sin{%[—(2m+l)(v—5)ﬂa°[v]—(—l)mal[v] i (m.r)e{(0,0).(K. ~1.0)).

[¢]

o
s1n{5[—r—(2m+1+r)(v—5)ﬂa | [v] ,otherwise
The QM signals .|, to be fed into the real QMF synthesis are then obtained by
oo AT, m=0,1,. LK~
ek | pose m=K_,...,63.
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6.10.2.5 Support for higher and lower sampling frequencies

2007(E)

Support for low sampling frequencies, that is if bsSamplingFrequency < 27713, and for high sampling
frequencies, that is if bsSamplingFrequency >= 55426, is provided by using downsampled 32 band QMF

banks or upsampled 128 band QMF banks, respectively, instead of the 64 band QMF banks that are
normal sampling frequencies like 32, 44.1, or 48 kHz.

For downsampled operation, the 32 band QMF analysis bank is defined in 14496-3 subclause 4.6.

used for

18.8.2.1.

The 32 band QMF synthesis bank is defined in 14496-3 subclause 4.6.18.8.2.3. The upper 32 QMF bands are

set to zero prior to MPEG Surround processing and only the lower 32 QMF bands are processed by

the QMF

nthesis bank.

or upsampled operation, the 128 band QMF analysis bank is defined by replacing the modadjation
nd QMF analysis bank with

M, (kn)=2 [ﬂ-(k+0.5)-(2-n—384)j {0Sk<128
A\kn)=2-cos )

256 0<n<256

ing a 1280 sample version of the window function c[i] where the additional intermediate sam

btained by linear interpolation of neighboring samples of the original 640 sample window function sp

14496-3 subclause 4.A.6.2Table 4.A.87. The 128 band QMF synthesis bank is defined by repla
odulation of the 64 band QMF synthesis bank with

icos(ﬂ(mo.s)(zn —128)), 0<k<128,0<n<256
327 1256

ing a 1280 sample version of the window function"¢[i] as defined above. The upper border of th
rocessing band is moved from the 64™ QMF band:tothe 128" QMF band.

.10.3 Aliasing reduction

.10.3.1 Introduction

he purpose of the aliasing-reduction is to suppress aliasing emerging in the borders between p
nds. Given the critically“sampled real-valued QMF filterbank used, subband channels in the

erlap, and aliasing-will’be introduced if adjacent subbands are modified independently. This will

MF subbands on ‘the parameter borders. An aliasing condition is said to exist when tonal sig
tected in the¢cQMF subbands on the parameter borders. When an aliasing condition is sign
rameters for’the neighbouring hybrid bands (belonging to different parameter bands) are

pendent-on~each other by setting both to the average of the data for the two parameter bar
oiding independent adjustment of the neighbouring QMF subbands, and hence avoiding the introd
liasing;

bf the 64

ples are
ecified in
cing the

b highest

arameter
ilterbank
pccur for
nals are
bled, the
modified
ds, thus
uction of

6.10.3.2 Aliasing detection

The aliasing detector operates on real-valued QMF subband samples. A weighted correlation sum

r" (1) is

calculated for every parameter time slot / and all QMF subbands m that have an adjoining parameter border.
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e (0)=r" (-1 + Y @, 1=0

real " "real

t(1+1)

r" (l):rm (l_l)at(Hl)H + Z at(Hl)—nwn,mwn—l,m, 1<I<L

real ' “real

n=t(l)+1
where
o) 64
a =exp|— J and dt =— and 7 =23.22 . Negative time index (-1) for a subband sample equals theAagt
T s

subband| sample from the previous frame. In the same manner, negative time index for the correlation su:r
equals the last sum from the previous frame. Moreover, the real-valued QMF signal is computed as'the sum ¢f
the dowrjmix input channels, according to:

Al = 2% (ch)

ch

The aliaging condition is set according to the following rule

L, if r"’(l) > thres, r"’”(l) > thres, m odd
a"’(l)z L, if r”’(l) < -thres, r""! (l) < -thres, m even
0, otherwise

-9

where thres = for all parameter sets 0 </ < Land for:all QMF subbands m that are the last subband

-«
(highest |n frequency) within a parameter band.

6.10.3.3| Aliasing equalization

The aliaging equalization is applied on'copies of the matrices Wll’k and Wz”k. The alias equalized matrices ane

first created by copying Wll’k and W2”k as
W/ =W and WA= WA
for 0<k|< K and 04 L.

For the QMF bands where aliasing condition is signaled the alias equalized matrices are modified according t

[e)

W ) xxrLk(m)+l 1 (NazLk(m) | wpglk(m)+1)
1 - v —_ vy L 'Vl

M 2\1

, if a"(l)=1, 0<i<L
Wzl,k(m) — Wzl,k(m)H — %(Wzl,k(m) + sz,k(m)ﬂ)

where k(m)=m+ K —64 . After the modification, the two matrices W/* and W.* replace the matrices
W/ and W,*.
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6.10.4 Integrated matrixing

6.10.4.1 Introduction

The integrated matrixing is only used for the 5-1-5 configurations and reduces the complexity by setting the
Mf‘k matrix to a unity vector and modifying the R;‘k matrix, which in turn enables considerable complexity

reductions of the decorrelators and decorrelator structure. For other configurations the definitions given in
subclause 6.5 apply.

6.10.4.2 Pre-matrix M1

Hor the 5-1-5 configurations the Mf‘k matrix is defined according to:

t(/-1)<n<t(l),0<I<L0<k<K.

2

=
g
Il
— = ok = e

6.10.4.3 Mix-matrix M2

Given that the Mf’k matrix is set to a unity veéctor for the 5-1-5 configurations, the mix-matrix Mg’k is
bdefined for the 5-1-5; and 5-1-5, configuratiohs. Hence, the M;”‘ matrix is defined according to:

—

— Wta(n,0)+(1-a(n )W, ,0<n<t(),1=0
o WHa(n)+ (1-a(n ) Wit t(1-1)<n<t(l),1<I<L

for 0</< L, 0<k <K where

n+.J B
a(n,l)= (o o
’ n- ( ) otherwise
t(1)-t(1-1) °

gnd Wzl'k can be processed by smoothing according to:

Lk _ Sdelta (1) . Rlzflgk) + (1 ~ Selta (1)) W, S proc (1 (k))
Rlzflgk) H Sprog (l (k))

1
0

and where K‘(k) is given in Table A.31, where the first row is the hybrid band & , and the second row is the
corresponding processing band.

W, "* corresponds to the last parameter set of the previous frame (zero for the first frame).
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Where

Rl,m

2LP

=R"LR"G"

and where R}”, R/, and G;" are defined in subclause 5.5, and where I is the 5x5 unity matrix.

6.10.5 Matrix encoded surround compatibility

Similar g
matrix gi

H"

For m<
equation

h21'2’” are

First, the

Iom|__

9

Iom|__

q9,

bl,m

Furthern

s for normal operation mode, in low power mode, the matrix surround inversion matrix is ac3 by B
ven by:
" g0
= hzlﬂlm hzlim 0].
0 0 1
M: ., i.e., for the complex-valued bands, the entries 4", k", h." and’hi;" are described by thie

o

5 in subclause 6.5.2.4. For m> M ¢

proc ’

i.e., for the real-valued bands, the entries 4", k", h." an

Hescribed as following.
following intermediate variables are defined:

l,m 2
(")

R w2(w")

l,m 2
W21

oo 2(we")

I,m

Im
=4 *49,

Im

_4 - qéqm
9 b

—1-5p2 —\/—ll(pl’m ) +(ds' —14) p" 4 1.

1Im m

are.depending on ¢;” and ¢," two more intermediate variables " and rlﬂ‘ are calculated:

170

Im __

3bl,m ) o
, i 0<gq™ <
2(611””’ (" )2) |
qé,m _(qé,m )2 . .
BETO N
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i

.0

3(1-5p"")

The non-normalized entries of H

Im

0<qgi” <1,

qé’m IS {0,1}.

l.m l.m l.m

,denoted by g7, g5 . &)

and g}

.m

2

ISO/IEC 23003-1:2007(E)

can then be determined as:

l.m l.m
gl.m _l_ql .ra

1 - ’
3

l.m

Ts

A

he normalization coefficients c,”

l.m l.m
m_ D T4
21 T

lm _ q2

12

l.m

l.m

and c,

gl.m — 1 _

are calculated as:

l.m

q, 1y

22

_ql .

B

l.m .m

/
ra

I.m
"y

3

l.m 2
- |
3

é”=UJO—%”X$fY+%”1———

|

are determined is not affected in the low power version.

4m=UJO—%”X§TY+qV

-

inally, the matrix H, , is given as:

|

he way the variables w|

Im l,m
a8 Gc8n
. I,m . 1,m
"8 \ % 8n

I,m

" and w,

Iom —

I,m l,m
{hn i

I,m 1,m
h21 h22

—

.10.6 Enhance Matrix Mode of Low Power MPEG Surround

.10.6.1 dntroduction

In a,similar fashion as the parameters are applied as described in subclause 6.10.3, the aliasing
f:Lgs a" (/) are determined and applied.

condition

6.10.6.2 Parameter processing and interpolation

The process of state updates, aliasing flags a’ (l) ,estimation, and parameter positioning is depicted in Figure

48. A new down-mix frame is received starting at hybrid QMF down mix slot ‘0’ up to N-1 (N=

32). The

correlation states r” () are updated for every down-mix slot. For every four slots, the aliasing flags a“(/)are

set and applied four slots in advance.
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QMF
down mix slots

Down-mix
analysis states

Parameter
positioning

Note thd
Furthern

of the do

6.10.7 L

6.10.7.1

Table 10
mode. T
listed in {
respectiv

Figure 48 — Stereo down mix analysis procedure

t for Enhanced Matrix Mode low power decoding also the changes in subclause 6;10.5 hold.
ore, even though for the bands where m > M°_ the sub-band signals are real-valuedthie updating

proc

wn mix analysis states is done using the equations of 6.2.2.

ow Power decorrelators

Introduction

-

3 shows the decorrelator configurations used for the different.decoding configurations in low powe
nis table corresponds to Table 89 for the normal (not low.power) decoding mode. The decorrelators
he table, PS and Lattice IIR (LPO and LP1) are defined in‘'subclause 6.10.7.2 and subclause 6.10.7.

ely.

Table 103 — Decorrelator configuration as a function of decoder configuration

Low:power decorrelators

Configuration |Lattice IR, LPO Lattice IR LP1 PS No decorrelation
1 D,() D) D,( ). Di() ]

515 DO( ) Da( ) D4( ) Dl( ) i

i | - o (), 0 (0) [0 ()

T Di(1), B ] o), () | B()

2 ) (), () [ ()

o - ] Di( ). b() ]
GRS - 2,000 |

As the TTT decorrelator, D;'" () is disabled in low power mode, the pre-matrix, M, and the mix-matrix, M,

defined i

n subclause 6.5 shall in case of bsTttModeLow (0) =0 or bsTttModeHigh(0)=0 be defined as if

bsTttModeLow (0)=1 or bsTttModeHigh(0)=1 for their associated parameter bands, respectively.

The low

power decoding mode utilizes two different decorrelator types according to subclause 6.10.7.2 and

subclause 6.10.7.3. For all references to the parametric stereo standard (ISO/IEC 14496-3:2005(E)) in the
subclauses below, the baseline configuration is assumed.
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6.10.7.2 Low power parametric stereo decorrelator

2007(E)

The parametric stereo decorrelator as described in ISO/IEC 14496-3:2005(E) (Subpart 8: Technical
description of parametric coding for high quality audio), subclause 8.6.4.5 De-correlation. In that text the full

description of the decorrelator filter and transient reducer can be found. However, the
NR _ALLPASS _BANDS should be changed from 30to M ., and H, (z) should be changed from

proc ?

NR_ALLPASS _LINKS-1 =d(m) _ ( ) ( )
B 3 QFractiallpass (k,m)z a\m gDecaySlope k

[ e\ —d(m)

Hk (Z):Z_2 '¢Fract (k)

constant

1 TN |AVa) (
m=0 L U] & DecaySlope \ ™ ) & Fract allpass \ 27" )

NR_ ALLPASS _LINKS—1 —d(m)
- ~ QFractiallpass (k’ m) z —da (m ) gDecaySlope (k)

m=0 1 —da (m) gDecaySlope (k) QFractiallpass (k’ m ) Z_d(m)

Hk (Z) = 278 ' ¢Fract (k) ’

This decorrelator gives the final output: d;é/; .

6.10.7.3 Low power lattice IIR decorrelator
Tlhe low power lattice IIR decorrelators are having the samehasic structure as described in subclay
b

ut with the following modifications. The bitstream element-bsDecorrConfig is interpreted differently
the corresponding QMF split frequencies in Table 90 are:

Table 104 — Division of hybrid subbands for low power

bsDecorrConfig 0-2 3-15

k, - Reserved
k, 0-13 Reserved
ks 14-29 Reserved
k, 30-70 Reserved

his gives the decorrelated outputs prior to the energy adjustment, d{’];’f),mt and a’f{fhmt . For those si

T
gnergy adjustment according to subclause 6.6.3 is replaced by the transient reducer described in
114496-3:2005(E) (Subpart 8: Technical description of parametric coding for high quality audio), su
8
3

.6.4,5:324, where the transient attenuator, G k,n) is mapped to the gain factq

TransientRatioMapped (
ccording to:

se 6.6.2,
, instead

hjnals the

ISO/IEC
bclauses

r gsn,l((k)

n(k) _
& - GTransientRatioMapped (k’ n)

This gives the final decorrelator outputs:

nk  _ _ni(k) n,k
dLPO,s =& 'dLPO,ﬁh

nk  _ _nx(k) n,k
dLPl,s =& “dipy i
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6.10.8 Residual coding

Residual coding is only applied for A/°  processing bands. In addition, the complex subbands of the partially

proc
complex QMF representation correspond to modulation different from that that of the high quality decoder.
Therefore, the final modification at the end of subclause 6.9.2.5.2 should be replaced by

Z=[exp(—%(2-0+l))zg exp(—jTﬂ(ZlJrl)leT

A TP P e

6.10.9 Liow Power Binaural decoding

6.10.9.1| Alias equalization

[oX

The aliaging detection as outlined in subclause 6.10.3 shall be used. Given the aliasing detection flags defing
bya”’(l) the aliasing equalization is applied on a copy of the matrix Hf’k . The alias equalized matrices af

[¢]

first creafed by copying H!* as
H'{=H*

for 0<k|<K and 0</< L. For the QMF bands where aliasing condition is signaled the alias equalized
matrices|are modified according to

T m) _ I’:Il,k(n1)+1 :%(Hi,k(m) +Hi,k(m)+1) if " (l) =1, 0<I<L

1

where k[m)=m+ K — 64 . After the modifiaion, the matrix H," replaces the matrix H;" .

6.10.9.2| Decorrelator

For mong based (5-1-5) binaural decoding, the low power parametric stereo decorrelator defined in subclause
6.10.7.2 phall be used:

6.11 MPEG Surround Binaural coder

6.11.1 Introduction

The MPEG Surround binaural processing, can either be done as a decoder process converting the MPEG
Surround downmix signal into a binaural downmix signal, that provides a surround sound experience when
listened to over headphones, or alternatively, the MPEG Surround encoder can create a binaural (or a 3D
stereo) downmix, that provides a surround sound experience when listening to the downmix without any
additional decoder processing. For the latter mode, information on the binaural processing done to the
downmix is included in the MPEG Surround bitstream so that it can be inverted if the downmix and MPEG
Surround bitstream is decoded into a true multi-channel representation.
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The extension for binaural audio decoding of MPEG Surround is outlined in 6.11.4. A “binaural decoder” has

as input the MPEG surround data stream. This stream may either be based on a mono (515 configu

ration) or

stereo (525 configuration) downmix. The downmix signal is processed by a hybrid QMF analysis filterbank as
outlined in subclause 6.3. A parameter conversion stage converts the transmitted MPEG Surround
parameters as generated by MPEG surround encoder to spatial synthesis parameters that include 3D cues,
based on HRTF parameter input to the MPEG Surround binaural decoder. In other words, HRTF processing is
performed in the parameter domain. Subsequently, a spatial synthesis stage computes a stereo output signal
by means of parameter-controlled matrixing, and decorrelation (only applied in the case of a mono downmix).
For both the matrixing and decorrelation operations, standard MPEG surround building blocks are used.
Finally, two QMF synthesis filter banks, as outlined in subclause 6.3 compute the (binaural) time-domain

clutput signals. An overview is given in Figure 49, where the QMF Analysis and QMF Synthesis block]
the Nyquist filterbanks.

Tlhe binaural decoder can furthermore be extended with either a time-domain or QMF-domain reve
nmodule.

S include

rberation

Tlhe MPEG Surround binaural decoder operates on the MPEG Surround data stream. Although tgchnically
feasible, not all elements in the data stream are applicable for the binaural decoder since these haye a poor
complexity versus quality trade-off. An MPEG Surround decoder operating in/binaural mode is not dbliged to
decode the data stream elements pertaining to; Guided Envelope” Shaping (syntax |element
HnvelopeReshapeHuff(), Table 21), Shaping of decorrelator signal (syntax element TempShapeDatg(), Table
20), and residual coding data (syntax element ResidualData(),~’ Table 34 and syntax |element
ArbitraryDownmixResidualData(), Table 36).
Monoor — ™| QMmF [ ™] Spatal QuF [ ™ 3D
stereo down mix analysis | | synthesis\\| )| synthesis 4st>ereo output
4
Spatial Parameter
parameteg> conversion
Binaural
4 parameters
HRTF.
parameters
Figure 49 — MPEG Surround binaural decoder
Tlhe binaural MPEG Surround decoder can be operated in the Enhanced Matrix Mode, where the pafameters
are estimated according to*subclause 6.2, as outlined in the following figure.
- QVF * Spatial ™ auwF [ ™ 3D
stereo down mlx» analysis L synthesis synthesis jtﬁreo output
; Y A
Analysis > Paramgter
Spatial conversion i
parameters Binaural
* parditicters
HRTF
parameters
Figure 50 — MPEG Surround binaural decoder operated in Enhance Matrix Mode.
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For all downmix channel configurations (mono or stereo), the spatial synthesis consists of a 2x2 (filter) matrix,
according to:

n k

nk

with y

y N, -1 hn—i,k hn—i,k y" ik
= I;Bk ZHnlk n,k:Z[ :zl—ik Lz—ik :Olk » 0<k<K
Y i |y, hy,™ 1y

Rg Ro

being the QMF-domain input channels and yg’k being the binaural output channels, & represents the

hybrid QMF channel index, and i is the HRTF filter tap index, and # is the QMF slot index.

