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Foreword

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

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

ISO and IEC

technical committees collaborate in fields of mutual interest. Other international organizations, governmental

and rjon-governmental, in liaison with ISO and IEC, also take part in the work. In the field ¢f information

technplogy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,

The fain task of the joint technical committee is to prepare International Standards. Draft
Standards adopted by the joint technical committee are circulated to national bodies for voting. |

an International Standard requires approval by at least 75 % of the national bodies casting a votd.

ISO/IEC 23003-1 was prepared by Joint Technical Committee ISOAEC JTC 1, Informatior
Subcpmmittee SC 29, Coding of audio, picture, multimedia and hypermedia information.

ISO/IEC 23003 consists of the following parts, under the generaltitle Information technology —
technplogies:

— Rart 1: MPEG Surround

Part 2.
International
Publication as

technology,

MPEG audio
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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 data rate for coding of multi-channel signals, as well as an inherent mono or stereo downmix signal
included in the data stream. Hence, a mono or stereo signal can be expanded to multi-channel by a very small
additional data overhead. Furthermore, the International Standard describes binaural decoding of the MPEG

Surround strfam, enabling a surround sound experience over headphones. The International Sta
efines an Enhanced Matrix Mode that enables a multi-channel upmix from a stereo

furthermore
without any s

The Internatipnal Organization for Standardization (ISO) and International Electrotechnical Gegmmission

draw attentio
The ISO and

The holder ¢
reasonable a
the statemen
from the com

Attention is d
rights other t
all such pate

batial parameters.

h to the fact that it is claimed that compliance with this document may involve-.the use of a p
IEC take no position concerning the evidence, validity and scope of this patent right.

f this patent right has assured ISO and IEC that he is willing“to0 negotiate licences
nd non-discriminatory terms and conditions with applicants throeughout the world. In this re
of the holder of this patent right is registered with the ISO and-EC. Information may be ob
banies listed in Annex J.

rawn to the possibility that some of the elements ofsthis document may be the subject of
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INTERNATIONAL STANDARD

ISO/IEC 23003-1:2007(E)

Information technology — MPEG audio technologies —

Part 1:

MP

1 Scope

This

EG Surround

nternational Standard describes the MPEG Surround standard (Spatial Audio Coding,

SAC), that is

capaljle of re-creating N channels based on M<N transmitted channels, andradditional contrgl data. In the
prefefred modes of operating the spatial audio coding system, the M channels can either be g single mono

channel or a stereo channel pair. The control data represents a significant_lower data rate tha

N required for

transmitting all N channels, making the coding very efficient while at the’'same time ensuring conppatibility with

both M channel devices and N channel devices.

This |
applid
from

can H
profile

2

hternational Standard incorporates a number of tools enabling a number of features that a
ation of the International Standard. A key feature is the/ability to scale the spatial image qu
ery low spatial overhead towards transparency. Anothér key feature is that the compatible
e made compatible to existing matrix surround technologies. All tools are grouped to
S.

ormative references

low for broad
blity gradually
Hecoder input
cover certain

The following referenced documents are indispensable for the application of this documenpt. For dated

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

ISO/IEC 13818-7, Information “technology — Generic coding of moving pictures and assq

infor

ISO/I

3 1

ation — Part 7: Advanced Audio Coding (AAC)

FC 14496-3, Information technology — Coding of audio-visual objects — Part 3: Audio

erms-and definitions

e referenced

ciated audio

3.1

Definitions

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

311

channel

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

© ISO/IEC 2007 — Al rights reserved 1
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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

Rc Right Front Center

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 Sufround

LFE2 Low Frequeney Enhancement 2

So&S S
oo
LFEE ELFEZ
L@O [(O s @ Res O) O)j) Rues
q- D
SoooZ.
e

Lvr Cvr Rvr

Figure 1 — Loudspeaker positions
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3.1.2
Chan
CLD
energ

3.1.3

ISO/IEC 23003-1:2007(E)

nel Level Difference

y difference between two channels

CLD band

one o

314
Chan
CPC

r more hybrid subbands for which a single CLD parameter applies

nel Prediction Coefficient

predid
3.1.5

CPC
one o

3.1.6

hybrid filterbank

hybrig
transf

3.1.7

hybrid filtering

filterin

NOTE|

3.1.8

hybrid subband

subb4

NOTE

3.1.9
Inter
ICC

correl

tion coefficient used for re-creating three channels from two channels

band
I more hybrid subbands for which a single CPC parameter applies

filter bank structure, consisting of a QMF bank and oddly modulated Nyquist filter bz
prm time domain signals into hybrid subband samples

g step on a QMF subband signal resulting in multiple hybrid subbands

The resulting hybrid subbands can be non-consegutive in frequency.

nd obtained after hybrid filtering of a QMF subband

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

Channel Correlation

ation or coherence between two channels

3.141

ICC Hand

one

3.1.1
NA
Not A

more hybrid subbands for which a single [IC parameter applies

nlicabhla
T T

PpETCaioTT

3.1.12

M-N-M configuration
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 O

r 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 time slot for which the parameter is defined

3.1.17

parameter set
parameters associated with a specific parameter time slot

3.1.18

parameter siibset
ssociated with a specific parameter time slot and a specific OTT box or TTT box

parameters g

3.1.19

processing band

one or morg
parameters

3.1.20
QMF bank
bank of comp

3.1.21
QMF subban
subband obtg

3.1.22
SAC
Spatial Audiog

3.1.23

SAC frame
time segmer
SpatialFrame

3.1.24
time segmer
group of cong

3.1.25
time slot
finest resoluti

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

lex exponentially modulated filters

d
ined after QMF filtering of a time-domain signal, without any additional hybrid filtering stage

Coder

t to which processing is _@pplied according to the data conveyed in the correspd

() syntax element

t

ecutive time slots

pn in time for SAC time borders

y the

nding

NOTE On

3.1.26
TTT box

etme stotequats one subsampte-imthehybrid-QiviFdomaim:

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:

Matric

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

es (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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e Variables are indicated by italic, e.g. variable.
e Functions are indicated as func(x).

¢ Real numbers are denoted by R

e 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.

3.3 Operations

3.3.1| Scalar operations
X" ig the complex conjugate of X .

y= cJ represents rounding down to the nearest integer, i.e., the largest integer'number that is less than x.

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

y:INT(x) represents truncation to integer (only keep the integer part), i.e., conversion tp the integer
numbger with the same sign as x and with an absolute value smaller than or equal to the absolutg value of x.

y =Iqg, (x) is the base-2 logarithm of x.

y=1qg,,(x) is the base-2 logarithm of x.

y=min(,...,) the minimum value in the argument list.

y= rnax(,...,) the maximum value'jin the argument list.

y= mod(x,z) is the modulg operation y = (x - n*z) where n = ceil(x/z)-1 defined for z ~= 0..
y= round(x) represents rounding to the nearest integer. Halfway cases are rounded away frorh zero.
y= s1gn(x) the’sign of x, hence defined as -1 for negative values of x, 1 for positive values and P for 0.

3.3.2| Vector operations

y= Sort(x) .y is equal to the sorted vector x, where the elements of x are sorted in ascending order.
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 5
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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.

bands, for

proc

proc

Uy

ch is the current audio channel.

D, is the three dimensional matrix holding arbitrary tree data, i.e. mapped
CLD data, for every OTT box, every parameter set, and M .
thU Cllb;tlcll y tl oo,

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

D, is the three dimensional matrix holding the dequantized, and mappefd ICC
data for every OTT or TTT box, every parameter seti-and M, banfs.

Depe is the three dimensional matrix holding the dequantized, and mapped first
CPC data for every TTT box, every parameterset, and M . bands.

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

Dep is the three dimensional matrix holding the dequantized, and mapped first
CLD data for every TI¥box, 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 fas for
Dy,, , however it has M ,, bands of data. YYY can be any of CLD} ICC,
CPC_1,CPC_2,CLD_1, CLD_2 or ATD.

envRatio 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, . band

G? is a three dimensional matrix holding the dequantized gain correction data
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 — Al rights reserved
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M

proc

MC

proc

par

M QMF

resPar

ISO/IEC 23003-1:2007(E)

is the number of processing bands, 28.

number of complex processing bands for Low Power MPEG Surround, 12.

is the number of parameter bands signalled by bsFregRes.

is the number of QMF subbands depending on sampling frequency as

defined in subclause 6.3.3.

is a vector with the number of parameter bands that each residual cover.

m

resPr

&

m

tttLowProc

m tttHighProc

n,m
M;

n,m
M,

rm(l

resetf
proc

sdclta

Tree|ch,, )

Tree|, (¢, )

IS a vector with the number of processing bands that each res
is a vector with the number of processing bands for the)tow
TTT boxes.
is a vector with the number of processing bands for the high
TTT boxes.

is the time and frequency variant pre- (matrix, defined for al
and all hybrid subbands m.

is the time and frequency variant mix-matrix, defined for al
and all hybrid subbands m.

weighted correlation sum,'based on the input downmix signg

every parameter time slot / and all QMF subbands m f
adjoining parameter border, used for Low Power MPEG surro

a variable (in ‘the encoder and the decoder) set to one fif
elements_have changed from the previous frame, otherwise s

a mathix indicating for every parameter set and proces
smigething is applied.

idual cover.

range in the

range in the

time slots »

time slots n

I, defined for

hat have an
und.

certain data
bt to zero.

sing band if

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

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

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

modules the input signal must pass before the output is reach

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

CC, and CPC

\rbitrary Tree

ing the OTT
ed.

\rbitrary Tree

Tree depth (ch, )

TreeoutChan (Ch)

© ISO/IEC 2007 — All rights reserved

have a column for each output signal of the sub-free indicating whether the
upper (1) or the lower (-1) output of an OTT module should be followed to

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
when temporal shaping is used, defined for all time slots » and all hybrid
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.

n,m

X" is a vector with the hybrid subband input signals (dowh-mix and residuals),
defined for all time slots » and all hybrid subbands 7.

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.

Vit is a vector with the output hybridssubband signals for the diffuse part|of the

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

Vi, is a vector with the ‘output hybrid subband signals for the direct part jof the

output signal, which is defined when temporal processing is applied,
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,

o[ Inter channel Correlation / Coherences (ICC) describing the amount of correlation* pr coherence
between two channels and

o[ Channel Prediction Coefficients (CPC) enabling the recreation of a third channel out of fwo channels
by means of prediction.

During encoding, spatial cues are extracted from the multi-channel audio signal’ and a downmix|is generated.
Any number of channels can be used for the downmix, provided that it i§ less than that used for the original
audio|signal. The MPEG Surround system supports multi-channel signals\of up to 27 channels.

All pgrameters are efficiently quantized and coded into the spatial’ bitstream. The quantizatign process is
flexible to allow for a gradual quality versus bit-rate trade-off: For the extreme case whefe no spatial
parameters are employed, the spatial decoder supports an €nhanced Matrix Mode, in which the parameters
are derived directly from the down-mix. In addition, suppert for residual coding is included, that allows coding
of thqg difference between the multi-channel signal assreproduced by the parametric model ang the original.
Hencg, the MPEG Surround system, includes several'{ools to scale gracefully on the rate/distorfion curve, as
outlingd by the following figure.

Transparency

MPEG Surround

Multi-channel quality

() Legacy matrixed surround

>

MPEG Surround, spatial parameter bitrate

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 side
information. Ip_thi j i i - = i
to upgrade ekisting systems. Figure 3 illustrates this for a 5.1 original with a stereo downmix. The
Surround de¢oder supports two different modes, "Normal Mode" in which the spatial parameters..obtained
from the datq stream is used for decoding, and a "Enhanced Matrix Mode" in which the decodef operafes on
the downmix gignal only, estimating the required parameters from the received downmix.

—» —> T
& —» SAC Stereo Stereo SACL_—» 3
k=) down-mix sianal signat up-mix k3]
& ™| processing 9 g processing [ %
—1» Stereo _ | Stereo - L » =
Coder " | Decoder §
—» > &
Ancillary data Ancillary data
Figure 3 — Overview of the MPEG Surround decoder outlined for a stereo downmix

The spatial decoder combines the spatial-parameters with the downmix channels into a multichannel ¢utput
signal. Furthgr, the MPEG Surround downmix can be provided in two different modes, "Normal Modg" and
"Matrix Compatible Mode". If Matrix :Compatible Mode is used, the MPEG Surround encoder provifes a
downmix sigrjal representation that'is suitable for playback via legacy matrix surround decoders.

4.2 Basiclstructure

The basic strjicture of\the MPEG Surround system is shown in Figure 4. The data stream is de-quantizgd and
decoded in the "Bit-stream decoder" modules, as outlined in subclause 6.1. The decoded spatial data i input
to the modulgs €alculating the pre-matrix and the mix-matrix as outlined in subclause 6.5. The residual qoding
data is input o-the residual eignnl decoder as outlined-in-subclause 6.9, The inpllf eignnl is 9n9|y7nd DY the
QMF hybrid filterbank as outlined in subclause 6.3. The subband signal vector is multiplied with the pre-matrix
as outlined in subclause 6.4. Part of the resulting signal vector is input to decorrelator units as outlined in
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

4.3.1 General MPEG Surround tools

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.

© ISO/IEC 2007 — Al rights reserved 11
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4.31.2 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.

4.3.1.3 Temporal Shaping

Guided envelope shaping (GES) and Subband domain Temporal Processing (STP) are two tools that
specifically agidressthepreservationmofthetemporatstructureimtheoutputsigmat————————————————

4.3.1.4 Enhanced Matrixed Mode of MPEG Surround

The MPEG Surround system includes an enhanced matrixed mode that creates a multi-channel signal pased
on the downmix without the transmission of a MPEG Surround bitstream. The parameters required |n the
MPEG Surropind decoder are estimated from the received downmix signal. The basi¢ principle is outlifed in
the following figure.

|nput 1 Outpu’[ 1
—»  QMF analysis - »  QME synthesis —»
Input 2 Output 2
p—» QMF analysis ® - Stﬂrffﬁ d »  (QMF synthesis —»}

A/ $ decoding {
Output 6
Analysis = QMF synthesis |—»

-

Spatial parameters

Figure 5 — Enhanced Matrix Mode of MPEG Surround

4.31.5 External downmix

The MPEG Spurround system(supports the use of external downmixes. The MPEG Surround encoder analyzes
the differencg between the\internal downmix created by the MPEG Surround encoder and the external
downmix. The difference~is compensated for at the MPEG Surround decoder side. The basic principle is
outlined in th¢ following figure.
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Figure 6 — Support for external downmixes within MPEG Surround

4.3.16 Matrix inversion (Matrix Compatible Mode)

In order to supply the highest level of backwards compatibility with legacy systems, the MPEG Surround
system supports matrixed encoded downmixes. The MPEG Surround encoder can create a stgreo downmix
that is matrixed encoded, and can thus be decode by légacy matrixed surround decoders| The MPEG
Surropund decoder, will invert the matrixed encoded dowpnix, and produce the multi-channel signal based on
the inverted downmix and the spatial parameters, without any degradation in quality due to|the matrixed
encoded downmix. The basic principle is outlined in the following figure.

— ‘g_

1. . =

| Matrixed > 2

»  Surround o)

Decoder |[—® £

®

(Legacy > <

system) -

> o

3 —® | Matrixed s g ; P Matrixed | —» 3
—i »| | Preparation tereo downmix p| inversion > 3
c MPEG MPEG @
& Surround Surround | ™ £
S —» encoding _ | decoding —»- g
T Spatial parameters -

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.

HRTF s

< ™ g 2 | T >
E p» 3 5 fm = 2
S = c| JY s ™ &
5 S5O ladl 3D g dEEDY —» 5T <
2™ 28 - > = > > DG > O
2> Qo g e > 3

: 1 ; 8 T

> = o > O ° » = >
Spatial parameters L

Figure 8 — 3D stereo decoding of MPEG Surround

For binaural gecoding on the decoder side, the MPEG Surround downmix and spatial parameters are uged in
combination with HRTF filters supplied to the decoder. There are two modes 'of) operation, a parametric
approach, for] lowest complexity, and a filtering approach for highest quality. Thetbasic principle is outlined in

the following figure.

ERE<])
-V

i

Stereo downmix

MPEG Surround
encoder

Multi-channel
YVYVYVY
Yy
‘ Coading / transmission ‘

Spatial parameters

Figure 9 — Binaural decoding of MPEG Surround

4.3.2 High Quality and Low. Power MPEG Surround

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

Table 2 — Qutline of difference between the High Quality and the Low Power MEG Surround sysltem
Tool or functiomatity —High Quality versiom——————tow Powerversiom—————

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

dom
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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

MPEG Surround decoder
r—————————————g————————————- “
( I time-domain output
Delay | . ’
| ) MPEG | | te F.
AAC SBR TIF Hybrid Hybrid FIT sampling rate Fs
=P decoder [P decoder T> QMF [~ "o | analysis S;r:{ﬁg;: synthesis exp to QMF _:_>
{ exp cos |
e e e e e —————————— ]
----------- e
962 EFC’) 1%31 Delay, in time-domain

samples at Fg

Figure 11— Delay when connecting MPEG Surround in the time-domain for arbitrary core codec
(including HE-AAC)

If the MPEG Burround decoder is directly connected with a High Efficiency AAC decoder via the QMF dgmain,
as shown in Figure 12, the only additional delay is caused by the delayfrom the real to complex converter in
the case of Uow Power MPEG Surround and corresponding delay in ¢ase of High Quality MPEG Surfjound.
This is becayse the QMF synthesis filtering is the same for High Efficiency AAC and MPEG Surround, and
because the look-ahead of 384 samples needed for the Nyquist filtering is already available in the SBR {ool of
High Efficiengy AAC, as described in ISO/IEC 14496-3 subclause*8.A.3.

MPEG Surrojund, spatial parameters

| MPEG Surround decoder

Hi
HQ v < time-domdgin output,
AAC SBR dgcoder w/ Delay Hybrid MPEG Hybrid |; !V. FIT sampling rgte Fs
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decoder > QMF kynthesis -’: o5 (o analysi§ -> S;r:trr?:;: -> synthesis exp to QMF ——

exp Lp cos
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- FF-—-———f---—---¥t--—-—-—-—-—------- 9 —_ —_-—_ = ——-—_-—_-—— = ——
+ 96p-257 I_ 320 0 —l 0 | 0 + HQ: 0 | 257
LP: 320 Delay, in timetdomain

samples at Fq

Figure 12 =— Delay when connecting MPEG Surround with HE-AAC in the QMF-domain

Transmission of MPEG Surround side information with respect to transmission of the coded downmix signal is
done in such 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

opera

4.6

tion) or multiplied by 0.5 (for downsampled operation).
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4.7 |MPEG Surround Profiles and Levels
4.7.1| Introduction
This gubclause defines profiles and their levels for MPEG Surround:
Compglexity units are defined to give an approximation of the.decoder complexity in terms of prog
and RAM usage required for the MPEG Surround decoding’process. The approximated proces|
given|in “Processor Complexity Units” (PCU), specified.in MOPS. The approximated RAM usa
“‘RAM Complexity Units” (RCU), specified in kWords{(1000 words).
4.7.2| Baseline MPEG Surround Profile
The Baseline MPEG Surround Profile comiprises the tools as indicated in the following table.
Table 3 — MPEG Surround Tools relation to the Baseline MPEG Surround Profi,e
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
TCIII}JUIG: Shapll Iy /\(
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
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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 MPEG Surround decoder can be operated in two different modes, and support for both mog
mandatory fof all levels:

An MPEG Spurround decoder can provide three different output~configurations, and support for all
configurationg is mandatory for all levels except for level 1, wheré multi-channel output is not mandatory:

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

18

Lew

Normal mode (specified throughout the present document).
this mode, the decoder takes a downmix signal and a side information bitstream as input 4
generates a multi-channel output signal (or a binaural output signal).

nhanced matrix mode (differences to the normal mode specified insGbclause 6.2).

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

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

pically a 5.1 channel configuration for loudspéaker presentation. Also more complex
cpnfigurations like 7.1 channels and beyond-are supported by some levels.

tereo output (specified in subclause 6.4:7.3).

2rchannel stereo output emulating a downmix of the multi-channel signal. This is only applica
case of a 515 tree configuration because for a 525 tree configuration, the downmix is alrez
2tchannel stereo signal.

inaural output (specified in-clause 7).
tereo output for headphohes presentation, generated by integrated binaural rendering basg
h HRTF data set provided by the user to the decoder.
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Table 4 — Levels of the Baseline MPEG Surround profile

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)

2 515,525 |51 48 0 (Note 2) 25 15 12 11
(Note 4)

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

4 515,525, |71 48 64 (Note 3) 34 21 17 15
757,727
(Note 4)

5 515, 525, |32 96 64 (Note 3) 123 61 80 53
757,727, |incl. LFE (max. 70 _t(max. 38 |(max.44 |[|(max.32 at
plus at 48 kHz\}\at 48 kHz | at 48 kHz || 48 kHz
arbitrary sampling) ' | sampling) | sampling) || sampling)
tree
extension

Note|1: This level provides a 2-channel stereo output.
Note|2: Residual coding data, if present in the bitstream;\is' not utilized, hence the residual de¢oding tool is
not r¢quired.
Note|3: A low power decoder utilizes only residual.coding data for the first 8 QMF bands, corrgesponding to
approximately 2.7 kHz bandwidth.

Note|4: Arbitrary tree extension data, if presenti.is not utilized.

The fpllowing applies to all levels of the Baseline MPEG Surround Profile:

Support of stereo output for 515;(Subclause 6.4.7.3) is mandatory for all levels.

e Sppport of “Enhanced matrix,mode” (subclause 6.2) is mandatory for all levels, and also in combination

with binaural decoding.

Sppport of binaural decoding in “Single slot parametric low complexity approach” (subclause |6.11.4.1 and
slibclause 6.11.4.2.2))and 3DaudioMode (subclause 6.11.5) is mandatory for all levels.
e  Sppport for “Multi=slots HRTF convolution approach” (subclause 6.11.4.2.3) is mandatory for jall levels of a

high quality decoder (since this mode is not applicable in case of a low power decoder), and the

cpmplexityfigures assume that a set of HRTF filters with a length of 128 samples (level 1) or|512 samples

(levels 210-5) in the time domain is used.
o The complexity figures assume that normal decorrelators and not fractional delay decorrelatgrs are used

(dubclause 6.6.2.3).
.« T L

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:  9+25-2*2*1.5 =28 PCU 10+15-2*2*0.5 = 23 RCU

e Low Power: 7+12-2*2*1.0 =15 PCU 8+11-2*2*0.5 =17 RCU

ix signal itself
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5 Syntax

5.1 Payloads for Spatial Audio Coding

Table 5 — Syntax of SpatialSpecificConfig()

Syntax No. of bits  Mnemonic
SpatialSpecificConfig()
{
bsSamplingFrequencylindex; 4 uimsbf
if ( bsSamplingFrequencylndex == 0xf ) {
bsSamplingFrequency; 24 uimshf
}
bsFramg¢Length; 7 uimshf
bsFreqRes; 3 timshf
bsTreeQonfig; 4 uimshf
bsQuantMode; 2 uimshf
bsOneldc; 1 uimshf
bsArbitfaryDownmix; 1 uimshf
bsFixedGainSur; 3 uimshf
bsFixedGainLFE; 3 uimshf
bsFixedGainDMX; 3 uimshf
bsMatrixMode; 1 uimshf
bsTempShapeConfig; 2 uimshf
bsDecoirConfig; 2 uimshf
bs3DaugioMode; 1 uimshf
for (i=0; [<numOttBoxes; i++) { Note 1
OttConfig(i);
}
for (i=0; [<numTttBoxes; i++) { Note 1
TttCpnfig(i);
}
if (bsTempShapeConfig == 2) {
bsEnvQuantMode 1 uimshf
}
if (bs3DgudioMode) {
bs3DaudioHRTFset; 2 uimshf
if (bg3DaudioHRTFset==0) {
ParamHRTFset();
}
}
ByteAlign();
SpatialEktension€onfig();
}
Note 1: numPt{Boxes 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
}
}

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

Table 7 — Syntax of TttConfig()

Syntax No. of bits | Mnemonic
TttCanfig(i)
{
hsTttDualModei]; 1 uimsbf
hsTttModeLowfi]; 3 uimsbf
if (bsTttDualModel[i]) {
bsTttModeHigh(i]; 3 uimsbf
bsTttBandsLow(i]; 5 uimsbf
bsTttBandsHigh[i] = numBands; Note 1
}
dlse {
bsTttBandsLow[i] = humBands; Note 1
}
}

Note|1: numBands is defined in Table 39-and depends on bsFreqRes.

Table 8 — Syntax of ParamHRTFset()

Syntax No. of bits | Mnemonic
ParamHRTFset()
{
hsHRTFfreqRes; 3 uimsbf
hsHRTFasymmetric; 1 uimsbf
for (hc=0,-hc<HRTFnumChan; hc++) { Note 1
for (hb =0; hb <HRTFnumBands; hb ++) { Note 2
bsHRTFlevelLeft[hc][hb]; 6 uimsbf
A
J
if (bsHRTFasymmetric) {
for (hb =0; hb <HRTFnumBands; hb ++) { 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: HRTEnumPhase is defined in Tahle 53 and depends on hsHRTFfreqRes
Table 9 — Syntax of SpatialExtensionConfig()
Syntax No. of-bits Mnemjonic
SpatialExtensionConfig()
sacExtNpm = 0;
while (BifsAvailable() >= 8) { Note 1
bsSacExtType; 4 uimshf
sacBxtType[sacExtNum] = bsSacExtType;
sacHxtNum++;
cnt 3 bsSacExtLen; 4 uimshf
if (crt==15) {
bnt += bsSacExtLenAdd; 8 uimsbf
1
if (cnt==15+255) {
tnt += bsSacExtLenAddAdd; 16 uimshf
1
bitsRead = SpatialExtensionConfigData(bsSacExtType) Note 2
nFillBits = 8*cnt-bitsRead;
bsFillBits; nFillBits bslbf
}
}
}
Note 1: The function BitsAvailable() returns the number of bits available to be read.
Note 2: SpatfjalExtensionConfigData() returns the number of bits read.
Table 10 — Syntax of SpatialExtensionConfigData(0)
Syntax No. of bits  Mnemjonic
SpatialExtensionConfigData(0)
{
bsResidualSamplingFrequencyindex; /) uimsbf
bsResidualFramesPerSpatialFrame; 2 uimsbf
for (i=0; i<numOttBoxes+numTttBoxes; i++) { Note 1

Resi

}
}

dualConfig(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)
Syntax No. of*bits | Mnemonic
SpatialExtensionConfigData(1)
{
ksArbitraryDownmixResidualSamplingFrequencylndex; 4 uimsbf
ksArbitraryDownmixResidualFramesPerSpatialFrame; 2 uimsbf
khsArbitraryDownmixResidualBands; 5 uimsbf
}
Table 13 — Syntax of SpatialExtensionConfigData(2)
Syntax No. of bits | Mnemonic
SpatialExtensionConfigData(2)
{
TreeConfig();
}
Table 14 — Syntax of TreeConfig()
Syntax No. of bits | Mnemonic
TreeConfig()
{
numOutChanAT = 0;
nMumOttBoxesAT = 0;
for (ch = 0; ch < numOutChan ) Note 1
tmpOpen = 14
idx = 0;
while tnapOpen > 0) {
bsOttBoxPresent [ch][idX]; 1 uimsbf
if (bsOttBoxPresent[ch][idx]) {
numOttBoxesAT = numOttBoxesAT+1;
tlll'JO'JUII = tlll'JO'JUI +4 )
}
else {
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
}
}
for (i=0; {<nuMOUtChanAT; j++) {
bsOutputChannelPosi] 5 uimshf

}

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

Table 15 — Syntax of SpatialFrame()

Syntax No. of bits  Mnemjonic
SpatialFramg()
{
Framing|nfo();
bsindependencyFlag; 1 uimshf
OttData();
TttData();
SmgDat();
TempShppeData();
if (bsArbltraryDownmix != 0) {
ArbifraryDownmixData();
}
ByteAligh();
SpatialEktensionFrame();
}
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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){
bsParamSiot[0]; nBitsPara uimsbf
mSlot(0) Note 2
elsef
bsDiffParamSlot[ps]; nBitsPara | uimsbf

mSlot(ps) | Note 2
bsParamSilot[ps] = bsParamSiot[ps-1] + bsDiffParamSlot[ps] + 1;

Note[1: numParamSets is defined by numParamSets = bsNumParamSeis'+ 1.
Note|2: nBitsParamSlot(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()

Syntax No. of bits | Mnemonic
OttData()
{
for (i=0; i<numOttBoxes; i++) { Note 1
EcData(CLD, i, 0, bsOttBandsi]);
}
il (bsOnelcc) {
EcData(ICC, 0, 0, numBands); Note 2
}
dlse {
for (i=0; i<numOttBoxes; i++) { Note 1
if (lottMedelLfel[i]) { Note 1
EcData(ICC, i, 0, bsOttBands]i]);
!
}
}

}
Note 1: numOttBoxes and ottModeLfe[i] are defined by Table 40 and depends on bsTreeConfig.
Note 2: numBands is defined in Table 39 and depends on bsFreqRes.
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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]);
EcData(ICC, tttOff+4*i, 0, bsTttBandsLowf[i]);
}
elseff
FcData(CLD, tttOff+4*i, 0, bsTttBandsLow][i]);
FcData(CLD, tttOff+4*i+1, 0, bsTttBandsLow][i]);
}
if (bgTttDualModeli]) {
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]);
A
J
else {
EcData(CLD, tttOff+4*i+2, bsTttBandsLow]i], bsTttBandsHighli]);
EcData(CLD, tttOff+4*i+3, bsTttBandsLow]i], bsTttBandsHighli]);
A
J
}
}
}
Note 1: numpPttBoxes is defined by Table 40 and depends on“bsTreeConfig.
Table 19 — Syntax of SmgData()
Syntax No. of bits  Mnemjonic
SmgData()
for (ps=(; ps<numParamSets; ps++) { Note 1
bsSmoothMode[ps]; 2 uimshf
if (bgSmoothMode[ps] 7=2) {
psSmoothTime[ps]; 2 uimshf
}
if (b§SmoothMadefps] == 3) {
psFreqResStrideSmg|[ps]; 2 uimshf
ataBands = (humBands-1)/pbStride+1; Note 2
r{pg=0; pg<dataBands; pg++) {
bsSmgData[ps][pg]; 1 uimshf

}

}
}

Note 1: numParamSets is defined by numParamSets = bsNumParamSets + 1.

bsFregRes.

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
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Table 20 — Syntax of TempShapeData()

Syntax No. of bits  Mnemonic
TempShapeData()
if (bsTempShapeConfig != 0) {
bsTempShapeEnable; 1 uimsbf
if (bsTempShapeEnable) {
for (ch=0; ch<numTempShapeChan; ch++) { Note 1
bsTempShapeEnableChannel[ch]; 1 uimsbf

}
if (bsTempShapeConfig == 2) {
EnvelopeReshapeHuff(bs TempShapeEnableChannel);

}

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

}

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

Table 21 — Syntax of EnvelopeReshapeHuff()

Syntax No. of bits | Mnemonic
EnvelopeReshapeHuff()
{

for (ch=0; ch<numTempShapeChan; ch++ ) { Note 1

if (bsTempShapeEnableChan]ch]) {
numValRcvd = 0;

while (numValRcvd < numTimeSlots) { Note 2

(erVal, erLen) = 2Dhuff ‘dec(hcod2D_EnvRes, bsCodeW); 1..x viclbf

for (k=numValRcvd; k<numValRcvd+erLen; k++) {
bsEnvShapeData[ch][k] = erVal;

numValRcvd +='erlLen;

}
}
Note[1: numTempShapeChan is defined by Table 40 and depends on bsTempShapeConfig and
bsTre¢eConfid.

Note|2: numSlots is defined by numSlots = bsFrameLength + 1.
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Table 22 — Syntax of ArbitraryDownmixData()

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

if (bgDataPairXXX[paramldx][setldx]).{

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

bsFreqResStrideXXX[paramldx][setldx+1] =

bsFregResStrideXXX[paramldx][setldx];

}
setldx += bsDataPaifXXX[paramldx][setldx]+1;

}
startBangXXX[paramldx] = startBand;

stopBan@ XXX[paramldx] = stopBand;
}

Syntax No. of bits  Mnemonic
ArbitraryDownmixData()
adOff = numOttBoxes+4*numTttBoxes;
for (ic=0; iccnumInChan; ic++) {
EcData(CLD, adOff+ic, 0, numBands); Note 1
}
}
Note 1: numBands is defined in Table 39 and depends on bsFregRes.
Table 23 — EcData()
Syntax No. of bits\, -Mnemjonic
EcData(data[l'ype, paramldx, startBand, stopBand) Note 1
{
dataSetq = 0;
for (ps=Q; ps<numParamSets; ps++) { Note 2
bsXXXdataMode[paramldx][ps]; 2 uimshf
if ( bpXXXdataMode[paramldx][ps] == 3 ) {
ataSets++;
}
}
setldx =;
while (sqtldx < dataSets) {
bsDataPairXXX[paramldx][setldx]; 1 uimshf
bsQuantCoarseXXX[paramldx][setldx]; 1 uimshf
bsFreqResStrideXXX[paramldx][setldx]; 2 uimshf
dataBands = (stopBand-startBand-1)/pbStride+4; Note 3

Note 1: XXXlisAo'be replaced by the value of dataType (CLD, ICC, CPC, ATD ).
Note 2: numParamSets is defined by numParamSets = bsNumParamSets + 1.

be interpreted as ANSI C integer division.

Note 3: pbStride is defined in Table 70 and depends on bsFreqResStride[][]. Furthermore the division shall
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Syntax

No. of bits

Mnemonic

EcDataPair(dataType, paramldx, setldx, dataBands, pairFlag, coarseFlag)

{

mixedTimePair_flag = 0;

bsPcmCodingXXX[paramldx][setldx];

bsPilotCodingXXX[paramldx][setldx] = 0;

if (bsPcmCodingXXX[paramldx][setldx] && dataBands>4) {
bsPilotCodingXXX[paramldx][setldx];

}

if (coarseFlag) {

numQuantSteps = numQuantStepsXXXCoarse;
Else {

numQuantSteps = numQuantStepsXXXFine;

aaDataPair = GroupedPcmData( dataType, pairFlag,
numQuantSteps, dataBands );

(O Wi

Ise {
allowDiffTimeBack = ('bsIndependencyFlag) || (setldx>0);
(aaDataPairMsbDiff, aPgOffset, pilot, mixedTimePair_flag)=
DiffHuffData( dataType, pairFlag,

aaDataPairLsb[0] = LsbData( dataType, coarseFlag)dataBands );
if (pairFlag) {

aaDataPairLsb[1] = LsbData( dataType, coarseFlag, dataBands);
}

~

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

sDiffTypeXXX[paramldx][setldx] = bsDiffType[0];
sDiffTimeDirectionXXX[paramldx][setldx] = bsDiffTimeDirection[0];
sXXXpilot[paramldx][setldx] = pilot;
nixedTimePairXXX[paramldx][setldx] = mixedTimePair_flag;

= O O O

{ (pairFlag) {
bsDiffTypeXXX[paramldx][setldx+1] = bsDiffType[1];

bsPcm€odingXXX[paramldx][setldx+1] =
bsPcmCodingXXX[paramldx][setldx];

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

bsDiffTimeDirectionXXX[paramldx][setldx+1] = bsDiffTimeDirection[1];

if (bsPcmCoding[paramIdx][setlax] &&IbsPilotCoding X XX[paramIdx][setldx]) {

allowDiffTimeBack, bsPilotCodingXXX[paramldx][setldx], dataBands);

bsPilotCodinaXXXIparamldxllsetldx+1]l =
7 L JL g

bsPilotCodingXXX[paramldx][setldx];
mixedTimePairXXX[paramldx][setldx+1] = mixedTimePair_flag;
}
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];
}
}
} }
Note 1: XXXlis to be replaced by the value of dataType. ( CLD, ICC, CPC, ATD ).
Note 2: numQuantStepsXXXCoarse and numQuantStepsXXXFine is defined in Table 71 and depends ¢n
data[l'ype.
Table 25 — Syntax of GroupedPcmData()
Syntax NO. of bits  Mnemjonic
GroupedPcnjData(dataType, pairFlag, numQuantSteps, dataBands)
{
numPcmnDataBands = dataBands;
if ( pairFlag ) {
numPcmDataBands *= 2;
}
for (i=0 | iknumPcmDataBands ; i+= maxGrpLen ) { Note 1
grpLen = min( maxGrpLen, numPcmDataBands - i %;
nGrpBits = ceil( grpLen*log,(numQuantSteps) );
bsP¢mWord,; nGrpBits  uimshf
for (| = 0;j <grpLen; j++){
idx =i+ (grpLen—1) —j;
cmValue = bsPcmWord % numQuantSteps; Note 2
if (pairFlag) {
aaDataPair[idx%2][idx/2] =pcmValue; Note 2
Ise {
aaDataPair[0][idx].= pcmValue;
sPcmWord /= numQuantSteps;
}
}
return (apDataRair);
}
Note 1. maxErptenis-defiredinTable72-and-depends-ornrumQuantSteps:
Note 2: % denotes the modulo operator (ANSI C integer math) and returns the remainder of the division.
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Table 26 — Syntax of DiffHuffData()

Syntax No. of bits Mnemonic

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

mixedTimePair_flag = 0;

bsDiffType[0] = DIFF_FREQ;
bsDiffType[1] = DIFF_FREQ;
if (pilotCodingFlag) {

pilot = 1Dhuff_dec(hcodPilot_ XXX, bsCodeW); 1..

viclbf

M -

Ise {
if ( pairFlag || allowDiffTimeBackFlag ) {
bsDiffType|[0]; 1

}
if ( pairFlag && ( ( bsDiffType[0] == DIFF_FREQ ) ||
allowDiffTimeBackFlag ) ) {
bsDiffType[1]; 1

khsCodingScheme; 1

if ( bsCodingScheme == HUFF_1D ) {

(aaHuffData[0]) = HuffData1D( dataType, aDiffTyp€e[0], pilotCodingFlag,
dataBands );

if ( pairFlag ) {

(aaHuffData[1]) = HuffData1D( dataType, aDiffType[1],
pilot€odingFlag,
dataBands );

}

Ise { /*HUFF_2D */
if (pairFlag) {
bsPairing; 1
}

else {
bsPairing =-FREQ_PAIR;
}

if ( bsPairing == FREQ_PAIR ) {
(aaHuffData[0]) =
HuffData2DFreqPair( dataType, aDiffType[0],
pilotCodingFlag, dataBands );

M -

if( pairFlag ) {
(aaHuffData[1]) =

ote1,Note2

Jimsbf

UJimsbf

UJimsbf

UJimsbf

HuffDataZDFreqPair( datalype, aDifType[T],
pilotCodingFlag, dataBands );

}

}
else{ /* TIME_PAIR */

(aaHuffData) =

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

}
if ( ppirFlag ) {

sDiffTimeDirection[1] = BACKWARDS;
}

}

return (apHuffData, aPgOffset, pilot, mixedTimePair_flag);
}
Note 1: XXXlis to be replaced by the value of dataType (CLD, ICC or CPC, ATD).
Note 2: 1Dhyiff _dec() is defined in Annex A.1.

Table 27 — Syntax of HuffData1D()

Syntax No. of bits  Mnenjonic
HuffData1D(dataType, diffType, pilotCodingFlag, dataBands)
{
pgOffset| = 0;
if ( diffType == DIFF_FREQ &&!pilotCodingFlag) {
aHuifData1D[0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1..x viclbf
Note 1,3
pgOffset = 1;
}
for (i=pdOffset; i<dataBands.i#+ ) {
aHuffData1D[i] = 1Dhuff Jdec(hcod1D_XXX_YY, bsCodeW); 1..x viclbf
Note1,2,3
if (aHuffData1D[i]=0 ) {
sSign; 1 Uimshf
if ( bsSigh-)'{
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); 1..3 Viclbf
lav = lavTabXXX[Lavldx]; Note 1
pgOffset = 0;
if ( diffType == DIFF_FREQ &&!pilotCodingFlag) {
aHuffData2D[0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1..x viclbf Note6
pgOffset = 1,
}
gscapeCode = hcod2D XXX YY_FP_LL escape; Note2,3,4,5
/T specific escape code belonging to this Huffman table */
gscCntr = 0;
for (i=pgOffset; i<dataBands; i+=2 ) {
(aTmp[0], aTmp[1]) = 2Dhuff_dec(hcod2D_XXX_YY_FP_LL, bs€odeW); 1..x Viclbf,
Note3,4,5,6

if (bsCodeWord != escapeCode ) {
aTmpSym = SymmetryData( aTmp );
aHuffData2D][i] = aTmpSym][0];
aHuffData2D[i+1] = aTmpSym|[1];

}
else {

aEsclList[escCntr++] = i;
}

if (escCntr>0){
aaEscData = GroupedPcmData(dataType, 1, 2*lav+1, escCntr);
for (i=0; i<escCntr; i++ ) {
aHuffData2D[aEscL.ist|i]] = aaEscData[0][i] - lav;
aHuffData2D[aEscList[i]+1] = aaEscData[1][i] - lav;

}
}
if ( (dataBandsspgOffset) % 2 ) { Note 7
aHuffData2D[dataBands-1] = 1Dhuff_dec(hcod1D_XXX_YY, bsCodeW); 1..x Viclbf,
Note3,4,6
if (aHuffData2D[dataBands-1] =0 ) {
bsSign; 1 Jimsbf
if ( bsSign ) {
aHuttDataZD[databBands-1] = -aHuiiDataZD|dataBands-1];
}
}
}

return (aHuffData2D);
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Note 2:

Note 3:
Note 4:

Note 7:

Note 1: lavTabXXX is defined in Table 76.
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.

XXX is to be replaced by the value of dataType (CLD, ICC, CPC, ATD ).

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.
% 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
HuffData2DTimePair(dataType, aDiffType, pilotCodingFlag, dataBands)
{
Lavldx = 1Dhuff_dec(hcodLavldx, bsCodeW); 1..3 Viclbf
lav = lavlrabXXX[Lavldx]; Note 1
pgOffset| = 0;
if ( ((aDiffType[0] == DIFF_FREQ) || (aDiffType[1] == DIFF_FREQ) )
&&!pilotCodingFlag) {
aaHyffData2D[0][0] = 1Dhuff_dec(hcodFirstBand_XXX, bsCodeW); 1..x viclbf,
Note3,6
aaHyffData2D[1][0] = 1Dhuff_dec(hcodFirstBand_XXX,lo0s€CodeW); 1..x viclbf,
Note3,6]
pgOffset = 1;
}
escape(ode = hcod2D_XXX_YY_TP_LL escapg; Note2,3[4,5
* specific escape code belonging to this Huffman table */
escCntr F 0;
if ( (aDifffType[0] == DIFF_TIME) |((aDiffType[1] == DIFF_TIME) ) {
diffType = DIFF_TIME;
}
Else {
diffType = DIFF_FREQ;
}
for ( i=pdOffset; isdataBands; i++ ) {
(aTrp[0], aTmp[1]) = 2Dhuff_dec(hcod2D_XXX_ YY_TP_LL, bsCodeW); 1..x viclbf,
Note3,415,6
if (bgCoadeW != escapeCode ) {
TIII'JS_YIII = SyllllllUtlyData( GTIII'J ),
aaHuffData2D[0][i] = aTmpSym][0];
aaHuffData2D[1][i] = aTmpSym|[1];
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 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 ).
Notel|4: YY is to be replaced by “PC”, “DF”, or “DT”, depending on the value of pilotCodingFlag gnd 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()
Syntax No. of bits | Mnemonic
SyminetryData(aDataPair)
{

gumVal = aDataPair[0] + aDataPair[1];
diffVal = aDataPair[0] - aDataPair[1];

if (sumVal >lav){

aDataPair[0] = (2*lav+1) - sumVal;
aDataPair[1] = - diffVal;

}

glse {
aDataPair[0] = sumVal;
aDataPair[1] = diffVal,

—_——

il ( aDataPair[0] + aDataPair{1]}= 0 ) {
bsSymBit[0]; 1 uimsbf
if (bsSymBit[0] ) {
aDataPair[0]«=aDataPair[0];
aDataPair[1] = - aDataPair[1];
}

if (aDataPRait[0] - aDataPair[1] =0 ) {
bsSymBit[1]; 1 uimsbf
if(( bsSymBit[1] ) {

tmpVal = aDataPair[0];

APt DAaIN] — SNt D Aol
aoatar art [U] aoatar arr |

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
}
aDataOult[i] =bsLsb;
}
return (aPataOut);
}
Table 32 — Syntax of SpatialExtensionFrame()
Syntax N6-of bits  Mnemjonic

SpatialExtensionFrame()

for (ec=(Q; ec<sacExtNum; ec++) {
if (sgcExtType[ec]<12) {

nt = bsSacExtLen; 8 uimshf

if (cnt==255) {
cnt += bsSacExtLenAdd; 16 uimshf

A
J
IitsRead = SpatialExtensionFrameData(sacExtTypefec]) Note 1

FillBits = 8*cnt-bitsRead;

psFillBits; nFillBits bslbf

}
}

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

Table 33 — Syntax of SpatialExtensionFrameData(0)

Syntax No. of bits  Mnemjonic

SpatialExtensionFrameData(0)

{
}

ResidualData();
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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 (bslccDiffPresent][i][ps]) {
for (pb=0; pb<bsResidualBands]Ji]; pb++) {
[ccDIfi[[ps]Ipb] = 1.7 viclbf
1Dhuff_dec(hcod1D_ICC_Diff,bsCodeW); Note 3
}
}
}
}
tempExtraFrame=numSiots/(bsResidualFramesPerSpatialFrame+1), Note 4
for (rf=0; rf<bsResidualFramesPerSpatialFrame; rf++)
individual_channel_stream(0); Note 1
if (window_sequence == EIGHT_SHORT_SEQUENCE).&& Note 5
((tempExtraFrame == 18) || (tempExtraFrame 5= 24) ||
(tempExtraFrame == 30)) {
individual_channel_stream(0); Note 1
}
}
}
}
}
Note[l: individual_channel_stream(0) accordingto-MPEG-2 AAC Low Complexity profile bitstredm syntax
described in subclause 6.3 of ISO/IEC 13818-7.
Note|2: numParamSets is defined by numRaramSets = bsNumParamSets + 1.
Note|3: 1Dhuff_dec() is defined in AnnexA.1.
Note[4: numSiots is defined by numSI¢ts = bsFrameLength +1. Furthermore the division shall bg
interpreted as ANSI C integer division.
Note|5: individual _channel stream(0) determines the value of window sequence.
Table 35 — Syntax of SpatialExtensionFrameData(1)
Syntax No. of bits | Mnemonic
SpatialExtensionDataFrame(1)
{
ArbitrafyDownmixResidualData();
}
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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
for (rf = 0; rf < bsArbitraryDownmixResidualFramesPerSpatialFrame + 1;
rf++)
i (AacEN == 0){ Notg 4
1 individual_channel_stream(0); Note\4
Ise{
channel_pair_element(); Note §
A
J
if (window_sequence == EIGHT_SHORT_SEQUENCE) && Note ¢
((resFrameLength == 18) || (resFramelLength == 24) ||
(resFramelLength == 30)) {
if (AacEl[i] == 0) {
individual_channel_stream(0); Note 4
elsef
channel_pair_element(); Note §
1
}
}
}
}
Note 1: numBlots is defined by numSlots = bsFrameLength™+™. Furthermore the division shall be
interpreted as ANSI C integer division.
Note 2: numAacEl indicates the number of AAC elements in the current frame according to Table 81.
Note 3: Aackl indicates the type of each AAC element in the current frame according to Table 81.
Note 4: indiidual_channel_stream(0) according-to-MPEG-2 AAC Low Complexity profile bitstream syntax
desdribed in subclause 6.3 of ISO/IEC13818-7.
Note 5: charnel_pair_element(); accordingto MPEG-2 AAC Low Complexity profile bitsream syntax
desdribed in subclause 6.3 of ISO/EC 13818-7. The parameter common_window is set to 1.
Note 6: The value of window_sequencelis determined in individual_channel_stream(0) or
charjnel_pair_element().
Table 37 — Syntax of SpatialExtensionFrameData(2)
Syntax No. of bits  Mnemjonic
SpatialExtensionFrameData(2)
Arbitrary[l reeData();
}
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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().

5.2 |Definition
ByteAlign() Up to 7 fill bits to achieve byte alignment with respect to the beginning ¢f the
syntactic element in which ByteAlign() occurs.

SpatialSpecificConfig() Syntactic element that contains the SAC configuration data)(header).

bsSamplingFrequencyindex
see ISO/IEC 14496-3, subclause 1.6.3.4.

bsSamplingFrequency see ISO/IEC 14496-3, subclause 1.6.3.3.

bsFrameLength Defines the number of time slots in a spatial frame according to:
numSlots = bsFrameLength + 1.

bsFrgqRes Defines the number of parameter bands according to:

Table 39 — bsFreqRes

bsFreqRes numBands
Reserved
28

20

14

10

7

5

4

NO O WN -0

bsTreeConfig Defines the tree configuration according to:
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Table 40 — bsTreeConfig

bsTreeConfig Meaning

0 5151 configuration
numOttBoxes = 5
defaultCId[0] = 1
defaultCId[1] = 1
defaultCId[2] = 0
defaultCId[3] = 0
defaultCId[4] = 1
defaultCId[5] = 0
ottModeLfe[0] = 0
ottModeLte[1] =0
ottModeLfe[2] = 0
ottModeLfe[3] =0
ottModeLfe[4] = 1
numTttBoxes = 0
numinChan = 1
numOutChan = 6
output channel ordering: L, R, G, LFE, Ls, Rs

1 5152 configuration
numOttBoxes = 5
defaultCId[0] = 1
defaultCId[1] = 0
defaultCId[2] = 1
defaultCId[3}= 1
defaultCId{4)= 1
defaultClid[5] = 0
ottModeLfe[0] = 0
ottMoadelLfe[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
defaultCId[1] = 1
defaultCId[2] = 1
defaultCId[3] = 1
defaultCId[4] = 0
defaultCId[5] = 1
defaultCId[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
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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
defaultCld[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.ardering: L, Lc, Ls, R, Rc| Rs, C,
LFE

4 7272 configuration (3/4.1)
numOttBoxes = 5
defatitCId[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, Rgr, Rs, C,
LFE
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7571 configuration (5/2.1)
numOttBoxes = 2
defaultCId[0] = 1
defaultCId[1] = 1
defaultCId[2] = 0
defaultCId[3] = 0
defaultCld[4] = 0
defaultCId[5] = 0
defaultCId[6] = 0
defaultCId[7] =0
ottModeLfe[0] = 0
ottModel fe[11 =0

7...

15

numTttBoxes = 0
numInChan =6
numOutChan = 8
output channel ordering: L, Lc, Ls, R, Re, Rs, C,
LFE
7572 configuration (3/4.1)
numOttBoxes = 2
defaultCId[0] = 1
defaultCId[1] = 1
defaultCId[2] = 0
defaultCId[3] = 0
defaultCId[4] = O
defaultCId[5] = 0
defaultCIld[6}= O
defaultCld[7}=0
ottModeLfe[0] =0
ottModelLfe[1] =0
numTttBoxes = 0
numinChan = 6
numOutChan = 8
output channel ordering: L, Lsr, Ls, R, Rsr, Rs,
LFE
Reserved

bsQuantMode Defines quantization and CLD energy-dependent quantization (EdQ) according

Table 41 — bsQuantMode

—

O:

bsQuantMode

Meaning

0

1
2
3

default fine quantization for CLD, ICC, CPC
as above, but with first CLD EdQ curve

as above, but with second CLD EdQ curve
Reserved

bsOnelcc Indicates if only a single left/right ICC parameter is conveyed common to all OTT

boxes.

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

Table 42 — bsArbitraryDownmix

bsArbitraryDownmix Arbitrary down-

mix gains

0
1

Not present
Present

42
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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)
5.7 reserved
bsFi)JedGainsLFE 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

bsFixedGainsDMX Defines the gains used for the dowamix'according to:

Table 45 — bsFixedGainsDMX

bsFixedGainDMX Downmix gain
1

NOUAWN-O
N
>
—_~
£
SRR

bsMatrixMode Indicates if a matrix compatible stereo downmix has been generated injthe encoder
according to:

Table 46 — bsMatrixMode

bsMatrixMode Meaning
0 normal downmix
1 matrix compatible stereo downmix
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bsTempShapeConfig

bsDecorrCo

bs3DaudioMode

bsEnvQuantMode

bs3DaudioHRTFset

OttConfig()
bsOttBands

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

Table 48 — bsDecorrConfig

bsDecorrConfig

Meaning

0

1
2
3

QMF split frequencies: 3, 15, 24, 65
QMF split frequencies: 3, 50, 65, 65
QMF split frequencies: 0, 15, 65, 65
Reserved

Indicates that the stereo downmix was 3D audio enc¢oded and that inverse HR

processing is to be applied.

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

Table 49 — bsEnvQuantMode

bsEnvQuantMode Meaning
0 5-step_quantizer
1 reserved

Indicates the set of HRTRE{parameters according to the following table:

Table 50 — bs3DaudioHRTFset

F

bs3DaudioHRTFset

Meaning

0

1
2
3

set of HRTF parameters defined by ParamHRTFset()
reserved
reserved
reserved

Syntactic element that contains the configuration of an OTT box.

Defines the number of parameter bands 0 <= pb < bsOttBands for which OTT

information is present.

TttConfig()
bsTttDualMode

44

Syntactic element that contains the configuration of a TTT box.

Indicates if the TTT box operates in different modes for a low and high band range

according to:

Table 51 — bsTttDualMode

bsTttDualMode

Meaning

0

1

same TTT mode for full band range (i.e. no separate
high band range)
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)
with subtraction, matrix compatibility enabled
3 energy-based mode (2 CLD)
with subtraction, matrix compatibility disgbled
4 energy-based mode (2 CLD)
without subtraction, matrix compatibility gnabled
5 energy-based mode (2 CLD)
without subtraction, matrix compatibility disabled
6 Reserved
7 Reserved
bsTttBandsLow Defines the number of parameter bands for which, TTT information is present. The
full band range or low band range is 0 <= pb<\bsTttBandsLow.
bsTttModeHigh Same as bsTttModeLow but for high bandrange.
bsTttBandsHigh Same as bsTttBandsLow but for high band range. The high band rangq is
bsTttBandsLow <= pb < bsTttBandsHigh.
ParamHRTFset() Syntactic element that contains'a set of HRTF parameters.
bsHRTFfreqRes Indicates number parameterbands 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
bsHRTFasymmetric Indicates if HRTF set is asymmetric.
bsHRTFlevelLeft Level of left ear (quantization step size 1 dB).
bsHRTFlevelRight Level of right ear (quantization step size 1 dB).
bsHRTFphase Indicates if phase difference data is conveyed.
bsHRTFphaseLR Phase difference between left and right ear (uniform quantization).
bsHRTFicc Indicates if HRTF ICC data is conveyed.

bsHRTFiccLR

SpatialExtensionConfig()

sacExtNum

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)

4.1 Reserved, SpatialExtensionFrameData() present

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

container ec.
bsSacExtLe

bsSacExtLeIAdd Additional number of bytes in SpatialExtensionConfigData() or
SpatialExtensionFrameData().

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

SpatialExtengionConfigData(bsSacExtType)
Instance of the SpatialExtensionConfigData that carries configuration data for gpatial
extension of type bsSacExtType (see Table'54).

Number of bytes in SpatialExtensionConfigData() or SpatialExtensionFrameD43gta().

SpatialExtengionConfigData(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 defined-by numSlots = bsFrameLength + 1.

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

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

bsResidualSamplingFrequencylndex
Determines the sampling frequency assumed when decoding the AAC
individual_channel_stream(), according to ISO/IEC 14496-4.

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.
bsResidualPresent Indicates if residual signal information is present.

bsRegi s-for which

residual signal information is present.

SpatiglExtensionConfigData(1)
Syntactic element that, if present, indicates that arbitrary downmix resiqual coding
information is available. Arbitrary downmix residual codingqs only suppprted for the
spatial frame lengths according to Table 55. numSilots is-déefined by nuinSlots =
bsFramelLength + 1.

bsArbitraryDownmixResidualSamplingFrequencylndex
Determines the sampling frequency assumed when decoding the AAC |ndividual
channel streams or channel pair elements, according to ISO/IEC 14494-4.

bsArbitraryDownmixResidualFramesPerSpatialFrame
Indicates the number of arbitrary down-mix residual frames per spatial frame,
ranging from one to four accordingd4o Table 57

Table 57 — bsArbitraryDownmixResidualFramesPerSpatialFrame

bsArbitraryDownmixResidualFramesPerSpatialFrame number of{ arbitrary
down-mixjresidual
frames perl spatial

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

bsArbitraryDownmixResidualBands
Defines the number of parameter bands 0 <= bsArbitraryDownmixResi¢lualBands <
numBands for which arbitrary down-mix residual signal information is pfesent.