The nun
reverber:
conversi
elements

If a one-

invertiblg.

as outlin

The fact
MPEG §
synthesis
post-pro
processi

reconstryction occurs when transmitting a 3D/binaural downmix. ©ptionally, the 3D inverse stereo downm

can agai

—h

ber of filter taps (Ng) in the 2x2 matrix can be varied depending on the presence or absernce '(
btion in the HRTF impulse responses, or the accuracy desired for the HRTF representation: Th
bn of the HRTFs to one-tap matrix elements is outlined in subclause C.1. For multittap matr
the HRTF conversion as outlined in subclause B.1 shall be used.

xX O©

[72]

ap representation of the HRTF is used, i.e. N,=1, this allows for the creation of & 2x2 matrix that
This property has important advantages when using the spatial synthesis technique in the encodef
bd in Figure 51.

urround encoder for generating a 3D/binaural downmix (see uppet panel of Figure 51) by binaur:
module in the encoder as post-process to the MPEG Surround encader. Given this encoder binaur
essing approach the MPEG Surround decoder (as shown in the’lower panel) can apply the inver:
ng on the received 3D/binaural stereo downmix such that ne,quality degradation on the 5.1-chann

that the spatial synthesis module comprises a 2x2 matrix in the filterbank’/domain is exploited in the
I
I

X =

n be processed using the binaural decoder for personal HRTFs.
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HRTF
params
* 3D
Ml —» Downmix 3D Downmix 5
ulti- - —- . > . » Downmix Multi
channel —p»  SPatal » Post > encoder lexer
. encoder process p
input  —m >
—p A
‘ >
Spatial parameters
Encoder
HRTF
params
De- g N .
—»  multi - D;)wnmlx 3D Spatial ‘
ecoder inverse decoder 5 Multi
plexer ™ channel
R
4 p» output
. > —»
Spatial
parameters

OT = —

6.11.2 HRTF representations

S |

>
L

vy

3D

A

Personal
HRTF
params

Personalized
3 D stereo
output

Figure 51 — 3D/binaural downmix as postprocessor of the spatial encoder (upper panel) and
3D/binaural processing in the decoder (lower panel). In addition, Binaural decoding usir
personalized HRTFs:can again be applied to the 3D inverted downmix.

Tlhe patameters have subscripts corresponding to the binaural output channels YE{L,R} and th

rpulti-channel source Xe{L,R,C,Ls,Rs}. For the parametric representation, the HRTFs are desq

nverse
9

he MPEG Surround-binaural decoder supports two different representations of the HRTF filters, a parametric
ppresentation and”Va complex QMF filter representation. Conversion from time domain HRTH
arametric representation is outlined in Annex C.1, conversion from the time-domain HRTFs to the
DPMF filter representation is outlined in Annex B.1.

s to the
complex

e virtual

ribed by

Py, ¢ and py for parameter bands 0 <m < M

Proc

an average phase difference per parameter band, and a coherence measure per parameter band.

corresponding to an average level per parameter band,

For the complex QMF filter representation the HRTFs are described by (\3qu) (n) for QMF subband
m=0,1,...,63 and QMF time slot n = 0,1,....,N,—1.
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onfigurations of the binaural decoder

ural decoder can be implemented in a High Quality version or a Low Power version. The low-power

version can utilize the partially complex filterbank as outlined in subclause 6.10.2 and the aliasing reduction
algorithm outlined in subclause 6.10.3. Furthermore the Low Power version does not support HRTF filter
representations in the QMF of more than 1 tap, i.e. the parametric HRTFs as outlined in subclause 6.11.4.1

and 6.11

4.2.2 shall be used. Finally, the Low Power version of the binaural decoder only supports the use of

the Parametric Stereo decorrelator outlined in subclause 6.10.7.2.

6.11.4 B
6.11.4.1

6.11.4.1.

For mon
mono sig

The dec
bank prg
combine
propertie
correlatiq
quality v

decorrelator as specified in subclause 6.10.7.2 shall be used.

The spat
the help

QMF-dofnain binaural output signal, which is converted to the time domain using a QMF synthesis filterbank.

. . . L o
——————————Fable-165—Configurations-of the-binaural-decoder

LP HQ
Filterbanks | filterbanks
Low power Binaural decoder X
High Quality binaural decoder, parametric approach X
High Quality binaural decoder, filter approach X

inaural decoder description
Mono-based configuration and synthesis

1 Introduction

b based configurations, a 5.1-channel audio signal is enceded by an MPEG surround encoder as ja
nal plus MPEG Surround parameters according to a ‘5151’ or ‘5152’ configuration, respectively.

-

bding scheme of both configurations is outlinedwin the following subclauses. A QMF analysis filtg
cesses the mono downmix signal. The resulting QMF-domain signal is fed into a matrixing bloc
 with the output of a decorrelator. The decorrelator generates a signal with statistically very similg
s as its input, except for the fact that ‘its” input and output waveforms have no significant crog
n. The selection of the decorrelator. provides for a complexity versus quality trade-off. For the hig
brsion, the decorrelator 0 according fo subclause 6.6 shall be used. For the low power version, th

D S n =S

ial parameters from the MPEG surround data stream are converted to binaural 3D parameters with
of HRTF parameters. The resulting binaural parameters control the matrixing block to generate the

Spatial synthesis

178

Mono L » » [,
downfix — ™| QMF | Matrixin = QMF 3D

analysis Decorr 9 p Synthesis |stgreo output

A
Spatial Parameter
parameters conversion Binaural
parameters
A
HRTF
parameters

Figure 52 — 3D binaural decoder for ‘515’ spatial configurations
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The aim of the spatial synthesis stage is to reconstruct the binaural statistical properties at the output as if a
5.1-multi-channel decoded signal was filtered with the HRTFs and subsequently downmixed to binaural stereo.

The binaural synthesis step in case of a mono-based configuration is similar to the generalized synthesis

equation given in subclause 6.11.1, with the difference that only one-tap (N,=1) HRTF parameterizations is
supported:

nk n,k nk nk 1.k
Ym h" h'; Y
o :{yl:fk-' - H;k|r nk —l:{ lnl,k lnz,k—Hr nk —l’ 0<k<K,
| Ve, | D(ym ) h; hy; .,_D(ym )J

= pu -

ith y,’;’k being the QMF-domain mono input channel, D(y:;k) being the decorrelated version_of the same,

<

nd yg”‘ being the binaural output channels, & represents the hybrid QMF channel index,.and # is the QMF
ot index.

®»_Q

—

he mixing matrix H;”‘ is a time interpolated and frequency mapped version of-a mixing matrix Hi’”’, defined

br by the HRTF filters and the MPEG Surround spatial parameters for every<inie-slot and QMF hybrid band.
his scheme is equivalent to a parametric stereo decoder.

—] —=h

—

he mixing matrix Hf'” defined for every parameter set / and processing band m . Equivalent to conyentional

IPEG surround decoding, the mixing matrix is linearly interpalated for QMF slots in between pprameter
positions, according to:

=

H o (1) + (1= a(n))H W, 0<n<(1),1=0

temp temp

H W (n,0)+(1-a(n))H ", 6@=1)<n<t(l),1<I<L

temp temp

nk _
H)" =

for 0</< L, 0<k < K where
n+1
_ [=0
t(7)+1 ’
a(n,l)=
n-— t(l - 1) .
————— Sotherwise
t(/)-t(1-1)
dnd where
gnd Hi(;’;sgb can‘be processed by smoothing according to:
Hl’m _ sdelta (I)H{é”r;pJ + (1 - sdelta (1)) Hie_nl{[:n 4 Sproc (Z’m) = 1
v Hiénnjlpil > > proc (l’m) = O
where
Re{H"! m>=M:
H{;’l’;p_l— { 1 } ", 0<m<M_,

l, .
H" otherwise

and where K‘(k) is given by Table A.31, and maps the hybrid band & to the corresponding processing band.
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Hence, for one tap (N,=1) HRTF parameterizations in the QMF domain, the mixing matrix Hf’”’ is computed
on a processing band basis (i.e., 28 bands) instead of a full hybrid-band basis (71 bands), and the matrix
entries are real-valued for processing bands from M° _ onwards.

proc

The matrix H;" is defined in the following subclauses for the 5151 and 5152 configurations.

6.11 .4.1.r Matrix elements

The matfix elements of

1Im Im
! hll hlZ
H)"| = , 0<m<M,

| . 0</<L
hzlﬂlm - ( hllim )

Proc >

[0

w\[.m
are defifed by the relative signal powers ¢;” and ", and the complex cros§-spectrum <LBRB> for th

two bindural output channels, for each spatial parameter set estimated for\each parameter position an
processihg band, according to:

o

Hy" = ol (cos(1PDY" [2)+ jsin(IPDY" [2))(iid"" + 1CCY" )

m" = o (cos(IPDE" /2)+ jsin(1PDY" /2))\/1 ~ (s recgr)at )2
hy" =k (cos(1PD§" [2) - jsin(IPDE" [2))(1+ iid"" 1CCy" ) d™"

with iid'{" equal to

and d""|equal to:

1

i = .
\/1 {oa )2 +2iid"" ICCL™

The cohqzrence of the binaural output ICCé”” and the IPD is computed as:

w\[,m
w((Lr)")
— T Jif 1CChn, <0.6
ILm O Or
ICCy" =
ICCgpm, ,otherwise
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0 ,m>12, ]CCé’t’;’1p <0.6
IPD}" = o\ L ,
arg(<LBRB> ) ,otherwise
where
w\1lm
l,m ‘<LBRB>
ICCB‘““P = Lm lm
L R

Q

nd iR(x) denotes the real value of x. For high-frequency processing bands (band A °

proc

onwards), [the IPDg
alue is set to zero.

<

Im

«\L,m
he variable ¢, o4", and the complex cross-spectrum <LBRB> are defined differently for the $151 and

(&) |

152 configurations in the following subclauses.

6.11.4.1.3 Power reconstruction and cross-spectrum variables for 5151 and 5152 configurations

6.11.4.1.3.1 5151 configuration
I order to define the (relative) power (Jf‘(’” )2 for X e {L,R} , i.e. the left and right 3D/binaural outplt signal,
(with respect to the mono input signal), the transmitted CLD parameters are converted to (relative) signal
powers (O'Q"’)z for each virtual loudspeaker X € {I;R,C,Ls,Rs} , according to:
(o)’ =r(CLDL")r (CLD™ )1 (CLD™)

(o)’ =r(cLDi")r (cLDi™Yr, (CLD™)

(") =n(cLDy")AfCLD!™) /g?

(ot} =Dy (cLpim) /g2

(o= r(cLoy”)n(cLpim) /gl

with

CLD/10
10

K (CLD)ZW’

and
B 1
r2( LD) - 1+10CLD/10

for0<m<M 0<I<L,

proc?
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and where

proc?

CLDy" =D, (X,l,m), 0<X<4,0<m<M, ,0<I<L
The constants g. and g; represent the down-mix gain factors for centre and surround, respectively.

Given the above, and the HRTF parameters R/, 4 and pf, the (relative) power (o{"” )2 and (

left and right 3D/binaural output signal (with respect to the mono input signal) is given by:

By R0l "ok ICCy " cos (4" )+ .
(d8)+
B PirePlaoit ore ICC," cos(ﬂ_"; ) +...
(

P);”’,_P;"Rpé’a,_ L "’ICC’ " cos

By Pirs pheoly ot ICC," cos (g )

for 0<m < M, 0</<L,

Proc >
and whefe

[CCy" =D (3.1,m), ,0<m<M, ,0<I<L

proc?

0<I<L.

proc?

[CCy" =D (2,1,m), ,0<m<M

«\[,m
The conpplex cross-spectrum (L R for each spatial parameter set is estimated for each parametgq
B*'B

position and processing band as:

(Lefa) " =(ot") RroRispt exp(jge ) +-..

lm2

o/

(

( ) Rk ol exp(jﬂ")+
(O- m)zfl)_RP RPR eXp(]¢R)
(o)

(

m
Ls

_l’_
CR R exp () +

o) B P ot exp( jd )+

O

o) =(Bie) (o6") + (Bi) (o) + (B ) (olr) +(Bie) (08") +(Biw) (o) +.

R\ Bro"og"ICC, + ...
R_mLsR?mRs OJ mICC +..
R_mRsPRmLs SR ICC, Pl exp (]( 2 T A )) +

R R o1k 1CC, o exp (42 + )

for 0<m< M, 0</<L,

Proc »
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and where

ICC;" =D (3,0,m), ,0<m<M,, 0<I<L

proc?

ICCé,m:chc(zvlvm)a ,0<m<M 0<I<L.

proc?

611.44.3.2 5152 conﬂgu:aﬁnh

(ds)

imilar to the 5151 configuration, in order to define the (relative) power (of'(’” )2 for X=L,R,i.e) thq left and

right 3D/binaural output signal, (with respect to the mono input signal), the transmitted CLD ‘paramgters are

Q

bnverted to (relative) signal powers (cr;"’)2 for each virtual loudspeaker X ={L,R,C¢Ls)Rs) , according to:
(o) =n(cLDY" ) (cLDM™)r (CLDY")
(") =r(cLDi™)r, (CLD!™ )1 (CLDL")
(o2 =n(cLop)

(ol2') =n(cLDy ) (CLDM ), (CLDL™) /g2

(o) =n(cLoy™ ) (CLD™ )i, (CLDET) /g7

with
a(cen)=10
gnd
1
rz(CLD)zHIOW,
for 0<sm<M,,. . 0<I<L,
gnd-‘where

CLDY" =D, (X,l,m), 0<X<50<m<M,, ,0<I<L.

proc?

The constants g, and g; represent the down-mix gain factors for centre and surround, respectively.
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2 2
Given the above, and the HRTF parameters R/, ¢ and o}, the (relative) power (oﬁ‘”’) and (0,4"") for the

left and right 3D/binaural output signals (with respect to the mono input signal) is given by:
(o) =B (04" + (B (ot (B ) (ot + () o8+ (e (o) -
B Pgpl'ol" og"ICC™ cos(¢L'" )
(4)

m m m __l,m __I,m [,m m
P Pirs PLsOLs Ors ICC™ cos (g

n
S

+..
! ! 1
P\ Brpro. " og"ICCy™ cos +...

+...

42)
B BirsPholy' oS 1CCT™ cos gk, )

S S

for 0<m <M, 0</<L,

Proc >
and whefe

[CC" =Dy (LLm), ,0Sm<Mp, ,0<I<L

=

w\[.m
The compplex cross-spectrum <LBRB> for each spatial parameter set istestimated for each paramets

position and processing band as:

2

(LsR) | =(ot") Repicos exp(idg )+
RUBE AL exp () +..
})l_’,nRPR”,lRps eXp(j¢FT ) te

R Bl exp( ) -

m\2

I
oL
l,m
ORr
2

)
)
;
)

l,m
O-Ls

2
I,m m m m . pm
(O-Rs) R_,RSR{,RspRseXp(] s)+“‘
m pm Ibm __l,m
R Rro"og"ICC, +..
m m I.m __I,m
R FrrsOLs Ors JCC + ...

Bl P ot ICC, oty exp( (g + 1)) +

R B atokr1CC 1 exo(/(d + )

for 0<m< M, 0</<L,

Proc »

and where

ICCH" =Dy (1,1,m), ,0<m< My, ,0<I<L.
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6.11.4.2 Stereo-based configuration and synthesis

6.11.4.2.1 Introduction

The stereo based binaural decoder can be implemented by a single-slot parametric approach (similar to the

mono configurations), or by a multi-slot convolution approach. The stereo based configuration re

quires a

(conventional) stereo (MPEG surround) downmix as input signal yL . yR , combined with spatial parameters
that enable a 5.1-channel reconstruction. The downmix signal can be a matrixed surround compatible stereo

downmix.
Spatial synthesis
,—> L
Stereo QMF Matrixing > amF 53D
i i i stereo out
down mix ) analysis ) . synthesis 3 P
Spatial Parameter T
parameters conversion Binaural
parameters
A
HRTF \ ¢
parameters

Figure 53 — 3D binaural decoder for ‘525’ spatial configurations

Hor both configurations (normal downmix ofF matrixed surround compatible downmix), a spatial synth
performs the required signal modifications in the QMF domain, based on both spatial parameters a
F
S

patial synthesis step comprises a mixing matrix that is applied on the stereo downmix pair according
yL N -1 hn—i,k hn—f,k y[’ —ik
nk B Zankynzk_Z 11. 12. 0 OSk<K
n,k n—ik n—ik n—ik | ’
YR, i~ | |y, h3, IR,

ith y0 being-the’ QMF-domain input channels and yg" being the binaural output channels, k repre

ybrid QMF €hannel index, and iis the HRTF filter tap index, and » is the QMF slot index.

o <

—

he mixing matrix H;”‘ is defined for every time-slot and hybrid subband, as an interpolated versi

Esis step
5 well as

RTF parameters. Two QMF synthesis filter banks reconstruct the binaural time-domain output sigfals. The

to:

sents the

bn of the

Hf”‘ matrix defined for every parameter set and hybrid subband in the following clauses, according tq:

— Y o (nl)+(1=a(n))Hgr, 0<n<t(l),/=0

T HE () (1-a(n ) HikE, t(1-1)<n<t(l),1<I<L
for

0<k<K
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where

L =0

t(!)

“m)=1 o)

t(l)—t(/-1)

and where_H* _can be processed by smaoathing according to:

,otherwise

Hl'k _ Sdelm (I)Hi,k + (1 - sdeltu (l))Hi;rL,lf s Spr()c (I’K(k)) = 1
“TH ;S e (Lxc(K))=0

The vectpr yg’k is subsequently synthesised to the time domain as outlined in subcladse 6.3.