SpatialExtensionGenfigData(2)
Syntactic element that, if present, indicates that arbitrary tree data is available.

TreeQonfig() Syntactic element describing tree
bsOtiBox

an OTT box

according to:

Table 58 — bsOttBoxPresent

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

bsOttModelfe

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

Table 59 — ottDefaultCld

ottDefaultCld Meaning
0 default idxCLD[][][] = 0
1 default idxCLD[][][] = 15

Indicates if OTT box operates in normal or LFE mode according to:

Table 60 — ottModeLfe

ottModelfe Meaning
0 OTT box in normal mode
1 OTT box in LFE mode
bsOutputChannelPos Specifies the loudspeaker positions associated with each output Chahnel of theltree
as follows:
Table 61 — bsOutputChannelPos
bsOutputChannelPos | Channel abbreviation Loudspeaker position
0 L LeftEront
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 Lss 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 Regr
21 Rvr Right Surround Vertical Height Rear
22 Cvr Center Vertical Height Rear
23 Lvss Left Vertical Height Side Surrount
24 Rvss Right-\ertical-Height-Side-Surround
25 Ts Top Center Surround
26 LFE2 Low Frequency Enhancement 2
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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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

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

Defines the time slot to which each parameter set (0 <= ps < numParamSets)

bsDiffParamSlot[ps]

OttD4dta()
TttDaja()
SmgData()

bsSmoothMode

bsSmoothTime

applies, where ps = 0 for the first time slot in a frame. If nBitsParamS1o{(0) > 0,
bsParamSlot[0] is directly read from the bitstream. If nBitsParamSIot(0)) == 0, then
bsParamsSlot[0] = 0. bsParamSilot[ps] for 0 < ps < numParam3ets is further
determined by bsDiffParamSlot[ps].

Defines the difference between consecutive bsParamSlot{ps]’s accord|ng to
bsParamSilot[ps] = bsParamSlot[ps-1] + bsDiffParamSlot[ps] + 1 for 0 < ps <
numParamSets, where bsDiffParamSlot[ps] = 0 if nBitsParamSlot(ps) ==

Syntactic element that contains all parameters forall OTT boxes.
Syntactic element that contains all parameters for all TTT boxes.

Syntactic element that contains the information about the temporal smdothing to be
applied to the dequantized spatial parameters.

Defines the smoothing mode for a-parameter set according to:

Table 63 — bsSmoothMode

bsSmoothMode Meaning

0 set all smoothing flags to 0 (off)

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

3 read coded smoothing flags

Table 64 — number of time slots depending on bsSmoothTime

Defines thé 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.

bsSmoothTime smoothTime
0 64
1 128
2 256
3 512

bsFreqResStrideSmg

bsSmgData
smgData[ps][pb]

© ISO/IEC 2007 — All rights reserved

Indicates whether and how parameter bands are grouped for transmission of
bsSmgData. Grouping is performed according to Table 70.

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

bsTempShapeEnableChannel[ch]

Meaning

0

temporal processing inactive

EnvelopeReshapeHuff()

bsCodeW
hcod2D EnvRes

ArbitraryDowphmixData()
EcData()

1

temporal processing active

The channel ordering is according to Table 67:

Table 67 — Channel ordering for TempShapeEnableChannel

bsTempShape bsTreeConfig
Config

numTemp
ShapeChan

Channel ordering

L,R,C;Ls,Rs
LyR,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

NNDNDNDDNDMNDNDDNDND R, A A A A A
OO WON_OO00ONPWN-O0O

A BANNOUOAIDAPRPOOODMOIO

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

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

Huffmanicode word or escape code.

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

information.

Syntactic element that contains the arbitrary downmix gain parameters.

Syntactic element that contains all parameter subsets of a given parameter in t

SAC frame.

aping

bsXXXdataMode

bsDataPairXXX

50

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

according to:

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)

bsFreqResStrideXXX Indicates whether and how parameter bands are grouped for entropy coding of XXX

data _COr accaordinata Toahla 70

aHBiRa-e-Barfarmad ol
Cota oo P Mg P oMM O™t CoramgtO—aorC—o-

Table 70 — bsFreqResStrideXXX

bsFreqResStrideXXX  pbStride
0 1 (i.e., no grouping)
1 2
2 5
3 28
EcDagaPair() Syntactic element that contains one or two témporally subsequent parameter
subsets of a given parameter in the SAC.frame.
bsPcmCoding XXX Indicates whether PCM coding is applied.
bsPilptCodingXXX Indicates whether pilot-based coding is applied in a single or in two temlporally

successive data sets.

GroupedPcmData() Syntactic element that contains one or two temporally subsequent parameter
subsets of a given parameter in the SAC frame, where groups of quant(zed values
are represented by a single PCM code. numQuantSteps depends on the data type
XXX and whether cearse or fine quantization is used and is defined in Table 71.
maxGrpLen depefds on numQuantSteps and is defined in Table 72.

Table 71 — numQuantSteps

XXX (dataType) numQuantStepsXXXCoarse numQuantStepsXXXFine
CLD 16 31

IGC 4 8

CPC 26 51

Table 72 — maxGrpLen

numQuantSteps maxGrpLen
3

6

7

11

13

19

25

51

any other value

PR OWOPRABEANO OO

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

hcodPilot_XXX

bsDiffType

bsCodingScheme

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.

One bit determining whether 1D or 2D Huffman coding is applied:

bsPairing

bsDiffTimeDjrection

HuffData1D()

hcodFirstBand_XXX

hcod1D_XXX_YY,

Table 75 — bsCodingocheme

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 céde:

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 reflative
to predecessor or successor frame.

Table 75 — bsDiffTimeDirection

Mnemonic Value Meaning

BACKWARDS 0 difference relative to previous
parameter time slot data

FORWARDS 1 difference relative to following
parameter time slot data

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 applied
for coding of the lowest frequency band whenever differential coding in frequercy

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 applied

fornilat haocad Ay Affarantiallhy AanAAA Aoto vaithh VN Aataraaininea thn ioana ~f Al

bsSign
HuffData2DFreqPair()

52

ferpHet-based-ordifferentially-coded-data-with--determining-the-usage-of pHot-
based coding or the direction of the difference calculation (PC: pilot-based
coding;DF: differences in frequency direction; DT: differences in time direction). The
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

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

hcod3D XXX _YY_ZZ LL_escape

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

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

the data type of which is determined by the value'of XXX. It is applied f
or differentially coded data with YY determining.the usage of pilot-base
the direction of the difference calculation (PC:)pilot-based coding; DF: d
frequency direction; DT: differences in time-direction) and ZZ determini
direction of the 2D pairing (FP: pairing-of values neighboring in frequen

two-
escape
means of

ding of data
Dr pilot-based
H coding or
ifferences in
ng the

Cy direction;

TP: pairing of values neighboring in’time direction). The value of LL determines one

out of four possible LAV steps according to Table 76. The Huffman tabl
hcod2D XXX _PC_ZZ LL shall\be the same as that used for
hcod2D_XXX_DF_TP_LL.

e used for

HuffData2DTimePair()  Syntactic element that contains Huffman data making use of two-dimensional
Huffman codes representing pairs of values neighboring in time directign.

SymmetryData() Syntactic elementi@determining to which one out of four possible symmetry regions a
pair of two jointly.coded values belongs to.

bsSymBit][i] Two bits determining one out of four symmetry regions.

LsbData() Syntacticelement that contains the least significant bits of each value if one or two
temporally subsequent parameter subsets of a given parameter in the $AC frame.

bsLsb Qne bit determining the mapping between quantization indices resulting from
applying coarse or fine quantization scales, respectively.

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

bsXXXmsbDiff[pi][ps][pb] Differentially coded most significant bits of a quantization index of datT type XXX
(where XXX can be either CLD or ICC or CPC) belonging to parameter|index pi,

bsXXXlsb[pi][ps][pb]

idxXXX[pi][ps][pb]

parameter set ps and parameter band 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.

© ISO/IEC 2007 — All rights reserved
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SpatialExtensionFrameData(bsSacExtType)

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

SpatialExtensionFrameData(0)

ResidualData()

bslccDiffPresent[pi][ps]

Syntactic element carrying residual coding data.
Syntactic element that contains the residual signal information.

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
bands 0 <= pb < bsResidualBands|pi]. A value of 0 indicates that no ICC difference
is present for parameter instance pi and parameter set ps. A value of 1 indicates the

hcod1D_ICC]|
lccDiff[pi][ps]

individual_ch

 Diff
[pb]

bnnel_stream()

Table 77 — Restrictions in syntax of individual_channel_stream()

presence of an ICC difference for parameter Instance pi and parameter set ps.
One-dimensional Huffman code (Table A.23) used for coding of lccDiff data.

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.

MPEG-2 AAC Low Complexity profile individual_channel sstream() 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() elementiis present when window_sequence
(determined by the first individual_channel/stream() element) equals
EIGHT_SHORT_SEQUENCE and tempExtraFrame equals 18, 24 or 30. In th|s
case, the value of window_sequence‘determined by the second
individual_channel_stream() element'shall equal EIGHT_SHORT_SEQUENCH.

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

Tool Allowed value
pulse_data-present 0
gain_control_data_present 0

Theréstrictions 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 Q0

54

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

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
22050 24 5
16000 22 7
12000 20 Y
11025 27 9
8000 28 11

SpatialExtensionFrameData(1)
Syntactic element carrying arbitrary downmix residual coding data.

ArbitraryDownmixResidualData()
Syntactic element that contains the arbitrary downmix residual signal in

bsArbitraryDownmixResidual Abs[i]

indicates whether the signal(s) of the arbitrary’ down-mix residual AAC
(either an individual_channel_stream or.a‘channel_pair_element) is ge
in the differential (0) or in the absolute((1) mode, disregarding signal m

allow for smooth transitions.

bsArbitraryDownmixResidual AlphaUpdateSet[i]
indicates first parameter set to-which new value of o, (see subclause 6.5.2.3) is
applied according to Table 80.

numAackl

Table 80 — bsArbitraryDownmixResidualAlphaUpdateSet

formation.

erated either
difications to

Ilement i

bsArbitraryDownmixResidual AlphaUpdateSet[i]

Meaning

0

The new value of o, is

applied to all parameter
the frame.

The value of o, calcula

the previous frame is ap
to the first parameter se
new value is applied sta
from the second parame
set.

sets in

ted in
plied
. The
rting
ter

Specifies the number of AAC elements in the current frame according t

D Table 81.

AacE

Speciiies the element type of each AACU element, according to Iable o1. AacEl[l] represe

nts the i

entry in the AacEl string. ‘0’ indicates an “individual_channel_stream” (ICS) whereas
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 Compressed data stream decoding and de-quantization

6.1.1 Introduction

This subclause describes the decoding and dequantization of the bitstream payload into variables that are
used by the different modules of the spatial audio decoder. The final subclause describes the derivation jof the

matrices M/ and M,", in the case of Enhanced Matrix Mode operation, where the matfix; coefficients are
directly calculated from the downmix.

6.1.2 Decoding of CLD ATD, ICC, CPC, and arbitrary downmix gain parameters

6.1.2.1 Overview

The decoding of the SpatialFrame() data result in the parametef.indices idxXXX]][][] of the quantized|CLD,
ATD, ICC, and CPC parameters

idxCLD[pi][ps][pb] having values in the range -15 .. 15,
idxATD[pi][ps][pb] having values in the range -15., 15,
idxICC[p|l[ps][pb] having values in the range™® .. 7,

idxCPC[pi][ps][pb] having values in the‘range -20 .. 30,

where optional arbitrary downmix gain parameters are handled as CLD data, and where

parameter instance having values in the range vhich,
for [CLD, ICC and._CPC have the range 0 .. numOtiBoxes+4*numTttBoxes+numinChan-1,
and [for ATD have.the range 0 .. numOttBoxesAT-1

pi

ps = parameter set-having values in the range 0 .. numParamSets-1,

pb = parTmeter band having values in the range 0 .. numBands-1,

pg = parameter 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.
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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++;

Decogle all parameter sets ps according to their bsXXXdataMode[][] according to the subclause below.

s

hile (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
idxxxX[pi] [ps] [pb] = 6
break;
ICC:
idxxxX[pi] [ps] [pb] =@;
break;
CPC:
idxXXX[pi] [ps] {pP] = 10;
break;
}
}
break;

case 1: /* keep *7/
case 2: /* interpolate */
for (pb=0; pb<numBands, pb++) {
1d=xXXX[pi] [ps] [pb] = idxXXX[pi] [ps-1][pb];
}
break;
case.3: /* coded */
if (!paramHandled[ps]) {
DecodeDataPair(); /* see subclause 6.1.2.3 */

1
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 actual delta decoding includes the pilot delta decoding and the data delta decoding. The pilot| delta
decoding is qone compared to a single value bsXXXpilot[][]. The data delta decoding is either done |in the
frequency dirgction from low frequencies to high frequencies or in the time direction generally compared [to the
previous pargmeter set. In the case that two parameter sets are decoded ( bsDataPairXXX{][] == 1) it is
possible to delta code compared to the next parameter set and hence that parameter.sets needs |to be
decoded befqdre.

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 bsFreqRes.
¢ Remove the offset.

e Convert indices into fine quantization index range.
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* Map-to-current freausnc\vresolution
g ot Y

* Offset indices to be non negative

* Convert to coarse quantization if needed

l idxXXXmsb

Yvyy

Delta decoding

‘idxXXXhaanpped

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

* Convert to fine quantization

ide XXX

Figure 13 — DecodeDataPair data overview

6.1.23.2 DecodeDataPair syntax

The L
parameter set(ps is carried out as follows.

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

ecodeDataPair() process for a single parameter or a parameter pair of type XXX, instance

pi, starting at

setIdxStart
startBand
stopBand =
pbStride
dataBands
*/
aGroupToBand createMapping (startBand,
subclause 6.1.2.4 */
for (pg=0; pg<dataBands;
rb aGroupToBand[pg];
tmp 1dxXXX[pi] [ps-1][pbl;
switch (XXX) {
case CLD,ATD:

dataSetIdx[ps];
startBandXXX[pil;
stopBandXXX[pi];
pbStrideTable [bsFregResStrideXXX[pi] [setIdx]];
(stopBand startBand 1) /pbStride + 1; /*

stopBand,

pgt+) |
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pbStride) ;

/* see Table 70 */
ANSI C integer math

/*

see
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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 */
}

break;

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

}

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

Then, delta decoding is done in the following order

if (bsPilotCoding[pi] [setIdx]) |
decpdePilotDeltaData (setIdxStart);
if |(bsDataPairXXX[pi] [setIdxStart]) {
decodePilotDeltaData (setIdxStart+1) ;

else if (!bsPcmCodingXXX[pi] [setIdx]) {
if |[(bsDataPairXXX[pi] [setIdxStart]) {
if ((bsDiffTypeXXX([pi] [setIdx]=RFFF TIME) &&
(bsDiffTimeDirectionXXX[pi] [setIdx]==FORWARDS)) {
decodeDeltaData (setIdxStart+l) ;
decodeDeltaData (setIdxSkart) ;
}
else {
decodeDeltaData (sevlIdxStart) ;
decodeDeltaDatal\(getIdxStart+l) ;

elsp {
decodeDeltaData (setIdxStart) ;

} else|{
idxKXXnotMapped[pi] [setIdx] [pg]l = bsXXXpcm[pi] [setIdx] [pgl;

where the 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] + bsXXXmsbDifflpi] [setI¢x] [pgl ;
break;
case FORWARDS:
/* assert that idxXXXmsb[pi] [setIdx+1} s already available */

1dxXXXmsb[pi] [setIdx] [pg]

1dxXXXmsb [pi] [setIdx+1] [pg] - bsXXXmsbDiff[pi] [setI@x] [pgl;
break;
}
} else {
idxXXXmsb [pi] [setIdx] [pg] = bsXXXmsbDiff [pi] [setIdx] [pb];
}
}
if (bsQuantCoarseXXX[pi] [setIdx]\I'| (XXX != CPC)) {

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

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

Finally, the following postsprocess is applied to the decoded data.

flor (i=0; ig<=bsDataPairXXX[pi] [setIdxStart]; i++) {
setIdxy=*setIdxStart+i;
ps = paramSet[setIdx];
paramHandled[ps] = 1;
fior’ (pg=0; pg<dataBands; pg++) {
tmp = idxXXXnotMapped|[pi] [setIdx] [pg];
SWItTIT ¢ T
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 = tmp-20;
break;
}
pbStart = aGroupToBand[pg];
pbStop = aGroupToBand[pg+l];
for (pb=pbStart; pb<pbStop; pb++) ({
1dxXXX[pi] [ps] [pb] = tmp;

6.1.2.4 Handling of parameter band stride

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

vector with start and stop borders for the frequency grouping.

createflapping (startBand,
{
inBpnds =
outBands =

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

banflsAchieved = outBands*pbStride;

stopBand, pbStride)

/ANANST C integer math */

banflsDiff = inBands - bandsAchieved;
for|( 1 = 0; 1 < outBands; i++ ) {
vDk[i] = pbStride;
}
incfp =1;
k=0
whille (bandsDiff < 0 ) ¥
vDk[k] = vDk[k] < incr;
k = k + incr;
bandsDiff = (bandsDiff + incr;
if (k >= outBands) {
k=0;
}
}
aMap [ .= startBand;
for|[(\av= 0; i < outBands; i++ ) {
aMap[i+l] = aMapl[i] + vDk[i];
}
return( aMap )
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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;
1
break;
}
case 1:

for (pb=0; pb<numBands; pb++) {
smgData([ps] [pb] = smgDatal[ps-1][pbl;
}

for (pg= 0; pg< dataBands;” pg++) {

pbStart = aGroupToBand[pg]:;
pbStop = aGroupToBand[pg+l];
for (pb=pbStarti)ipb<pbStop; pb++) {

break;
}
case 2:
for (pb=0; pb<numBands; pb++) {
smgData[ps] [pb] = 1;
}
break;
}
case 3:
pbStride = pbStrideTable[bsFregqRé€sStrideSmg[ps]]; /* see Tablg 70 */
dataBands = (numBands - 1) /pbStride + 1;

aGroupToBand=createMapping (0, humBands, pbStride) ;) ;/*see subcliuse

6.1.3.4%/

smgData[psllpb] = bsSmgDatalps] [pgl;

}
}

break;

6.1.4| Decoding of number of parameter bands

The numiber of available parameter bands is defined according to:

M, =numBands

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 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 w
(see Table 3
appended to

The number

mresPar (Z
for 0< pi<n

The decoded
subclause 6.4

In the case b
code given

updated by 3
idxICCUpd

idxICC

for 0< pi<n

indow_sequence equals EIGHT_SHORT_SEQUENCE and tempExtraFrame equals 18,24

hose of the first element, resulting in 2048 MDCT coefficients.

pf residual bands m, ., (pi) is set equal to bsResidualBands(pi) according-to}

i) =bsResidualBands( pi)
umOttBoxes + numTttBoxes .

MDCT coefficients are transformed to the QMF domain,*by the transformation descrik
2.

sIceDiffPresent(pi,ps) equals 1, differential ICC elements are decoded according to the Hu
n Table A.23, yielding LccDiff(pi,ps,pb). The ICC parameter indices idxICC(pi,ps,p4
dding IecDiff(pi,ps,pb) when the parametef’band pb corresponds to a residual band, yi
pi,ps,pb) according to:

pb < mr‘eSPar (pl)

idxICC( pi, psypb) +iccDiff ( pi, ps, pb) ,i
(v pS3pP) (pi ps. pb) f{bslchiffPresent(pi,p

Upd( pi, ps, pb) =
ideCC( pi, ps, pb) ,otherwise

imOttBoxes , ) $ps < numParamSets and 0< pb<M .

or 30,

4), the decoded MDCT coefficients of the second individual _channel_stream() -élement are

ed in

ffman
) are
blding

~—~—

6.1.6 Deco

Hing of arbitrary down-mix residual coding elements

A residual coding element consists of a collection of individual channel_stream() elements, and/or
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 =4 numParamSets ,if bsFramingType =1, bsParamSlot(numParamSets-l) = numSlots —1

Lnuml—’ammb‘ets +1 ,otherwise

wherg  numParamSets = bsNumParamSets +1 , numSlots = bsFrameLength+1 ahd,~ fufthermore if
bsPafamSlotfnumParamSets-1] |= numSlots-1 the last available parameter set is copied according to:

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

ideCCUpd( pi,numParamSets, pb) = ideCCUpd( pi,numParamSets —1, pb) (if applicabl

w
~

for all[parameter types XXX, instances pi, and all parameter.bands pb.

The 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] ,bsFramingType=1, /<L-1,

numSlots —1 J=L-1

for 0OK/< L.

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

Aamatar funne arn dAaciantiond AannnrAina $n thin AAfinitinne in thic anihalanion far All narh t b d
ameter-types-are-dequantized-according-to-the-definitions-in-this-subelause-forallparameter bands

LA o
0<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 m) and

idxXXX( pi,!

> “after *

bef§ore

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

AXXXX (pi,l,m) = idXXXX( pi, Ly e ) +

(t (Z) - t(lbefore ))} Ibefore < Z < Zafter

INT idxXXX (pl’ Zafter > m) —idxXXX (pl’ Zbefore i m)
t (laﬁer ) _ t (lhe_ﬁpre )
where
Lieiore 1S the parameter set with the largest value smaller than / for which bsXXXdataMode(pi,lbefm,n );t 2

and where

[

after

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

after ?

and where id xXXX(pi,—l,m) refers to the last parameter set in the previous frame and t(—l) is set o the
first parameter time slot in the current frame, hence equals zero.

In the case bsIchiffPresent(pi,l) equals 1, no interpolation isapplied to the ICC parameter infices,

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

Table 82 — CLD and ATD parameter quantization table

Idk 15 |14 |13 [-12 |41 |10 |9 |-8 |-7 |6 |-5
CID[idx] | -150 |-45 | -40 |-35 30 |-25 |-22 |-19 |-16 |-13 |-10
Idk 4 3 |2 [« |0 1 2 |3 |4 5 |6
CID[idx] | -8 6 |4 -2 |0 |2 |4 |& |8 10 |13
Idk 7 8 |9 10 |11 |12 |13 |14 |15

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

Table 83 — ICC parameter quantization table

idx <01 2 3 4 5 6 7
ICCJidx]” | 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 |[-1.2 |11 |-1.0
idx -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1
CPCJidx] | -09 |-08 |-07 |-06 |-05 |-04 |-03 |-02 |-0.1 |0.0 0.1
idx 2 3 4 5 6 7 8 9 10 11 12
CPCJidx] | 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
idx 13 14 15 16 17 18 19 20 21 22 23

CPCJidx] | 1.3 1.4 1.5 1.6 1.7 1.8 19 |20 2.1 2.2 2.

3

idx 24 25 26 27 28 29 30

For th
contrg
the C

If bsd

|

CPClidx] | 24 |25 |26 |27 2.8 29 3.0

e CLD parameter type the Energy dependent Quantization (EdQ) tool is available. The
lled by bsQuantMode. In case of a 5-2-5 configuration the EdQ tool is not used. The deq
| D parameter type is defined as follows.

uantMode = 0 or bsTreeConfig > 1 the CLD parameter type is dequantized according to:

)8LD (ott, l, m) = deq(idxCLD(ott, l, m), CLD) 0 < ott < numQttBox

and the CLD index shall not be updated by EdQ, hence:

othen\

idxCLDEdQ (ott,/,m) = idxCLD (ott,l,m)

vise if bsQuantMode > 0 the EdQ tool is used 'and hence the configuration signaled in bs

se of EAQ is
Lantization of

[reeConfig is

needed for the dequantization of the CLD paraméters according to the following, where the funcfion facFunc()

is def

If bsT]

1

ned below.

reeConfig = 0 the CLD dequantization is defined according to:
DE 5 (0,1,m) = deq (idxCLD(0:1,m),CLD)

D(QLD(O'l'm)
10[ ! ]

DSLD(OJ,WI)J

RelativeLocalEnergyFC;,, (Z,m) =10log,,

10

1+10[

© 180/

DgLD (O,Z,m)
10

Reldtivel. ()(’ﬂ/Fl’IPVg’VS'““ (l m) =1 Olngw (;J

1+10L
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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 (1,2,m)
10

RelativeLocalEnergyFCs;s,(1,m)

1+10[

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

DY, (2.f.m) = deq(idxCLDEAQ(2,/,m),CLD)

idxCLDEdQ(3,/,m) =

ax (15, min (15, round (idxCLD (3,1, m)- facFunc( RelativeLocalEergyFys (1,m)))))
DY, (3.],m) = deq(idxCLDEAQ(3,/,m),CLD)

DY, (4.f.m) = deq(idxCLD(4,/,m),CLD)

If bsTreeConfig = 1 the CLD dequantization is defined accerding to:

DY, (0.f,m) = deq(idxCLD(0,7,m),CLD)

DEip (0.4,m)
e
Relativef.ocalEnergyLR;,., (l,m) =10log,,

DSLD(O,I,m)
10

1+10[

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

D¢, (1,4, m) & deq(idxCLDEAQ(1,/,m),CLD)

(ng(l,l,mﬂ

10\ 10 ) RelativeLocalEnergyLRs,s, (1,m)
RelativeLocalEnergyLss, (I,m)=10log,, TR 10 10
1+ 10[ v ]
1 RelativeLocalEnergyLRs,s,(1,m)
RelativeLocalEnergyR;,s, (1,m)=10log,, e 10 10
1+ 10[ v ]
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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)

idxCLDEdQ(4,/,m) =

max | —1o, min|( 15, 7ound (1dX .1, )~ jackunc| RelativeLocalEnergyR;, ., ,m)))))

DY, (4,1,m) = deq(idxCLDEAQ(4,/,m),CLD)

The flinction facFunc() is defined according to below:

facFunc(—x) = (x—x)(y,-y1)

Y, X, <x

Wherg x;, x,, y; and y, are defined according to‘the Table 85 which depends on the bitstr

pam element
bsQuantMode. Furthermore Figure 14 illustrates thie/function facFunc().

Table 85~ facFunc parameters table

bsQuantMode)) x, X Vi V3
0 N K 1 1 1
1T AN 1 21 1 5
2 .~ 1 25 1 8
RN reserved | reserved | reserved | reserved

facFunc(-X)
A

Y, T

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,l,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:

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

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

D?CC (pi Z,m)z

< pi,bsTttModeL. )< 2
deq(ideCCUpd(oﬁ+(¢,’).4’l’m)’lcc) ’{oﬂ pi,bs odeLow (1) <

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

deq(idxICCUpd (off +(1i)-4,1,m),ICC) {
where ti = pil— numOttBoxes , off = numOttBoxes and

(i, m) {high ,bsTttBandsLow (#/) < m < bsTttBandsHigh i), bsTttDualMode i) =1
i(ti,m)3

low ,otherwise

For each TT[l box the parameter bands can be divided into two regions and for each region eitheff CPC
parameters ¢r CLD parameters are transmitted:” The dequantization of these parameters are degfined
according to:

deq(idxCPC(off #4-1i,l,m),CPC) ,bsTttModeLow (ti)<2,i(ti,m)=low

D2 (d,1,m)=
vt 1) deq(idxCPE€(off +4-ti+2,1,m),CPC) ,bsTttModeHigh (1) <2,i(ti,m)= high

CPC 2

deq(idxCPC (off +4-ti+3,1,m),CPC) ,bsTttModeHigh(ti)<2,i(ti,m)= high

idxCLD (off +4-1i,1,m),CLD) ,2<bsTttModeLow (#),i(ti,m)=low

{AXCED(off ¥4 ¥ 2,1, m ), CLD) 2 <bsTreModeHight( 7,7 (70, m )= fiigh
(o oLm ), CLUT ghiie),i{i, my=nig

DgLDJ (t ’Z’m) =

(him) {deq(idxcpc(oﬁf+4-ti+1,1,m),CPC) ,bsTttModeLow (#/) < 2,i(ti,m) = low
H,l,m)=
(

&
=
)~~~

deq (idxCLD (off +4-ti+1,,m),CLD) ,2<bsTttModeLow (#),i(ti,m)=low

DR (ti,l,m)=
o (f.L.m) {deq(idxCLD(ojj’+4-ti+3,l,m),CLD) ,2 <bsTttModeHigh (#),i(ti,m) = high
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for 0 <ti < numTttBoxes where off = numOttBoxes and

i(ti,m)z{

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

low ,otherwise

The arbitrary downmix gain parameters are dequantized using the CLD parameter dequantization table and
are defined according to:

G° (ic,l,m) = deq(idxCLD(oﬂ + ic,l,m),CLD)

for 0

6.1.9

In ca
descr
vecto
string

K ic < numInChan , where off = numOttBoxes + 4 - numTttBoxes

Decoding of tree description

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

bed by bsOttBoxPresent[ch][], where ch (0<ch<numQOutChan ) ,is_the channel index

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

he trees are
pf the output
using the bit-
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bsOttBoxPresent[0][ ] = 11100010100

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

gl s L

BoxQ Box 0 Box0

———’——’——_ “an /E

HBo10100 “17 111000110100 <X
_____ Box2 _\5“1’5/ Box2\
V4 551 - - e Box1 -/ 0

" 1

17 ” \

-

Hox 0 BoxQ

o 0
9 917
1 100(@0100 / Box 2 1110001@100 / Box2
\ “1” \ \\E
M\ Box1— . 0 O BaS 0
“a \ 1 P
Box 0 \

_\/ @\@

1 —2 1 —
1110001(?@0 / BO_X2 111000101%\ / Box 2
\ (40
P ix1 — g S B\ol1\<\39_ °
ar NS “ar N
Box 0 \ Box 0 \ ~
\ “q” )(\ X “ )< SN

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 Tree Tree, , , Tree and Tree . by following the flowchart shown in Figure 17. But to

sign ? outChan

further exemplify the definition of the helper variables the bsOttBoxPresent[0]] ] = 11100010100 example is
used once more as shown below in Figure 16.
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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
Box 3 )
- “0” Box0,34 Sign-1,-1,1 Tree-depth3

Box 4
«o» Box0,3,4 Sign-1,-1,-1 Tree-depth 8

Figure 16 — Graphical representation of the relation between the tree desecriptive variables, and the
signaled tree.

Which results in the helper variables Tree Tree,,,, , Tree and Tree as below.

sign ? outChan
As given by Figure 46, the first (Oth) output signpl (top of the
tree) is based on ‘@ signal that has been passed|through 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 signjl of the sub-
1 -1 n/a nla 1 -1

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

Tree., (0,)=[3 3 2.2 .3 3] The number of OTT modules that are passed for| every output

channel as given by Figure 16. The output channgls calculated
from top to bottom are given from left to right in the vector.

Tree|, ;.. (0)=]6] the total number of output channels for the single gub-tree is 6.
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74

Start )

Init
ch=0;

False
;

Y
<O

h=ch+1 numChan = 0;
tmpOpen = 1; True

A bsldx  =0;

boxldx =0;

sigldxCur= 0;
[ ree, ichan(Ch)= numChan; pt =1 < 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][ptl;

}
sigldxCur = sigldx[pt];
tmpOpen = tmpOpen~=;

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;
pt=pt+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]

envRatio , (n) =2 2 ,

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

6.1.11 Parameter smoothing

6.1.11.1 Introduction

In order to account for coarse quantization and low up-date rate of spatial parameters.(CLD, IC

SMOoo
from

SMOO

6.5.2

6.1.11.2 Smoothing flags

Depe

for all

6.1.11

For €

autonpatic mode uses a fixed value of 256 time slots:

wherg

As th

hing can be applied. The MPEG Surround decoder performs the smoothingcon the matn
he received parameters rather than directly on the parameters. The resulting~effect is th

and 6.5.3 for matrix W, and W, , respectively.

(1,m)=smgData[l]|[m],
parameter sets 0</< L and all parameterbands 0<m <M .

.3 Time constant and filter coefficient

ncoder controlled smoothing_one of four time constants can be signaled in the bitstrea

(1) = smoothTime(F),

smoothTime(/) is defined by bsSmoothTime(/) according to Table 64.

deterrlnined by

e number” of time slots between two subsequent parameter sets is variable, the filter

C and CPC),
ices resulting
e same. The

hing is performed on the matrices W, and W, by first order IIR filtering-of the paramefer bands, for
whichl smoothing is active. The actual smoothing process as well as those matrices are defined

n subclauses

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

m, while the

coefficient is

sdelta (Z) =N

where

d(l):{t(l)ﬂ =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

The parameters are mapped to M

proc

being 28.

proc

=28 bands using to the function mapfunc(m,Mpar) , which is defined in

Table 86. The mapping function is used as follows:

D, (i,l,m)=Dj, (i,l,mapfunc(m,Mpar))

G(i,l,m

for 0<m< M

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

matrix S (1

=G (i,l,mapfunc(m,Mpar ))

and all YYY,iand /.

proc

,m) , as well as the vectors m

D

new
bsTttBandsLow and bsTttBandsHigh, resulting in th

1%

new

resPar ?

vectors m b, My po. @Nd My, respectively.
Table 86 — Mapping function mapfunc(m,Mpar)
mapfunc (m,M K )
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
1 y 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 7z 4 3 2
16 16 15 9 7 4 3 2
17 17 15 9 7 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— Altowedcombinations of mumStots—and-bsResidnai FramesPerSpatiatFrayne or

bsArbitraryDownmixResidual FramesPerSpatial Frame

numsSlots  bsResidualFramesPerSpatialFrame
or
bsArbitraryDownmixResidualFramesPerSpatial Frame
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 bsResidualSamplingFrequencylnddx or
bsArHitraryDownmixResidualSamplingFrequencylndex depend on bskramelLength,
bsSamiplingFrequencylndex and bsResidualFramesPerSpatialFrame or

bsArHitraryDownmixResidual FrameésPerSpatialFrame, 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 {0x0, 0x0}, {Ox1, Ox1}, {0x2, Ox2}, {Ox3, Ox3}, {Ox4, Ox4},

{Ox5, 0x5}, {Ox6, 0x6}, {Ox7, 0x7}, {Ox8, 0x8}, {0x9, 0x9},
{Oxa, Oxaranmd=0xb; Oxb}
16 {0x0, 0x0}, {Ox1, Ox1}, {0x2, 0x2}, {0x3, 0x3}, {Ox4,\ Px4},
{Ox5, 0x5}, {Ox6, 0x6}, {Ox7, 0x7}, {Ox8, 0x8}, {0x9, 0x9},
{Oxa, Oxa} and {Oxb, Oxb}

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

24 {0Ox0, 0x3}, {Ox1, 0x3}, {Ox2, 0x5}, {Ox3, 0x5}, {Ox4, (x5},
{Ox5, 0x8}, {0x6, 0x9}, {0x7, Ox9},.and {Ox8, Oxb}

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

32 {0Ox0, 0x3}, {Ox1, 0x4}, {0x2, 0x5}, {Ox3, 0x6}, {Ox4, Ox7},

{Ox5, 0x8}, {Ox6, 0x9},~{0x7, Oxa}, {Ox8, Oxb}, {Ox9, Dxb},
{Oxa, 0xb} and {Oxb,{0xb}

6.2 Enhanced Matrix Mode of MPEG Surround

6.2.1 Introdquction

In the Enhan¢ed Matrix Mode configuration, the spatial parameters for the spatial synthesis stage are dérived
from an analysis of the received stereo down) mix. The process of decoder-side parameter generafion is

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

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

Spatial parameters

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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Conversion of the current analysis states to stereo down-mix parameters; this process
every 4 slots;

is performed

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

4 slots (whenever step 1 is performed);

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

Down mix analysis states

The
slot i

and e

with,

nk

ybrid QMF-domain representations of the stereo input signals are given by X,

x bW
dex and k the hybrid frequency-band index. For each processing band m (0£m<Mpr

ach newly received signal slot n, three states ( 5", "™, """ ) are updated ac€ofding to:

®
bn,m __ n—1,m _ n,k nk
" =ch +(1 c) Z xi (xLO) ,

keK(m)

*
bn.m __ n—l,m _ n,k ( n,k)
2 cP" + (1 c) E X, (XR)

keK(m)

=P +(1—c)iﬂ{ > i )*}

keK(m)

K(m) representing all hybrid frequency bahds k corresponding to processing band m, R

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

with A

Furth

signa

)
P 0.06F |’

s the (time-domain) input sampling rate.

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

s (x2* x") fellowing

42 N
D} = fo{’k (xf(‘k) , Xe{LO,RO}

k=16

th n the time
M__ =28

c proc )

he real-value

domain input

From QY , two analysis state parameters r;/, and ry, for Xe{LO,RO} are subsequently updated according

to:

7

. 2
L= +(1-¢,)(0h)

2
ry=cri,+(1-¢)(0v-0r') .
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with

6.2.3 Stereo parameter generation

A CLD parameter dm., and a ICC parameter dm . of the stereo down mix is generated for each
processing band m according to:

e+ P
dm,,, (#2)=10log,, (H—‘j :

e+ P

Jerrmerrm)’

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

dm,.. ()=

6.2.4 Spatial parameter generation

The stereo pprameters dm,, and dm,.. are converted_to-(unrounded) table lookup indices CL/ (Channel
Level Index) dm_,, and /C/ (Interchannel Correlation Index) dm,, for each processing band m:

dm_, (n

{30 if |[dmy,, (m)] >30
) = ,

|dmCLD (m)| ,otherwise
dm, (n)=10ICC,, (m)+10

The quantizer indices of the spatial parameters required to compute the mixing matrices M, and M, are

obtained by table lookup T'using the table lookup indices dm.,, and dm,, . These quantizer indexes fpr the
required CP(¢, CLD and/€C spatial parameters are given in Table A.31. The actual parameter valugs are
obtained usirjg bi-linear’interpolation of the dequantized parameter indexes based on the dm., and dm,
table indexes

CPC(m =1, (m)) (15, (m))CLD| T ([ my, () [y (m) )] |
iy () (1= w3 (1)) CLD[ 7 ([ dmey, ()] iy () )]
(1= () () CLD| T (| dimey, () |y ()]
oy () () LD Ty [ g (), e, (m)]) ]

+

+

where LJ 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 following
constraints:

1.

6.2.5

The

positi
‘0’ up|
estim
conveg
4 slot
matrig
proce

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

l

respectively;

QMF
down mix slots

Down-mix
analysis states

Stereo parameter
estimation

Spatial parameter
lookup

Parameter:
positioning

7" is assumed to be " =1;

1,0 (112 |34
{

Parameter processing and interpolation

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

OTT boxes

brocess of state updates, stereo parameter estimation, spatial/parameter lookup arnd parameter
bning is depicted in Figure 19. A new down-mix frame is received\starting at hybrid QMF
to N-1 (N=32). The down-mix states (S) are updated for every-down-mix slot. Stereo pgrameters are
hted after a state-update of the last slot of the previous frame (slot -1’). The stereo pgrameters are
rted to spatial parameters using a table lookup T. Finally(the generated spatial paramete
5 ahead. The process of spatial parameter generationdis performed once per 4 slots. THe My and M,
es are interpolated linearly for hybrid QMF slots™in between parameter positions.
5sing flags for the whole frame are based on the analysis states of slot -1’.

jown mix slot

s are applied

The temporal

dmcip @mce

dmcp dmice

dmcp dmice

Y

\J

\J

Fable lookup

Table lookup

Table lookup

v

v

lolt]2fslels]elr]a] | | | ||

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-band
Time domain input ik domain signals
;rnals = delay >
v : QMF analysis Nyquist L X
bank analysis banks
—>
QMF linput

sigrjals
ﬁ n,k

QMF regdual input
sighals

snfk

Xr 8

Figure 20 — Time/frequency transforms in MPEG _Surround, hybrid QMF analysis bank

A delay of 5 QQMF samples is inserted in the downmix.signal path prior to the Nyquist analysis filterbanks, as
shown in Figlire 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 synthgsis side the hybrid subband domain samples y”’k are transformed back to the time dpmain

samples y'. [The synthesis filterbank is eutlined in Figure 21.

Hybrid sub-
band|domain Time domain
sipnals output signals
nm Nyquist QMF —
Y ——— synthesis p synthesis ——» Y
banks bank

Figure 21 — Time/frequency transforms in MPEG Surround, hybrid QMF synthesis 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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filter bank are slots of 64 subband domain samples which are stored in X" .

i};] with K the number of input signals. The output of the

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

samp

6.3.2.

The a

~n,k

les of y

2 Nyquist filterbanks

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

dditional filter banks are applied on the lower sub bands. and gives in total a number of 71 hybrid sub

bands
Paran

chanr
ISO/I

The N
Stere
outpu

. This 71 bands configuration is identical to that used for the 20 stereo-bands .¢o
hetric Stereo as defined in ISO/IEC 14496-3. Hence, the output of the QMF filter-bank

els X" are mapped to, either by hybrid filtering or by delay, to x"* as outlined in‘Subcla
EC 14496-3.

yquist synthesis filter banks is identical to that used for the 20 stereo-bands\configuration
b as defined in ISO/IEC 14496-3. The vector y™* (or z"* in the case’ bf Arbitrary Treeg
t channels are synthesized with the hybrid filterbank according to subclause 8.6.4.3 in ISO

formimg the input §"* to the QMF synthesis filterbanks.

6.3.3

Supp

Support for lower and higher sampling frequencies

prt for low sampling frequencies, that is if bsSamplingFrequency < 27713, and for h

frequéncies, that is if bsSamplingFrequency >= 55426, is provided by using downsampled 3

banks

or upsampled 128 band QMF banks, respectively, instead of the 64 band QMF banks tha

norm

For
4.6.1
32 Q
proce|

For u
band

o)

using
obtair

| sampling frequencies like 32, 44.1, or 48 kHz.

wnsampled operation, the 32 band QMF analysis bank is defined in ISO/IEC 14496
4.1. The 32 band QMF synthesis)bank is defined in ISO/IEC 14496-3 subclause 4.6.18.4
MF bands are set to zero prior-to MPEG Surround processing and only the lower 32 QN
5sed by the QMF synthesis.bank.

psampled operation, the 128 band QMF analysis bank is defined by replacing the modula
(QMF analysis bankwith

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

a,1280 sample version of the window function c[i] where the additional intermediate
ed'by linear interpolation of neighboring samples of the original 640 sample window functig

nfiguration in
for all input

Ise 8.6.4.3 of

in Parametric
) holding the
IEC 14496-3

igh sampling
2 band QMF
t are used for

-3 subclause
3. The upper
IF bands are

lion of the 64

samples are
n specified in

ISO/I
the m

C 14490-3 subclause 4.A.6.2 Table 4.A.87. The 128 band QMF synthesis bank is define
odulation of the 64 band QMF synthesis bank with

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

by replacing

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 following subclauses give a general overview of the processing of the input signals to form the output

signals based on the spatial parameters. The whole processing is defined by two matrix multiplication|

first forming t
stereo-downn

he input signals to the decorrelation units and also performing the two-to-three channeltipn
nix signals, and the second forming the output signals based on the downmix input ar

output from the decorrelators.

The general
configuration
reconstructio
The OTT bo
providing a d

concept is outlined in e.g. Figure 22 for the 5-1-5 configuration and Figure 25 for the
Alternative visualizations are given in e.g. Figure 23 and Figure 26, where the multi-ch
1 is outlined as a tree structure built up from OTT (One-To-Two) and TIT|(Two-To-Three) b
es are conceptual boxes re-creating two channels from one input channel and a decor

frequency reg
signal is cod
subclause 6.
two-to-three
stream since
upmix metho
by activated.

prediction erfor, by replacing the missing signal energy hy“decorrelated signal. Alternatively, the preq

error is comp|
Returning to
decorrelators
conceptually
structured pa

Given this, th

Vn,k — M

yn,k =M *yw

M/*is a ma
certain numb

f

h
different coding or processing of the downmix signal.being input to the TTT box requires di]x‘erent

d in the MDCT domain, and transformed to the QMF domain-by the transformation outli
. The TTT boxes are conceptual boxes re-creating three ehannels from two input channels
pmix is done differently (prediction based upmix or en€rgy based upmix) depending on t

is. The TTT box also includes a decorrelator that ¢can by means of signalling in the data
When a prediction based 2 to 3 channel upmix.is used, this decorrelator compensates f

ensated for by means of a residual signal.

the matrix visualization, it is clear. that the first matrix strives to create input signals
that have the same level as the-input signals to the OTT boxes of which the decorre
bre part of, and performs the twe:to-three upmix for the 5-2-5 configuration. This allows for
rameterization while having a*flat” matrix based processing.

b processing of the input channels to form the output channels can be described according

kon.k
P

n,k __ nk

2

trix (or:for the 5-1-5 configurations a vector) mapping a certain number of input channel
br‘ef channels going into the decorrelators, and is defined for every time-slot n, and every

s, the
hix for
d the

5-2-5
annel
OXes.
elator

ecorrelated version of the signal being input to the OTT box. Every. decorrelator can, for dertain
ions as indicated by the compressed data stream, be replace.by)a residual signal. The regidual

ed in
. The
data

ream
br the
iction

o the
lators
a tree

to:

5 to a
hybrid

subband £k .

;’* IS @ matrix mapping a certain number of pre-processed channels to a certain num

output channels, and is defined for every time-slot #, and every hybrid subband £ .

per of

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

n,k
Wdireut a nd w

and one holdi

|

nk
ydirect -
n,k
Y diffuse

84

n,k
diffuse

ng the diffuse signal, according to:

. Based on these, two temporary output vectors are derived, one holding the direct

n,k

wdirect

nk_ . nk
M5 Wiiruse

n,k
M;

signal
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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

6.4.2.1 Introduction

Theri are two different 5-1-5 configurations given, 5-1-5, and 5-1-5,. They provide different,aflvantages for
differ¢nt signal-types or operation conditions. For both configurations, the input vector to"be [multiplied by

Mf"‘ is a vector containing the downmix mono channel. Four decorrelators are used, and-the gutputs of the

decorfelators 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 residpal signal can
be ingerted for this OTT box.

X v w y y
— YL Yo
Xy — TP . >
Mo —P»| YR Yis
Q1
Pre- > Da \l‘% > mix
res’ ™™ — decorrelator “§\ matri —»| Yc YR
matrix » D p- Matrix
% b | res, >
> M2 Ly | | yee
M1] /D, i
4\‘0 res. >
> Dd re% [ ) : _> yLS yC
decorrelators y y
—> Rs LFE

5-1-51 $-1-5;

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

The 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;, |ccﬂ—v —» R CLDy,ICC4 — Ls
CLD CLD,, ICC,
CLDy, ICCOW rest 5 oTT, 4 o OW res; > OTT, CLD4, ICCq
reso—pw[ OT To—9»{ 1—p 2 OTT]_pic reso—ps[ OTTol—pel 12 [l OTT,| gt g
Mo—{ 1—»2 —— 12 Mo—»| 1—» 2 ——{ 12
- —®iLFE | —»i Rs
CLDz, |CC21 CLD21
res; — o OTTZ_> Ls OTT, g
—Pp 12 F—p 12
—p»i Rs LS il FE

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

The parametgrization used for the different 5-1-5 configurations are outlined in Figure 24. Again, the CLP and
ICC parameters are labelled corresponding to the order they appear in the bitstream:

5-1-5, parameterization 5-1-5, parametetization
CLD,, ICC, CLD;, ICC,

LFE C, LFE parameter m 5
A\(‘ p 9 FQB (C, LFE paraneters) JEEL g
E :
oz 5
N\ S N\ Sk
——————————————— < A Gtttk o opF
- ' = ' E
® I o= I g€
2 \ A / g W7 [ R o%
S 5 ) o) T
S g CLD;, ICCq 8. 0SS | S -
o s (L, R parameters) SANO £ | O E £
pg (RN NP RS pg SO - ]
) S Qo | Qo ¢ =

o8 : / o- I / o

- [2]
" & ‘ 4 £> | ‘ ¢
S ! & = ) & ¢
= |
»'4yq \ 4
CLD,, ICC, CLDy, ICC4 5
(Ls, Rs parameters) (left, right parameters)

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

The definitior)s of tHe vectors and matrices depend on which 5-1-5 configuration is used. The matrixes| M/**

n,k Aafi 2| = H 1 H heal N~ kil +h $ $ b ialioal H TSN 1 doet H
and M2 ar’ utTTinmicyu CIUUUIUIIIHIY nmrouvlLidauot U.v, WIS uUrc vOulUTo U VT TTTIUTUpncUu Wil uic Illalll‘es 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
’Vxn,k —| Vg
nk NALL 1k N AL M, L

The s
input

The
to:

wherg

fulfil «
the in
The §
oTT

box G

v =6, (k)D, ("

=1vL X — VL, x"’k ="
resl/\rtDmx

nk
V3

nk
V2

ubscripts for the different elements in the v"*vector indicate which OTT box’decorrelato
0, with the exception of v{;’i‘ , which is the direct signal.

ector w** holding the direct signal, decorrelated signals, and the r&sidual signals is defir]

g 1

M,
+(1=6, (k))vik .k

n,k

3
&
=

+
—
—
|
Y
—~
Pl
S~—"
—_ ~—
<\-
Eal
=

nik

=
~—
<\-
Eal

=

n,k

b
—_ ~—
N
<
:
.
I
R
L

5.(k)=

0 ,0<k<max k|
1 ,otherwise

(k)<m g, . (X) givén by Table A.31, and where DX(v;’("‘) is the output from decorrele

but signal V" .

ubscripts_for-the different elements indicate which OTT box the signal corresponds to the
n,k

the signal is

ed according

and where k  is the set for which all values of &k

tor D, given

numbering of

poxes for the 5-1-5, configuration as given by Figure 23. Hence, D, (vX ) is the decorrelatgr output from

TTxand 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"*, which is derived from the vector w"* and the matrix M}* having 6 rows and 5 columns, according to

- - n,k
W;\l/fk YL
0 k
n,
W(r)z,k yRk
n,
k koonk k & Y
y =MW =M =]
n,k
ik YLFE
W3 n,k
ik yLs
W2 17n’k

= = L Rs ]

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

6.4.2.2.2 Qperation with temporal shaping tools
If temporal shaping is used, the vector v is defined identically to the previdus ‘'subclause, however twqd w"*

nk

vectors are defined. The first, w/:*  holds the direct signal and the residual’signals, while the second W

holds the dedgorrelator output signals, according to:

1 [t
(l—§o(k))vfe’:; w(')"k
Wine = | (1=6, (k))visy |=| w*
(1=, (k))vik | | wi*
(1=, (k))vik | [
—V{\I/E: 7 _W;l/if_
é‘o(k)Do(vg’k) Wit
Witse =) 6 (k) D, (v ) (51 i
5,(k)D, () | | i
5, (yDy(v*) KA

(0 <l <oy (L

where &, (k) =TV R U

and where k., is the set for which all values of &
1 ,otherwise

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

k
’Vxn,k —| Vg
nk NALL 1k N AL M, L

=1vL X — VL, x"’k ="
resl/\rtDmx

nk
V3

The Subscripts for the different elements in the v"* vector indicate which OTT box’decorrelatof the signal is
input fo, with the exception of v"* | which is the direct signal.

m

The Vector w™*

to:

holding the direct signal, decorrelated signals, and the residual signals is defined according

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

wherg 5, (k)=

0 ,0<k<maxik
{ {se‘} and where £k, is the set for which all values of &k

1 ,otherwise

fulfil f(k) <m, .. (X) given by Table A.31, and where DX(v;’(’k) is the output from decorreldtor D, given

the input signal v* .

The dqubscripts for-the different elements indicate which OTT box the signal corresponds to acg¢ording to the

numbgering of \OTT boxes for the 5-1-5, configuration as given by Figure 23. Hence, D, (v;’(”‘) is the

decoryelator output 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"*, which is derived from the vector w"* and the matrix M}* having 6 rows and 5 columns, according to

- - n,k
W;\l/fk YL
0 k
n,
n,k yLs
WO n,k
yn,k — Mn,kwn,k — Mn,k Wln,k — yR
2 2 nk
n,k yRS
W3 n,k
n,k yC
W4’ 17n’k
= = L LFE |

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

6.4.2.3.2 Qperation with temporal shaping tools

If temporal shaping is used, the vector v is defined identically to the previdus ‘'subclause, however twqd w"*

vectors are defined. The first, w/:*  holds the direct signal and the residual’signals, while the second W

holds the dedgorrelator output signals, according to:

nk
Wdirect -

nk _
Wiitnse =|| O (K

(0 O<l<imay(l )

where 5X(k)=i e S U

and where £k, is the set for which all values of &
1 ,otherwise ‘

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

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.
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6.4.3 The 5-2-5 configuration

6.4.3.1 Introduction

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).

X v w y
L
= —1 Y.
|
> C
X > L~ | |Vis
XRo —> d
Pre- OTT 1 \
D 't
decorrelator > D res{"L i< mrzlt)r(ix —>{ |YR
matrix
OTT dz v 2
D M
- [M1] > 0 Mresgm iyt M1 v
res, —m
[ do s -
» D, B ) E L | |ye
res/-‘:]rtDmx .
resAzr'Dmx | |YLFE
. decorrelators

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

An allernative visualization of the 5-2<5-system is given in Figure 26, where the system is outlined as a tree-
structpred system.
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5-2-5 tree structure 5-2-5 parameterization
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Figure 26 — Tree structure and parameterization view of the spatial audio processing for the 52-5
configuration

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

and an optiopal residual signal. For this configuration, two decorrelators_are used in the same manngr with
respect to redidual coding as for the 5-1-5 configuration. However, if decorrelation in the TTT box is emp|oyed,
an additional |[decorrelator is used, the output of which is combineddwith the output of the other decorrelatprs.

6.4.3.2 Vector definitions for the 5-2-5 configuration
6.4.3.21 Qperation without temporal shaping'tools

As for the prgvious configurations, the input signals to the decorrelators are defined by v**, which is dgrived
from the inplit vector x* and the matrix Mf’k having for the 5-2-5 configuration 6 rows and 3 colymns,
according to:

= M nk
mk ’
X, Vi
0 nk
nk VR
AR
0 nk
n,k nk o nk n,k n.k Ve
v =M =M X =1
1 1 res, Wi
nk OTT,
res‘/\rlex Vgll/f-r
_X," k !
| Hrespmome | 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:

n,k
VL
n,k — -
P n,k
R wy
n,k
W
Vn,k R
dvn _ C Wn,k
- = n,k
wh
OTT (, n.k nk OTT,
5OTT, (k)Dl (VOTT, ) + (1 - é‘OTTI (k)) Vres?” 1,k l
Worr,
n,k
OTT [ n.k n.k Wia
5OTT2 (k ) D, (VOTT2 ) + (1 - 5OTT2 (k ))Vresgm LT, |
1 TTT nk OTT nk OTT n.k
Oy, (k)(\/g D, (VTTTU ) +D, (VO’TTZ ) +D (VOTT1 )
whereé

0 ,0<k<max{k,|
k — set
B ( ) {1 ,otherwise

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

0 ,0<k<max{k,)

o (=1,

,otherwise

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

0 ,0<k<max{k,|
k — set
K ( ) {1 ,otherwise

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

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

The gubscripts for the different elements indicate which OTT or TTT box the signal correspondg to according
to the lluul'uclillg of  OFF—and—TFTTboxes—for—the—5-2-5 bunfigwatiun as givcll Iuy Figum 26. Hence,

DY (vg%‘TX ) is the decorrelator output from box OTTy, and V", is the corresponding residual signal.
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The subband output signals are subsequently defined for every time-slot n, and every hybrid subband

k by

y"*, which is derived from the vector w"* and the matrix M}* having 6 rows and 6 columns, according to

[ n,k ] _ -
WL yn,k
L
Wn,k nk
R yLs
n,k k
we g
nk _ wamkoonk _ wamk| | C | IR
y - M2 w - M2 n,k - nk
Worr, Yrs
0k n,k
Worr, Ye
n,k y o
witr, | b LFE |

The elements of MZ”‘ are defined in subclause 6.5.3, and the hybrid subband signals defined in y'|

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

6.4.3.2.2 Qperation with temporal shaping tools

Similarly to the 5-1-5 configurations, if temporal shaping is used, the vector—v"*is defined identically
"t holds the direct signal ar

direct

previous subflause, however two w"* vectors are defined. The first, W

residual signals, while the second W’ .. holds the decorrelator outplt signals, according to:

I n,k

are

fo the
d the

\% — -
L n,k
k "
n
12'% k
R 2
Wr
n,k
v n,k
Wt ¢ | e
direct — - k
n,k s
(1 - é‘OTTI (k)) vres?TT WOTT‘
n,k
n,k WOTT
(1 - 5OTT2 (k))vres?TT O \
0 Wrrr,
n,k
VL
n,k — -
Y n,k
R wy
n,k
yme WR
vC Wn,k
n,k _ _ C
W difuse — Tk
OTT (. nk oTT,
Sort, (k)Dl (VOTT1 ) "
Worr,
n,k
OTT (| n.k Wia
Sort, (k )Dz (VOTT2 ) LT
1
TTT n,k OTT nk OTT nk
O, (k)(\/i D, (VTTTU ) +D, (VOTT2 ) +D (VOTT1 )

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. For these
configurations, two downmix signals are present denoted x; and x; , and a number of residugl signals are
also gresent (depending on the data stream).
X v w y y
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p| D [ Sy 3
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- oTT
o - D3 | resd™—LLip
ArtDm: [\ ds —® yc YE
res H
2™ B D' [ resg™ H:
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decorrelators
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Figure(27 — Matrix view of the spatial audio processing for the 7-2-7 configuratigns
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7-2-7, 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

The parametgrization used for the different 7-2-7 configurations are outlined in\Figare 29. Again, the CLP and
ICC parametérs are labelled corresponding to the order they appear in the bitstream.