—

The eIe:Inents of Hf’k are defined in the following subclauses, differently ‘depending on if a single sl
paramettic approach is used or if a multi-slot convolution approach is used.

6.11.4.22 Single slot parametric low complexity approach
6.11.4.22.1 Introduction

If a one tap (Nq =1) parametric representation of the'HRTFs is used, the mixing matrix Hi’k is computed on

2]
processing band basis (i.e., 28 bands) instead of a‘full hybrid-band basis (71 bands). Furthermore, for one tap
paramettic representation of the HRTFs, thematrix entries are real-valued for processing bands from M;r i
onwards| The matrix elements are finally~mapped to the hybrid band resolution. The HRTF parametef
P/, ¢ pnd py, for X e {L,R,C,LS,RS} to target YE{L,R} are derived from the time-domain HRTF filters,

as outlingd in e.g. Annex C.1.

[72]

6.11.4.22.2 Matrix-elements

For the gingle-tap parametric approach six complex gain values are calculated for every parameter set anid
processing band:>The process generates composite HRTF parameters for virtual loudspeaker channel |L
(being a combination of FL and BL), R (a combination of FR and BR) and C (a combination of centre and LFH).
The subisCript used in the following refers to the binaural output channel (L/R) followed by the virtu:FI
loudspeakerctranmet:

2 2 2 2
The relative powers of front vs. surround pairs (e.g., (aﬁ"‘) /(aﬁ’sk) and (aé’k) /(aé’:) ) are reconstructed

on the basis of transmitted CLD parameters D¢, (1,/,m) and Dg .y (2,/,m):
2 2
(o) =n(eot) (o) =n(cuor) e

(o) =n(cLoi) (ot} =n(cLoi”)/g?

186 © ISO/IEC 2007 — Al rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

with g; the down mix gain for surround channels, and where

10CLD/10

1

G(CLD)ZW' Vz(CLD)=W'

for1I<X<3,0<m<M,, , 0</<Land where

CLDy" =D¢, (X,l,m),,

Given the relative powers calculated above, the matrix elements are defined according to:

Im _ pm +j¢g/2i
c=Hce

c

Im _ pm +j¢g/2i
c = Irce

c

Wy =\(ot ) (BL) + (ot ) (R

il dom gm 1.m gm 2 2 2 2
Iim __ -/(WL A i s) lm m I,m m
L=€ (GL ) (PR,L) +(O-Ls ) (PR,LS) ‘

i(whm g g plom ms 2 2 2 2
e = MR (ol ) () (k) ()

i =\(ox) (en) (o8 ) ()

here Wli,m — (Uﬁ'm)z Wli,sm — (Uﬁ'sm)z _, Wém — (GI'/_\;”’)Z ’ W'l?:z — (UI[R'!)Z

/) 1w 1) /
m m m m
(of") +(otz') (of") +(otz')

down mix gain for the centre,channel.

<

- and wherelg, is the

In the equations above, the complex phase angles ¢, are only applied for low-frequency parameter bands

(0D<m< M: ), for5higher processing bands the phase angles are assumed to be zero.

proc

Given thematrix elements above the Hi’k matrix is given by:

[t pic ] [l phe®) hf*(’ﬂ(l 0000 OW
1 T 0 0 0 0W 0<k<K0<I<L,
100

H;K—L Tt Jz - ""K L': 0 temp
I AN o]

where K‘(k) is given by Table A.31, and maps the hybrid band & to the corresponding processing band, and

where W,

«emp 1S the upmix matrix as defined in subclause 6.5.3. Hence, only the first three rows of W, are

emp

used to generate H" .
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6.11.4.2.3 Multi-slots HRTF convolution approach

6.11.4.2.3.1 Introduction

In the following the application of a multi-slot HRTF processing is defined. The processing requires a complex
QMF representation of the time-domain HRTF filters as outlined in Annex B. The ten HRTF filters are
combined into four HRTF filters, similar to the parametric HRTF processing. However, the filters are morphed
as a function of the spatial parameters, phase compensation factors, and gain adjustment factors. The
processing is carried out on the hybrid frequency resolution, and the filters are calculated for every parameter

set and i

ﬁfprpnlnfpd in time ta the time-resolution of the QMFE _je every time-slot

6.11.4.23.2 Mapping of filters to the hybrid subband resolution
The ten|complex subband filters \AIYHX (Xe{L,R,C,Ls,Rs} to target Ye{L,R} ) derivedfrom the time-
domain HRTF impulse responses as outlined in Annex B have components

Vyx )m (n)
for QMF| subband m =0,1,...,63and QMF time slot n=0,1,...,N, —1. Thé&index mapping ¢(m), from the
hybrid band k£ to QMF band mis given by Table A.32, and thus thé HRTF filters VI;’X in the hybrid band
domain gre defined by

Vy x )k (n)= (‘;Y,X )q(k) (n).
6.11.4.23.3 Estimation of HRTF parameters for filter combination
The morphing of the HRTF filters require atime-invariant phase compensated cross correlation (ICCFB{‘?HX) ,
and an javerage front/back level quotient CFBi,x ,in order not to get unwanted colorization during the

morphing

The ave

process. These are timeé-invariant and defined once for the selected HRTF filters.

rage front/back levelquotient per hybrid band for the HRTF filters is defined for Ye{L,R} and

X e{L,R} by
N, -1 2
Y [ )
CFBYy = |22 , 0<k<K
A~y 3 |2
V %5 |\VY,BX ). (”)|

Furthermore, phase parameters ¢, ¢ x.. 81, g, are then defined for Y € {L,R} and X €{L,R} by

(CIC, ), = ‘(C[CM ), ‘ exp(j ) ) :

188
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where the complex cross correlations (CICY,X )k are defined by

L,-1

2 (), DOy ), O

(cic, ) = £

k [Z (1)\] ( YBX),AI)\ZJ

phase unwrapping is applied to the phase parameters along the subband index k , such that the|absolute
lue of the phase increment from subband & to subband & +1 is smaller or equal to 7 fork=0}{1,... . In
ses where there are two choices, =7 ,for the increment, the sign of the increment-for @ phase
easurement in the interval |-, z]is chosen.

-

inally, normalized phase compensated cross correlations are defined for ¥ e {L,Rhand X e {L.R} py
(rccFBy,) = ‘(CICY’X )k‘ .

6.11.4.2.3.4 Matrix elements

Ip the case where Nq >1 , the six complex gains are-replaced with six filters according to hY’X for Y|e {L,R}

nd X €{L,R,C}. These filters are derived fromithe ten filters v, for ¥ €{L,R} and X € {L,R,(,Ls,Rs},
hich describe the given HRTF filter responses in the hybrid QMF domain.

= Q

Tlhe relative powers of front vs. surround pairs (e.g., ( ”‘) /(aﬁsk) and ( ”‘) /(aé’: )2 ) is similafly to the

single slot case reconstructed on. the basis of transmitted CLD parameters, Dq,,(1,/,m) and D p|(2,1,m),
dlbeit mapped from the parameter band resolution to the hybrid filterbank resolution, according to:

(1) =r(cumf™) (o1t ) = (cLof) g2

2 K 2 LK

(0w ) Sa(cLpy®) (okt ) = (cLi ) /g2

with gs the.down mix gain for surround channels, and where
OCLD/IO 1

L(CLD)=—— L(CLD)=————

I 1+1()(,LLJ TU 1+10bLU U
and where

CLDY™ =D (X, 1,k (k)), 1<X<3,0<k<K,0<I<L,

and where K‘(k) is given by Table A.31, and maps the hybrid band & to the corresponding processing band.
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The combination of the front and surround channel filters is performed with a complex linear combination
based on the relative powers of front vs. surround pairs, phase compensation factors and gain compensation
factors, according to

Kk
hyc =Vie

- R [ Lo N/ ,5,\2\ L ook [ N ,5,\2\ ,
=g o0 expk_Jk¢L,Ls)kko-Ls) )VL,L+gL,Lo-Ls expk](%,u},{ (o0 ) )VL,Ls

Lk

. 2
it = gihot exp( (g ), (k) )vie + glhot exn( i (dhe), (o8)¥i

2

l k k

2
hlk gIZ{ILo- exp( J ¢LL5 VRL+gRLo-Ls eXp(](¢LLs) ( ”) )VR,Ls

hlk gRRG exp( (¢RBR) ( lk)) RR+gLRaBReXp( (¢RR5) ( )Z)V/;,Rs
for 0<k|<K and 0</<L.

The phage parameters (¢ﬁLS) ,(¢;RS) ,(¢£L5 )k ,(¢§RS )k are defined in the subclause above. The gain factors

g .8l gry - &hx are determined by

. (o2 (et ) (ot
T (ok ) (CFBEL) +(okt) v 20t ol cFBiG(1CCEBL,) |

1/2

where the parameters CFBy  and (ICCFB?X )k are defined in the subclause above.

Hence, the matrix H|" is three-dimensional, defined for every parameter-set /and hybrid subband k , where

every eldment is a vector of length Nq , according to

hl,k hl,k gl,k O hl,k hl,k hl,k 1 0 0 0 0 0
H{»k{ 1 }1}{ L "M T jf} 01 00 0 0|Wg, 0<k<K,0<I<L
h3 "y thy, 0 gr Jlhry hgr hge 001000
where W73 is the upmix matrix as defined in subclause 6.5.3. Hence, only the first three rows of W, are

used to generate Hl’ . The gain factors g]i ,gL' are determined by the parameters o ),ﬁ””(k),y‘ ) of
subclause 6.5.2.2.3.2 via the following steps. The parameters o), ") ") gre given per processing
band, and are hence mapped to the hybrid band frequency resolution by means of K‘(k) as given by Table
A.31.

Lk 3Lk
,b

First, intermediate coefficients « ,c""* are defined,

a* =(1-a"Wy/3, b =1-pNY /3, M =a bt
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Second, energy estimates are formed for Y e {L,R} according to
B = (1= P (- P o
AB = b (1= )t + b ik

with the notation ||h||2 = ij;‘ h(l)|2 . The gain factors are then given for Y e {L,R} by

. [ E :
Ik T(k) -min 2, % , if al’k > O,bl'k > 0, Cl’k < 1,
8& =7’ Ey —AEy +¢

1, otherwise.

6.11.5 3D decoder for 5.1 channel reconstruction

he processing structure is shown in Figure 54.

HRTF
HRTF data params
De- . .
. Downmix 3D Spatial
— . .
rlnultl ™ decoder inverse decoder > Multi-
plexer channel
A | oOutput
- » -
Spatial
parameters

Figure 54 — 3D inversion (decoder)

—

perations of the spatial decoder. Specifically, the signals are processed by a 3x2 matrix M; when

= O

gomprises the,product of the 3D inversion matrix and the original matrix M, :

M =M,Q.

LT

In the 3D decoder, the stereo (3D) down mix is processed by méans of a ‘3D inverse’ operatign, which
generates the conventional stereo down mix from the 3D down mix-by means of 2x2 matrixing opefation Q.
T

he matrix operation- Q. should not be applied individually but can be merged in the subsequenht matrix

entering

lhe spatial decoder-"For 3D downmix inversion, the matrix M, of the spatial decoder that should b¢ applied

inverse

Tl H PP a W ol H ol £ 4) | 4 ol dle = 4 O ot
IS PJTULTOSSITTY THAUIA 1S UTTIVEU TTUTTT UTT SpPdtidl paldiTiciecrs difu T TN T T JdaidiTITICTS. F 15 Ul

matrix of the encoder processing matrix H:

Q" =Qa(nl)+(1-a(n))Q," . t(-1)<n<t(])
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for 0<k<K, 0<I<L and where Q"

tmp" is the last datapoint from the previous frame. Furthermore:

n
— =0
=1
a(n,l)=
n—t(l—l) ,otherwise

t(l)—t(/-1)

and wherette
1,k 1,k
Lk S ST it
oy - 4 ]
9 9dxn
with

Lk 1k 1k 1k
Lk | hzz Lk _ ™M1 Lk _ _hl2 Lk _ _h21
91 F v dn = Ui U ,

N N N

and

REAATAN: Lk gLk
N5 1h22 _}ﬁz h21 :

The matfix element A;*,h))  h¥ B are defined as in subclause.6:11.4.2.2 with the exception that for the 3D
decoder the HRTF parameters B/, , ¢y and py can be tranSmitted in the bitstream and are hence defined
dependant on the bitstream elements as:
bsHRTFlevelleft( X ,mapfinc(m, My ))-16
Byf=10 20
PL’t’i( X) ,if bsHRFTasymmetric =0
PRW,IX = bsHRTFlevelright(X,mapfunc(nz,MHRTF ))—46
10 20 ,if bsHRFTasymmetric =1
312 -bsHRTFphaSeLR (X, mapfunc(m,M . )) ,if bsHRTFphase(X)=1,m <13
% F 1P gequar (X 20) ,if bsHRTFphase(X)=0,m <13
0 ,m=>13
) (dea( bsHRTiccLR (X, mapfiinc(m. M e )).ICC) if bsHRTFice(X) =1
p =
: Tpdem (X.m) if bsHRTFice(X)=0
for 0sm<M,, , Mgy =HRTFnumBands and where the channel order in the bitstream is

X €{C,RRs,Ls,L} (clockwise starting with the centre channel) and i(X) in defined in Table 106. The

dequantization uses the fine ICC dequantization table and hence the function deg() is defined in subclause
6.1.8. The function mapfunc() maps from the transmitted frequency resolution Mygrrr to 28 processing bands.

This function is defined in Table 86. The default tables @, (X,m)and p... (X,m)are defined in Table
A.34 and Table A.35.

192 © ISO/IEC 2007 — Al rights reserved


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

Table 106 — Symmetric HRTF channel mapping i(X)

X i(X)
C C

R L

Rs Ls

Ls Rs

L R

.11.6 3D decoder for personalized HRTFs

he 3D decoder using personalized HRTFs is shown in Figure 55. The down mix is first processe
imverse 3D stage. The inversion process is controlled by the transmitted spatial parameters and t

;ﬂ with an
e HRTF

arameters used to create the 3D down mix (referred to as HRTF parameter set ‘B’)."Subsequently} the 3D-
imverted down mix is processed by a 3D synthesis stage using (personalized) HRT\F-parameter set {P’. Since
th 3D inversion using HRTF parameters B’ as well as 3D synthesis using HRTF, parameters ‘P’ comprises a

2 matrix operation, the 3D inversion and the 3D synthesis process can be cembined into a single 2k2 matrix

peration H’,, which then replaces H, in the synthesis stage of subclause*6.11.4.2 since, H) consi

atrix product of the inversion and 3D synthesis matrices.

= (D

<

De-
mult
plexer

H/z =H,;Q;.

HRTF HRTF
params params
HRTF dats
B P
Downmix | ™ 2D ™ 2p e
decoder | gt iNVerse | o .
A A
Spatia
parameters

2D Sterec
outpul

Figure 55 — 3D decoder for personalized HRTFs

5ts of the

I{ the 3D inverse matrix, using HRTF parameter ‘B’ set is denoted by Qg (comprising the inverge of the
ncoder-side 3D praocessing matrix Hg), and the 3D synthesis matrix using HRTF parameter set ‘P’ is|given by
[, the 2x2, 3D binaural decoder processing matrix H), is hence defined as:

Vhere\(Q, as described in subclause 6.11.5. using the parameter set ‘B’ and where H,, is dgfined in
ubclause 6.11.4.2 utilizing either a single slot parametric HRTF or multi-slots HRTF for the pergonalized

T 0

RTF set F.

© ISO/IEC 2007 — All rights reserved

193


https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

7 Transport of Spatial Audio Side Information

7.1 Overview

Due to its basic principle of operation, MPEG Surround 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
spatial data (the parametric spatial audio data guiding the MPEG Surround decoding process). Depending on
the application scenario, both data streams may or may not be conveyed to the MPEG Surround decoder as
part of a single stream, and may or may not be conveyed in a synchronized way. The subsequent subclauses
deflne bhall;blllb fUI thc tIaIIO}JUi-t Uf apatia: data fUI :\V’:PEG Sunuund dcuudilly fUI d;folUl It UIIV;IUIIIIICII

employirlg MPEG Audio and Systems to convey a coded downmix audio signal.

7.2 Transport and Signalling in an MPEG Environment

7.2.1 Tlime alignment of spatial frames and downmix coder frames

The spatial frame length is preferred to be an integer multiple of the frame length-of‘the underlying downmix
coder. Agynchronous framing of spatial data and the downmix data (i.e., different-frame lengths) is possiblg.
Howevey, in this case, additional buffering of the spatial data in the decoder might'be needed.

In general spatial data is conveyed in such a manner that it is available{to the MPEG Surround decoder in
time when it is required to process the decoded downmix signals, assuming the most efficient connection ¢f
downmiX decoder to the MPEG Surround decoder. This is a direct connection of HE-AAC and MPE(G
Surround in the QMF domain in case of MPEG Surround using normal operation (as opposed to upsampled gr
downsampled operation as defined in subclause 6.3.3), and a@onnection in the PCM time domain in all othgr
cases. VWhen HE-AAC and MPEG Surround are connectedn. the time domain even though the most efficieft
connectipn would have been in the QMF domain, the spatial parameters have to be delayed accordingly in
order to maintain the time alignment between spatial data and downmix data. Information about this delay is
given in $ubclause 6.4.1.

In the cgse that the spatial data is embedded in the downmix data stream (see subclause 7.2.2, 7.2.3, and
7.2.4), the temporal relationship between (spatial frames and downmix frames is indicated by the value ¢f
sacTimeflign (see subclause 7.2.5).

In the case that the downmix data_and the spatial data are conveyed in separate streams, the temporal
relationship between spatial frames. and downmix frames is indicated by the time stamps of the corresponding
streams.| If the transport layeridoes not provide time stamps (as e.g. in case of LATM), the transport laygr
needs to|define the temporal felationship between the data of these both streams by other means.