7-2-7, parameterization 7-2-7, parameterization
CLD,, ICCy CLD,, ICC,
? (center, lfe parameters) . (center, Ife parameters) w
/ N\ » £\ 2]
: % '/.L % '/5 " g
h Tl
1 VUL N N 85/ Uig e N ) B8
L NSNS fsl (1 GV AR
= N 12 pd : a =
Qg p :/:5, g ld,g‘\/A 0% g [ Qg 5 T
AL §Elgs N-EI e e | B
oL E —sImg 18} o8 = | 3 =
8 E S8I58 o < 7 | & 8
~ = E S F 8 < I ToF ~
P _———O 910 _C o =) ~ 9 o
b - : < / S - : oS & )
5 X N
+H
+ I 1
AN IR/ =
| CLD;s, ICC3 I CLD4, ICCs
|

= (Ls, Lsr parameters) | (Rs, Rsr parameters) -~

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

For the 7-2-7| canfigurations, the input vector to be multiplied with Mf’k consists of the two downmix signals,

and an optional residual signal. For this configuration, four decorrelators are used in the same manner with
respect to residual coding as for the 5-2-5 configuration. Similar to the 5-2-5 configurations, if decorrelation in
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.
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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:

B n,k B
VL
— — vn,k
ke
X F
Lo nk
xn,k vC
R, n,k
v
OTT,
rn,k _Mn,k nk _ Mn,k xn’k _ !
Y - 1 X - 1 resg " - v",k
ank OTT,
reslA"D"' v""k
TTT,
xn,k ‘
ArtDm: 1,
res; vOTT3
n,k
| Vorr, |

The dubscripts for the different elements in the v"*vector indicate-which OTT or TTT box deforrelator the
signal is input to, with the exception of v, vl’{’k , and vg'k , whichyare the direct signal.
The Vector w™* holding the direct signal, decorrelated. signals, and the residual signals for the ODTT boxes is
defingd according to:
vk
vg‘k
_nyk _
n.k
Ve wg‘k
n.k
o[ nk .k We
é‘OTT] (k )Dl (voile )+ (1 - §OTT1 (k )) Vre’s?n Wk
n.k OTT,
Vo= n,k
n, n,k Wor 2
S, () D™ (vt )+ (1= Gorm, (k) )V o
WTTTO
1 n.k nk n.k w 1.k
5TTT,. (k)(_/_DOTTT (VTTT.\ ) + DonT (VOTTq ) + DIOTT (VOTT, ) Worr,
\ V<2 / Wn,k
| Yorr, |
O n,k n,k
5OTT3 (k)D3 TT (VOTTg )+ (1 - 5OTT3 (k))vres?TT
é‘()TTA (k)DA?TT (Vél)fn ) + (1 - é‘()TT4 (k))v;;];)ﬁ
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,

TTT,

- otz

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 subscripfsforthedifferentetementsmdicate whichrOT T or T T T box thesigrmat corresponds—toaceprding
to the numbering of OTT and TTT boxes for the 7-2-7 configurations as given by Figure 26. ‘\Hence,
DY (vngX ) is the decorrelator output from box OTTy, and v:::?(ﬂ is the corresponding residual signal.
The subband| output signals are subsequently defined for every time-slot n, and every hybrid subband| £ by
y"*, which if derived from the vector w"* and the matrix M’* having 8 rows and 8 celumins, according to
I n,k 7
WL I nk N
n,k yL
R n,k
Le
Wn,k ok
c yLs
n,k k
Worr, R . :
y =Mptwrt =Myt = y]:k for the 7-2-7, configufafion, and
Worr, YRe
n,k n.k
WTTTU Yrs
ik n,k
Worr, yC”
n,k
n,k _VLFE
| Worr, |~ -
I n,k 7
WL I nk N
P Y
WIZ,( nyk
yLsr
Wn,k nk
c yLs
n gk k
Wor, R . .
y = Mptwrt =Mt O | = y]:k for the 7-2-7, configuration.
Worr, Yrs
I’ nk
W"'IZT(TU YR
n,k n.k
Worr, yclk
n,
n.k YLrE
WorT, - -

The elements of MZ”‘ are defined in subclause 6.4.4, and the hybrid subband signals defined in y”’k are
synthesized to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3.
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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, w”*

direct

holds the direct signal and the

nk

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

[ nk
n,k WL
V,
R Wn,k
vn,k =
C n.,k
We
1_ ) n,k 0k
Wit = ( 50TT| (k) Vres?TT _ Worr,
direct — - k
n.k s
(1 N 5OTT2 (k)) resyTT WOTT2
n,k
0 Wrrr,
n,k
W,
ik OTT,
(1 - 5OTT3 (k)) resdTT Wn,k
OTT,
nk - -
(1=, ()
nk
L
n,k
VR
m ok T
Wi
n,k
Y n,k
C WR
Wn,k
C
OTT n,k
Sort, (k)Dl (VOTT, ) wy.
n,k _ . OTT,
W dittuse = T|
OTT ( ‘nk OTT,
Sort, (k )Dz (VOTT2 ) ek
Wrrt,
L et (o 1.k
s OTT n,k OTT n,k w,
§TTT0 (k) =D, (vTTTO ) +D, (VOTT2 ) +D (VOTT1 ) OTT,
2 n,k
| Worr,
OTT n,k
O, (k )D3 (VOTT3 )
OTT n,k
50TT (k)D4 (VOTT )

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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6.45 The7

-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).

Fi

9

As for the ot
This is outling
based on on
boxes and th

b'e v w y y
L
S YT Yo
Xis 1P Ls >|
XR P R P Vi Yisr
-
Xes TP Rs > 1 Yis Yis
decorrelator - . YR YR
Xre [ matrix matrix >
ArtDm LFE
res || [M2]
0 > [M1] > — Yre YRs
ArtDm
resi™ 1| gl
resgan ——> dO A _> YRs YRsr
-
resy™™ | > D5’ resy - -
P Yyc yc
ArtDm
res, "1 | g ds vall NG
ArDm - D | resoide Ly
resg 1L g 1 ] v, y
LFE LFE
decorrelators
7-5-74 7-5-7

ure 30 — Matrix view of the spatial audio processing for the 7-5-7 configurations

ner configurations the\7-5-7 configuration can also be visualized by means of a tree-stry
bd in Figure 31 and Figure 32. As before, in Figure 31, every OTT box re-creates two ch3
e input channel;-the corresponding CLD and ICC parameters, and residual signal. The

b corresponding data are numbered corresponding to the order they appear in the bitstream.

4

cture.
nnels
OoTT

100
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The p
ICCp

For th

7-5-7, tree structure 75-7, tree structure
CLD, ICCy
resy il OTTo| gl | L 2l
L ———{ 12
e Lc Ls > 1 OTT20 > Lsr
L L = | S
s ClD.1co—g T3 ° resy >
- B CLD,, 1CC, &
res;—pml  OTT | i p R > R
R—— {12 OTTy
i o Rem—— 2 i Rsr
Rs i Rs res”] i Rs
CLD, ICC R
C i C C C
LFE i LFE LFE wiLFE

arameters are labelled corresponding to the order they appear:in the bitstream.
7-5-7, parameterization 7-5-7, parameterization
N\ /N

47 @ S
Oz

Y

arameterization used for the different 5-1-5 configurations are dutlined in Figure 32. Again,

& CLD3'|CO3\’>’ £, HL/A CLD, 1GCs

(Ls, Lsr parameters) (Rs, Rsr pargdmeters)

Figure 31 — Tree structure view of the spatial audio processing for the 7-5-7 configurations

the CLD and

Higure 32 — Parameterization view of the spatial audio processing for the 7-5-7 configurations

e<{r~5-7 configurations, the input vector to be multiplied with M;”" consists of the six downmix signals.

For th

fs—configuratiorn, four decorretators are used- i the same manmer with Tespect to residuat

all 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
'xL
n,k
Xps
n,k
xR n,k
V,
n,k L
XRs .k
nk Vis
X,
C n,k
V,
n,k R
XLrE ik
nk n,k n,k nk nk Rs
\% =M|""x =M X adme | = k
1 1 res, V”,
C
n,k 4
res P VITFE
nk k
X" n,
resy DM VOTT(,
n,k n,k
ArtDmx Vort
res; L 1
n,k
resy O™
nk
X"
L resyPm ]

The subscrip

The vector w

n,k n,k n,k

defined accoiding to:

where

0,

nk

OTT,

102

n,k n,k n,k . . .
UV LV a s s Ve s and v, which are the direct signals.

s for the different elements in the v"* vectdr indicate which OTT or TTT box decorrelatpr the
signal is inpuf to, with the exception of v

"* holding the direct signals, decorrelated signals, and the residual signals for the OTT boxes is

n,k
Yo ~ _
n,k
1 nk WL
Ls
nk
W
: n,k Ls
R n,k
Wr
n,k
Vo n,k
Rs WRs
n.k n,k
R W,
Yo C
ok Wire
LFE
Wn,k
OTT,
OTT n,k nk 0
50TT0 (k)Do (VOTTU ) + (1 - 50TT0 (k))vresgﬂ .k
Worr,

é‘OTT‘ (k)DloTT (vg’Tle )+ (1 _§0TT| (k))vr’:s,;ﬁ |

(k)_{o ,0<k <max{k,, ]

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.

The subband output signals are subsequently defined for every time-slot n, and every hybrid subband £ by
T T i pcording to

y"*, phictrisderived-fronTthevector-w*-—amd-the mmatrix M-“—traving-8 Tows amnd-8-cotumms; 2

yn,k — Mn,kwn,k — Mn,k

k Jk k Jk
Y =MW" =M)

The g¢lemgnts of M;"‘ are defined in subclause 6.4.5, and the hybrid subband signals defingd in y

m k]
349
n,k
Le
n,k
yLs
nk
VR
nk
yRc
nk
yRs
nk

Ye

n,k

| VLFE |

B n,k ]
L
nk
yLsr
nk
yLs
nyk
R
n,k
yRsr
n,k
yRs
nk
Ye

nk

| Vire |

for the 7-5-7, configuration, and

for the 7-5-7, configuration.

synthesiZed to the time-domain by the hybrid synthesis filterbank as defined in subclause 6.3.

n
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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,

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

nk
Wdirect

holds the direct signal and the

n,k
VL )
n,k
n,k WL
vLs
n,k
— WLQ
VR k
R ,
Wr
n,k
vRs W]Z’k
n,k _ S
wdirect - wk - n,k
Ve We
n,k
ok WirE
LFE
Wn,k
n.k OTT,
(1 - é‘OTTO (k))vreSOOTT Wn,k
OTT,
nk
| - é‘OTT‘ (k))vresloﬂ- |
B n,k 7
VL — 0
1,
vn,k WL
Ls n,k
‘ WLs
n,
v
R Wg‘k
n,k
R R Wi
n, — —
Witfuse = nk - n.k
Ve We
n,k
n.k Wire
VirFE .
15
W,
OTT (. nk OFT,
Sor, (k ) D, (VOTTO ) 0.k
OTT k Wor,
n, - -
_5OTT1 (k)Dl (VOTT, )_
where Sqp (), Sopq, (k). are defined identically to the previous subclause.
Two tempordry outpuit”vectors are derived, y%* holding the direct signal, and y%  holding the diffuse
H k k . k . e . .
signal. They pre calculated from wj . and wjg . using M}" which is identical to that used if no temporal
shaping is apphed—Fhe-outputis-derived-from-these-as-eutlinedin-subelause-6-+-ifthe-STHP-teeHsused, and

TCaT

subclause 6.8 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

104
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applying a post-matrix Mg”‘ to the output from any of the predefined trees. Figure 33 below shows a general

overv

iew of how the post-matrix is applied to the output of the predefined trees.
X
| y Arbitrary
Pre- . Tree
Mix
decorrelator )
. matrix
matrix Post
matrix
’J \ ’J \ | [M2
[MA1] Decorrelators (M2]
j/ j/ [M3] A
o B O

Figure 33 — Matrix view of the spatial audio processing when adding the arbitrary trees as a post

6.4.6.

Since
tree y
that A
canv
hybrig

process

2  Vector definitions for Arbitrary Trees

Arbitrary Trees can be combined with any of the predefined. trees the output vector from t

Yn,k

rbitrary Trees can produce many output channels festilt in the fact that the size of the pos
ary a lot. The subband output signals from the Arbitrary Trees is defined for every time-slot

nk __ nk _ nk
"t =My

ne predefined

can have several different number of channels and‘ehannel order, which in combinatiof with the fact

-matrix M5*
n, and every

subband k by z"*, which is derived from the Vector y"* and the post-matrix M’ according to:

The ¢lements of Mg”k are defined in“subclause 6.5.4, and the hybrid subband signals defingd in z"* are

synth

6.4.7

6.4.7.

In on

bsized to the time-domain bydthe hybrid synthesis filterbank as defined in subclause 6.3.2.2

Stereo outputfrom mono downmix signals

1 Introduction

der Ao\ output stereo signal from a mono downmix with the corresponding MPH

para
CLD

eterization (5-1-5; or 5-1-5, tree structure) the parameters needs to be recalculated to g

FG  Surround
single set of

ndICC parameters

6.4.7.

6.4.7.

For 0

2 Parameter recalculation

21 5-1-5, configuration

<m<M

proc ?

channel powers
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2
Im __ l,m I,m I,m
E; _(CI,OTTOCI,OTTI CI,OTT3) .

2
Lm _ Im I,m Im
E" = (Cl,OTT0 €011, 2,017, )

I,m L,m Lm ’

E" = (CI:OTTO Gorr, )

El" = (cé’,gTTo CII:C”;TTz )2

Eé: = (CéngTo CéngTz )2
where

CLDY"
10
Cll,’cr)nTTX - & cLoy” and cé:r(';TT =
1+10 10 110 %
where
CLD}" =Dy (X,1,m)

The normaliz
E"=E
E" = E|

Two of the IC

bd powers of the stereo output channels are thensestimated by

1,m

"B

C

El,m
.m l,m
+ B+ .

C parameters ICC}" , X'=72,3 where

ICCY" =Dy (X,1,m)

are incorporafed into an estimate of the correlation of the stereo output channels,

I,m 2 l,m 2
CZ,OTTO c

) G orr,
The desired unquantized CLD and ICC values are then computed according to

ICC;”” =max<—.99, min< 1,

;vl,m

< FICC,"
2

-

l,m
1,0TT,

l,m
2,0TT,

I,m
1,0TT;

l,m 1,m 1,m
G011, ) +1CC ((CI,OTTO ¢

|

PLr, =

I,m

I,m Lo té
C'LDf = 1010g10 m
Ry

Prg, T €

Im l,m ’
,/ELO E" +¢&
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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

For O<m <M, ,0<I<L,the two CLD parameters CLD}" for X =0,1, are first used to.6btaln normalized

channel powers

-l ,m l,m I,m 2
% :(CI,OTTOCI,OTT,) :

I,m I,m

lm
Iy (Cl 01T, €2, OTTl) :

2
ke :(Cé:OTTO) :
Two gf the ICC parameters ICC%." , X =0,1, where

JCCE" =Dy (X, 1,m)

are inorporated into estimates of normalized powers and correlation of the stereo output channdls,

I,m

>lm _ plom 1,m lm
o= E" + +V2ICCy cl OTTOCI OTT, Cyorr, »

l m Cl,m
IOTT 20TT| 2,0TT, °’

[vl m El m

El,m
_ C 1,m Lom _Im I,m l,m lm 1,m 1m
Prr, = ) T &orr, ICC" ¢, o1, CLorT, Cz OTT, \/— —=1CC)"c; JOTT, \/ 1+1CCy cl OTT Cyorr,

wherg
CLDY"
1
l,m _ 10 0 and Cl,m _ 1
L,OTT, — CLD},T 2,0TT CLD_g(,m
1+10 1 1+10 ™
where

CLDY" =Dy (X,1,m)

© ISO/IEC 2007 — Al rights reserved 107


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

ISO/IEC 23003-1:2007(E)

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 are sulpses
Table 82 and|Table 83.

A gain adjustment factor is also defined by

Im __ 1,m IR
g =k + By

6.4.7.3 Stereo output processing

Given the pafameters, the output is derived similar as for the normal operation.

One decorrelptor is used, and the input signal to the decorrelatsr’is defined by v"**, which is derived from the

1,k

input vector X" and the matrix M;”k has 2 rows and 1 columnyaccording to:

k
1 Vi

Vn,k — M;l,kxn,k — |: I:xln,k:| — ) l/)(
1 v

The subscripts for the different elements inithe v"* vector indicate which OTT box decorrelator the signal is
nk

m

input to, with the exception of v, which\is the direct signal.

The vector w"* holding the direct:signal, decorrelated signals, and the residual signals is defined according

to:
n,k n,k
n,k WMU WMO
W= % = n,k
Jey »
JDO (VO ) 0

where D, (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:

I,m l,m l,m Im lm l,m
Lm Lm c’ cos(a’ + 07 ) ¢’ s1n(a‘ + .0 )
o _|HIT™ HIZM| G p | B
b= =
H21"  H22'™ e cos(—al"” + ﬂl"”) e sin(—al"” + ﬁ’l"”)
whereé
Im __
(1 - ’
and where:
cl,m _cl,m 1
B =arctan tan(oc”"’)?—1 ,and " =—arccos(]CC””’)
Jm Im q
"+ 2

forOKkm<M__,0<[<L,given the CLDC’I’”’ and ICCC’I’”’ parameters calculated in the previous pubclauses

proc?

6.5 [Calculation of pre-matrix M1, mix-matrix M2 and post-matrix M3
6.5.1| Introduction

In theg following subclauses, the matrices Mf‘k and M;’k are defined for every time-slot n, and every hybrid

subbgnd k . They are interpolated versions of R{"”Gi””H”"’ and R’z”” which are defined for a givien parameter
time-glot /, and a given processing band m , based on the CLD and ICC and CPC parameterg valid for that
paraieter time-slot and_processing band. Hence, the matrices are frequency dependent and R{"”Gi””H”"’

Im

and R>" are calculated for every processing band, and subsequently mapped to every hybrid bgnd.

6.5.2 | \Definition of pre-matrix M1

6.5.2.1 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</< L,

a(n,l)=

0<k < K where

n+l

e
n—t(l-1) .
() t( 1) ,otherwise

and Wll’k can be processed by smoothing according to:

where
Wi
Wlf:;j =A;
for 0<k<K

hybrid subba
conjugation

W, co

The matrices| R’

6.5.2.2

6.5.2.2.1

_ Isdclta (1)

Wﬁo};l (1 Sdetta (1)) Wl ™ ’ Sproc (Z (k)) =1
Wliolt(u N Sproc (l (k)) — 0
= Rivk(k)Gi,:«(k)Hz,K(k)
~ konj (k “]tler];p)

0</<L and where K‘(k) and Kkonj(k,x) are given in Table A.31, where the first row

hd %, the second row is the corresponding processing band, and the third row is the co
* of x for certain hybrid subbands £ .

responds to the last parameter set of the previous frame (zero for the first frame).

, G, and H"" are defined in the'following subclauses.

Cdlculation of R,

Introduction

s the

mplex

The Rf”" majrix controls the_amount of input to the decorrelators, and for the 5-2-5 configuration does the up-

mix from twg
therefore, it

depending of

downmix{ehannels to a left, centre, right channel. It does not add decorrelated signa
s only ‘a-function of the CLD and/or CPC parameters. The Rl " matrix is defined diffd

I,m

the\configuration used. For the 5-1-5 configurations the elements of the R;™ matrix is d

by the CLD

arameters corresponding to the OTT modules as indicated in_the bitstream. For the

, and
rently
pfined
5-2-5

configuration the functionality of the TTT box is implemented as well as controlling the input to the
decorrelators. The Two-To-Three channel upmix as done by the TTT box, can be done differently for different
frequency ranges, this is signaled by means of bsTttModeLow and bsTttModeHigh .

110

© ISO/IEC 2007 — All rights reserved


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

6.5.2.2.2

6.5.2.2.2.1

5-1-5 configuration

5-1-5, configuration

For the 5-1-5; configuration R} is defined according to:

ISO/IEC 23003-1:2007(E)

1
1 CLDY"
10 1
Iom __ I,m 1.m _ 10 l,m _
R" = ¢ o1, , where Crotr, =47 o and ¢, oy, = TR
I,m 1,m 10 10
€ ort, C1oTT, V 1+10 V 1+10
lm
Gy 01T,
and where:
Sy yLm
LDY" =D, (X, ,m), 0<X<2,0<m<M_ ,0<I<L

The QTT, indexing corresponds to the labels of the OTT boxes as givemin Figure 23, and the s
indicates the upper output of box OTT, , and consequently 2=, indicates the lower outpy

1,0TT,

6.5.22.2.2

5-1-5, configuration

For tHe 5-1-5, configuration Ri”” is defined according to:

Rl,m —

and wWhere:

CLD}"

The QT indexing corresponds to the labels of the OTT boxes as given in Figure 23, and

1
1

I,m
1,0TT,

I,m I,m
G011, C1.01T,

C

Im Im
| Grorr, ©20tT,

=D

N CLD

, Where

Iim
€1,01T,

(X,Lm), 0<X<2,0<m<M, 0<I<L

LIbscript
t.

the subscript

1,orr, indicates the upper output of box O77, , and consequently 2,orr, indicates the lower output.

6.5.2.2.3

6.5.2.2.3.1

5-2-5 configuration

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

© ISO/IEC 2007 — All rights reserved

111


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

ISO/IEC 23003-1:2007(E)

preserving coding algorithm e.g. SBR in High Efficiency AAC. The subsequent definitions are given based on
bsTttModeLow for the frequency range covered by 0<m <m,_,..(0). The exact same definitions apply

for the parameter 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 (bsTttMOdeLOW(O) =0) or without

decorrelation
equivalent to

addin

apply
[ ]

apply

Neither of the

an energy loss in the three up-mixed signals. This energy loss can be compensated for by:
g a residual signal corresponding to the energy loss;

ing a gain to the up-mixed signals compensating for the energy loss;

ing a decorrelated signal corresponding to the energy loss.

above can be applied simultaneously for the same frequency range. For a data stream

Wﬂm@ﬁ—mﬁm—mrmfmmmm—m—m—. fcti X7 et at is

where

e.g. bsTttM(ndeLow(O) =0 is indicated, i.e. decorrelation is to be used, and-a residual signal is present, the

decorrelator
present. For

below, the |9
nevertheless|

Furthermore,

where no res
decorrelated

5ignal is replaced by the residual signal for the frequency. range where the residual sig
bsTttModeLow (0)=1 no decorrelation is used and<herefore, in the matrix definitions

the decorrelated signal added for the frequency range where bsTttModeLow(O):O

idual is present, is added to the left front, right front and centre output channels, by mix
signal as outlined in subclause 6.5.3.5. "Hence, the energy compensating signal for the l¢g

nal is
given

st row of the matrix is not applicable and thus set\to zero. A residual signal can be added

, and
ing in
ft and

right side signals (subsequently to become left front/surround pair and right front/surround pair) is only added

to the left fror

For bsTttMd

t and right front part of the left front/surround pair and the right front/surround pair.

deLow(0)=0 the pre-gairtmatrix is defined according to:

(" +2)y A=) 1

(al,m 1)7/1,m (ﬁl,m +2)7l,m 1

1—a"A9" V2 (1= )y""N2 =2

R{g’":%i la ))yl Eﬁlﬂ ;yl V2 I, 0<m <My ype (0),0SI< L

al #2)y " 1)y 1

(o lm 4\ Lm (plm A\ Lm 1

b K =) .

_(l—al’m)}/l’m\/i (l_ﬂl,m)yl,m\/i 0 |
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For bsTttModeLow (0)=1 the pre-gain matrix is defined according to:
_(alm_i_z)]/lm (ﬂl,m_l)ylm 1 ]
(alm _1)71 m (ﬁl,m +2)7/l m 1
1 (l_al,m)yl,m\/z (l—ﬂlm)j/lm 2 _\/5
R =— , 0<m<my ... (0),0</<L
3 (alm+2)]/l,m (ﬂlm_l)ylm 1
alm_l)]/lm ﬁl,m+2)}/lm 1
0 0 0
wherg ", "™ and y"" are given by:

6.5.2.

The €
SBR

flavou
energ
the T]

row o
size @

m<m,,, (3),bsResidualPresent(3)=1,bsResidualCoding =1

resProc

otherwise
,CC 3 l m

DPC] (0,,m), 0<m<m (0),0</<L

tttLowProc

3" =Dpe , (0,,m), 0<m<m ., (0),0</&L

2.3.3 Energy based up-mix

nergy based upmix is designed:for non-waveform preserving coding of the downmix signal,

such as the

frequency range as coded by.the High Efficiency AAC codec. The energy based upmix fomes in two

y based up-mix neither-a decorrelator signal nor a residual signal can be added to the ou
[T module, since there is no prediction error to compensate for. Hence, the third column
f the matrices are not applicable for this operation mode. They are set to zero in order to kg
onstant throughout the description.

For bsTttModeLow(O) >3 the pre-gain matrix depends on parameters:

CLD{™ CLDy™

Im21Q 10 gbm—1Q 10

T

where

CLD"™ =Dy, ,(0,1,m)
CLDy" =D, ,(0,4,m)

for 0<m<m

0),0</<L.

tttLowProc (

© ISO/IEC 2007 — All rights reserved
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ut signals of
and the sixth
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For bsTttModeLow(O) =3 the pre-gain matrix is defined according to:

Wi Wis 0
witow 0
l,m 1,m
w \/5 Wy, \/5 0
R{m = jl jz H OS m< mmLowProc (0)’0 < Z < L
Wi W3 0
wi' w0
0 0 0
where
2
e [ (1+45") i 7" (1+@y”)
n - I,m _I,m 1 I,m 2 2= I,m I,m Iym _I,m I,m 2
4 9, +( T4, ) (‘I1 T4, +1) a9, +(1+‘I2 )
l'm 2 m 1 m
L (1+4") o= | 4 g 4]
2 Lom _l.m I,m 1 Iom _I,m 1 I.m 2 22 N l,m+ 1+ l,m)2
(¢ as" + a5 +1)q1"gs" +(1+45™) aqy" +(1+ 4
l,m I,m
m g, +1 ” q," +1
Wél :%/ Im : Im _Im Wéz 27 l,mz—l,m
g," +1+q"q, q" +q," +1
For bsTttMd deLow(O) =5 the pre-gain matrix is\defined according to:
W0 0]
w0
l,m l,m
Word2 w2 o
Ri,m: 31 32 , O§m<mmLowpmc(O),0Sl<L
W 0 0
I wéz’" 0
— 0 O_
where
lom __ %I’mqy’ l,m — qllm
g g g 2\ gm 1
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6.5.2.2.4 7-2-7 configuration

6.5.2.2.4.1 Introduction

For the 7-2-7 configuration the pre-matrix Rf””

ISO/IEC 23003-1:2007(E)

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.

6.5.2.24-2—Prediction based up-mix

For bsTttModeLow (0) =0 the pre-gain matrix is defined according to:

(al,nz+2)7/lm ( _ ) Lm 1
s A
(l_alm)y/,mﬁ (1 ,Bl m) lm _ﬁ
a"+2) " B b 1
R{m 2% Eal’m _1))7/1 m Eﬁ )) Im ! ) 0<m <mmLowProc (0),0Sl <[I
(1-a")y"N2 (1=p")r"V2 0
(al "+ ) lmCléT)TT (IBlm ) l”lcgn(;TTl C(lsrgTT]
_(al’m _1)7] meS?)TT (ﬂlm + ) lmcfsrgTT C(ZST)TTZ
For bsTttModeLow(O) 1 the pre-gain matrix is defined according to
(@ +2)y (5 -1) 1
(alm_l)ylm (ﬁl,m_’_z)ylm 1
(1-a")5N2 (1-5")r"" V2 -2
Ly Y lm Lo 1) 4 1
R =1 (22 (5 =1)r L 0<m<my . (0),0<<
3 (al,m _1)7/1 m (ﬂlm + 2)7/1 m 1
0 0 0
[ lm A\ Im Im (plm 4\ Im _Im Lm
& T2)7 Tsorr, )7 tsor,  Ysor
_(al’m - 1)7’1 mc(ls’gTTz (ﬂl "+ 2)7// mc(ls’gTTz Cfs’,"éwz |
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where '™,

£ and y""are given by:

m<m,,. . (3),bsResidualPresent(3) =1,bsResidualCoding =1

otherwise
ICC 3 Z m
=D, pc1 (0,,m), 0<m<mg .. (0),0</<L
B =Dhpe ,(0,,m), 0<m<my 0. (0),0S7<L
o =1 fonthe 7-2-7, configuration, and 6 =2 for the 7-2-7, configuration,
and where
CLD"
I,m 10 10
Crott, = Lol ,
1+10 10
for
CLDY" =D, (X,I,m), 1<X<2,0<m<M, ,0<I<L
The OTT, indexing corresponds to the labels of the OFI boxes as given in Figure 26, and the sul

1,orr, indicate

6.5.2.2.4.3

For bsTttMd

s the upper output of box OTT, , and consequently 2,077, indicates the lower output.

Energy based up-mix

deLow(O) >3 the pre-gaih matrix depends on parameters:

cLD! " CLDy™
g =10 0 g =10
where
CLD"™ 3+ B¢, (0,1,m)

CLD;" =Dy, ,(0,4,m)

for 0<m<m

o =1 for

116

tttLowProc (0)’ 0 < Z <L and Where

the 7-2-7, configuration, and 6 =2 for the 7-2-7, configuration,

script
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For bsTttModeLow(O) =3 the pre-gain matrix is defined according to:

ISO/IEC 23003-1:2007(E)

i Wi 0
I.m l,m
Wi W 0
l,m l,m
w2 w2 0
I.m I,m
im | P Win 0 < <
Rl = I.m Im 4 0 sm< mmLowProc (0)70 - l < L
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
whereé
I,m _I,m I,m 1,m 1,m I,m
I (S (1+q2 ) o 9 (1+‘Iz )
1 Iom _Im 1 Im 2 12 I,m I,m I,m lm I,m 2
0" qs" +(1+ ) (¢ +ab" +1)(al"gs" +[1+a5")
I,m 1 i ]
L _ (1+45") o | 07" " +]
21 = A
(qllmqém_i_qém_i_l)( I,m lm (1+q )) qllm I,m (1+q )
1,
W =1 0" +1 wir=41 12
31 2 lm +1+qlmqém 32 2 qll,m +qé,m +1
and where 05 orr, and c(’;‘,’gTT2 are(the same as for the prediction based up-mix, and 6 =1 fpr the 7-2-7,
configuration, and 6 =2 for the-7-2-7, configuration.
For bsTttModeLow(O) =5 the pre-gain matrix is defined according to:
W 0 0
0 wh" 0
w2 w20
o my 0 0
R/ = B , 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 wh :y,ﬁ
" +1+4q,"q, q" +g9," +1
I,m l,m
I,m 1 q27 + 1 l.m 1 q2, + 1
W. = = W. = |—
31 2 \/qé,m +1+ qll,mqé,m 32 2 qll,m + qé,m +1
and where cg:jgnl and cé:,’g”’ 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.
6.5.2.2.5 7-5-7 configuration
For the 7-5-7|configurations the pre-matrix R;” is defined according to:
[1 000 0 0 O]
0 110 0 0 O
0 0of1 0 0 O
w1000 1 0 0 . ,
R/ = 0<m<M_ ,0<I<L forthe 7-5<7;configuration,
0 0fO0 01 O ?
0 0f 0 0 01
1 000 0 0 O
10 0f1 0 0 O]
and
1 0,0 0 0 0]
0O 1f{0 0 0 O
0 001 0 0 O
w1000 1 0 O , ,
R™ = 0<m<M_, ,0</<L forthe 7-5-7, configuration,
0 00 0 10 P
0 000 0.01
0 1{ 0¢0~0 O
|10 001 0 0

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
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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.

6.5.23.2 No external downmix compensation bsArbitraryDownmix =0
If no ¢xternal downmix compensation is applied, the Gf”” matrix is defined according to the/following.
For tHe 5-1-5 configurations, the matrix is defined according to:
" =1 0]

For tHe 5-2-5 configuration it is defined according to:

~lm

S~ O
- o O
oS O O

0
0
0

o~
|
(=

For the 7-2-7 configuration it is defined according to:

~Im

|
S o =
= =)
- o O
oS o o

0
0
0

For tHe 7-5-7 configuration it is defined according to:

~1,m

S O = OO
S = O O OO0
- 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

oS O OO — O
S O O O O

S 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:

g™ 0 0 0 0
G"= 0 g™ 000
0 0 1 0 OJ

where

g =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"=l10 g 0 0 0
0 0 1 00

where

¢ ~Gl(X.Lm), 0=X<2.0<m<M, 0<ICL.

roC 2

For the 7-5-7|configuration it is defined according to:

&" 0 0 040 0 0O0O0O0O0O0
0 g™ 0 (0 0 0 0O0O0O0O0OTO
Gl = 0 0 gy ? 0 0 00O0O0O0O
0 0 <0 g 0 0 00O0O0O0O
0O O 0 0 g” 0 000O0O0O0O
[ [0o~0 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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6.5.2.3.4

For the 5-1-5 configurations, the matrix is defined according to:

l,m

[a- g 1] s ME<My e (7)

Gll,m —
[ ) O] ,otherwise
where

Im (0] ) O0< me M 0<]oT
0 \\NNEASMAY & = Y

ISO/IEC 23003-1:2007(E)

Residual coding based external downmix compensation bsArbitraryDownmix =2

proc? > —

and the value of o is updated as follows

{max (0,a,_,— &) ,bsArbitraryDownmixResidualAbs =0,
@, =

rnin(l,oz,{f1 + 5) ,otherwise,

wherg

For tHe 5-2-5 configuration it is defined according to:

[a-gl" 01 0
0 ag” 0 0 1| m<m,, o
L L0 0 100
" g 0 0 0 0
0 g” 000 ,0therwise
0 0 100

wherg

g =G(X,Lm), 0<X<20<m<M, 0<I<L

proc ?

and the value of o is updated as in the case of the 5-1-5 coder, hence

{max (O, o, ,—0 ) ,bsArbitraryDownmixResidualAbs =0,
&, =

min(le, , +5) ,otherwise,

For tHe 7¥2-7 confiquration it is defined according to:

a, denotes the value of o for the k-th data frame and the adaptation-speed & amounts to

0.33.

I,m

a-g,

010
0 a-g” 0 0 1| m<m,p.q(i)
0 0 1 00
G-
gy 0 0 00
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:

[/ " 0 o o 60—+ 0000 o
0 a-g” 0 0 0 0 010000
0 0 oag” 0 0 0 001000 .
Lm ’m S mAanxRes (l
0 0 0 o-g 0 0 000100
0 0 0 0 ag” 0 000O0T1O0
o 0 0 0 0 0 ag” 0000 0 1]
‘ g” 0 0 0 0 0 00000 0
0O g™ 0 0 0 0 00O0O0TO0O
0O 0 g" 0 0 0 000O0O0O0O .
i ,otherwise
0O 0 0 g” 0 0 00000
o 0 0 0 g™ 0 000 0,0
0 0 0 0 0 g™ 000 0.0 0
where
gy =G| X,l,m), 0<X<6,0<m<M, 0&I<L

and the valug of o is updated as for the previous configurations.

6.5.2.4  Ma3trix compatibility

In order to hgndle matrix surround compatible stereo down-mixes, the matrix surround operation on the $tereo
down-mix is reverted if this'is 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 versipns of
the two downmix signals are used to derive the matrix surround inverted downmix signals.
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» j Lol -Wz/R(Wz)
Lmrx L
- (1-w2)RW2) ———— > 1IN —»
] - CW1/R(W1)
c=1/sqrf3)
R(w)=sqrt(1-2w+2w?)
Ll > -C W2/R(W2)
Rurx R
- (1-w1)R(w1) 1IN —»
| J | W1/R(W1)

Figure 34 — Matrix compatibility, inversion matrix

The fnatrix surround inversion matrix only processes the stereo down-mix. Other input sigmpals like TTT

residu

als and artistic down-mix enhancement residuals are passed unchanged. The size

pf the matrix

surrofind inversion matrix is therefore defined by the size of the input signal vector x™* . The inJersion matrix

for configurations with a stereo down-mix is defined according,to:
hl B 000 0]
" R 00 0
o — 0 0O 1 0 0
0 0 0 1 0
| 0 0O 0 0 1]
wherg the entries hi}:’" are compléx functions of the CLD and CPC parameters:
1,m I,m
} l,m g22 hl,m _ _g12
11 Iom _I.m m _I.m 12 7 Im _Im Iom _I.m
&1 81812 &) &1 &n —8n &)
} l,m _géqlm hl,m _ gILIm
21 km _Lm Ibm _Lm 2 7 Im _Im Ibm _Lm
8 &» —8&n &) 81 &» —8&n &)
with
l,m 1 Wl "4+ le gl m __ ‘]Wéqm
‘1 +]W11 Jm 12 \/_‘1 Wl m +]Wém
l,m _jwll’m lm _ 1 Wl - ]Wé "
&1 Im Im Im
‘1 w" + jwy ‘1 " wy
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For parameter bands where a prediction-based up-mix is used, the variables wf"” and wé"” are given by:

W=

(DCLD (lalvm))fz (DCPCJ (Oalam)) Wé’m =/ (DCLD (2’19'"))](2 (DCPCJ (O,Z,m))

l,m l,m

For parameter bands where an energy-based up-mix is used, the variables w;"" and w,™ are given by:

W=

W=

(Dep (LLm)) f3 (Do 1 (0.1,m), Dy, , (0.1,m))

£, (CPC

f(CLD

f(cLD

This definitio
matrix invers
or bsTttMo

(Deo (2 Lm)) £ (D (0.1m) D (0.1, m))

[, are defined as:

-CLD
10 20
-CLD

1+10 20

-1-2CPC , -1< CPC<—%

= 1 . |cpCl=1
1rachc - locpear
3 2
CLD,)= CLD,CLD,
CLD,CLD, +2(CLD, +1)

cLD,)- CLD,
" A\ CLD, +2(CLDy+1)

W is valid for all processing bands where prediction based, or energy base up-mix is useq
on is enabled (i.e. bsTttModeLow (0) <3, or bsTttModeLow (0)=4 if 0<m<m

HeHigh(0)<3 , or bsTttModeHigh(0)=4 if m

tttLowPry

(O) <m< mmHighPmc (O) ) For

tttLowProc

processing barnds, the matrix H"" is the unity matrix.

, and
(0),

other

For configurations with a down-mix that contains more (e.g. 757) or less (e.g. 515) down-mix channels the
matrix surround inversion is not applicable. The inversion matrix for these configurations therefore defaults to
the unity matrix with a size that is equal to the number of columns in input signal vector x"* for all parameter
sets and processing bands.

124
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Definition of mix-matrix M2

1 Introduction

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:

- Z{Wzl’ka(n,l)+(1—a(n,l))W2"1’k, ,0<n<t(l),1=0

for 0

and Wzl’k can be processed by smoothing according to:

and W

corre
the fir

6.5.3.

For th

W, a(nl)+(1-a(n0))W, ™, t(I-1)<n<t(l),1<I<L

K[ <L, 0<k < K where
n+1
_ [=0
1 t(7)+1 ’
pmd)= n—t(I-1) .
,otherwise

t([)-t(I-1)

Sdelta (I) : RIZ,K(k) + (1 - sdelta (l)) ' W2l_1’k > ™ proc (l’ (k)) 1

S K
vV, " =
Rlz,/((k) > Sproc (I’K(k)) =0

here x (k) is given in Table A.31, where the first row is the hybrid band 4, and the secg

ponding processing band. Wz’“‘ corresponds to the last parameter set of the previous fr
5t frame).

2  Derivation of arbitrary'matrix element

e R} matrix the elements are calculated from an equivalent model of an OTT box. Th

depic
para

and the mixing unitithat creates a stereo output, based on the mono signal, the decorrelated co

the

ed in Figure 23rand Figure 26 can be visualized as shown in Figure 35. The OTT box is

nd row is the

ame (zero for

e OTT boxes
essentially a

etric stereo decoder as outlined in ISO/IEC 14496-3. The mono input signal is input to thx decorrelator

nterpart, and

LD and(T€C parameters, where the CLD controls the localization in the stereo field, |and the ICC
parameter controls the wideness of the stereo output signal.
SLB 66—

r———===7 ot |

| / OTTx |

' q " I I,m

| ——» H— o

: D Mixing :

>
| |
|
Figure 35 — Equivalent model of a conceptual OTT box

EC 2007 — All rights reserved 125

© IS0/


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

ISO/IEC 23003-1:2007(E)

Based on this illustration, the output for an arbitrary OTT box can be defined according to
][] [ e, H 25, |
" ¢ | | H2lgh,  H2G% |l¢™ ]

for the OTT box labelled OTT, (where 0< X <numOttBoxes),
for the time slot /, and a parameter band m in the post gain matrix are defined according to:

Arbitrary matrix elements, HI11:" ... H22""

OTTy OTTy

dmcos(akm+pim) 1]

l ) l ,m<resbands,
Hilg | H12 ||| cos(—a + A7) -1
l'm l‘nl - B m m m m . m m
H2]0TT HZZOTTX cll:X COS((Z; + )l( ) CII:X s1n(a§g + )l( )
l . l L . l ,otherwise
&k cos(—aX' + By ) o'y sm(—a)g + By )
where
Im __
CI,X - b
]
and where:
cl,m _cl,m 1
" = arctan tan(aﬁ;"’)H ,and ay" =—arccos(p§;”’),
Crx TGy 2
and where
CLDY™ FCLDY"
ax{ ICCY",2,[ 10 20 10> ,m < resBands
oy = ,with 4, =-11/72.
[ccyr ,otherwise
for 0OSm<M, .., 0<L<L.
And where
m X) ,bsResidualPresent(.X )=1,bsResidualCoding =1
resBands , ={ st () Shermise (X) &=
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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:

B l,m 1m 1,m 1,m 1Im 1m Lm Lm Lm
HIlp HIT HIL HIe HIG HI2Gn HILg HI2 HI25 0
ILm Im ILm Im Im ILm l,m l,m l,m
H21m HITg HILg H20b HILg HI2g H21Gn HI2N H225m 0
l,m 1Lm 1,m l,m lm lm Lm 1,m
RY" — CotT, H2 IOTT, Hl ]OTTU CotT, H?2 ]OTT, Hl 20TT0 C o1, HZZOTT1 0 0
2 = lm Im Im
€2.011, 62,011, 1,077, 0 0 0 0
rrpglm proglm rriilm __graslm 0 O Lriol
11T AOTTZII IOTTU 11T ‘OTTZ 1T OTTO J \vj 11T
1,m 1,m 1,m l,m
| H2L H215 H215m H22lm 0 0 22

wherg, the elements are defined using the definition of arbitrary matrix elements, H/1
outlingd in subclause 6.5.3.2, for which,

CLDy" =D, (X.1,m)

IqCL" =Dy (X,1,m)

for ORK X <5 0<m<M
given|in Figure 23.

proc ®

6.5.34  5-1-5, configuration

The R’z”" matrix for the 5-1-5, configuration is.defined according to:

wherg, the elements are defined using the definition of arbitrary matrix elements H/I
outlined.in"subclause 6.5.3.2, for which,

I,m

orry

0</<L. The OTT, indexing correspends to the labels of the O

[ HI Tov Hl gy HIIGE,  HY Loty HIIGS HI20w  HIIGY HI2gh  HIZgh 0
H2lgt Hlgy HI LG = H2 160 HLIGS HI20w  H2I5h HI2gh  H2260 0
o |HLGE H2IGh HMNGY H gty H2 gty HI258,  Hllgh H2250 0 HI2}
f= H2lgry H2I8H It H21G50 H2I60 HI26w,  H2IG5h H2267. 0 H22
erorm, H205, crorm, H2261, 0 0 0
OB O, 0 0 0 0
Lim

OTTy ~

TT,

TT, |

-H22Mm

OTTy

as

TT boxes as

m
TT,

,m
TT,

-H22m

OTTy

CLDy" =D, (X,1,m)
ICCY" =Dy (X,1,m)

as

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 affects the R)” matrix as well, since the R.” matrix does the mixing of all direct and diffuse

(decorrelated

) signalls, including the decorrelated signal corresponding to the TTT box.

The decorrelator in the TTT box and the residual signal in the TTT box are mutually exclusive for the same

frequency rar

The matrix is

A

L Ll (] 1 b l - 1 (] a—nl Il - 1 (= - n) O T
getasattdecorretated-sigmatsandresiduatsigmatscorrespondingtothesame- O or-T11 box).,

Rl,m —

where, the ¢
outlined in su

CLDY" 3
ICCY" =

for 0< X <3

given in Figure 26.

The variables

residual sign
bsResidualC

consequently defined according to:
i, 1, 0 0 H12g53, 0 gr, Crom
1215, 0 0 H225% 0 0
Ky H1S, 0 0 HIZG, g Ciom,
H21g7 0 0 H225%, 0
0 KifClom, O 0 =2l clom,
0 o, 0 0 0

bclause 6.5.3.2, for which,

=D, (XL1,m)
D, (X,l,m)

0<m<M_ ,0<I<L.The OFT, indexing corresponds to the labels of the OTT box

proc®

l,m
Krrr,

and glr';"ro depend ‘on bsTttModeLow or bsTttModeHigh as well as the presenc

al. If no residual—-signal is present for the TTT box, i.e. bsResidualPresent(3):
hding = 0, the \variables are defined according to:

2
1D (3,7,
\/ ( icc m)) L0<m <m0 (0),bsTttModeLow (0) =0

Iom
8111, =

Im
Krrr, =

e (0)<m < myg o (0),bsTttModeHigh(0) =0
0 otherwise
D (3,0,m) ,0<m<m, .. (0),bsTttModeLow (0)=0
D (3,0,m) om0 (0)<m<m .. (0),bsTttModeHigh(0) =0
1 otherwise

128

lements are defined using the definition of arbitrary matrix elements H]](I)’?TX +-H22 y

S as

b of a

and
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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:

l,m

Im
grrr, =0 and Krrr, =1.

6.5.3.6  7-2-7 configuration

For the 7-2-7 configurations the definition of the R’” depends on bsTttModeLow and bsTttModeHigh ,

accorfling to the same principles as for the 5-2-5 configuration.
For tHe 7-2-7, configuration the RIZ"” matrix is defined according to:
et HLI HIL, 0 HI2l HIL 0 gl HIly 12, 0 |
i H 1y H2157, 0 HI1247, H21p7, 0 S Clom H21pr, [H2250, 0
H2 1 0 0 H225, 0 0 D 0
RU 0 Ky H115 H11Y, 0 0 HI25HILY,  git cvom HIIG D HI2%,
Ky Hl g H2157, 0 0 HI2y, H210  grhy clom H215m P H2257,
0 H2lg;, 0 0 H2247, 0 D 0
0 0 ket el 0 0 ~2gicltn P 0
0 0 S 0 0 0 D 0
and for the 7-2-7, configuration the Rlz’”’ matrix is defined according to:
i HI 0 0 HI2p, 0 gl 0 0
Ky H1 Iy, H Iy, 0 HI1247, Hllgy, 0 g ClomHl gy, | HI2Gm 0
Ké’r”}" Hli Ié?ﬂ HZIZO‘”T’Tx 0 Hli 23’% HZI(Z‘)';E 0 g’T’;"T” c{;gm HZI(Z‘)?E H22é"r’n 0
e | KL, 0 0 HI2i, gl o 0
0 K Hl gy HIIGE 0 0 HI25p HILy g clom Hl g, | 0 HI2g,
0 Kppn Hl I H2150 0 0 HI247 H2157,  grin clom H2 g5, | O H2257,
0 0 om0 0 ~2gctm |0 0
0 0 cé’j;m 0 0 0 0 0
where, the elements are defined using the definition of arbitrary matrix elements H]]éﬁ}x ---H228’$TX as

outlined 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<I<L.The OTT, indexing corresponds to the labels of the OTT boxes as
given in Figure 26.
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The variables «:"

TTT,

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:

Im
8111, =

L0<m<my . (0),bsTttModeLow (0)=0

m (0)<m<m ... (0),bsTttModeHigh(0)=0

> ttlowProc

l,m
TTT,

If a residual
variables are

Iom
grrr, = 0 ang

6.5.3.7 7-§

For the 7-5-1

For the 7-5-7

0
D, (5, ,m)
D, (5, ,m)
1

lom
Ktrr, = 1.

-7 configuration

p.

configuration the Rlz"" matrix is defined according to:

otherwise

,0<m<m, .. (0),bsTttModeLow (0) =0
m (0)<m <m0 (0),bsTttModeHigh(0) = 0

s tttLowProc

otherwise

signal is present for the TTT box, i.e. bsResidualPresent(S) =1 and bsResidualCoding =], the
defined according to:

[ configurations the RIZ’”’ matrix ds defined according to the same principles as for the|5-1-5
configuration$

Im __
R>" =

130

(HIIGS"0 0 00 0 HI2p 0
H2Jg 0 0 00 0 H2, O
0 T 0 0 000 0
0 0 Hilg, 0 0 0 0 HI25,
0 0 H2Ify, 0 0 0 0 H225%,
0 0 0 1 000 0
0 0 0 01 00 0
0 0 0 001 0 0

© ISO/IEC 2007 — All rights reserved


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

and for the 7-5-7, configuration the R’2”” matrix is defined according to:

ISO/IEC 23003-1:2007(E)

wherg
outlin

for 0

given

6.5.4
6.5.4.

The p

1 0 0 0 0 00 0

0 HIlg, 0 0 0 0 HI2y. 0

0 H2lg, 0 0 0 0 H2. 0
o0 1 0 000 0

R;" = Im

0 0 0 HI, 0 0 0

00 0 H2g, 0 0 0

0 0 0 0 1 00

0 0 0 0 01 0

, the elements are defined using the definition of arbitrary matrix-elements H/

bd in subclause 6.5.3.2, for which,

[LD}" =D (X,1,m)
CCL" =Dyee (X,1,m)

KX <2,0sm<M,,.,0<I<L.The OTT, indexing corresponds to the labels of the G

in Figure 26.

Definition of post-matrix M3 for arbitrary trees

1 Introduction

ost-matrix M>* defines hew the output from the pre-defined trees are extended in accord
arbitrary trees into the wanted number of output channel. It is defined according to:

-H22m

orr, as

TT boxes as

ance with the

M W;”‘a(n,l)+(1—a(n,l))W3’”‘, ,OSnSt(l),lzo
O WS (n )+ (1-a(n )W, t(I-1)<n<t(),1<I< L
wherg
n+1
e =0
(n1) t(/)+1
a(n,l)=
n—t(l—l) ,otherwise

t([)-t(1-1)

© ISO/IEC 2007 — All rights reserved
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and W;’k can be processed by smoothing according to:

W.

3

S 1
REYD) Sy (1K) =0

(z,k>—{s“‘a(M(”K("))*(l‘Sdena<l>)-wg<z—1,k> Sy (L (k) =

and where K‘(k) is given in (Table A.30), 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) and W, (—l,k)
refers to the lpst parameter set in the previous frame.

6.5.4.2 Cdlculation of R; for an arbitrary configuration

The Ré”” mayrix is defined by the CLD parameters for the arbitrary trees named ATD corresponding [o the
OTT moduleqg as indicated in the bitstream.

The R.” mafrix is defined according to:

Treege,, (Vﬂi*i(urrset (v) )’1

Tree(v,p,i—iofﬁc‘(v)) ’loffset (V) Si< ioffset (V) + TreeoutChan (V)
R.” (i, V)= =0 ,

0 ,otherwise
for 0 <i<nummChanOutAT and 0<v < numOutChan where

v—1
|| D Tree, ¢, (k) v>0
k=0

ioffset (V) B and
0 otherwise
Cl,id\f(v,p,ilmp) 2 Treesign (V, p’llmp ) = 1
= where
Tree(V-P’ mp) C Tree. (V p i =—1
r,idr(v,p,iunp)’ sign s Fotmp

_ é {i Tree ey, (k) + Tree(v, p,itmp) ,v>0
zdx(v,p,zlmp J=3=0
1Tree(v, Doy ) otherwise

and where

CLD} 1 T
¢y = —sz and ¢, y = |[————— ,where CLD,, , =10 *
“\1+CLDZ X1+ CLD? ’
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and where

CLDY" =D (X,I,m), 0<m<M,0<I<L.

6.6 Decorrelators

6.6.1 Introduction

b QMF subband dom ’

heration filters

ain, with a reverberation filter in every hybrid subb different filter
charateristics depending on which hybrid subband it is situated in. The reverberation filters are IR lattice
filters| with filter coefficients chosen differently for the different decorrelators in order to have decgrrelators that
produice orthogonal signals, i.e. mutually decorrelated.

The de-correlation procedure consists of a number of steps. First of all, the outputs of the M1 |pre-matrices,
v"* fare fed through a set of all-pass de-correlation filters. The filtered signals on their turn afe input to an

energy-shaping procedure, which spectrally shapes the de-correlated signals to more closely match the input
signals in terms of its spectral envelope.

In the|following subclauses the decorrelator procedure is outlined. for-an arbitrary decorrelator indut signal vf('k

as pdrt of the v"* vector. In order to ensure orthogonal decorrelated signals, different decorrelators are

derived from different filter coefficients, as given in Table A.26 to Table A.29 for the decorrelatorf X =0,...,9.

They [correspond to the decorrelators in the different configurations (as outlined in subclause 6.4) according to
Table] 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
5-1-§, Dé)TT ( ) DIOTT ( ) D3OTT ( ) D20TT ( )
5-1-4, Dé)TT( ) DIOTT ( ) D3OTT ( ) D:)TT ( )
5-2-§ D;)TT ( ) DIOTT( ) DOTTT ( )
7_2_71 DZOTT ( ) DIOTT ( ) D(')FTT ( ) D;)TT ( ) D40TT ( )
7_2_72 DZOTT( ) DIOTT( ) D(')FTT( ) D;)TT( ) D40TT( )
7-5-1 Dé)TT ( ) DIOTT ( )
7-5-12 pOTT( \ | poTT [

=0 U J =1 UJ

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
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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 reverberation filters for the different frequency regions given by Table 90, are implemented by a dels

a subsequent

dn,k _

X ,delay

where v}* fg

hybrid subba

dn,k

X filt 7]

where L, is

from the lattid

e Forr

and t

e Forr

1 LIX 1,k 1,k LIX 1,k 1,k
—_ . WK . n— WK _ > . n— >
0k Z by dX,delay Z ay -dy g4y
1=0 1=1

lIR filter. The delayed hybrid subband domain samples are obtainedsas:

v}"s‘k Jkek,
vf{”‘ Jk ek,
vf{z’k Jkek, ’
vf("l‘k Jkek,

r n<0 contains the buffered values of the last’frame at position numSlots —n. The dsg
nd domain samples are filtered as:

f x

the length of the lattice coefficient vectors /} , and the filter coefficients ay* and b}" are d

e coefficient vectors £ . -as outlined in the following subclause, where:

pgion k, and decorrelators X =0,...,9 , the length of the coefficient vector is given by L,

ne lattice coefficients [} , are defined in Table A.26.

pgion £, and decorrelators X =0,...,9 , the length of the coefficient vector is given by L,

and t

y and

layed

prived

hevattice coefficients /;’ are defined in Table A 27

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 . :expg_(p; 'qkj-l}?,o 0...1b
k, =1 . =exp(§-(p)"( '61")-1;,1 0.1k
ky | it =13, ;’}’k=eXp(%-¢;}'q"j-l;,2 0.5
k, =1 ;’}"‘=GXp(%-¢;’(-qu-l;3 0,..2

Table 92 —Definition of ¢"

k q"
0-5 0
6-7 1
8-9 2

10-70 k=T

The reflection coeffisients are converted into the filter coefficients a}* and b}* according to:
ilk -
ay =a,{i)

KA ap )

\

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 p, g

(0)
(p)
o (

p
P

1

R K& R

for 1<i<p-

)=a, (i) +

iven by the following recursion:

I
o

e, (p-i)

1, p=12,...,L

6.6.3 Energ

y adjustment

The decorrelated signal undergoes energy adjustment in order to e.g. avoid audible reverberation tails

transients. A
of the input f{

Hence, after
again for 0 <

nm __
EV" =

v

n,m __
E" =

with (k) de

n,m |
v,smooth ]

E

En,m

d,smooth §

with a =0.8.

gain value applied to the decorrelated signal is calculated based on smoothed energy esti

o the decorrelator and the corresponding output, as well as a given/detection threshold

nk

the signals d}; have been obtained for 0 <n < numSlots , the~following procedure is af

n < numSlots . First the power per processing band m (m =0:728) is calculated as:

>l

EK(k):m

2, |d

ex(k)=m

n,k
VX

n,k
X filt

fined in Table A.31. Next, low-pass filtering on the powers is applied as:

n—-1,m
v,smooth +

Lo E (1-a)-EM",

n-1,m

- 'Ed,smooth +(1_a)'E§’m ’

n—l,m
,smoot]

For the first slot'of the first frame both E_-"

V,smoot]

, and E , With n =0 are initialized as

after
mates

I,m

plied,

Zero

vectors. For {he first slots.of.all other frames, both E" and Ej_ " (with n=0) are set to the valfies of
E oo @nd |ESS . ofthe previous frame at n = numSlots —1. The energy-shaping gain vector is calcfilated
as:
N
}/bv,’smooth n,m n,m
En,m ’Ed,smooth > Ev,smooth}/
d,smooth +é&
n,m
nm __ . v,smooth n,m n,m
gs =4 min En,m ’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

6.7

6.7.1

The

each
of en

S

Subband Domain Temporal Processing (STP)

Introduction

elope estimation for both direct and diffuse sound respectively, the computation ofjthe e

and alshaping of the upper spectral part of the diffuse signal.

ubband domain temporal processing tool is used for shaping the envelope of the diffuse,signal portion of
putput channel to substantially match the temporal shape of the transmitted downmix(signal. It consists

hvelope ratio,

The §TP tool is activated by signalling bsTempShapeConfig =1 and it is used to precess the diffise portion of
the olitput signal of an upmixed output channel if bsTempShapeEnableChannel(ch) =1 is signaled for this
channel.