7.2.2 Transport.and Signalling in an MPEG-4 Audio/Systems Environment

The trangmission of spatial audio data requires a spatial elementary stream that depends on the elementany
stream nfnining the related coded audio downmix data. The actual spatial data is either (‘nn\mynd in-th
spatial elementary stream or multiplexed into the downmix data stored in the elementary stream upon which
the spatial elementary stream depends. The latter is specified for MPEG-2/4 AAC payloads (see subclause
7.2.3) and for MPEG-1/2 Layer I/ll/lll payloads (see subclause 7.2.4).

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

If the downmix signal is encoded with the combination of a mono AAC downmix coder and SBR bandwidth
extension, it is possible that both data for the MPEG-4 Parametric Stereo (PS) tool as well as data for MPEG
Surround in a 5-1-5 configuration is present simultaneously in the bitstream conveying the downmix signal.
Such a bitstream can be decoded into a 2 channel stereo signal in accordance with the MPEG-4 HE-AAC v2
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Profile, whereby the MPEG Surround data is ignored. When such a bitstream is used in combination with an

MPEG Surround decoder, the PS data in the bitstream is ignored and the downmix bitstream is de

coded in

accordance with the MPEG-4 HE-AAC profile. This provides a mono downmix signal in the QMF domain that
is used as input to the subsequent MPEG Surround decoding process for a 5-1-5 configuration as described

in subclause 6.4.2.

The interface to ISO/IEC 14496-1 is in line with the specification given in ISO/IEC 14496-3 subclause 1.6. An
elementary stream carrying spatial audio data is identified by the Audio Object Type “MPEG Surround”
(Object Type ID 30). The AudioSpecificConfig() for this object carries the SpatialSpecificConfig() data and a
sacPayloadEmbedding flag that indicates whether the SpatialFrame() payload is conveyed as an elementary

ream or embedded into the downmix data, as defined in ISO/IEC 14496-3 subclause 1.6.3.14.

.2.3 Embedding spatial audio data in MPEG-2/4 AAC payloads

patial audio data can be conveyed in the AAC extension_payload() mechanism using extens

XT_SAC_DATA (“1100”), as defined in ISO/IEC 13818-7 subclause 8.8 and " ISO/IEC 14496-3 s

.5.2.9. The extension_payload() for type EXT_SAC_DATA is used to carry<a SacDataFrame(), cor

lit into several fragments, using the same syntax elements ancType, ancStart, and ancStop as d
the next subclause.

his mechanism is backward compatible with existing AAC decodefs) and provides implicit signalling
gnalling is possible in an MPEG-4 environment if the SpatialSpecificConfig() is conveyed out-of-ban
scribed in the previous subclause. In that case, any in-band)SpatialSpecificConfig() shall be identi
ut-of-band one. There must be at leasty one extension_payload() elemer
tension_type==EXT_SAC_DATA in each AAC frametinrorder to enable immediate implicit signa
c_extension_data() element can have an empty payload, i.e., cnt==1.

.2.4 Embedding spatial audio data in MPEG-1/2 Layer I/ll/lll bitstreams

patial audio data can be inserted as‘\ancillary data into an MPEG-1/2 Layer I/ll/lll bitstream as d
IPO/IEC 11172-3 and ISO/IEC 13818-3. The AncDataElement() is conveyed in the ancillary data p

PEG-1/2 frame. It does not have to be located immediately after the audio_data of that frame. The
the ancSyncword must be byte=aligned with respect to the first bit of the OxFFF syncword of the M
flame header. The AncDataElement() must be completely included in the ancillary data of a single M
flame. There must be at-least one AncDataElement() in the ancillary data of each MPEG-1/2 frame in
nable immediate implicit'signalling. An AncDataElement() can have an empty payload, i.e., ancLenB

there is more (han one AncDataElement() in the ancillary data of an MPEG-1/2 frame,
ncDataElements()must directly follow each other.

> =0

ion_type
Lbclause
hplete or
efined in

. Explicit
d, as e.g.
cal to the
t  with
lling. An

efined in
art of an
irst bit of
PEG-1/2
PEG-1/2
order to
ytes==0.
bll these
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Table 107 — Syntax of AncDataElement()

Syntax

No. of bits Mnemonic

AncDataElement()
{

ancSyncword; /* 0x8E4 */ 12 bslbf
ancType; 2 uimsbf
ancStart; 1 uimsbf
ancStop; 1 uimsbf
cnt = ancLenBytes; 8 uimsbf
if (cpt==255)%
cnt += ancLenBytesAdd; 16 uimsbf
}
ancCrcWord; 8 uimsbf
for (j=0; i<cnt; i++) {
ancDataSegmentByte]i]; 8 bslbf
}
}
ancSyng¢word Identification syncword. Shall be 0x8E4.
ancTypeg Indicates type of ancillary data, see following table:
Table 108 — ancType
ahcType Meaning
0k0 SacDataFrame(0) (MPEG Surround frame)
0k1 SacDataFrame(1) (MPEG Surround*header and MPEG Surround frame)
0k2..0x3 (reserved)
ancStarf Indicates if data segnient begins a data block.
ancStop Indicates if data segment ends a data block.
ancLenBytes Number of bytes in data segment.
ancLenBytesAdd Additional number of bytes in data segment, needed if the data segments contains
255 ormore bytes.
ancCrcWord anieGrcWord is defined by the generator polynomial G(x) = x*8+x"2+x+1 and the
initial value for the CRC calculation is OxFF. The CRC covers all bits in the
AncDataElement() excluding ancSyncword 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. I
ancTtype==0x0orancType==0xtthenthisdatabtockconstitutesone
SacDataFrame() syntax element, padded at the end to obtain an integer number of
bytes.
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7.2.5 SacDataFrame including optional header

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

Table 109 — Syntax of SacDataFrame()

Syntax No. of bits Mnemonic
SacDataFrame(sacHeaderFlag)
{
numSacBits = 0;
if (sacHeaderFlag) {
sacTimeAlignFlag; 1 uimsbf
numSacBits += 1;
cnt = sacHeaderLen; 7 uimsbf

numSacBits += 7;

if (cnt==127) {
cnt += sacHeaderLenAdd,; 16 uimsbf
numSacBits += 16;

}

tmpBits = SpatialSpecificConfig(); Note 1
numFillBits = (8*cnt)-tmpBits;

bsFillBits; numFillBits bs|bf

numSacBits += tmpBits+numFillBits;
if (sacTimeAlignFlag) {
sacTimeAlign; 16 uimsbf
numSacBits += 16;
}
}
numSacBits += SpatialFrame(); Note 1
return (numSacBits);

Note 1: SpatialSpecificConfig() and SpatialFrame() return the number of bits read.

Tlhe following semantics apply:
spcHeaderFlag Indicates the presence of a SpatialSpecificConfig() element.
cHeaderLen Indieates the length in bytes of SpatialSpecificConfig() plus the following fill pits.
IcHeaderLenAdd Additional length in bytes of SpatialSpecificConfig() plus the following fill bitg,
needed if this length is 127 or more bytes.
hsFillBits Fill bits, to be ignored.
sacTimeAlignFlag Indicates the presence of a sacTimeAlign element. If sacTimeAlignFlag==0 then

sacTimeAlign is set to the default value 0.

sacTimeAlign Identifies the PCM sample in the output frame of the downmix decoder that
corresponds to the beginning of the present SAC frame. The position of thefirst
camnla nf tha antnit frama ic ranracantad ac 0 Tha nracant SAC frama ic +']e first
sample-of-the-eutputframe-isrepresent O—Fhepresent-SAGCframe-is-t

SAC frame that is completed (i.e., ancStop==1) in the present downmix decoder
frame.
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7.3 Transport of MPEG Surround over PCM channels

7.3.1 Introduction

MPEG Surround 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
MPEG Surround data, can be rendered inaudible by employing subtractive dithered noise shaping controlled
by the masked threshold.

7.3.2 Syntax
Table 110 — Syntax of BuriedData()
Syntax No. of bits Mhemonic
BuriedDgta()
{
BuriedDataHeader()
BuriedDataFrame()
}
Table 111 — Syntax of BuriedDataHeader()
Syntax No. of bits  Mnemonic
BuriedDjataHeader()
{
bsBDSyncword 16 BsMsbf, Note 1
bsBDChannels 4 UiMsbf
bsBDFramelength 7 UiMsbf
bsBDSubframes 4 UiMsbf
bsBDReserved 1 BsMsbf
bd_hbits=40+bd_subframes*bd_channels*4 /* header bits */ Note 2,3
bd_hsize=MAX(4,ceil(bd_hbits/(bd_channels*8)))
B=0
for (subframe=0; subframe<bd (Subframes; subframe++) {
for (channel=0; channel < bd” channels; channel++) {
bsBDAIlloc[channel][subframe] 4 UiMsbf
B+3bsBDAlloc[channel][subframe]*bd_framelength/(bd_subframes*8) Note 4
}
bsBDHeaderCrc 8 UiMsbf
for (j=0; i<bd<hsize*bd_channels*8-bd_hbits; i++) {
bsBDHeaderPadding 1 BsMsbf
}
}
Note 1: ThebsBDSyncword-hasthe value 6xAASS
Note 2: bd_subframes depends on bsBDSubframes and is restricted by bsBDChannels and
bsBDFramelength.
Note 3: bd_channels depends on bsBDChannels
Note 4: bd_framelength depends on bsBDFramelength.
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Table 112 — Syntax of BuriedDataFrame()

Syntax No. of bits Mnemonic
BuriedDataFrame()

if (B>0) {
for (channel=0; channel < bd_channels; channel++) {
if (bsBDAlloc[channel][0]>0) {

B-=bs_hsize
}
¥
}
while (B>2) {
BuriedDataElement()
}
bsBDFramePadding B*8 BsMsbf|
]
Table 113 — Syntax of BuriedDataElement()
Byntax No) of bits Mnemonic
BuriedDataElement()
bsBDType 3 UiMsbf
bsBDID 3 UiMsbf
bsBDLengthldx 2 UiMsbf
B-=1
if (bsBDLengthldx>0) {
bsBDLength bsBDLengthldx*8 UiMsbf
for (b=0; b<bsBDLength; b++) {
bsBDBytes|[b] 8 BsMsbf
}
B-=bsBDLengthldx+ bsBDLength
}
bsBDDataCrc 16 UiMsbf
B-=2
1
J
7.3.3 Semantics
hsBDSyncword The 16 bit string 1010101010010101, i.e., 0xAA95. This is only used in the buried
data channel.
hsBDChannels Indicates the number of channels according to bd_channels = bsBDChannels + 1.
hsBDFramelength Indicates the length of a frame according to bd_framelength = (bsBDFramelength+1)
* 64.
bsBDSubframes Indicates the number and size of bd_subframes within a frame according to

bd_subframes = bsBDSubframes + 1 and bd_subframelength = bd_framelength /
bd_subframes. Only those values of bsBDSubframes which result in a
bd_subframelength that is a multiple of 64 are allowed In addition bsBDSubframes
shall be chosen such that bd_subframelength is not smaller than bd_hsize * 8.

bsBDReserved Reserved bit for possible future usage. The default value for these bits equals 0.

bsBDAIlloc[channel][subframe]
Indicates the number of bits used to code the samples in channel “channel” of sub-
frame “subframe”. The three bits constitute an unsigned integer with values 0...7.
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bsBDHeaderCrc

bsBDHeaderPadding

bsBDFramePadding

A 8 bit cyclic redundancy check word on the data starting with the first bit after
bsBDSyncword up to bsBDHeaderCrc.

Padding bits to fill the unused part of BuriedDataHeader().
Padding bits to fill the unused part of BuriedDataFrame.

bsBDType Indicates the type of buried data. The types 1..5 are reserved for future MPEG
defined usage, type 6 can be used for user specific applications and type 7 can be
used for padding the unused part of BuriedDataFrame(). In the latter case the
padding data shall contain zero-valued data bytes.
Table 114 — bsBDType
bsBDType | Type of data
0 MPEG Surround frame, i.e., SacDataFrame(0)
1 MPEG Surround header+frame, ie.,
SacDataFrame(1)
2.5 reserved
6 user specific
padding
bsBDID Identification of the data to support multiplestreams. BuriedDataElements()'s with

bsBDLengthldx
bsBDLength

bsBDBytes|[b]

bsBDDataCrc

7.3.4 Decoding process

7.3.41 Introduction

The decpding process consists of two steps. In the first step the payload from the buried data channel,
decoded| In the'second step the payload is converted into a complete MPEG-Surround audio bit-stream.

In the neixt-subclauses the decoding of the payload is described.

the same bsBDID value belong to the same stream.
Indicates the length of the bsBDLength field.

The number of buried data payload.bytes in BuriedDataElement(). This number sha
not exceed the value of B-bsLengthldx-2.

One byte of the payload of BuriedDataElement(). The concatenation of all
bsBDBytes from one BuriedDataElement() forms one data block. If bsBDType==0x
or bsBDType==0x1 then this data block constitutes one SacDataFrame() syntax
element, padded atihe end to obtain an integer number of bytes.

A 16 bit cyclic.redundancy check word on the bytes contained in
BuriedDataEtement(), excluding bsBDDataCrc.

<

7.3.4.2 Extraction of buried data payload (including header information)

For the extraction of the buried data payload, the n bit PCM samples contained in the PCM data need to be

available.

The decoding process describes the extraction of the buried data payload contained in uniquely decode-able
buried data frames of 'bd_framelength' PCM samples. A buried data frame is subdivided into bd_subframes

buried data subframes of bd _ framelength/bd _subframes samples each. Each subframe for each channel

200
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has an individual allocation which is denoted by bsBDAlloc[channel][subframe]. For the corresponding
channel “channel” and subframe “subframe”, this allocation indicates the number of LSB’s of the PCM sample
that is used to carry the buried data frame. The header information is always contained in the LSB of the PCM
samples. The applied frame structure is depicted in Figure 56. In this example the allocation of the buried data

bd_subframes is as given in Table 115.

Table 115 — subframe allocation.

bsBDAIlloc[channel][subframe] channel
subframe 0 1

0 0 2
1 1 2

Bd_framelength PCM samples
A

( )
MSB
Right channel
A4 channel=1
LB [N R%
MSB
Left channel
channel=1
LsB N (XM
Subframe=0 Subframe=1
Il Header

O Buried data frame

Figure 56 — Example buried data frame-structure with header.

order to extract the correct nuniber of LSB’s that are used to hold the buried data payload, the header
eds to be read and interpreted first. After parsing the first 32 bits of the header in the LSB of the first
annel the value of 'bd_hsizet.¢an be calculated. Subsequently the remaining bits of BuriedDataHedder() are

read from the LSB on a channel by channel basis.

ependent on the allocation information in the header, the remaining LSB’s of the PCM samples thdt contain
the header, may also-hold buried data payload. The bits of BuriedDataFrame() are read on a sample by
mple basis from,the LSB's of the sample-interleaved channel data.

n
Cuit prior
bgisters.
d to the

or perceptual-control of the header information and the buried data payload, all the LSB’s contained
uriedDataErame(), except for bsBDSyncword, have to pass bit by bit through a de-randomization cir

to interpretation. The de-randomization circuit is illustrated in Figure 57. The blocks T represent shift r
he’additions represent “exclusive or gates”. At the start of every frame the shift registers are initialize
lue 1. For every new inserted input bit t,, 2 new output bit s, is generated.

ta

—» To T —m T2 | —— T Ty —W Tis

tn-1 tn-3 tn-14 tn-16

Figure 57 — The de-randomization circuit.
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The following polynomial is applied:

Sp =

th @t © ths @ ths @ Lo,

At the start of every frame all the states T, are initialized to the value 1.

The bits have to be inserted into the de-randomization circuit in a specific order which is explained in Figure

58.
-
Right channel
11 | 14 [ 17 [ 20 | 24 | 29 | 34 | 39 channel=0
LSB 25 | 30 | 35 | 40
. —
9 [12| 15| 18| 21 | 26 | 31 | 36 Left channel
10 [ 13|16 | 19| 22 | 27 | 32| 37 | == channel=0
_/
\ ~ J E Buried data payload
Subframe=0
Figure 58 — The BuriedDataFrame()
The bits [in BuriedDataFrame() need to be inserted into the de-randomization circuit in a specific order. In th
figure thig is explained by means of a simplified héader and buried data payload. Assume that bsBDSyncwor
is only tyo bits and the remaining header is Six bits. As illustrated in the figure, the allocation for the fir

subframI is 3 LSBs for the left channel and 2'bits for the right channel. The synchronization bits labelled 1

and “2”
indicated
read MS
circuit pr

7.3.4.3

The first
LSB of
synchror

re read first and do not pass through the randomization circuit. The remaining bits are read in th
order. This order is “header first” where the bits are read channel by channel. After that, the bits ar
B first in alternating channel order. All the bits labelled “3...” have to pass through the randomizatio
or to interpretation.

Synchronization

action is\synhchronization of the decoder to the n bit PCM samples. The syncword is contained in th
the, PCM samples representing the first channel. The distance between two consecutiv
isatien words amounts to 'bd_framesize' PCM samples. In order to retrieve the syncword, a bi

stream i

bt

e
e
-

b generated by successively concatenating the LSB of the PCM sample corresponding to the fir

t

channel. The last 16 bits of this bitstream are continuously compared to the syncword. If there is a match for
all 16 bits, only then synchronization is achieved?).

1) Improved or more reliable synchronization can be achieved by also interpreting the bits up to the CRC-8 check. In the
case the CRC-8 check on the appropriate data is false, either the data is in error or the synchronization was false. In both
cases, the bit-stream needs to be re-synchronized.
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7.3.4.4 Allocation

The information represented by alloc describes for each subframe the number of LSB’s per channel that
contain buried data payload. Header information is only present in the LSB of the first 8*bd_hsize PCM
samples per channel residing in the first subframe. In the case bsBDAlloc[channel][0] is larger than 1, the
LSB’s up to bsBDAlloc[channel][0], except the LSB that hold the header information, contain buried data
payload.

7.3.4.5 Retrieval of buried data payload

Hor all bd_subframes, a number of LSB’s as described in the allocation, is extracted from the hbit HCM data
i the MSB-first order and read in BuriedDataFrame(). For the first subframe, the bits contained in the header
which is residing in the LSB of the PCM samples is omitted.