6.7.2| Overview Diagram

Figure 36 provides a schematic block diagram of the different processing steps for STP:
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Direct Diffuse
Signal Signal
Residual
Signal
n,k n, k n,k nk
ydire«,t - M dlre«,t ydiffuse M wdlffme
Hybrid ->QMF Hybrid ->QMF
Synthesis Synthesis
b b
z Zursecl v z anfuse
Lower part of z/;*"
d-!\g diffuse Splitter
~n,sb
Zglrsect 7" 25
2)1 sb —— diffuse
. direct BP BP = Upper part
[ (Db ™ Fiter Fiter [ of (27
Envelope J
Estimate
Y
scalel; s
| Envelope
“|  Shaping
) 4
+ |¢«——— HPFilter 4—‘

¢ 7t (Signal Output)

Figure 36 —Subband Domain Temporal Processing

For both HQ MPEG Surround and'LP"MPEG Surround, the STP operates on the diffuse signal z};. and the
direct signal [z, output by the_Nyquist synthesis filterbank. Since the shaping of the diffuse signal is| done

direct
n,sh ~1n,s.

on the high|band part .of.z only, a splitter is employed to remix z}” and z}» into Z7'], and

~n,sb

Z 4. @ccording to:
vab +vab 0< b<5
snsho divéct diffuse > — s
Zdlrect - ush e
direct »0 55D <04

~n,sb _{O ,0SSb<5

diffuse — n,sb
Zimse »2Ssb<64

Furthermore, Z(';:eitch and zdlffusm respectively denote the direct and diffuse output for a channel ch from the

splitter.
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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

0<n<numSlots 6<sb<24 with numSlots = bsFrameLength + 1.

For 5§1=5,a common direct downmix sSignal Is oblained as Tollows:

An.sb En,sb
Aqdirect — direct,ch,,

ch,,

wherg ch, comprises the following upmix channels:

Table 93 — Defining ch,, for 5-1-5

Configuration ch

m

5-1-5 L, Ls, COR, Rs

For 512-5, 7-2-7,, 7-2-7,, 7-5-71 and 7-5-7,, two direct downmix signals are obtained as follows:

Anssb ~n,sh
Adirect 1 — Zdirect,ch,

chy

An,sb _ En,sb
qdirect r — direct,ch,

ch,

wherg ch, and ch. comprise the following upmix channels for various configurations:

Table 94 — Defining c/, and ch,_ for X-2-X and X-5-X

Configuration ch, ch,
5-2-5 L, Ls R, Rs
7-2-7, L, Lc, Ls R, Rc, Rs
7-2-73 s ts RRsI RS
7-5-7, L, Lc R, Rc
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 bandpass factor BP*” 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 0.0441
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 03391 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 0.0052¢ | 24 0.1053 0.0307
12 0.9999 0.0063

The direct enprgy for each time slot is computed as follows:

7 24
n | n,sb msb
Endirect _§ZE +ZE

direct direct
sb=6 sh=§

where 6 =1 fpr the HQ MPEG Surround and 6 =0.5 for the LP MPEG Surround.

The energy epvelope for the direct signal is defined as

Envdirecl (I’l) =a- Envdirecl (l’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
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hieve this, a counter parameter is defined as

ii(n)=mod(ii(n-1)+1,32)

where ﬁ(—l) corresponds to the 7 of the last time slot of the previous frame and initialized as ﬁ(—l) =0.

The n

ormalized direct energy is computed as follows:

n
E ndirect

n —_
direct_norm

For 5
be ob

Likew

The d

wherg

The €

wherg

chanr

The €
a hold

TtV direct hold ' ©

2-5, 7-2-74, 7-2-75, 7-5-74 and 7-5-7,, since there are two direct signals, E; . ,om()20d 2
fained in a similar manner.

ise, for each sample of a diffuse signal, its diffuse energy is computed as follows:

7n,sb _ ‘En,sb . BPsb . GFsb 2 )

diffuse,ch — |“diffuse,ch

iffuse energy for each time slot and channel (according to Tahle,67) is computed as follows]
7 24
> n _ n,sbh n,sb
‘ndiffusc,ch - 52 Ediffusc,ch + Z Ediffusc,ch
sb=6 sb=8

o =1for the HQ MPEG Surround and ¢ = 0.5.for the LP MPEG Surround.

nergy envelope for each diffuse signal is déefined as
nv =a-Envl} .+ (1 - a) - Eny
' Ydiffuse,ch diffuse,ch diffuse,ch

a=0.95 and Envdiffuse‘rh(—l) is defined as the last value in the previous frame of the ¢

el and initialized as Envfg;.., (-1)=0.

nergy envelope of-the diffuse signal is also sampled once every 32 consecutive time slots
ing parameter:

v
diffuse “holdich .
N E”Vdiffusefhold,ch ,otherwise

{Envdiffuse,ch(n) Jif ﬁ(”) =0

can

5
direct_norm_r

orresponding

and stored in

The

rmalized diffuse energy is compl ted as follows:

n
Engigtose.cn

n —
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
n
scalel, = |— direct_norm che { chm}
Y difuse_norm,ch
For 5-2-5, 7-p-74, 7-2-7,, 7-5-7, and 7-5-7,
n
n _| direct_norm_1
scale), 5 S ,che {chl}
diffuse_norm,ch te
E;
Scale:h _ - direct_norm_r ,Ch c {Chr}

The scale fag

n
scaley, .

scale!

limit,

scale

SMOO!

where 4, =0

correspondin

6.7.6 Envelope Processing and'Signal Mixing

In the last st¢
the diffuse si
substantially
each channe

If envelope |

+&

diffuse_norm,ch

tor further undergoes damping, limiting and smoothing:

a =4+ (1 —ﬂl)-scale:h
W= min(max (scale;;mpqch /4, ), A )
h,ch (n) = 2’3 : Scalelrilmit,ch + (1 - ﬂ'} ) : Scalesmoolh,ch (n - 1)

1, 4,=2.82, 4, =045, and scale;ooth,ch is defined as the last value in the previous frame

j channel and initialized as scalegy,, ., (—1)=0.

p, the diffuse signal portion of each channel is processed by applying the scale factors (sud
gnal portion ‘@fieach channel when processed using the scale factors has a temporal eny
matching-the temporal envelope of the downmix signal). Finally, the processed diffuse sig
is mixed-with the corresponding direct signal portion:

rocessing is signaled by bsTempShapeEnableChannel(ch)=1 to be active for a par

of the

h that
elope
nal of

icular

channel ch its diffuse signal portion is scaled by the processed scale factors, otherwise, and for channels that
are not processed by STP, no scaling is performed:

n

scale’

In the same s

~n,sb

Zch

~n,sb

Zch

~n

~n

=Zd

142

apply,

,if bsTempShapeEnableChannel (ch)

0
,if bsTempShapeEnableChannel (c) =1

ch =

scale”

{1
smooth,ch
tep the diffuse signal is added to the direct signals as follows,

,sb
irect,ch
,sb
irect,ch

-scale’ -BP*

apply,ch

le!
apply,ch

Lif 0<sh<8
,if 9<sh <63

~n,sb

* Zgittuse.ch
~n,sb

* Zgitfuse.cn < SCaA
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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.

6.8 [(Guided Envelope Shaping (GES)

6.8.1| Introduction

The duided envelope shaping (GES) restores the broadband envelope of the synthesized oufput signal. It
comprises a modified upmix procedure, followed by envelope flattening and reshaping for theg direct signal
portion of each output channel.

For the reshaping, parametric broadband envelope side information cofntained in the bitstream|is used. The
side [nformation consists of ratios envRatio, relating the transmitted downmix signal’s enyelope to the

originpl input channel signal’s envelope. In the decoder, from these ratios gain factors are ¢lerived to be
appligd to the direct signal on each time slot in a frame of a given output channel. The diffuse sopind portion of
each fhannel is not altered by the tool. Figure 37 shows the position of the GES tool in the decoder signal flow.

—Envelope Side Information———

GES
- Di .
_ Spatial Side irect Signal
Information Vo
Spatial o o
ynthesis .
Mll?lﬁf:?g\?\rr;el 4| Conversion to Equivalent and B e bank [PUPiX >
Upmix Factor for Scaling the Dl_ffuse
P Direct Signal Signal
i o
—Downmix
] Diffuse Signa————»

Figure 37 — Placement of the Guided Envelope Shaping tool in the decoder

The GES calculations described in detail in the following subclauses are performed if bsTempShigppeConfig=2 .
Howegverp, 'the actual envelope shaping by application of these gain factors to the upmixed signa| of a channel
is only performed if bsTempShapeEnableChannel (c/)=1.

If the GES is enabled, direct and diffuse signals are synthesized separately using a modified post mixing 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 description of the actual shaping process.

6.8.2 Estimation of normalized envelopes

The normalized envelope Envj,, , is a smoothly whitened envelope, or spectrally flattened enveloge. To
estimate the pormalized envelope firstly, for each slot n in a frame, it is needed to _calculate the parameter

bands energy E.., for a certain range of parameter bands x .and a total average (broadband) gnergy

slot,ch
n
E total,ch

. This |s done for all input ch.

input

and output ch channels defined in

output

Table 97 and|Table 98.

Kunc(x+1)-1 .

n,x | n,/g n,I;
Egozzz.en [F i Z Uzz7.ch (uZZZ,ch) ,che {Chzzz}
k=kfunc(x)
1 Kstop
n — n,K
EtotalZZZ,ch - —1 z EslotZZZ,ch ,Ch € {Chzzz}
Ktop ™ Kstart T s=igen
where
Ky =10 and x,,, =18
and
n,/; 5 _
P yges ch, 9lf‘ ZZZ - OutPUt
n,k | > outpuf
777Z.chy,; [ i . i
X ,if ZZ7 =input

fipue

for ZZZ € {irput omput} K<x<x _and 0<n<numSlots where numSlots = bsFramel.ength+1l The

function lgfunc(/() is defined in Table 96 . ch.__ . and ch are defined in Table 97 and Table 98.

nput output

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

144 © ISO/IEC 2007 — Al rights reserved


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

Table 97 — Output channels c/

ISO/IEC 23003-1:2007(E)

for various configurations

output

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
7-2-7, L,Lsr,Ls,C,R,Rsr,Rs
-5 e RRe
7-5-7, Lsr,Ls,Rsr,Rs

Table 98 — Input channels c/.

1

pu fOT Various configurations

Configuration -
5-1-5 M,
5-2-5 LR,
7-2-7 L,.R,
7-5-7, Ly R,
7-5-7, Ls,.Rs,

Subsgquently a long-term energy average™is defined for all input and output channels for both the parameter

n

n,K .
bandg energy E(;,, ., = and the total@verage (broadband) energy E ., ., —as:
Ton,x _ n,K n—l,x
J‘SIOIZZZ,C]IZZZ - (1 - a) ’ EslotZZZ,chZZZ ta- EslotZZZ hyyy
n _ n n-1
Koazzz.chypy = (1 - a) “Ewzzz e, O Egaizzz e,
for Z¥Z e {input,output}, . <k <k, and 0<n<numSlots with x, =10, , =18 and Wwhere « is a

weighting factor‘corresponding to a first order IIR lowpass (approx. 400 ms time constant):

g <ex (_LJ
P 0.4-44100

and E!

-l,x
where E totalZZ7 chyy,

slotZZZ ,ch,,

channel, initialized as E,7,, .,

are defined as the last values in the previous frame of the corresponding

—_— _71 -—
=0 and EtotalZZZ hyzy T

I n,K n
The parameter bands energy E,,,, ., ~ and averaged broadband energy E{ ., , ~are used to calculate

whitening weights as defined below:

n
Wn’K _ ElolalZZZ chzzz
ZZZ chyyy En,;{ te

slotZZZ ,chz;,
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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 s
Envinput,LO + Envinput,RO 277 =iput
9
2 Chinput = CO
n —
EnvZZZ,chZZZ = -
EHVA bSZZZ ch .
\ = ,otherwise
\' LNVzzz.chy,
where
Kstop
n _ n,K n,K
EnvAbsy,, chyy Z W22z chyy, 'Eslotzzz,chzzz
K=Kstart
R— ] n —n-1
Envzza,) =(1- fB)- Envdbsy,, , + fB-Envzz.a,,

for ZZZ € {in
IIR lowpass (

B =exp

Any negative

-1
Z77

Env
6.8.3 Time

6.8.3.1

The time en
channel folloy

put,output} , 0<n<numSlots and where [ is a weighting factor ‘corresponding to a first
bpprox. 40 ms time constant):

)

index is defined as the last value in the previeus frame and the initial value is set to:

e S
0.04 44100

=32768°

Chy,,

Envelope Shaping

Infroduction

elope shaping_process consists of a flattening of the direct sound envelope for each
ved by a reshaping towards a target envelope.

6.8.3.2

Esttimation of the envelope adjustment gain

order

butput

For the corresponding configuration, the target envelope is obtained by estimating the envelope of the

transmitted d

with encoder

ownmix Env’

input, ¢y,

transmitted and requantized envelope ratios envRatio), .

_ for each input channel (defined in Table 98) and subsequently scaling it

The gain curve g/, for all slots in a frame is calculated for each output channel (defined in Table 99) by

estimating its

146

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

n,k 2

Vdiftuse,ch

output

f
il =

haY L/
MPRAto,, == \/ = » ;

nk
Y direct, chyygpy te

k=8

. n n

n envRati OC Doutput En voutput,Dch (chnutput )

4 ;.ch = ”
output n

Envinput,ch

output

Wherg the downmix channel mapping function Dch(ch is defined inTable 99.

output )

Table 99 — Downmix channels DCh(Choutpm) for various configurations
Configuration bsTreeConfig Dch (Chout out )
5-1 -5 071 DCh(Choutput) = MO 90( Choutput € {L’LS’C’R’ RS}
CO ’if Choutput € {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 chyyp, €{R.Rc,Rs
CO ’if Choulput € {C}
1-2-7, 4 Dch(chompm ) =1L, ,if chy,, €{L,Lsr,Ls
R, .if chy,, €{R.Rsr,Ry}
L, .ifch € {L,Lc}
B D h l’l — 0 output
7-5-7, 5 c (C output) {Ro Jif chompm c {R,RC}
Ls, if chy,, €{LsrLs}
_5- D — outpu
7-5-7, 6 Ch(Choutput) {Rso if Choulpul c {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

information, otherwise and for all remaining c/ ¢ {ch

~n,k

direct,ch —

output
Ompm} (according to Table 67) the direct signal is cop
bsTempShapeEnableChannel (ch) = 1

8<k<K

n,k
direct,ch

/|

ratio’, -y N

.k otherwise

} if bsTempShapeEnableChannel(ch):1 is signaled for this channel in the side

ied:

6.8.4 Mixin

In a last step
domain:

n,k

y

-~ Ny

:yd

for 0<k<K

6.9 Resid

6.9.1 Introg

This subclau
decoding an
individual ch4

non-critically

in the case of
in subclause

The 1024 (or
coefficients 4
MDST transf

f"’k

resl ?

~n,k
res2

in
the window .

g of direct and diffuse signal

qIreCt, e

S

the (processed) direct signals and the unaltered diffuse signals are mixed’in"the hybrid su

k

n,k
rect + ydiffuse

and 0 <n < numSlots , where numSlots = bsFrameLength, + V.

hal coding

uction

se describes the transformation of-the critically sampled MDCT coefficients, as obtain
individual channel stream (ICS) element (subclause 6.1.5) for residual coding or eith
nnel stream or a channel pair element (CPE) for arbitrary downmix enhancement (6.1.6),

sampled complex valued hybrid™QMF domain signal x"* in the case of a TTT box,

res0
n,k n,k
an OTT box or x., X5
5.4,

n,k
vresl ’

in the case of an arbitrary downmix enhancement residual, as d

2048 in case two elements have been decoded, see Table 22, Table 34 and Table 100) |
re first transformed to the QMF domain using windowing, overlap-add and inverse MDC

brms, resulfting in ¥ in the case of a TTT box or v"*, #"*

res0 resl ? vresZ’
the case of an arbitrary downmix enhancement residual. This transformation is depends
equence corresponding to the ICS or CPE, the spatial frame length (bsFramelLength) ar

number of re

&

pband

bd by
er an
to the

es2 vttt

efined

UDCT
I and

in the case of an OTT box or

nt on
d the

sidial frames per spatial frame (vapviduﬂlF'rnm.ocPpVﬁlnnﬁan'rnmp for residual codin

y and

bsArbitraryDownmixResidual FramesPerSpatialFrame for downmix enhancement residual coding).

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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ArbitraryDownmixData ()
N
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QMF samples
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¥ resl or xres2

QMF to
hybrid
QMF
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samples

ArtDmx ArtDmx
Xrest OT Xen

res

Figure 39 — Overview of artistic enhancement residual decoding process of residual decoding
process.

6.9.2 Trandforming MDCT coefficients to QMF samples

General defirfitions-required in the description of the transformation are given in subclause 6.9.2.1. The QMF
and MDCT windows are defined in subclause 6.9.2.2 and subclause 6.9.2.3 respectively. The MDCT tg QMF
transformation applies the inverse MDCT and inverse MDST transformations, which are defined in subclause
6.9.2.4. The MDCT to QMF 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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ISO/IEC 13818-7). The variable N, .\ is derived from the spatial frame length (bsFrameLength) and the
number of residual frames per spatial frame ( bsResidualFramesPerSpatialFrame ):

N bsFrameLength +1

qmf,LONG =

bsResidualFramesPerSpatialFrame +1°
The allowed values of N o\ are derived from the restrictions specified in Table 87.

For short windows (i.e. window_sequence equals EIGHT_SHORT_SEQUENCE), the values for the residual
QMFIrame length, denoted by N ;uorr a@re a function of the short window index £, , as given|in Table 100.

For the elements marked with an asterisk two ICS elements are decoded to obtain the~proper amount of
MDCT coefficients.

Table 100 — Number of short windows N, . as a function of residual framellength N_ . i, and the

corresponding half window lengths for short windows N _ ot (i ) @s7afunction 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

The MDCT coefficients are denoted by s with length N
defingd in subclause 6.9.2.2.

e - The long and short window sgquences are

6.9.22 Definition of QMF windows

The QMF window w, is the sine window, with left and right halves defined according to

A 2 - 1-ruuujtu<g\\
WLEFT,N[n]_SmLNL U for0<n<N/2
| 1+0ddﬂag
WRIGHT,N[”]—SIH{N(” D for N/2<n<N.
where

1 ifN/2isodd;
oddflag = ) ‘

0 ifN/2 iseven.
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For window_sequence equal to ONLY_LONG_SEQUENCE, the QMF window is defined according to

forO<n<N

WLEFT 2N pirone [n] qmELONG

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

,forO0<n<N,

WLEFT,2N i ong [n] qmf,LONG
" [n]— 1.0 Jor Nopeiong —n<qufLON(‘ + N
[n]=
<
WRIGHT 2N s sponr |:n -N QnfLONG — N, +N, qu,SHORT:I , for N, amfLONG T Ny <n<N, qmtLoNG T N+ \]qu,SHORT
0.0 ,for N, amfLONG T N, + qufSHORT s 2qu "LONG
where
N N mf,LONG /2-2 lqumf,LONG =32
=
L]quﬂLONG /2J -1 else.

For window _.

bequence equal to EIGHT_SHORT_SEQUENCE, the QMFwindow is defined according to

(lshon )

w, .
LEFT,2Nymestort (’shon

))[n] for 0<n <N, ishorr

w,. [n]E
Lolihort
{WRIGHT,qumRSHORT (ivor) [ ] for N qmf,SHORT (lshort ) SN <2N, qmf,SHORT (lshon)
incase N, diorr (ipon ) IS €VEN, and
WLEFT 2N gstiorr (inor ) 2[ n] fory 0<n<N, qmf,SHORT (lshort ) -1
(] 1 for n=N, qmESHORT (lshort ) -1
W”- ni=
»!short
WRIGHT 2N gsiion (pon )2 [n=A] for N, qmf,SHORT (lshon ) <Sn<2N qmf,SHORT (lshon ) -1
O for n= 2]\']qu,SHORT (ishon ) - 1
in case N, diorr (fon ) 18:084.
For window §equencé-equal to LONG_STOP_SEQUENCE, the QMF window is defined according to
0:0 for0<n<N,
[ ] WLEFT, 2N ssiorr [” - Nl] s Jor Ny <n <N, + N esnorr
w, [n]=
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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Figure 40 — Stylistic view of the QMF windows

6.9.2.3 Definition of MDCT windows

The MIDCT window is denoted by w,. et the vector h_. € R**’ contain the QMF filter prototyp

as defined in ISO/IEC 14496-3, subclause 4.A.6.2, Table 4.A.87. The vector h e R** is derived
follows:

hyeln] (€02 n<127

e [n] \E 128 <1 < 255
Mnl={ hgiln] if256<n<383
“h)[n] if384<n<511
hyeln] if512<n <639,

~.. 1
i

sample ;1,;,

g,

i

b coefficients,

from h . as

The vector his normalized, resultingin h__ :

h[n]

hnorm[ ] = T -
Y
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Let
N - N jmtron for long windows
| Nynestiorr (igere ) fOr short windows
and let
d 1 if N, is odd;
oddflag = . .
flag 0 if N, iseven.
The MDCT wjndow is then given by
319 7(2n+1+oddflag —2N_ . |m
wiln]=| Y o [320+m]cos ( )
—ry 128N

for n=0,1.},2N_,; —1—oddflag . f oddflag =1, then

we| 2N}, —1]=0.

6.9.2.4 Ddfinition of inverse MDCT and inverse MDST transformations

The analytical expression for the inverse MDCT f;,,,.; of@vector x_,, € R" under the window w € R"| is as

follows

mdct

time [l’l] 7 (ﬁMDCT (decl 2 W)) [n]
\/zw[n]fx J[Klcos| Z(ndn )Ek +1j for 0<n<2N.
N ~ mdct N 0 2

e R" under the window w € R"| is as

X

The analyticgl expression for the-inverse MDST f of a vector x

follows

MDST mdst

xtime[n] n (fiMDST (xmdst’w))[n]
2 N-1 . 1
\/;w[n]kz(; Xasc LK ]8I0 (%(n +n, )(k +5)J for 0<n<?2N.

For both the inverse MDCT as well as the inverse MDST, n, =1/2—| N/2].

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
Z

Ishort

ot S€ts of 128 MDCT coefficients are mapped to a QMF domain matrix

where | [0 ) TOWS and L ¢ columns. The number of

short

is the short window index, having 2N, suorr (

QMF sub bands is given by:

1024 .
max | 64,ceil| ——— for long windows
qmf,LONG
Lqu = / AN
. 128 .
max | 64,ceil| ——— for short windows.
quf,SHORT
After Lqu is determined, for each window (one window in case of a long window) the vector S ¢ontaining the

MDC]

[ coefficients is padded with zeros, or truncated, until the length equals

Lone * Nymirone + LN qmtLONG | 2J for long windows, if L . <64
Vo= Ls * Nt suiorr + LN qmt.sHORT 2J for short windows, if L . <64
mdct .
64 N ironG forjlong windows, if L . =64
64 N ishort for short windows, if L. =64
In case of N ot (i ) =3+ Which-occurs only for N_ .o =15 and i, =6, the MDCT coefficients

requir

ed are merged from the two.Jast AAC short blocks distributed in the manner depicted in Fig

ire 41.
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Figure 41 —

The MDCT td
is described i

01 95 0..0 |block7
0111213 190 | 191
01 95 0..0 |block8
MDCT to QMF
1 2 3 4 5 6 7
ANNANNAANA_/\
01 23 45 6 7 8 910111213 14 1516 17 18 19 20 21 22 23 24 2526 27 28 29
window_sequence == QMF sample

Merging the MDCT coefficients from two last AAC short blocks into‘one set of 192 MDCT

coefficients for window 7.

QMF mapping is described in subclause 6.9.2.5.2. Updating the QMF samples by overlap-add

h subclause 6.9.2.5.3.

6.9.2.5.2 The MDCT to QMF mapping

A flowchart o

the MDCT to QMF transformation is given incFigure 42.
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The MIDCT to(QMF mapping is described for windows with residual QMF frame length N ;.

short windows, N, is to be replaced by N_ i ong @and N, csuort (inor ) reSPeCtively in th

below. In*case of short windows, the procedure outlined below is performed for i, . =0..N, .

™ MDCT to QUF
w| Mapping yields

Z,
'
false

Y

Overlap-add yields
X, .0V

res0? " resl

orv res2

v

4

C

Done

)

Figure 42 — Flowchart of MDCT to QMF transformation

For long and

e description

—|l . Otherwise,

this procedure is performed only once. Furthermore, an integer valued split quf =N, +N, is formed by

putting N, :LN /ZJ and N, z[N /2

qmf qmf

]

The entries of the MDCT window w, are distributed into two butterfly coefficient sequences £ and o of

length N,

qmf ?

r=0,....N

qmf

Blrl=wlr+N,], -1,
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wi[r+N,+ N, r=0,...,N, -1
alr]=
wi[r—=N,], r=N,,..., qu—l.

The MDCT coefficients in § are mapped into blocks according to

I, ,r=0,.,N,

s.[r]=o,s[kN,

e T7L L k=0,L -1,

qmf

) T (k +1/ 2) N ]
where o, =sign| cos — 5 and additionally, if L, - <64,

S Lt [7]5 O LS [LquN gnt 7 ]

for 0<r < N|. These MDCT blocks are windowed to form L, . pass band signals b,

b [r]= Alrls[r],

for 0<k<L},, 0<r<N,_,.Similarly, L . stopband signals a, are computedfrom

ar]so[ Ny —1-7] N, Sr<Ni: k=0

alrls, [r] N, Sr<N, 1<k<Lg
a,[r]=lr1sealr] 0<r<N,, 0<k<L, &1

alrls, [r] 0<r<N,, k=Lg>1, L, <64

alrls, ([New =1=7], ,0<r<N,, k=ly -1 L, =64

The pass bar)d and stop band signals are combined’into MDCT and MDST data vectors &, and n, as fpllows

for k=0,....4,.,-1 r=0,...,N -1,
B [Ny —1-7], k even
v [r]= b
[Nyt —1-7], k0dd

b,[r], k even
a[r], k odd

ELr1=(pi [+ fI21) /2
1= (pp=vi )2
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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:

2 mf
X :fiMDCT(gk’Wt)ER .