7.3.4.6 CRC check

3

wo CRC checks are performed. The error detection methods usedyare “CRC-8" and “CRC-1p” which
enerator polynomials are

Q -

G(X) = X® + X* + X + 1(CRC-8)
G(X)= X"+ X"+ X* +1 (CRC-16)

Tlhe CRC method is depicted in the CRC-check diagram given in Figure 59. For CRC-8, the initial state of the
shift register is OxFF. For CRC-16, the initial state of‘the shift register is OXFFFF. All bits included in the CRC
check are input to the circuit shown in the figure; After each bit is input, the shift register is shifted by one bit.
After the last shift operation, the outputs bn...b0 constitute a word to be compared with the CRC-chgck word
im the stream. If the words are not identical,(@ transmission error has occurred in the field on which CRC-8 has
been applied. To avoid annoying distortions, application of a concealment technique, such as mutipg of the
gctual frame or repetition of the previeus’frame is recommended.

Data

bits + T J
T, T [E=—= T2 T To

bn bn_1 b1 l bO

Figure 59 — CRC-check diagram. The addition blocks represent “exclusive or” gates.

7.3.4.7 MPEG Surround decoding

In the case that the buried data payload is of type MPEG Surround, the SpatialFrame data buried in one PCM
frame shall be applied to the previously received PCM frame. Furthermore the first frame shall contain the
SpatialSpecificConfig, i.e. bsBDType shall have the value 1, and it is recommended, for an encoder, to add
the SpatialSpecificConfig to a buried_data_frame(), at regular time intervals, such that a decoder is also able
to start decoding from another position in the stream.
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Annex A
(normative)

Tables

A.1 Hyffman Tables
The function IDhuff dec() is used as:

data = IDhuff dec(hcod_huff, codeword),

where

returned|value data, is a Huffman table index corresponding to a specific code word, with"the Huffman tabl
offset value subtracted. The offset value is specified for each Huffman table in Table.A/1.

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

(data0, datal) = 2Dhuff dec(hcod_huff, codeword),

where
returned

specific fode word with the Huffman table offset value subtracted. The offset value is specified for eac

Huffman

D

od_huff is the selected Huffman table and codeword is the word read fromcthe bitstream. Th

[¢]

D

od_huff is the selected Huffman table and codeword is“the word read from the bitstream. Th
values data(0 and datal is the corresponding Huffman table index Idx0 and Idx1 corresponding to

- 0

table in Table A.1.
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Table name Offset LAV Notes
hcodFirstBand_CLD 15 15
hcodFirstBand _ICC 0 7 Note 1
hcodFirstBand_CPC 10 15
hcod1D_CLD_YY 0 15 Note 1
hcod1D_ICC_YY 0 7 Note 1
hcod1D_CPC_YY 0 15 Note 1
heonrd2D—GCLD—Y¥—2ZZ L —escape—+NA NAA
hcond2D ICC _YY _ZZ LL escape | N/A N/A
hcond2D_CPC_YY_ZZ LL_escape | N/A N/A
hcond2D_CLD_YY_ZZ 03 0 3 Note 1
hcond2D_CLD_YY_ZZ 05 0 5 Note 1
hcond2D_CLD_YY_ZZ 07 0 7 Note-1
hcond2D_CLD_YY_ZZ 09 0 9 Note 1
hcond2D_ICC_YY_ZZ 01 0 1 Note 1
hcond2D_ICC_YY_ZZ 03 0 3 Note 1
hcond2D_ICC_YY_ZZ 05 0 5 Note 1
hcond2D_ICC_YY_ZZ 07 0 7 Note 1
hcond2D_CPC_YY_ZZ 03 0 3 Note 1
hcond2D_CPC_YY_ZZ 06 0 6 Note 1
hcond2D_CPC_YY_ZZ 09 0 9 Note 1
hcond2D_CPC_YY_ZZ 12 0 12 Note 1
hcod1D_ICC_Diff 0 7 Note 1
hcodLavldx 0 N/A
hcod2D_EnvRes 0 N/A
Note 1: Data can only have non-negative values for this table.
Table A.2 — hcodFirstBand_CLD
Index | length | codeword Index |length | codeword
(hexadecimal) (hexadecimal)

0 8 0x52 16 4 0x06

1 9 Oxae 17 4 0x08

2 9 Oxaf 18 4 0x07

3 7 0x28 19 4 0x03

4 7 Ox6e 20 4 0x01

5 6 0x36 21 5 Ox1a

6 5 Ox1e 22 5 0x13

7 4 0x0e 23 6 0x3e

8 4 0x0c 24 6 0x16

9 4 0x0a 25 6 0x17

10 4 0x02 26 7 Ox6f

11 5 0x16 27 7 0x2a

12 5 0x12 28 8 0x56

13 5 0x17 29 8 0x53

14 4 0x00 30 6 0x3f

15 4 0x04
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Table A.3 — hcodFirstBand_ICC

Index |length | codeword Index |length | codeword
(hexadecimal) (hexadecimal)

0 5 Ox1e 4 2 0x02

1 4 0x0e 5 2 0x01

2 3 0x06 6 6 0x3e

3 2 0x00 7 6 Ox3f

Table A.4 — hcodFirstBand_CPC

Index | length | codeword Index |length | codeword
(hexadecimal) (hexadecimal)

0 8 0x0Ofe 13 3 0x004

1 8 0x076 14 3 0x006

2 7 0x03a 15 3 0x005

3 7 0x03e 16 5 0x01e

4 7 0x07e 17 6 0x01e

5 6 0x01c 18 7 0x03f

6 6 0x03e 19 8 0x077

7 4 0x002 20 10 Ox3fe

8 4 0x003 21 10 Ox3fe

9 4 0x006 22 11 Ox7fe

10 4 0x00e 23 12 Oxffe

11 3 0x000 24 12 Oxfff

12 3 0x002 25 10 0x3fd
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Index | DF DT

length | codeword |length |codeword
0 1 0x000000 |1 0x000000
1 2 0x000002 |2 0x000002
2 3 0x000006 |3 0x000006
3 4 0x00000e |4 0x00000e
4 5 0x00001e |5 0x00001e
5 6 0x00003e |6 0x00003e
6 7 0x00007e |7 0x00007e
7 8 0x0000fe |9 0x0001fe
8 9 0x0001fe |9 0x0001fc
9 10 0x0003fe |10 0x0003fe
10 11 0x0007fe |10 0x0003fa
11 12 0x000ffe |11 0x0007fe
12 13 0x001ffe |11 0x0007f6
13 15 0x007ffe |12 0x000ffe
14 15 0x007ffc |12 0x000fee
15 16 0x00fffe 13 0x001ffe
16 16 0x00fffa 13 0x001fde
17 17 0x01fffe 14 0x003ffe
18 17 0x01fff6 14 0x003fbe
19 18 0x03fffe 14 0x003fbf
20 18 OxO3ffff 15 0x007ffe
21 19 0x07ffde * }16 0x00fffe
22 18 0x03ffee” |17 0x01fffe
23 20 OxOfffbe 19 0x07fffe
24 21 Ox1fff7e 19 0x07fffc
25 24 Oxfffbfc 20 0xOffffa
26 24 Oxfffbfd 21 Ox1ffffc
27 24 Oxfffbfe 21 Ox1ffffd
28 24 Oxfffbff 21 Ox1ffffe
29 23 Ox7ffdfc 21 Ox 1 fffff
30 23 Ox7ffdfd 20 0xOffffb

Table A.6 — hcod1D_ICC_YY

© ISO/IEC 2007 — All rights reserved

Index | DF DT
length | codeword |length |codeword

0 1 0x00 1 0x00
1 2 0x02 2 0x02
2 3 0x06 3 0x06
3 4 0x0e 4 0x0e
Z 5 oxTe 5 oxTe
5 6 0x3e 6 0x3e
6 7 Ox7e 7 0x7e
7 7 Ox7f 7 0x7f
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Table A.7 — hcod1D_CPC_YY

Index | DF DT

length | codeword |length | codeword
0 2 0x00002 |1 0x00000
1 2 0x00003 (2 0x00002
2 2 0x00000 |3 0x00006
3 3 0x00002 |4 0x0000e
4 5 0x0000e |5 0x0001e
5 5 0x0000c¢ 6 0x0003e
6 6 0x0001e |7 0x0007e
7 6 0x0001a |9 0x001fe
8 7 0x0003e |9 0x001fc
9 7 0x00036 |10 0x003fe
10 8 0x0007e |10 0x003fa
11 8 0x0006e |11 0x007f6
12 9 0x000fe 12 0x00ffe
13 9 0x000de |11 0x007f7
14 10 0x001fe 12 0x00ffc
15 10 0x001be |13 0x01ffe
16 11 0x003fe 13 0x01ffa
17 11 0x0037e |14 0x03ffe
18 12 0x007fe 14 0x03ff6
19 12 0x006fe 15 0x07ffe
20 13 0x00ffe 16 0x0fffe
21 13 0x00dfe 16 OxOffff
22 14 0x01ffe 16 0x0ffde
23 15 0x03ffe (¥ Ox1ffbe
24 15 0x03fff 17 Ox1ffbf
25 13 0x00dff 15 0x07fee

Table A.8 < hcod2D_CLD_YY_ZZ_LL_escape

LL |DF/FP DE/TP DT/FP DT/TP
length | codeword( |length |codeword |length | codeword |length |codeword
03 N/A N/A N/A N/A
05 N/A N/A N/A N/A
07 NA 21 0x17feff N/A N/A
09 N/A 21 Ox17fef7 |21 0x0b7dff N/A
Table A.9 — hcod2D_ICC_YY_ZZ LL_escape
kL % | DF/FP DF/TP DT/FP DT/TP
length | codeword |length | codeword |length | codeword |length | codeword
01 N/A N/A N/A N/A
03 N/A N/A N/A N/A
05 16 0x0ddff N/A 18 0x36fff N/A
07 12 0x0087b |16 OxOffff 15 0x079ff 16 0x03dff
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Table A.10 — hcod2D_CPC_YY_ZZ LL_escape
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LL |DF/FP DF/TP DT/FP DT/TP
length | codeword |length |codeword |length |codeword |length |codeword

03 N/A N/A N/A N/A

06 N/A N/A N/A N/A

09 N/A N/A N/A N/A

12 18 OxA4fff N/A N/A N/A

Table A.11 — hcod2D_CLD_YY_ZZ_03
Idx0 |Idx1 | DF/FP DF/TP DT/FP DT/TP
length | codeword |length |codeword |length |codeword |length |eodeword

0 0 2 0x002 1 0x000 1 0x000 1 0x000
0 1 3 0x002 6 0x03e 5 0x01e 4 0x00e
0 2 5 0x004 11 0x76e 10 0x3be 8 Ox0Ofa
0 3 8 0x03e 12 Oxede 12 Oxefe 1 Ox7de
1 0 4 0x006 3 0x006 3 0x006 4 0x00c
1 1 4 0x007 6 0x03f 5 0x01¢ 5 0x01e
1 2 6 0x00e 10 0x3b6 9 OxAde 8 OxOfe
1 3 10 0x0fe 6 0x03a 8 0x0ea 9 0x1f6
2 0 9 0x07e 5 0x01c 7 0x074 8 OxOff
2 1 7 0x01e 8 0x0Oee 8 0x0Oee 7 0x07c
2 2 6 0x00c 9 Ox1da 8 0x0eb 7 0x07e
2 3 5 0x005 5 0x01e 5 0x01f 5 0x01a
3 0 10 0xOff 8 0x0ef 11 0x77e 11 Ox7df
3 1 6 0x00d 12 Oxedf 12 Oxeff 10 Ox3ee
3 2 3 0x000 8 Ox0ec 7 0x076 5 0x01b
3 3 2 0x003 2 0x002 2 0x002 2 0x002
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Table A.12 — hcod2D_CLD_YY_ZZ_05

Idx0 |Idx1 | DF/FP DF/TP DT/FP DT/TP
length | codeword |length |codeword |length |codeword |length | codeword
0 0 3 0x0002 3 0x0006 2 0x0000 3 0x0006
0 1 3 0x0003 5 0x001c 4 0x0006 4 0x000e
0 2 5 0x0010 8 0x007e 7 0x0024 7 0x007c
0 3 7 0x007c 12 0xOefc 11 0x025e 10 0x03fe
0 4 8 0x00d6 16 Oxeffe 14 0x3cfe 12 0x0fbe
o) 10 0x03ee 17 Ox1dffe 15 0x79fe 14 0x3efe
0 4 0x000a 3 0x0004 3 0x0006 3 0x0000
1 4 0x000c 4 0x000a 4 0x0007 3 0x0001
2 5 0x0016 7 0x003e 7 0x0078 6 0x003c
3 6 0x0034 12 OxOefe 10 0x03ce 8 0x005¢
4 8 0x00fe 15 0x77fe 13 Ox1e7e 11 0x07de
5 13 Ox1f7e 7 0x0076 9 0x00be 11 0x07be
2 0 7 0x007e 4 0x0006 5 0x0008 6 0x001e
2 1 6 0x0036 5 0x0016 6 0x003e 5 0x000a
2 2 6 0x0026 8 0x00be 7 0x0026 6 0x001f
2 3 7 0x0046 12 0xOefd 10 0x012e 8 0x005f
2 4 9 0x011e 8 0x00ee 9 0x00bf 9 0x01ee
2 5 9 0x01f6 5 0x000e 7 0x002e 9 0x01f6
0 9 0x011f 6 0x003e 7 0x0027 9 0x01fe
1 8 0x00d7 6 0x002e 7 0x007a 8 0x00fe
2 8 0x008e 9 0x01de 9 0x01e4 8 0x00f6
3 8 0x00ff 10 0x03be 9 0x0096 8 0x00fa
4 7 0x006a 7 0x007e V4 0x007b 7 0x007e
X 5 7 0x004e 5 0x001e 6 0x003f 6 0x0016
q 0 12 0x0fbe 7 0x007f 9 0x01e6 11 0x07bf
q 1 11 0x07de 7 0x005e 9 0x01eb5 10 0x03de
4 2 7 0x004f 14 0x3bfe 12 0x0f3e 10 0x03ee
4 3 6 0x0037 9 0x00fe 8 0x005e 7 0x007a
4 4 5 0x0017 6 0x001e 6 0x0016 5 0x000e
4 5 5 0x001e 3 0x0002 4 0x000e 4 0x0006
) 0 13 0x1f7f 8 0x00bf 1 0x079e 14 0x3eff
) 1 8 0x00fa 17 0x1dfff 15 0x79ff 13 0x1f7e
) 2 6 0x0022 13 Ox1dfe 11 0x025f 10 0x03ff
L) 3 5 0x0012 9 0x00ff 8 0x004a 7 0x002e
L) 4 4 0x000e 6 0x003a 5 0x000a 4 0x0004
L) 5 2 0x0000 2 0x0000 2 0x0002 2 0x0002
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Table A.13 — hcod2D_CLD_YY_ZZ_07

Idx0 |ldx1 | DF/FP DF/TP DT/FP DT/TP

length | codeword |length |codeword |length |codeword |length |codeword
0 0 4 0x00000e |3 0x000002 |2 0x000000 |3 0x000002
0 1 4 0x00000a |5 0x00001c |4 0x000006 |4 0x00000a
0 2 5 0x00000a |8 0x0000bc |8 0x0000de |6 0x00001a
0 3 7 0x00007c |11 0x0005fc | 11 0x00069¢ |9 0x0001be
0 4 8 0x0000be |15 0x005ffe |14 0x0034fe |11 0x0006e6
0 5 9 0x00017a |18 0x02ffde 17 0x01a7fe |12 0x00067
0 6 9 0x0000ee |20 0x0bff7e |19 0x069ff6 |13 0x000¢f2
0 7 11 0x0007b6 |21 Ox17feff 19 0x069ff7 |15 0x0033d¢
1 0 4 0x000006 |3 0x000004 |3 0x000002 |4 0x00000¢
1 1 4 0x00000c |4 0x00000a |4 0x00000c |4 0x00000¢
1 2 5 0x000016 |7 0x00000e |7 0x00006a |5 0x00000¢
1 3 6 0x000026 |10 0x0002fa |10 0x00034e |8 0x0000d¢
1 4 7 0x00003e |13 0x0001fe |13 0x001fde _ [ 10 0x000372
1 5 7 0x00002e |16 0x00bff2 15 0x0069fe.)| 11 0x0003d4
1 6 9 0x0001ec |19 Ox05ffbe 17 0x01a7fe” |12 0x000678
1 7 15 0x0047ce |8 0x0000ee |10 0x000372 |13 0x000cf6
2 0 6 0x000016 |4 0x000002 |6 0x00003e |6 0x000034
2 1 6 0x00003c |5 0x000016 |6 0x00003c |5 0x000012
2 2 6 0x000022 |8 0x0000f6 |8 0x0000df |6 0x00003¢
2 3 7 0x00004e |11 0x0005fe {10 0x0001ee |7 0x00003¢
2 4 7 0x00003f |13 0x0001ffs| 12 0x000dde |9 0x0001b8
2 5 8 0x00005e |16 0x00bff6- |15 0x0069fa |11 0x0003d4
2 6 12 0x0008fa |9 0x0001de |10 0x000373 |11 0x00033¢
2 7 12 0x0008fb |7 0x00007e |8 0x00007a |11 0x00033f
3 0 8 0x00005f |5 0x000000 |7 0x00003e |8 0x00007¢
3 1 8 0x0000fa |6 0x00003c |7 0x000068 |7 0x000064
3 2 8 0x0000bf |8 0x00000e |9 0x0001ba |7 0x00004¢
3 3 7 0x00003a {40 0x00003e |10 0x0003f6 |7 0x00007¢
3 4 9 0x0006"1 14 0x002ffe |12 0x000d3e |9 0x0001bg
3 5 10 0x0001de |10 0x0002fb |10 0x00034c |9 0x0000ce]
3 6 10 0x0003da |8 0x0000f7 |9 0x0001fa |9 0x0000f6
3 7 11 0x0007b7 |6 0x00002¢ |8 0x0000d2 |10 0x0001e€¢
4 0 10 0x0001df |6 0x000006 |8 0x00007e |10 0x0001ef
4 1 10 0x0003ee |7 0x00007a |8 0x00007f |9 0x00013¢
4 2 9 0x00017b |8 0x00000a |9 0x0001f8 |8 0x00007f
4 3 10 0x0003ef |11 0x00007e |11 0x0006ee |8 0x000064
4 4 9 0x0001ee |12 0x0000fe |11 0x0003de |8 0x0000d4
4 5 8 0x00008e |9 0x000016 |9 0x0001b8 |7 0x00003¢
4 6 9 0x0001ef |7 0x000006 |9 0x0001fc |8 0x0000d7
4 7 9 0x0001fe |5 0x000002 |7 0x00006b |8 0x00009¢
5 0 12 0x0008f8 |7 0x00000f |9 0x0000f6 |12 0x0007a¢
5] 1 11 0Ox00047e |7 0Ox000076 |9 Ox000Tte |10 0x0007e
5 2 11 0x00047f |9 0x000017 |10 0x00034d |10 0x0001e9
5 3 8 0x000076 |15 0x005ff8 |14 0x003fbe |10 0x00027e
5 4 7 0x00003c |12 0x000bfe |11 0x0007f6 |7 0x000032
5 5 7 0x000046 |9 0x00001e |10 0x0003fa |6 0x000018
5 6 7 0x00007a |7 0x00007f |7 0x00003c |6 0x000026
5 7 7 0x00007e |4 0x000003 |6 0x00003d |6 0x000034
6 0 14 0x0023e6 |7 0x000004 |10 0x0003f7 |13 0x000cf3
6 1 13 0x0011f2 |8 0x0000bd |10 0x000376 |12 0x0007aa
6 2 9 0x0001ff |16 0x00bff3 17 Ox01a7ff |12 0x0007ab
6 3 7 0x00003d |15 0x005fff 14 0x003fbf |10 0x00027f
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6 4 7 0x00004f |12 0x000bfa |12 0x000ddf |9 0x0001bf
6 5 6 0x00002¢e |9 0x00017¢ |9 0x0001f9 |6 0x00001b
6 6 5 0x000012 |6 0x00003a |6 0x000036 |5 0x00001e
6 7 4 0x000004 |3 0x000003 |4 0x00000e |4 0x00000b
7 0 15 0x0047cf |9 0x00017e |11 0x0003df |15 0x0033df
7 1 9 0x00011e |21 Ox17fefe |18 0x034ffa |14 0x0019ee
7 2 8 0x0000bc |17 0x017fee |15 0x0069fb |12 0x0007af
7 3 8 0x0000fe |15 0x005ffa |14 0x0034fc |11 0x0006e7
7 4 6 0x00001c |12 0x000bfb |12 0x000fee |9 0x0001bb

5 5 OX0000T0 |9 OX000 T |9 OXO0UT |7 OX00007T
1 6 4 0x00000d |6 0x00003e |5 0x00000e |4 0x000008
1 7 2 0x000000 |3 0x000006 |2 0x000002 |2 0x000000

Table A.14 — hcod2D_CLD_YY_ZZ_09
I0x0 |ldx1 | DF/FP DF/TP DT/FP DT/TP
length | codeword |length |codeword |length |codeword |length” | codeword

d 0 4 0x000006 |4 0x00000e |3 0x000006 4 0x00000e
d 1 4 0x000007 |5 0x000014 |4 0x000004~4 0x000008
d 2 5 0x000006 |8 0x00008e |7 0x000012 |7 0x00007e
d 3 7 0x00007e |11 0x0004fe |11 0x0007fe |9 0x0001fe
d 4 7 0x00000a |14 0x0023fe |13 0x001f7e |10 0x0001ba
d 5 8 0x00001e |16 0x008ffe |16 0x00fbfe |12 0x000dbe
d 6 9 0x00008a |19 0x05ffbc |17, 0x01f7fe |13 0x000d7e
d 7 10 0x00004e |21 Ox17fef7 |21 O0x0b7dfe |14 0x001af6
d 8 10 0x000276 |21 Ox17fef7 (21 O0x0b7dff |15 0x007fec
d 9 11 0x0002e2 |21 Ox17feffy |21 OxOb7dff |17 0x01ffb6
1 0 4 0x000000 |3 0x000002 |3 0x000000 |4 0x00000a
1 1 4 0x00000a |4 0x000002 |4 0x000006 |4 0x00000c¢
1 2 5 0x000016 |7 0x000044 |7 0x00007¢c |5 0x00000c¢
1 3 6 0x000026 |10 0x00027e |9 0x000046 |7 0x000036
1 4 7 0x000076 |18 0x0017fc |12 0x0007d0 |9 0x0000de
1 5 8 0x0000f2 |16 0x00bff6 | 14 0x001f4e |11 0x0005fe
1 6 8 0x0000142:419 0x05ffbe |17 0x00b7fe |12 0x0006be
1 7 8 0x00005¢ |17 0x011ff8 |16 0x005bee |13 0x001b7e
1 8 9 0x00008b |20 OxObffra |18 0x016fbe |15 0x007fee
1 9 15 0x002e76 |8 0x0000bc |10 0x0003ee |15 0x006dfe
2 0 6 0x000012 |4 0x000006 |5 0x000006 |6 0x00001e
2 1 5 0x000007 |5 0x000016 |5 0x00000a |5 0x00000e
2 2 6 0x000038 |7 0x00001a |7 0x00002e |5 0x00000a
2 3 7 0x00007¢ |10 0x0000fe |10 0x0003fe |7 0x00006a
2 4 7 0x000008 |13 0x0011f6 |12 0x0007d2 |9 0x0001ae
2 5 8 0x000046 |16 0x00bffe |14 0x001f4f |11 0x0006fe
2 6 8 0x0000f6 |17 0x011ff9 |15 0x002dfe |11 0x000376
2 7 9 0x0001ca |21 Ox17fef6 |17 0x00b7de |13 0x000dfe
2 8 14 0x00173a |9 0x00011e |10 0x0001fe |13 0x000dff
2 9 14 0x001738 |7 0x000056 |8 0x00002e |13 0x000d7f
3 0 8 0x00009e |5 0x000010 |7 0x00007a |8 0x0000b6
3 1 7 0x00004a |6 0x00003e |7 0x00007e |7 0x00005e
3 2 7 0x000026 |8 0x00009e |8 0x00007a |7 0x00007c¢
3 3 7 0x00000c |11 0x0007fe |10 0x0001fa |7 0x00006e
3 4 8 0x00004e |13 0x0011f7 |12 0x0007fe |8 0x00006a
3 5 8 0x0000f7 |15 0x005ff8 |13 0x001f7c |9 0x00016a
3 6 9 0x00013a |17 0x017fee |14 0x0016fa |12 0x000ffe

© ISO/IEC 2007 — All rights reserved



https://standardsiso.com/api/?name=02596f6e4fd2405c6176050315b0eb11

ISO/IEC 23003-1:2007(E)

© ISO/IEC 2007 — All rights reserved

3 7 11 0x00009e |11 0x0007ff |10 0x00009e |12 0x000dfe
3 8 12 0x0009fe |8 0x0000ae |8 0x000020 |12 0x000ffc
3 9 12 0x00013e |7 0x00001e |8 0x000021 |13 0x001bfe
4 0 9 0x000026 |6 0x000026 |8 0x0000fe |10 0x00035e
4 1 8 0x00001a |6 0x00000e |7 0x000016 |9 0x0001b6
4 2 9 0x0001e6 |9 0x0001ee |9 0x0000fe |8 0x00005e
4 3 9 0x0001e2 |11 0x00047e (10 0x00016e |8 0x0000b4
4 4 8 0x0000ee |12 0x000bfc |10 0x00009f |7 0x00006¢
4 5 9 0x0001ce |16 0xO00bfff 13 0x000b7c |9 0x00017e
4 [¢) 1Y) UXUUUZLT 1Z UXUUUosTa 'l UXUUUsde | TU UXUUUSHE
4 7 10 0x0003ce |9 0x00006e |9 0x0000b6 |10 0x0003e¢
4 8 11 0x0002e6 |9 0x0001ef |9 0x0000be |11 0x60037¢
4 9 11 0x0004fc |7 0x00007e |8 0x00007c |11 0x000377
5 0 11 0x0002e3 |7 0x00007a |8 0x00005a |12 0x000fff

5 1 10 0x000170 |7 0x00004e |8 0x000078 |10 0x0001a¢
5 2 10 0x000172 |9 0x00007e |9 0x000047 10 0x0001b¢g
5 3 9 0x0000ba |10 0x0000de |9 0x000044" | 9 0x0001f6
5 4 9 0x00003e |13 0x0011fe |12 O0x0007#f, | 9 0x0001beg
5 5 9 0x0001e3 |14 0x002ffe |12 0x0007d1 |8 0x0000d4
5 6 8 0x00001b |11 0x0004ff |10 0x0001f6 |8 0x0000fe
5 7 9 0x00003f |10 0x0000ff |10 0x0001f7 |9 0x00016H
5 8 9 0x00009% |8 0x0000bd |8 0x00002f |9 0x0000d4
5 9 9 0x00009f |6 0x00002e |7 0x00002c |10 0x00037¢
6 0 13 0x000b%e |8 0x0000fe. 19 0x0000fc |13 0x0017fe
6 1 12 0x0009ff |8 0x0000af\~19 0x0001f6 |12 0x000bfe
6 2 11 0x0004fd |9 0x0001ec |9 0x0000f6 |11 0x0007d¢g
6 3 11 0x0004fe |11 0x0001be |11 0x0007ff |11 0x0006d¢g
6 4 9 0x0001cf |17 0x011ffe |14 0x0016fe |10 0x0001b8§
6 5 8 0x0000ef |14 0x002ffa |11 0x0002de |8 0x0000d4
6 6 8 0x000044 (12 0x0008fe |11 0x0003ea |7 0x00002¢
6 7 8 0x00005f |10 0x0003fe |9 0x0000bf |7 0x000034
6 8 8 0x0000e4C |7 0x000046 |8 0x0000fa |8 0x0000d¢g
6 9 8 0x0000f0" |5 0x000012 |6 0x00000a |8 0x0000b¢g
7 0 15 0x002e72 |8 0x00003e |9 0x00004e |15 0x007fef
7 1 12 0x00013f |7 0x000045 |8 0x000026 |12 0x0006bg
7 2 13 0x000bSf |10 0x0002fe |10 0x0001ee |13 0x001bff
7 3 9 0x00013e |20 0x0bffre |16 0x005bfe |13 0x001ffa
7 4 8 0x0000fe |15 0x005ff9 |14 0x003efe |10 0x0001b9
7 5 8 0x000047 |15 0x005ffa |13 0x000b7e |10 0x0003fe
7 6 7 0x00000e |12 0x000bfd |11 0x0003eb |8 0x0000fa
7 £ 7 0x00007d |9 0x00013e |9 0x0001fe |6 0x00002¢
7 8 6 0x000010 |6 0x00000c |7 0x00007b |6 0x000034
7 9 6 0x000024 |4 0x000007 |5 0x000007 |6 0x00001f
8 0 15 0x002e77 |8 0x0000be |10 0x0001fb |15 0x006dff
8 1 16 0x00hcef |8 0x000036 (9 0x000045 |14 0x001af7
8 2 9 0x0000bb |20 0xObff7f 18 Ox016ffe |14 0x0036fe
8 3 8 0x0000e6 |18 0x023ffe 17 0x01f7ff 12 0x0006fe
8 4 8 0x000016 |17 O0x011ffa |15 0x002dfeé |12 0x000fbe
8 5 8 0x0000ff |15 0x005ffe 13 0x001frd |10 0x00035f
8 6 7 0x00007a |11 0x0001bf |11 0x0003fe |8 0x0000b7
8 7 6 0x00003a |9 0x0001ed |8 0x00005¢e |6 0x00002¢
8 8 5 0x000017 |6 0x00002a |6 0x00003c |5 0x00001e
8 9 4 0x000002 |3 0x000000 |4 0x00000e |4 0x000009
9 0 16 0x005ce7 |9 0x00017e |11 0x0003df |17 0x01ffb7
9 1 10 0x0003cf |21 Ox17fefr |20 0x05befe |16 0x00ffda
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9 2 8 0x000017 |19 0x047ffe |19 0x02df7e |13 0x000d7a
9 3 9 0x0001cb |19 0x047fff 18 0x016fff 13 0x0017ff
9 4 8 0x00009c |17 0x011ffb |15 0x007dfe |12 0x000fbf
9 5 7 0x00004b |14 0x002ffb |13 0x000fa6 |10 0x0002fe
9 6 6 0x000016 |11 0x00047c |11 0x0007de |8 0x00005f
9 7 5 0x00000a |9 0x0001fe |8 0x000079 |6 0x000016
9 8 4 0x000008 |6 0x00003c |5 0x00000e |4 0x000004
9 9 3 0x000006 |3 0x000006 |2 0x000002 |2 0x000000
Table A.15 — hcod2D_ICC_YY_ZZ_01
Iidx0 | Idx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword

$ 0 1 0x0 1 0x0 1 0x0 1 0x0

1 3 0x6 3 0x6 3 0x6 3 0x6

0 3 0x7 3 0x7 3 0x7 3 0x7

1 2 0x2 2 0x2 2 0x2 2 0x2

Table A.16 — hcod2D_ICC_YY_ZZ_03
Iidx0 | Idx1 DF/FP DF/TP DT/EP DT/TP
length | codeword | length | codeword | lengthi/codeword | length | codeword

0 2 0x002 2 0x002 2 0x002 2 0x002

1 2 0x000 4 0x004 4 0x00e 4 0x00e

2 5 0x00a 10 Ox17e 10 0x37e 8 0x0fc

3 8 0x07e 11 Ox2fe 12 Oxdfe 12 Oxfde

0 5 0x00e 2 0x000 4 0x00f 4 0x00c

1 4 0x004 5 0x00e 4 0x00c 4 0x00d

2 6 0x016 9 O0x0be 9 Ox1ba 9 Ox1fe

3 11 Ox3fe 6 0x016 9 O0x1bb 11 Ox7ee
2 0 10 Ox1fe 5 0x00f 8 0x0de 9 Ox1lfa
2 1 9 Ox0fe 6 0x014 8 0x0dc 9 Ox1ff
2 2 7 0x03e 8 0x05e 9 Ox1be 8 0x0fe
2 3 6 0x01e 4 0x006 5 0x01a 6 0x03e

0 11 0x3ff 7 0x02e 11 Ox6fe 12 Oxfdf

1 6 0x017 11 Ox2ff 12 Oxdff 10 0x3f6

2 4 0x006 6 0x015 6 0x036 5 0x01le

3 2 0x003 2 0x003 1 0x000 1 0x000
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Idx0 | ldx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword

0 0 2 0x00000 |2 0x00000 |1 0x00000 |2 0x00000
0 1 3 0x00002 |5 0x0001e |4 0x0000c |4 0x0000e
0 2 5 0x0000c |10 0x003fc 9 0x001b6 |7 0x0003a
0 3 7 0x0006a |16 0xOfffa 13 0x01b7¢c |11 0x00676
0 4 8 0x000dc |20 0xfff9e 16 0x0dbfe 13 0x019fe
0 5 11 0x006ee 20 Qxfffof 18 0x36fff 16 0xQcebe
1 0 5 0x0001e |3 0x00006 |4 0x0000e |4 0x0000f
1 1 4 0x0000c |4 0x00004 |5 0x0001e |3 0x00002
1 2 5 0x0000d |9 0x000be |9 0x001be |6 0x0001e
1 3 6 0x0001e |15 0x07ffe 12 0x00dfe 9 0x000fe
1 4 9 0x001ae |19 Ox7ffce 18 0x36ffe 13 0x019d6
1 5 16 0x0ddff 8 0x000fe 10 0x0036e |15 0x0675e
2 0 8 0x000de |4 0x00006 |7 0x0006e _ |7 0x0003e
2 1 7 0x0007e |6 0x0001e |8 0x000fe 6 0x00032
2 2 6 0x0001f 10 0x003fd 8 0x000d8” |5 0x00018
2 3 9 0x001be |16 0xOfffb 14 0x036fe 10 0x0033e
2 4 15 0x06efe 12 0x00ffe 11 0x006de |12 0x00cfe
2 5 16 0x0ddfe 6 0x0003e |8 0x000de |11 0x00677
3 0 14 0x0377e |5 0x0000a |9 0x001fa 11 0x00674
3 1 13 0x01bbe |7 0x0007e (8 0x000da |9 0x0019c
3 2 12 0x00dde |13 0x01ffe 12 0x00dff 9 0x000ff
3 3 9 0x001bf 15 0xO7fff 13 0x01b7e |7 0x0003b
3 4 8 0x000d6 |8 0x000%¢ |8 0x000d9 |6 0x0001c
3 5 10 0x00376 |5 0x0000e |8 0x000ff 8 0x0007e
4 0 16 0x0ddff 6 0x0001f 10 0x003f6 14 0x033fe
4 1 16 0x0ddff 10 0x003fe 11 0x006fe 14 0x033ff
4 2 9 0x001ba | %% Ox1fff2 15 0x06dfe 12 0x00cea
4 3 6 0x00034 ~12 0x00ffc 10 0x0037e |7 0x00066
4 4 6 0x0003e."| 7 0x0002e |8 0x000fc 5 0x0001a
4 5 5 0x0000e |4 0x0000e |5 0x0001a |4 0x00006
5 0 16 0xQddff 9 0x000bf 11 0x007ee |16 0x0cebf
5 1 9 0x001af 18 0x3ffe6 17 0x1b7fe 14 0x033ae
5 2 7 0x0007f 16 0xOfff8 13 0x01b7d |11 0x0067e
5 3 6 0x00036 |12 0x00ffd 11 0x007ef 9 0x0019e
5 4 4 0x0000e |6 0x00016 |6 0x0003e |5 0x0001b
5 5 2 0x00002 |2 0x00002 |2 0x00002 |2 0x00002
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Table A.18 — hcod2D_ICC_YY_ZZ_07

Idx0 |ldx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword
0 0 2 0x0000 2 0x0002 1 0x0000 2 0x0002
0 1 4 0x000c 6 0x001e 4 0x000c 4 0x0002
0 2 6 0x002e 12 Ox0ffe 11 0x07ee 9 0x00fe
0 3 7 0x0044 16 Oxffff 13 Ox1e7e 12 0x07be
0 4 8 0x0086 16 Oxfffe 14 Ox3cfe 13 0x0ffc
Q 5 11 0x069e 16 Oxffff 15 Ox79ff 13 0x0ffd
i 6 11 0x043e 16 Oxffff 15 Ox79ff 15 Ox1efe
7 12 0x087a 16 Oxffff 15 0x79ff 16 0x3dfe
0 5 0x001e 3 0x0006 4 0x000e 4 0x0004
1 4 0x000e 5 0x0008 5 0x001a 3 0x0000
2 6 0x002a 11 0x07fe 9 0x01e6 7 0x003¢e
3 7 0x0046 16 Oxffff 13 Ox1fbe 10 0x00f6
4 9 0x015e 16 Oxffff 15 0x79fe 11 0x01da
5 7 0x0047 16 Oxffff 15 Ox79ff 12 0x03fe
6 10 0x034a 16 Oxffff 15 Ox79ff 15 0x3dfe
7 12 0x087b 8 0x005a 11 0x06fc 16 0x3dff
2 0 8 0x00d6 4 0x0006 7 0x006¢ 8 0x003c
2 1 6 0x0026 7 0x007a 8 0x00f6 7 0x003e
2 2 6 0x002f 10 0x0164 9 0x@1ba 5 0x000a
2 3 8 0x00d7 15 Ox7ffa 12 0x0dfc 8 0x003a
2 4 7 0x006a 16 Oxffff 12 0x0dfd 11 0x03de
2 5 10 0x034e 16 Oxffff 15 Ox79ff 13 0x07be
2 6 12 0x087b 13 Ox1fee 12 0x0f3e 14 0x0f7e
2 7 12 0x087b 6 0x003c 9 0x01bb 14 Ox1efe
0 10 0x02be 5 0x000e 8 0x00dc 11 0x01de
1 9 0x01a6 8 0x00fe 9 0x01fe 10 0x00ec
2 9 0x01be 11 0x02ce 10 0x036e 9 0x007e
3 5 0x0012 11 0x02cf 10 0x03fe 5 0x000c
4 9 0x01bf 15 Ox7ffb 15 Ox79ff 10 0x01ee
5 12 0x087b 13 Ox1fec 12 0x0fde 13 0x0f7e
6 12 0x087b 9 0x00b0 9 0x01ee 12 0x07fc
7 12 0x087b 7 0x002e 8 0x00f2 15 0x3dff
4 0 12 0x087b 6 0x003e 9 0x01fa 16 Ox7ffe
4 1 12 0x087b 10 0x03fe 10 0x03f6 12 0x03be
4 2 12 0x087b 10 0x0165 9 0x01be 10 0x00fe
4 3 12 0x087b 15 Ox7ffc 15 Ox79ff 10 0x01fe
4 4 6 0x0036 13 Ox1fef 13 Ox1fbf 6 0x001a
4 5 8 0x00d0 11 0x07fa 10 0x03ce 7 0x001c
4 6 11 0x043c 11 0x07f8 10 0x03ff 12 0x07fd
4 7 11 0x043f 6 0x001f 8 0x00de 13 0x0ffe
B 0 12 0x087b 7 0x002f 7 0x0078 16 0x3dff
1 12 0Ox0a7b [S] 0Ox00to [S] 0Ox00da 12 Ox03bt
5 2 12 0x087b 13 Ox1fed 15 Ox79ff 14 Ox1ffe
5 3 10 0x034b 16 Oxffff 15 0x79ff 12 0x03ff
5 4 6 0x0027 15 Ox7ffd 11 0x06fd 8 0x003e
5 5 6 0x0020 12 0x0ff2 10 0x036¢ 6 0x001b
5 6 7 0x0042 9 0x00b1 9 0x01ef 8 0x007e
5 7 8 0x00d1 5 0x000a 8 0x00fe 9 0x00f6
6 0 12 0x087b 5 0x0009 10 0x036f 16 Ox7fff
6 1 12 0x087b 10 0x0166 12 O0x0dfe 16 0x3dff
6 2 10 0x02bf 16 Oxffff 15 Ox79ff 15 Ox3ffe
6 3 8 0x00de 16 Oxffff 15 Ox79ff 11 0x01db
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6 4 8 0x00ae 15 0x7ffe 15 0x79ff 10 0x00ee

6 5 7 0x0056 14 0x3ffc 10 0x036d 8 0x007a

6 6 5 0x0016 8 0x005b 8 0x00fc 5 0x000e

6 7 5 0x0014 4 0x000e 6 0x003e 5 0x000b

7 0 12 0x087b 7 0x007e 12 0x0dff 16 Ox3dff

7 1 11 0x069f 16 Oxffff 15 0x79ff 16 Ox3dff

7 2 9 0x01a4 16 Oxffff 15 0x79ff 12 0x03de

7 3 9 0x010e 16 Oxffff 15 0x79ff 11 0x01fe

7 4 7 0x0045 16 Oxffff 15 0x79ff 11 0x01ee

7 5 7 OX00GEe 12 OXOTT3 (N OX079€ 9 Ox007a

7 6 5 0x001f 8 0x00f7 7 0x007a 5 0x0006

7 7 2 0x0001 2 0x0000 2 0x0002 2 0x6003

Table A.19 — hcod2D_CPC_YY_ZZ_03

Idx0 | ldx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword’| length | codeword

0 0 2 0x002 2 0x002 1 0x000 1 0x000

0 1 3 0x002 5 0x00e 4 0xb0Cc 4 0x00e

0 2 5 0x006 10 Ox1fe 8 0x0d2 8 0x0fc

0 3 8 0x076 11 0x3fe 10 0x34e 11 Ox7fe

1 0 4 0x002 2 0x000 4 0x00e 4 0x00c

1 1 4 0x006 4 0x004 5 0x01e 5 0x01e

1 2 6 0x01e 9 0x0fe 7 0x068 8 0x0fe

1 3 10 Ox1de 6 0x01ge 7 0x06a 9 Ox1fe

2 0 9 0xOee 5 0x00a 7 0x06e 8 0x0fd

2 1 7 0x03a 6 0x016 7 0x06f 7 0x07c

2 2 6 0x01c 7 0x03e 7 0x06b 7 0x07d

2 3 5 0x007 4 0x006 5 0x01f 5 0x01a

3 0 10 Ox1df 8 0x07e 9 Ox1a6 11 Ox7ff

3 1 6 0x01f 11 Ox3ff 10 0x34f 10 Ox3fe

3 2 3 0x000: 6 0x017 6 0x036 5 0x01b

3 3 2 0xQ03 2 0x003 2 0x002 2 0x002
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Table A.20 — hcod2D_CPC_YY_ZZ_06

Idx0 | Idx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword
0 3 0x0006 3 0x0006 2 0x0000 2 0x0000
1 3 0x0002 5 0x001e 4 0x000c 4 0x000e
2 5 0x000e 8 0x00be 7 0x003a 7 0x007a
3 7 0x005e 1M 0x077e 10 0x03ae 9 0x01ee
4 8 0x00ba 13 0x17fe 12 0xOefe 11 0x07fe
o) 9 0x00fe 16 Oxbffe 15 Ox77fe 13 Ox1ffe
6 10 0x02ee 16 Oxbfff 16 Oxeffe 14 0x3ffe
0 4 0x0006 3 0x0004 3 0x0002 4 0x000c
1 4 0x000a 4 0x000a 4 0x0006 4 0x000d
2 5 0x0016 7 0x005e 7 0x007e 6 0x001e
3 6 0x0024 9 0x00d2 9 0x01de 8 0x00f6
4 8 0x00fa 12 0xObfe 11 0x075e 10 Ox03fe
5 9 0x017e 14 Ox2ffe 14 0x3bfe 11 0x03ba
6 15 Ox5dfe 8 0x006a 11 0x075f 12 0x0f7e
0 7 0x005¢ 5 0x001f 6 0x003c 6 0x001c
1 6 0x0026 5 0x000e 6 0x003e 6 0x003e
2 6 0x001e 7 0x0036 7 0x0074 6 0x0016
3 8 0x00fe 10 0x03be 9 0x01d4 8 0x0074
4 9 0x01f2 12 0x07fe 11 0X0@3be 10 0x01de
5 12 0x0Obbe 9 0x01de 10 Ox01fe 10 0x017a
6 12 0xOfbe 7 0x003e 9 0x00fe 10 0x01df
0 9 0x00ff 6 0x002c 8 0x00ee 9 0x01fe
1 8 0x007e 6 0x002d V4 0x003e 7 0x002e
2 9 0x01fe 8 0x007e 8 0x007e 8 0x0076
3 9 0x017f 10 0x01fe 9 0x00e6 9 0x00fe
4 10 0x03ee 9 0x00d3 9 0x00e7 9 0x00be
5 10 0x03fe 8 0x00ee 8 0x0072 9 0x01fc
6 10 0x03ff 6 0x002e 7 0x0038 8 0x0075
0 12 0xOfbf 7 0x003c 9 0x00ee 10 0x01dc
1 1 0x07de 7 0x003d 9 0x01d6 9 0x00bc
2 1 0x05de 9 0x00fe 10 0x03be 10 0x03de
3 9 0x01£3 11 0x03fe 10 0x01ff 9 0x00bf
4 8 0x00f8 9 0x017e 8 0x0076 8 0x007e
5 7 0x004a 7 0x0076 7 0x0076 7 0x0078
6 7 0x004b 5 0x001c 6 0x001e 7 0x007e
0 14 Ox2efe 8 0x006b 11 0x077e 12 OxOf7f
1 13 0x177e 8 0x0068 10 0x01de 11 0x03bb
2 9 0x01f6 13 0xOffe 12 0x077e 11 0x07be
3 7 0x003e 11 0x05fe 10 0x03aa 9 0x00ff
4 6 0x0027 8 0x006e 8 0x00fe 7 0x003e
% 5 5 0x0010 6 0x003a 6 0x003d 5 0x000a
5 §] [$) 0x00Te 3 0x0002 4 0x000d 4 0Ux0006
6 0 15 0x5dff 10 0x02fe 12 0x077f 14 Ox3fff
6 1 9 0x0176 15 0x5ffe 16 Oxefff 12 0xOffe
6 2 8 0x00be 13 0xOfff 13 Ox1dfe 10 0x017b
6 3 7 0x007e 11 0x077f 10 0x03ab 9 0x01fd
6 4 5 0x0011 8 0x006f 8 0x00ff 7 0x0079
6 5 4 0x000e 5 0x000c 5 0x001c 4 0x0004
6 6 2 0x0000 2 0x0000 2 0x0002 2 0x0002
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Idx0 | ldx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword
0 0 3 0x00000 |3 0x00004 |3 0x00006 |3 0x00004
0 1 4 0x0000a |5 0x00014 |4 0x00004 |4 0x0000c
0 2 5 0x0000a |8 0x000f6 7 0x0003a |6 0x0001e
0 3 6 0x00010 |10 0x003d2 |9 0x000be |8 0x0007e
0 4 7 0x00026 |12 0x00ffe 11 0x003b6 |10 0x003ce
0 5 8 0x0003e 13 0x00f5e 13 0x00ece 11 0x0057e
0 6 9 0x0009e |15 0x066fe 14 0x009fe 13 0x01ffe
0 7 9 0x00064 |16 0x0cdfe 15 0x013fe 13 0x0tebb
0 8 10 0x000ce |18 0x3dffe 18 0x1d9fe 14 0x03dfe
0 9 11 0x0019e |19 0x7bffe 18 0x1d9ff 15 0x05ede
1 0 4 0x00002 |3 0x00002 |3 0x00000 |4 0x0000d
1 1 4 0x00008 |4 0x00006 |4 0x0000e |4 0x0000e
1 2 5 0x00012 |7 0x0006e |6 0x0001c _ |6 0x0003e
1 3 6 0x00026 |9 0x0017e |8 0x0003e"_} 7 0x0002e
1 4 7 0x0004e |11 0x007be |10 0x001d8” |9 0x001e2
1 5 8 0x000e8 |12 0x007ae |12 0x00772 |10 0x0015e
1 6 8 0x0007e |14 0x03dfe 13 0x00f7e 11 0x007ae
1 7 9 0x000fe 15 0x03dée |14 0x00efe 12 0x00f5a
1 8 10 0x0027e |17 Ox1effe 16 0x0767e |13 0x017b6
1 9 16 0x06ffe 10 0x003de {12 0x0027e |13 0x00fbe
2 0 6 0x00011 |5 0x00018~\| 6 0x0003e |6 0x0002c
2 1 6 0x0003e |5 0x00016- | 5 0x0000a |5 0x0000e
2 2 6 0x0001e |7 0x000%a |6 0x00008 |6 0x0002a
2 3 7 0x0007e |9 0x00178 |8 0x0003a |8 0x000fe
2 4 7 0x0001a |11 0x0066e |10 0x0016e |9 0x0017a
2 5 8 0x000ee |12 0x00b7e |11 0x003b2 |10 0x003de
2 6 9 0x001de |14 0x0337e |13 0x00ffe 11 0x0079e
2 7 10 0x003fe 15 0x03d6f 14 0x00eff 12 0x007fe
2 8 14 0x013ba~"] 10 0x003d6 |12 0x0077e |13 0x01efe
2 9 14 0x01bfe 9 0x001ea |11 0x001de |13 0x01fff
3 0 8 0x0005¢c |6 0x0002e |7 0x0001c |8 0x000be
3 1 7 0x0002c |6 0x0002c |7 0x0003c |7 0x0005¢
3 2 7 0x0002d |7 0x0003a |8 0x0007e |7 0x0002f
3 3 7 0x00018 |9 0x000f6 9 0x000fa 8 0x000f2
3 4 8 0x000e6 |10 0x001e6 |9 0x0007e |8 0x00054
3 5 9 0x001df 12 0x007ac |11 0x003b8 |10 0x003c6
3 6 9 0x0007a |14 0x02dfe 13 0x0077e |11 0x003fe
3 7 13 0x00dfe 10 0x001ea |11 0x002de |12 0x00ff6
3 8 12 0x0033e |9 0x0017a |10 0x0009e |11 0x003ee
3 9 12 0x0033f |8 0x000cc |10 0x001ee |11 0x0057f
4 0 10 0x003ae |7 0x00064 |9 0x000f8 10 0x003fe
4 1 9 Ux0013e ! 0Ux0006f [$] 0Ux0005a 9 0Ox007Tee
4 2 9 0x000ff 8 0x0007e |9 0x000f6 9 0x001ec
4 3 8 0x0003c |9 0x000f7 8 0x0002c |8 0x0007c
4 4 9 0x001d6 | 11 0x005e6 |9 0x0004c |9 0x001e6
4 5 10 0x003ff 13 0x019be | 11 0x002df 10 0x001f6
4 6 11 0x002fe 11 0x005e7 |11 0x003fe 10 0x0015f
4 7 11 0x0037e |9 0x000f2 10 0x001da |10 0x001fe
4 8 11 0x004fe 8 0x000b6 |9 0x0005¢ |10 0x003c7
4 9 11 0x002ff 7 0x0003b |9 0x0004e |11 0x007be
5 0 11 0x00276 |8 0x000ce |10 0x001de |11 0x005ee
5 1 10 0x0013a |8 0x000fe 9 0x0005e |10 0x002f2
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5 10 0x001be |8 0x00078 |9 0x000bc |9 0x000fa
5 10 0x001bc |10 0x002fe 10 0x001fe 10 0x003da
5 10 0x0017e |11 0x003d2 |10 0x000ee |10 0x002f3
5 9 0x0009¢c |12 0x00cde |10 0x000be |9 0x000aa
5 9 0x0007e |10 0x001e8 |9 0x0005d |9 0x0015e
5 9 0x0009f |9 0x001e8 |9 0x000f9 9 0x001ea
5 9 0x00065 |8 0x000ca |9 0x000bf |9 0x000ae
5 9 0x0007f |7 0x0007e |8 0x0002d |9 0x000fe
6 13 0x009de |9 0x001fe 11 0x003be |12 0x007de
1Z UXUUYTe o UXUUUCD J uxuoul4aa 'l UXUU/Te
12 0x009ff 9 0x0016e |10 0x000bf 11 0x007af
12 0x006fe 11 0x007fe 11 0x003ba |11 0x005ef
9 0x0007b |13 0x00f5a 12 0x0077f 11 0x007ae
9 0x001ce |12 0xO00fff 10 0x0016¢c |9 0x000ab
8 0x000ea |10 0x003d7 |9 0x000fe 8 0x000bf
8 0x0005e |9 0x001ee |9 0x000fb 8 0x000ac
8 0x0006e |7 0x0003e |8 0x0007a |8 0x000f0
8 0x0007c |6 0x0003c |7 0x0002¢c |8 0x000f4
14 0x013bb |9 0x0017b |11 0x0013e (13 0x01eb7
13 0x009dc |9 0x0019a |11 0x003bbt~12 0x00bda
13 0x009df |10 0x002de |12 0x007fe 12 0x007ff
9 0x00066 |15 0x07bfe 14 0x01d9e |12 0x00f7e
9 0x001fe 13 0x00f5f 12 0x00766 | 11 0x007fa
8 0x000e9 |11 0x005be |10 0x0016d |9 0x00178
7 0x0001b |10 0x002f2 9 0x00076 |8 0x00056
7 0x00072 |8 0x0007f |7 0x00012 |7 0x0005d
6 0x0000e |6 0x0001c «46 0x0000a |6 0x00014
6 0x00012 |5 0x0001a\ |6 0x0003f |6 0x0002d

17 0x0dffe 10 0x002fF 12 0x003be |14 0x02f6e
15 0x037fe 10 0x003fe 12 0x007be |13 0x00fbf
10 0x003af |16 0xOcdff 15 0x013ff 13 0x01ffc

OCONPOKRPRWN 2000 NOODARWN_LAODOONOODOAODRDRWN_LAOOCOONOCAOPRARWONJOOONOOOGIAWN

9 0x001cf 14 0x01eb6 |13 0x004fe 12 0x00ff7
8 0x0009%e |18 0x01efe 12 0x00773 |10 0x002be
8 0x000fe 12 0x00f7e 11 0x003b7 |10 0x003db
7 0x00076. 10 0x00336 |9 0x0007f |8 0x000ad
6 0x00038" |8 0x000be |7 0x0001e |7 0x0007e
5 0x0000e |6 0x00036 |5 0x00006 |5 0x00014
5 0x0001e |4 0x0000e |4 0x00006 |4 0x00006
17 0x0dfff 10 0x001e7 |14 0x01ffe 15 0x05edf
10 0x001bd |19 Ox7bfff 17 OxOecfe 14 0x03dff
9 0x000be |16 0x0f7fe 15 0x03b3e |13 0x01ffd
8 0x0005d |14 0x02dff 14 0x01fff 11 0x005ec
8 0x0007d |13 0x016fe 13 0x00f7f 11 0x0079f
7 0x00036 |11 0x003d3 |11 0x003de |10 0x003fc
6 0x0001a 10 0x003d3 9 0x000bd 8 0x000ae
5 0x0000c |8 0x000cf |7 0x0002e |6 0x00016
4 0x0000b |6 0x0003e |5 0x0001e |4 0x00004
3 0x00006 |2 0x00000 |2 0x00002 |2 0x00000
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Table A.22 — hcod2D_CPC_YY_ZZ_12

Idx0 | ldx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword

0 4 0x0000e |3 0x00002 |3 0x00006 |3 0x00002
1 4 0x00004 |5 0x00014 |4 0x00008 |4 0x00008
2 5 0x00004 |8 0x000fe 7 0x00078 |7 0x0007e
3 6 0x00002 |10 0x003fe 9 0x0017a |8 0x0009a
4 7 0x0000a |11 0x0057a |11 0x005fe 10 0x003be
5 8 0x00032 12 0x0077¢ 12 0x006be 11 0x006fe
6 9 0x000be |14 0x03eee |13 0x00d7e |12 0x009¢e6
7 10 0x00362 |15 0x05dfe 15 0x03d5e |13 0x0t7be
8 10 0x00042 |15 0x057be |17 0x0a3fe 14 0x02ffa

9 11 0x003de |17 0x177fe 17 0x17f7e 15 0x04f7e

10 0x0007e |19 Ox7defe 17 0x17f4e 14 0x0387e
0x0062e |20 Oxfbdfe 17 0x0f57e 15 0x04f7f
12 0x00d8e |20 Oxfbdff 18 Ox1eafe 16 0x07ffe

- A

N =~ O
-
-

0 5 0x0001a |3 0x00000 |4 0x0000e'_} 4 0x0000a
1 4 0x00006 |4 0x00006 |4 0x0000a” |4 0x0000c
2 5 0x00016 |7 0x0007c |6 0x0002e |6 0x0003a
3 6 0x0002e |9 0x001f6 |8 0x600bc |7 0x0004e
4 7 0x00066 |10 0x002b2 |10 0x003d6 |9 0x001d8
5 8 0x000fe 12 0x00fbe 11 0x0037a |10 0x0037e
6 8 0x00028 |13 0x015ee (13 0x017f6 11 0x005be
7 9 0x000f6 14 0x02ebexy| 14 0x01ffe 12 0x009ee
8 10 0x0033e |16 0x0fbde 16 O0x0bfbc 13 0x017bf

9 9 0x0007e |16 0x0dbfe 15 0x028fe 13 0x01fde

10 |10 0x0036e |17 0x15ef6 16 0xObfae 13 0x013de
11 |10 0x000ce |18 Ox3ef7c 19 0x3d5fe 14 0x027be
12 |17 0x027fe 10 0x003b0 |13 0x00ffe 15 0x077fe

WWWWWWWWWWWWWMMAMNDNDNDNDNDDNDNDNDNMNDNMNMNMNNA_AA2A A A A A A A A a0 a0 000000 0OpPLpDODOOO0OO0O

0 6 0x00003 |5 0x0001a |6 0x0003e |6 0x0002c
1 5 0x00000 -~ 0x00016 |5 0x0000e |5 0x0000e
2 6 0x00030.~71 7 0x0006c |6 0x00016 |6 0x00036
3 7 0x0007e |9 0x001f4 |8 0x000b2 |7 0x0004a
4 7 0x00016 |10 0x001de |10 0x003de |9 0x001d9
5 8 0x0005e |12 0x00fba 11 0x0037e |10 0x002fe
6 9 0x0018e |13 0x01b7e |13 0x00fce 11 0x005bf
7 9 0x00024 |14 0x02eba |14 0x02fea 12 0x00b7a
8 9 0x0019%e |15 0x07dee |13 0x00d7f 12 0x00fae
9 10 0x0037e |16 0x077de |15 0x05fd2 13 0x01f4e
10 |10 0x000de |17 0x15ef7 17 Ox17f4f 14 0x03bfe
11 |16 0x07ffe 10 0x001ce |12 0x0056e |14 0x03bfc
12 |16 0x013fe |9 0x00174 |12 Ox00bea |14 0x0387f
0 8 0x0007c |6 0x00038 |7 0x0003c |8 0x000e0
1 7 0x0003c |6 0x00039 |7 0x00079 |7 0x0006e
2 4 Ox0002e |7 Ox00036 |7 Ox0002a |7 0x0005a
3 7 0x0001a |9 0x001b6 |8 0x0006¢c |7 0x0003e
4 8 0x0007e |10 0x000ee |9 0x000a0 |9 0x001de
5 9 0x001f6 12 0x00dbe |11 0x0035a |10 0x002f6
6 9 0x00062 |13 0x0175¢ |12 0x0051e |11 0x004ce
7 9 0x001bc |13 0x007ba |12 0x0056f 11 0x0073e
8 9 0x00022 |15 0x06dfc 14 OxO1eae |12 0x00ede
9 10 0x000f2 16 Ox0af7a 16 0x0bfa6 13 0x01f4f
10 |15 0x02ffe 11 0x00766 |12 0x007be |13 0x0133e
11 |15 O0x02fff 9 0x00076 |12 0x007fa 13 0x017fe
12 |14 0x004fc 8 0x0003e |11 0x005be |13 0x01db8
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4 0 9 0x0006e |6 0x0000a |9 0x001ee |9 0x0012e
4 1 8 0x00030 |6 0x0000b |8 0x000b6 |8 0x0007e
4 2 8 0x00029 |8 0x000da |8 0x00052 |9 0x001fe
4 3 8 0x00016 |9 0x00158 |9 0x000fe 9 0x001fc
4 4 8 0x0001e |10 0x000ef |10 0x002f6 9 0x001f6
4 5 9 0x0007a |12 0x00bbc |11 0x003d6 |10 0x0038e
4 6 9 0x001b6 |12 0x00bbd |11 0x005bf 10 0x0039e
4 7 9 0x00026 |13 0x007bb |12 0x006fa 11 0x005fe
4 8 10 0x000fa 15 0x05d76 |14 OxO01fff 12 0x00e1e
4 J 15 UXUu/be 1 Uxuuoao 1Z UXUU /DT 1Z uxulve4
10 |14 0x01ffe 10 0x002f6 11 0x0037¢c |12 0x00b7b
11 |14 0x0363e |9 0x001da |11 0x005ff 12 0x00e76
12 |14 0x00f7e 9 0x001be |11 0x00286 |13 0x0133f
0 10 0x0004e |7 0x0003a |10 0x003d2 |11 0x007d2
1 9 0x00025 |7 0x0003e |9 0x00166 |10 0x003ea
2 10 0x003fe 8 0x0003f |10 0x003d7 |10 0x003b4
3 9 0x00023 |10 0x003b2 |10 0x001ee |10 0x003b5
4 9 0x00020 |11 0x005fe 10 0x00144 |10 0x003b6
5 8 0x0002a |11 0x00566 |9 0x000ae (8 0x00098
6 9 0x00056 |12 0x003dc |11 0x007a8¢~10 0x0038f
7 10 0x000f6 14 0x03ef6 12 0x007ee " |11 0x004f6
8 12 0x005fe 12 0x00dba |11 0x003%e |11 0x004ca
9 12 0x007fe 10 0x000f6 11 0x003f6 11 0x005ee
10 |12 0x007fc 9 0x0015a |10 0x0015e |11 0x006ff
11 113 0x018be |9 0x000fe 11 0x002be |12 0x0099e
12 |12 0x0013e |8 0x0007e | Mt 0x005f4 12 0x007fe
0 12 0x00c5e |8 0x000bc +4{10 0x0014c |12 0x00efe
1 11 0x006c6 |8 0x000des |10 0x002f7 11 0x0073f
2 11 0x007de |9 0x0047e |10 0x0015a |11 0x0070e
3 11 0x006fe 10 0x002bc |11 0x003fc 11 0x00738
4 10 0x001fe 10 0x001cf 10 0x003df |9 0x000fe
5 10 0x00316 |12 0x00fbc 10 0x001e8 |10 0x003e8
6 10 0x0036f |18 0x01f76 11 0x003fe 10 0x003fe
7 11 0x006ff 12 0x00af6 11 0x005f6 10 0x00264
8 11 0x007df\ 11 0x00567 |10 0x001ae |10 0x0027a
9 10 0x0Q043" |10 0x002fe 10 0x002ce |10 0x00386
10 |11 0x003df |10 0x003b6 |11 0x0037b |11 0x003fe
11 |11 0x0009% |9 0x001f5 10 0x00146 |12 0x00fea
12 |11 0x001ee |8 0x000ee |10 0x001f8 11 0x003fc
0 13 0x00bfe 9 0x001fa 11 0x003d7 |13 0x01db9
1 12 0x007fd 8 0x0003c |11 0x007a9 |12 0x00e72
2 12 0x003de |10 0x003fc 11 0x003de |12 0x00bde
3 11 0x002fe 9 0x00074 |10 0x001bc |11 0x007f4
4 11 0x0015e |11 0x00767 |11 0x005f7 11 0x0077e
5 11 0x0015f 12 0x00bbe 11 0x003f2 11 0x0073a
7 6 10 0x001f6 13 0x00efa 11 0x002bf 11 0x007f6
7 7 9 0x0007f |12 0x00dbb |10 0x001e9 |9 0x001c6
7 8 9 0x0007c |11 0x007dc |9 0x000ac |9 0x0017e
7 9 10 0x000fb 10 0x000ea |11 0x005fc 10 0x0025a
7 10 |10 0x001ee |9 0x000ee |10 0x001ac |10 0x00278
7 11 |10 0x001f7 8 0x000ae |10 0x003d3 |10 0x0026e
7 12 |10 0x0017e |7 0x0005¢ |9 0x000da |10 0x00266
8 0 14 0x017fe 9 0x0015b |12 0x007aa |14 0x02ffb
8 1 14 0x0363f |9 0x00176 |11 0x0037f 13 0x01dba
8 2 13 0x01b1e |9 0x0017a |10 0x00142 |12 0x00feb
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8 3 13 0x00ffe 10 0x002be |11 0x003d4 |12 0x00faf
8 4 13 0x018bf 11 0x00396 |11 0x0028e |12 0x00e73
8 5 10 0x000df 14 0x01df6 13 0x00d6e |12 0x00fa6
8 6 9 0x0003e |13 0x0177e |12 0x00b7a |10 0x0025b
8 7 9 0x001bd |12 0x00fbf 10 0x001fa 9 0x0013e
8 8 9 0x0018f 11 0x00397 |10 0x00145 |9 0x001c2
8 9 9 0x00188 |10 0x002bf 10 0x002cf 9 0x0016e
8 10 |9 0x000fe |9 0x001bf |9 0x000db |9 0x0013f
8 1 19 0x000fa 7 0x0001c |9 0x001e8 |9 0x0017a
o 1Z ) UXUUToY [¢) UXUUUTe o Uxuuloe J UXUUTDe
9 0 16 0x07ffc 10 0x003ff 13 0xO1eae |15 0x07f76
9 1 14 0x004fd 9 0x001fb 11 0x005bc |12 0x00Zfa
9 2 14 0x004fe 10 0x003b1 |11 0x002b6 |13 0x01fdf
9 3 14 0x00f7f 11 0x006de |12 0x007fb 13 0x01dbb
9 4 10 0x000f3 15 0x03bee |14 Ox01ade |13 0x01f7e
9 5 9 0x0002e |14 0x02ebf 13 0x00f56 11 0x004cb
9 6 9 0x001b2 |13 0x0175e |11 0x00287 | 10 0x0026f
9 7 9 0x00078 |12 0x003de |12 0x00beb , | 11 0x007de
9 8 9 0x001be |11 0x005d4 |10 0x0044d |9 0x00136
9 9 8 0x000be |10 0x003b7 |9 0%000f6 8 0x000be
9 10 |8 0x000ce |8 0x00076 |8 0x0006a |8 0x000e2
9 1 |8 0x000da |7 0x0006e |8 0x000f6 8 0x000e6
9 12 |8 0x000fa 5 0x00004 |7 0x0003e |8 0x000ee
10 |0 17 0xOfffa 9 0x000ff 12 0x007ef 15 0x077ff
10 |1 16 0x07fff 9 0x000e61 12 0x00f56 14 0x03fba
10 |2 15 0x009fe 10 0x000eb |12 0x006b6 | 13 0x00ffe
10 |3 10 0x000ae |16 0x0bbfe 16 0x0bfbe 13 0x017fc
10 |4 10 0x003ee |15 Ox057bc | 14 0x02fe8 12 0x009e7
10 |5 9 0x001b0 |14 0x02efe 13 0x00fcf 11 0x005bc
10 |6 9 0x0002f 14 0x03ef4 13 0x00df6 12 0x00e77
10 |7 9 0x001b3 |12 0x0077e |12 0x007fe 11 0x007d6
10 |8 8 0x0007a. 11 0x005d5 |10 0x0014e |9 0x0012¢
10 |9 7 0x00017" |9 0x0007a |9 0x0016e |8 0x000bc
10 |10 |7 0xQ006e |8 0x000be |7 0x00034 |7 0x00072
10 |11 |6 0x00006 |6 0x0002a |6 0x00017 |6 0x00024
10 |12 |6 0x0000e |5 0x0001e |6 0x0003f |6 0x0002e
11 0 18 0x04ffe 10 0x002f7 13 0x00df7 15 0x03ffe
11 1 7 0xOfffb 10 0x002ee |13 0x01eaf 14 0x01ffe
11 2 10 0x000cf 18 Ox3ef7e 17 0x0a3ff 14 0x03bfd
11 3 10 0x0033f 16 0x0dbff 16 Ox0bfaf 13 0x017ff
11 4 9 0x0018a |15 0x057bf 14 0x0147e |12 0x009e5
1 5 10 0x003ff 15 0x06dfd 15 0x05fd6 12 0x007fb
M 6 9 0x0017e |14 0x03ef5 13 0x00a3e |12 0x00edf
11 7 8 0x00036 |12 0x003df 12 0x007e6 | 11 0x007dc
11 8 7 0x0000e 11 0x005ff 10 0x0014f 10 0x003ff
11 9 7 0x0007c |10 0x003fd 9 0x0017c |8 0x000b6
11 10 |6 0x00032 |8 0x000ef |7 0x00058 |7 0x0007¢c
11 1 15 0x0000e |6 0x0003a |5 0x0000c |5 0x0001a
11 12 |5 0x0001e |4 0x0000c |4 0x00009 |4 0x00006
12 |0 18 0x04fff 10 0x001ca |14 0x01adf 16 0x07fff
12 |1 10 0x0007f 18 Ox3efrd 19 0x3d5ff 15 0x07f77
12 |2 10 0x002fe 17 Ox177ff 16 0x051fe 14 0x03efe
12 |3 9 0x00066 |16 0x077df 16 0x07abe |13 0x01c3e
12 |4 10 0x002ff 15 0x05d77 |17 Ox17frf 14 0x03eff
12 |5 9 0x00063 |15 0x06dfe 16 0x0bfbd 13 0x01fdc
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12 |6 9 0x001fe 14 0x03eef 14 0x02fee 12 0x00fbe
12 |7 8 0x000c6 |12 0x0077f 12 0x00b7b |11 0x007dd
12 |8 7 0x0005e |11 0x006dc |11 0x007aa |9 0x0012f
12 |9 6 0x00016 |9 0x000e4 |9 0x0017e |8 0x000de
12 |10 |5 0x0000a |8 0x000fc 7 0x0005a |6 0x0001e
12 |11 |4 0x0000a |5 0x00006 |4 0x00004 |5 0x0001e
12 |12 |3 0x00004 |3 0x00004 |2 0x00000 |2 0x00000
Table A.23 — hcod1D_ICC_Diff
Index | length | codeword Index |length | codeword
(hexadecimal) (hexadecimal)

0 1 0x01 4 5 0x01

1 2 0x01 5 6 0x01

2 3 0x01 6 7 0x01

3 4 0x01 7 7 0x00

Table A.24 — hcodLavldx

Index length | codeword
(hexadecimal)

0 1 0x0
1 2 0x2
2 3 0x6
3 3 Ox7

Table A.25 — hcod2D_EnvRes

erVal | erLen | length | codeéword | erVal |erLen |length|codeword
-2 1 5 0x006 0 5 5 0x007
-2 2 6 0x01e 0 6 6 0x03a
-2 3 8 0x0f8 0 7 6 0x01f
-2 4 9 0x1f2 0 8 5 0x01e
-2 5 10 0x3e6 1 1 3 0x002
-2 6 11 Ox7ce 1 2 4 0x006
-2 7 11 0x17e 1 3 5 0x004
-2 8 10 Ox3ee 1 4 7 0x07e
-1 1 3 0x004 1 5 8 0x0fa
= 2 4 0x00a 1 6 9 0x1f6
1 3 5 0x00e 1 7 10 Ox3ff
-1 4 6 0x00a 1 8 9 0x05e
-1 5 7 0x016 2 1 6 0x03b
-1 §] 9 UxTte 2 P 3] UxOte
-1 7 10 Ox3fe 2 3 9 0x05d
-1 8 9 0x05¢ 2 4 10 0x0be
0 1 3 0x006 2 5 11 0x17f
0 2 3 0x000 2 6 12 0xf9e
0 3 4 0x00b 2 7 12 0xfof
0 4 5 0x01c 2 8 10 Ox3ef
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