2 Nt
Vi = Spst (MW, ) ER
z, =X, +jy,, k=0,...,L

qmf

1

zZ =[exp(—%(258-0+385)}zg exp(—%(258-1+385)jzf

exp(_%(ZSS (Lo —1)+ 385)jz§qu_lJ T

6.9.25.3 Updating the QMF output

Consfruction of the residual frame output QMF samples X v ., or{v -, takes place using a couple of

res0 ? resl res2

stagep, first of all the individual windows Z, of the current residualyframe are overlap-added in a buffer

V/ consisting of L . columns and 2N o rows. Them for all residual frames within the current

residuplframe

framg overlap-add is applied, resulting in a buffer ,Z consisting of L dolumns and

spatialframe qmf

(Nregf +1) Nymrong rows. Finally this buffer is overlap-added with the previous buffer Z

spatialframe,pfev *

In cage the window sequence for the current residual frame indicates a long window, the buffef Z, ., .. is
constfucted as:

7 n,m __ rznm

4 residualframe — ZO fOl" O sm< Lqu’ O <n< quf,LONG .
In cage the window sequence for the current residual frame indicates short windows, the buffer |Z,...sume 1S
constfucted using the follewing recursion. First a zero buffer Z,, , is defined. Then for i, =(0..N,,, —1

this bpffer is updated as;

Z4m = Z + Z"*"Smn("shm)vm

D, igpor +1 TP, Egport Ishort

for 0 YA Lqu H nstan (ishon ) =n< nstart (ishon ) + 2]\']qu,SHORT (ishon )

where the short window start position for short window i, . is given by
nstart (ishort ) = noffset (quf,LONG ) + ishort ' quf,SHORT (0)

qmf,LONG

and the start-position of the first window 7, (N ) is given in Table 101.
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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 14

After the aboye procedure is completed, the temporary buffer is copied to the current residual frame butlfer as

=7

residualframe [ tmp, Nyory

In order to gonstruct the Z buffer a temporary zero buffer Z,, consisting of 'L . columng and

spatialframe
(Ngese +1) Noiong FoWs is initialized. This buffer is updated for all residual frames in the current frame, i.e.,
rf =0...Npp —1 as:

Z’”’.’f‘quf, ONG /M __ Z”*’f‘quf,LONG’m + Zn,m
tmp,rf +1 — “tmp,f residualframe, 7f

for 0<m <Ll 0<7<2N ciong -

After this progedure is completed, this temporary buffer is copiedto the buffer for the current spatial frafne as
Z =7

spatialframe tmp, Nppsp

In the final gverlap-add stage the output buffer Z,3\is constructed by overlap-add of the previous gpatial

t

frame denoted by Z with the current.spatial frame Z, as:

spatialframe, prev spatialframe

Zmm — 7 14 N gmf.LONG > n,m
out patialframe,prev spatialframe

for 0<m<L| ,0<n<N, o

After all resiqual frames inta.Spatial frame are processed, the elements of Z , are copied to X Y ., or

t res0 resl

V... » depending on whichparameter instance pi is being processed.

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
real to complex converter to achieve this partially complex subband domain representation. Furthermore, the
Low Power MPEG Surround decoder incorporates additional modules in order to reduce aliasing introduced

due tptheTeatvatued processing;and Teptaces some existingmodutes i ordertommimimize gomputational
complexity.

6.10.2 Time / frequency transforms

6.10.2.1 Introduction

The UJow Power MPEG Surround coding system employs time/frequency transforms according| to Figure 43
and Fligure 44.

Hybrid suly-band

Time domain input .
domain signals

signals G

< Real QUF Real to Nyquist b
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-domain samples
X, also intermediate real valued (QMF) subband domain samples X"/ from a Low Power HE-AAC decoder

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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Hybrid sub-band
domain signals

Time domain output

signals
Nyquist y Complexto | Yrea )
n,m —P SyntheSiS F———P| real > Real QMF > yn,m
synthesis
banks converter

Figure 44 — Time/frequency transforms for Low Power MPEG Surround, hybrid QMF synthesis bank

At the synthlsis side the hybrid subband domain samples y"" are transformed to partially complex

subband dor

converter deg
samples y by

For Low Poy
channels and
used in Low F

6.10.2.2 Real-valued analysis QMF bank

The real-valu

subband signals. The output from the filterbank, i.e. thecsubband samples, are real-valued and cr

sampled. The
an array Xx
corresponds

Shift the
samples

Multiply t
Table 4.A
Sum the

Calculate

M, (k,n

~—

An,m An,m

nain samples y"" which are converted to real QMF samples y. | by the complex t

cribed in subclause 6.10.2.4. Those real QMF samples are transformed back to thetime d
the real QMF synthesis bank.

ver MPEG Surround, real-valued QMF filterbanks are used. The analysis filterbank us
is outlined below. The synthesis filterbank also has 64 channels and\is'identical to the filte
Power HE-AAC (subclause 4.6.18.8.2.3 of ISO/IEC 14496-3).

ed QMF bank is used to split the time domain, signal output from the core decoder ir

flowchart of the operation is given in Figure-45: The filtering involves the following steps,
consisting of 640 time domain input samples is assumed. A higher index into the
o older samples.

samples in the array x by 64 positions. The oldest 64 samples are discarded and 64
are stored in positions 0 to 63.

ne samples of array x bythe coefficients of window ¢. The window coefficients can be fo
.87 of ISO/IEC 14496-3.

samples according.to the formula in the flowchart to create the 128-element array u .

new 64 subband samples by the matrix operation Mu, where

(ﬂ-(k+o.5)-(2-n—192)J {O£k<64
=2-cos .
128 0<n<128

QMF

D real
bmain

bs 64
rbank

to 64
tically
where
array

new

ind in

Every loop in the flowchart produces 64 subband samples, each representing the output from one filterbank
subband. In the flowchart X, [][/] corresponds to subband sample / of QMF subband k . Hence

an,m

xreal Lk

162

=X [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++) {
ufn] = z[n]
for(j=1;j<= 4 j++){
u[n]=u[n] + z[n +j * 128]
}
) J
for( k =.0nk <= 63; k++) {
Xrea[KIl] = u[0] *2 *cos(n/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) )
}

( pone )

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.

The first grod
imaginary un
signals. Thos

subbands of
just delayed.
length of this
amounts to 5

The multiban

an,m
imag,k —

64-K, real 64-K. real
sub-bands sub-bands
—» Delay >

Kc real K. complex
sub-bands stib=bands
Delay Fixed gain ——»
Multiband _j
filter

Figure 46 — Real to complex converter

subband samples.

I filter operates on the K Airst QMF subband signals in the following way,
p(m) 10

D L VRN, m=0,1,.. K, ~1,

:—q(m) v=0

where the QNIF subband{Summation limits are defined by

q(m)=

0,, (form=0

I, form=0,... K, —2}
1N form=1 i

p of K_ real subband signals is filtered by a multiband filter, multiplied by the negative
t and added to the K delayed real subband signals in order to produce K, complex su
e subband signals are gain adjusted by a fixed real gain and output as the K  co

Df the
pband
mplex

he partially complex analysis. The second‘group consisting of 64 — K_real subband signgls are
The role of both delays is to compensate for the delay introduced by the multiband filtef.
delay is half of the order of the_multiband prototype filters a"[n] given in Table 102

The
This

The filters f,,

JusV]=

164

K»—l}’ and p(m):{o for m=K_—1

_-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)).

sin[%[—r —(2m+1+7)(v- 5)]}/ [v], else.
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Table 102 — Multiband filter prototypes a'[n]
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" a'[n] a'[n]
0 0.00375672984184 | 0.00087709635503
1 0 0.00968961250934
2 -0.07159908629242 | 0.04670597747406
3 0 0.12080166385305
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

The qutput of the multiband filter is combined with the delayed real valued QMF subband samples according
to Figure 46 to form the partially complex QMF subband samples

L(}%nfim _]x
),Z,m — \/E

real,k
An—5,m

real,k

- ~n,m
imag,k

), m=0,1,...,K -1,

m=K_,...,68:

6.10.2.4 Complex to real converter

Prior fo the real QMF synthesis, the partially complex subband QMF signals are transformed into real QMF
signals according to Figure47.

© ISO/IEC 2007 — All rights reserved

165


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

ISO/IEC 23003-1:2007(E)

64-K; real 64-K. real
sub-bands sub-bands
»  Delay >
K. complex K. real
sub-bands sub-bands
——»| Fixed gain T» Real part —® Delay
Imaginary Mulltlband
part filter

The complex
imaginary pa

~n,m

v T

The multiban

~n,m

r=

Where p(m
filters of Tabl

g, V17

Figure 47 — Complex to real converter

An,m

y,«are gained and split into rez

part of the partially complex QMF subband signals
ts according to

=0,1,...K, —1.

] filter operates on the imaginary parts as follows,

(m)

D,

-q(m

1

slyeney

K

Cc

21,

10
AN—V,m+1 _
Zgw vV, , m=0
) v=0

and q(m) are defined in the-previous subclause and the filters g, . are derived from pro
e 1 via

sin{%[—@m+1)(v—5)ﬂa°[v]—(—1)mal[v] i (m.r)e{(0,0).(K. ~1.0)).
sin[%[—r —(2m+1+7r)(v- 5)]}1" [v]

,otherwise

The QMF sigl

~n,m
real, k

166

:{y

hals f;r”e‘:'K ta be fed into the real QMF synthesis are then obtained by
An—5,m A n,m _ .
w, " +w", m=0,1,..,K -1
An=5,m _
p-sm m=K,,...,63.

| and

otype
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6.10.2.5 Support for higher and lower sampling frequencies

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 used for
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 4.6.18.8.2.1.
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

synthesis bank.

For upsampled operation, the 128 band QMF analysis bank is defined by replacing the moddlation of the 64
band QMF analysis bank with
7-(k+0.5)-(2-n—384 0<k<I128
M, (kn)=2-cos ( ) ) ,
256 0<n<256

using
obtairn
14494
modu

using
proce

6.10.3

6.10.

The (
bands
overldg
QMF
detec

32

3.1

a 1280 sample version of the window function c[i] where the additional intermediate
ed by linear interpolation of neighboring samples of the original 640.8ample window functig
-3 subclause 4.A.6.2Table 4.A.87. The 128 band QMF synthesis bank is defined by
ation of the 64 band QMF synthesis bank with

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

5sing band is moved from the 64™ QMF band-to the 128" QMF band.

b Aliasing reduction

Introduction

urpose of the aliasing reduction is to suppress aliasing emerging in the borders betwe
. Given the critically"sampled real-valued QMF filterbank used, subband channels in
p, and aliasing wil*be introduced if adjacent subbands are modified independently. This
subbands ontthe parameter borders. An aliasing condition is said to exist when tong
ed in the)QMF subbands on the parameter borders. When an aliasing condition is

para

dependent_on» each other by setting both to the average of the data for the two parameter
avoid|ngrindependent adjustment of the neighbouring QMF subbands, and hence avoiding the i
aliasing.

eters forthe neighbouring hybrid bands (belonging to different parameter bands)

samples are
n specified in
replacing the

a 1280 sample version of the window function. g[i] as defined above. The upper border ¢f the highest

BN parameter
the filterbank
will occur for
| signals are
signaled, the
are modified
bands, thus
htroduction of

6.10.3.2 Aliasing detection

The aliasing detector operates on real-valued QMF subband samples. A weighted correlation sum r” (l) 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

T E.

dt 64
a =exp(——j and dt =— and 7 =23.22 . Negative time index (-1) for a subband sample equals the last

subband sanjple from the previous frame. In the same manner, negative time index for the correlatiovln sum
equals the lagt sum from the previous frame. Moreover, the real-valued QMF signal is computed as the um of
the downmix jnput channels, according to:

~nm _ \[" an.m
Wreal - 24 Xreal (Ch)
¢

The aliasing ¢ondition 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

1.0e”

-«
(highest in frgquency) within a parameter band.

where thres + for all parameter sets 0 </ < Land for.all QMF subbands m that are the last subband

6.10.3.3 Alijasing equalization

The aliasing ¢qualization is applied on‘cepies of the matrices Wll’k and Wz”k. The alias equalized matric¢s are

first created Ry copying Wll’k and Wzl’k as
Wf’k = Wl”‘ and WZI”‘ X WZZ"‘
for 0<k<K|and 0/« L.

For the QMF pands where aliasing condition is signaled the alias equalized matrices are modified according to

X m X m)+ 1 m m)+
Wll,k( ):Wll,k( )+ zz(wll,k( )+W1/,k( ) 1)

| , if a"(l)=1, 0<I<L
Wzl,k(m) _ Wzl,k(m)+1 ZE(WZI,k(m) + Wzl,k(m)+1)

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

For th

6.10.4

Given
redefi

for 0

}.2  Pre-matrix M1

e 5-1-5 configurations the Mf‘k matrix is defined according to:

, t(l-1)<n<t(1),0<I<L0<k<K.

o
=
i
Il
—_ = = =

.3 Mix-matrix M2

that the Mf’k matrix is set to a unity .veétor for the 5-1-5 configurations, the mix-m

it _ Wka(n,0)+(1-a(n YW, ,0<n<t(),1=0
W () + (1-a(a ) Wit t(1-1)<n<t(l),1<I<L

K[/ <L, 0<k <K where
n+l1 =0
t(/)+1
x(n,l =10, ( )
,otherwise
t(7)-t(I-1)

hed for the 5-1-5; and 5-1-5, configurations. Hence, the M;”‘ matrix is defined according t¢:

and Wzl'k can be processed by smoothing according to:

1.k _ sdelta (Z) : Rlzlljlgk) + (1 - Sdelta (1)) : ‘KIZFIJc proc (l (k)) 1

S
Ry S (1 (k)

0

atrix M%* is

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.

1k
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 as fo
matrix given

Hl,m —

.
For m<M,,
equations in

)" are desc

First, the follg

Y.

i 0
L' by 0.
0 0 1

subclause 6.5.2.4. For m> M ¢

proc ’

ribed as following.

|y
Lo e2(wn)
ql,m _ (Wiﬂlm )2
T e2(w)
s =g + 4y
m o Lm
P = 4 9% ,
b =1sp Sy -1 (p ) + (a5 —14)p 41

, i.e., for the complex-valued bands, the entries

wing intermediate variables are defined:

by 3

l.m hl.m

l.m l.m .
" ohyt, byt @ndohy)" are described by the

n

i.e., for the real-valued bands, the entries 4", k", hi[' and

Furthermore depending on ¢/ and ¢}

1Im

3bl,m ) o
, i 0<gq™ <
. Z(qll,m —(qll"" )2) 1
raq - ql,m _(ql,m )2
2 2 . I,m
EEra
170

two more intermediate variables " and rlﬂ‘

m

are calculated:
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3bl,m
. if 0<g," <l;
Im l,m
/ 2(92 _(% ) )
rﬂ’m - I,m ( 1,m )2
qu qu . I.m
——= . if g,"€{0,1}.
3(1 _Spl,m) 2 { }
The non-normalized entries of H,,, denoted by g/}", gi;", g5" and g,;" can then be determined as:
I.m I.m l.m l.m l.m
I.m Y Ta I.m Y Y Ta
& =1-= 3 8 &n :#’
PPt A P/
21 \/5 , 2 3

The normalization coefficients c|”

and c,

l.m

are calculated as:

¢" = 1/\/(1—qf"”)(gfa’” ) +q”

l.m 2
- |
3

¢ =1/ \/(1 —g")(gh) + 4"

Finally, the matrix H, ,, is given as:
l,m Im I,m tsm
_ " hy 148 €
Lm — hl,m hl,m - I,m Im |°
21 2 € 8y NG 8
The Way the variables ™" and “w," are determined is not affected in the low power version.

6.10.6 Enhance Matrix Mode of Low Power MPEG Surround

6.10.6.1

Introduction

In a gi

flags a* (/) are determined and applied.

6.10.6.2 Parameter processing and interpolation

ling condition

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.

© ISO/IEC 2007 — All rights reserved

171


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

ISO/IEC 23003-1:2007(E)

QMF
down mix slots

Down-mix
analysis states

Parameter
positioning

Figure 48 — Stereo down mix analysis procedure

Note that fof Enhanced Matrix Mode low power decoding also the changes in subclause 6.10.5( hold.
Furthermore,|even though for the bands where m > lemc the sub-band signals are real-valuedf the upglating
of the down mix analysis states is done using the equations of 6.2.2.
6.10.7 Low Power decorrelators
6.10.7.1 Introduction
Table 103 shows the decorrelator configurations used for the differentdecoding configurations in low power
mode. This table corresponds to Table 89 for the normal (not low.power) decoding mode. The decorrglators
listed in the table, PS and Lattice IIR (LPO and LP1) are defined inysubclause 6.10.7.2 and subclause 6.10.7.3,
respectively.
lable 103 — Decorrelator configuration-as‘a function of decoder configuration
Low power decorrelators

Configurafjon |Lattice IR, LPO Lattice HR' LP1 PS No decorrelation

515, Dy( ) pi() D,(). Dy( ) ]

515, Dy( ) Di( ), Dy( ) Di( ) ]

5-2-5 - - D]OTT( )’ DZOTT( ) DOTTT( )

2T, 0,().0] | o™ (). o () |2 ()

7272 Dy (Q-Dy( ) ] DYt (), DY () | Dy()

7-5-74 £ - Do( ) , Dl( ) -

7-5-7, = - Do( ) , Dl( ) -

As the TTT decorrelator, D;'" () is disabled in low power mode, the pre-matrix, M, and the mix-matrix, M,
defined in 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

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 constant

ALLPASS _BANDS should be changed from 30to M ., and H, (z) should be changed from

NR

Hk (Z):Z_2 '¢Fract (k)

proc ?

NR_ALLPASS _LINKS-1 =d(m) _ ( ) ( )
B 3 QFractiallpass (k,m)z a\m gDecaySlope k

m=0 1 —a (m) gDecaySlope (k) QFractiallpass (k’ m) Zﬁd(m)

to

This

6.10.7

The |
but w
the cq

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)

{k (Z) = 278 ' ¢Fract (k) ’

ecorrelator gives the final output: d;’é’;.

.3 Low power lattice IIR decorrelator
bw power lattice IIR decorrelators are having the same.basic structure as described in suf

th the following modifications. The bitstream element bsDecorrConfig is interpreted diffen
rresponding QMF split frequencies in Table 90 are:

Table 104 — Division.ofchybrid subbands for low power

bsDecorrConfig 0-2 3-15

k, - Reserved
k, 0-13 Reserved
k, 14-29 Reserved
k, 30-70 Reserved

This
ener

ives the decerrelated outputs prior to the energy adjustment, d{’];’f),mt and a’f{fhmt . For thog

clause 6.6.2,
ently, instead

e signals the
d in ISO/IEC

adjusttment according to subclause 6.6.3 is replaced by the transient reducer describg

14496-3:2005(E) (Subpart 8: Technical description of parametric coding for high quality audio

8.6.4.6'3-4, where the transient attenuator, G

(k,n) is mapped to the gain

TransientRatioMapped

, subclauses
factor g"*")

according to:

n(k) _
& - GTransientRatioMapped (k’ n)

This gives the final decorrelator outputs:

nk  _ _ni(k) n,k
dLPO,s =& 'dLPO,ﬁh

N

nk  _ _nx(k) n,k
dLPl,s =& “dipy i

N
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6.10.8 Resid

Residual codi

ual coding

ng is only applied for M

proc

processing bands. In addition, the complex subbands of the partially

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)jz

T
0

exp(—jTﬂ(ZlJrl)leT

ﬂ(z ) (Lqu — 1) + 1\’\)12‘““71 —‘ € CVZquf’Lqu

4

exp (—

6.10.9 Low Power Binaural decoding

6.10.9.1

The aliasing dletection as outlined in subclause 6.10.3 shall be used. Given the aliasing detection flags d
aliasing equalization is applied on a copy of the matrix Hf’k . The alias equalized matricgs are

bya” (I), the

first created G
H*=H

for 0<k<K
matrices are

Hi,k(m) -

where k(m)

6.10.9.2 Decorrelator

For mono ba
6.10.7.2 shal

Alfas equalization

¥

\ Y il

y copying H* as

IN3
1

and 0</< L. For the QMF bands where aliasing condition is signaled the alias equ
modified according to

(e em ) o asth=1 osi<r

= m + K — 64 . After the modification, the matrix H{* replaces the matrix H/* .

sed (5-1-5) binaural decoding, the low power parametric stereo decorrelator defined in subd
be used:

pfined

alized

lause

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 configuration) 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
output signals. An overview is given in Figure 49, where the QMF Analysis and QMF Synthesis blocks include
the Nyquist filterbanks

The HQinaural decoder can furthermore be extended with either a time-domain or QMF-domain [reverberation
module.

The MPEG Surround binaural decoder operates on the MPEG Surround data stream. Although technically
feasifjle, not all elements in the data stream are applicable for the binaural decader since thes¢ have a poor
complexity versus quality trade-off. An MPEG Surround decoder operating in-binaural mode is pot obliged to
decode the data stream elements pertaining to; Guided Envelope” Shaping (syntax element
EnvelppeReshapeHuff(), Table 21), Shaping of decorrelator signal (syntax element TempShapgData(), Table
20), |and residual coding data (syntax element ResidualData(),» Table 34 and syrjtax element
ArbitraryDownmixResidualData(), Table 36).

Monoor > QMF ™ Spatial »' amF [ ™ 3D
stereo down mix_ | analysis p| Synthesis synthesis | stereo output
4
Spatial Parameter
parameters conversion
Binaural
4 parameters
HRTFE
parameters

Figure 49 — MPEG Surround binaural decoder

The Hinaural MPEG Surreund decoder can be operated in the Enhanced Matrix Mode, where the parameters
are estimated according. to subclause 6.2, as outlined in the following figure.

sterep down mix QMF .L - Spatial QMF 3D
Ly analysis synthesis | | synthesis ﬁf bo output
; Y A
. Parameter
Analy: |
S8 Spatial conversion
parameters Binaural
4 parameters
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:

nk_
YRy

nk

with y,* bein
hybrid QMF ¢

yLB

N, -1 n—i,k n—i,k n—i,k
< |h'™ h." iz
Iln i,k n —ik 11 12 0 K
= <
nk Z Z |:hn—i,k hn—i,ki| n—ik | 0 - k <
i=0 [ My 2 YRe

g the QMF-domain input channels and yg”‘ being the binaural output channels, & represen
hannel index, and iis the HRTF filter tap index, and » is the QMF slot index.

The number
reverberation
conversion o
elements the

If a one-tap n
invertible. Th
as outlined in

The fact that
MPEG Surro
synthesis mo|
post-process
processing o
reconstructio
can again be

of filter fgpe (I\I) in the 2%x2 matrix can he varied annnﬂing on-the presence—or ahsaen

f the HRTFs to one-tap matrix elements is outlined in subclause C.1. For multi=tap
HRTF conversion as outlined in subclause B.1 shall be used.

ppresentation of the HRTF is used, i.e. Ny=1, this allows for the creation of @ 2x2 matrix {
s property has important advantages when using the spatial synthesis technigque in the en
Figure 51.

the spatial synthesis module comprises a 2x2 matrix in the filterbank domain is exploited

Hule in the encoder as post-process to the MPEG Surround erdcoder. Given this encoder bi
ng approach the MPEG Surround decoder (as shown in the Iower panel) can apply the in
h the received 3D/binaural stereo downmix such that no quality degradation on the 5.1-ch
n occurs when transmitting a 3D/binaural downmix. ©ptionally, the 3D inverse stereo do
processed using the binaural decoder for personal 4RTFs.

in the HRTF impulse responses, or the accuracy desired for the HRTF representatior].
matrix

ts the

ce of
The

hat is

coder,

in the

ind encoder for generating a 3D/binaural downmix (see upper-panel of Figure 51) by bipaural
naural

verse
annel
vnmix
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Figure 51 — 3D/binaural downmix as postprocessor of the spatial encoder (upper panel) and inverse

3D/binaural processing in the decoder (lower panel). In addition, Binaural decoding
personalized HRTFs:can again be applied to the 3D inverted downmix.

6.11.2 HRTF representations

The MIPEG Surround binaural decoder supports two different representations of the HRTF filters

using

a parametric

repregentation andra complex QMF filter representation. Conversion from time domain HRTFs to the

parametric representation is outlined in Annex C.1, conversion from the time-domain HRTFs td
QMF filter representation is outlined in Annex B.1.

the complex

The parameters have subscripts corresponding to the binaural output channels YE{L,R} a

nd the virtual

multi-channel source Xe{L,R,C,Ls,Rs}. For the parametric representation, the HRTFs are

Py, ¢ and py for parameter bands 0<m < My,

described by

corresponding to an average level per parameter band,

an average phase difference per parameter band, and a coherence measure 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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6.11.3 Configurations of the binaural decoder

The binaural 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.

Table 105 — 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

6.11.4 Binayral decoder description
6.11.4.1 Magno-based configuration and synthesis

6.11.4.1.1 Introduction

For mono bapged configurations, a 5.1-channel audio signal is ehceded by an MPEG surround encodef as a
mono signal plus MPEG Surround parameters according to a ‘6151’ or ‘5152’ configuration, respectively.

The decoding scheme of both configurations is outlined@n the following subclauses. A QMF analysi$ filter
bank procesges the mono downmix signal. The resulting QMF-domain signal is fed into a matrixing plock,
combined with the output of a decorrelator. The decorrelator generates a signal with statistically very gimilar
properties aq its input, except for the fact that.its’ input and output waveforms have no significant|cross
correlation. The selection of the decorrelator provides for a complexity versus quality trade-off. For th¢ high
quality version, the decorrelator 0 according to subclause 6.6 shall be used. For the low power version, the
decorrelator as specified in subclause 6.10.7.2 shall be used.

The spatial pprameters from the MPEG surround data stream are converted to binaural 3D parameterg with
the help of HRTF parameters. The\resulting binaural parameters control the matrixing block to generate the
QMF-domain|binaural output signal, which is converted to the time domain using a QMF synthesis filterbank.

Spatial synthesis

Mono L » » [,
dowhmix — ®|  QMF | Matrixin = QMF 3D

analysis Decorr 9 p Synthesis |stgreo output
Spatial Parameter T
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 Ym
y’Bl’k = yl:fk = H;k nk - |: 1nl,k 1rlz,k:| n,k ’ O S k < K ’
VRg D(ym ) IR D(ym )

n,k

with ] ,’1’;" being the QMF-domain mono input channel, D(ym ) being the decorrelated version|of the same,

and 3g’k being the binaural output channels, & represents the hybrid QMF channel index,»and  is the QMF
slot index.

The mixing matrix H;”‘ is a time interpolated and frequency mapped version of & fixing matrix Hi’”’, defined

for byl the HRTF filters and the MPEG Surround spatial parameters for every‘time-slot and QMH hybrid band.
This §cheme is equivalent to a parametric stereo decoder.

The mixing matrix Hf'” defined for every parameter set / and processing band m . Equivalent td conventional

MPEG surround decoding, the mixing matrix is linearly interpolated for QMF slots in betwe¢n parameter
positipns, according to:

HEa(n )+ (1-a(n ) B, 0<n€t(l),1=0

temp temp

H W (n,0)+(1-a(n))H ™, ((l=1)<n<t(l),1<I<L

temp temp

H,* =

for 0OK/< L, 0<k < K where

n+l1
_ [=0
t(7)+1 ’
a(n,l =

n—t(l—l) .
————~— \otherwise
t(/)-t(1-1)

and where

and llii(;’;sgb canbe processed by smoothing according to:

- Jsdelta (I)H{é”r;pJ + (1 - sdelta (1)) Hie_nl{[:n 4 Sproc (Z’m) = 1

Ho =
LY .S (Lm)=0
where
l Re{H{"} m=>M;,
Jm
Htemp_l - s 0<m< Mproc

I .
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.

6.11.4.1.2 Matrix elements

The matrix el

Hl,m —

1

are defined |

two binaural

bments of

1Im
1

hllim
(k)

«\1l.m
y the relative signal powers ¢ and ", and the complex cross:spectrum <LBRB> f

0<m<M, 0<I<L

H Proc >

I,m
2

output channels, for each spatial parameter set estimated for\each parameter positio

processing band, according to:

1,m
hll

Im __
h12 -

l,m
h21

with iid"" eq

iid""| =

and d"" equ

dl,m —

i (cos(JPng /2)+ jsin(1PDY" /2))(iidl"”’ +1CCy" )dY”

I,m

51" (cos(1PD" [2) + jsin(1PDY" /2))\/1 ~ (s recyr)at )2
L (cos(IPDg'" /2)- jsin(IPD" /2))(1 Y iid"" ICCE" ) d"™"

hal to

\/1 (™ )2 +2iid"" ICCL™

br the

n and

The coherence of the binaural output ICCé”” and the IPD is computed as:

ICCL" =

180

w\[,m
w(w))
T T 9ZJ(‘ICCBimp<O'6
O Or
ICCgpm, ,otherwise
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bm 0.6

Btmp

0 ,m>12,ICC

arg (<LBR; >l'm ) ,otherwise

where

Icctr = ‘

Btmp —

and ¢
value

The V
5152

6.11.4

6.11.4

In ord
(with

powe

onwa

()

is set to zero.

denotes the real value of x. For high-frequency processing bands (band A °

proc

Im

«\L,m
ariable o, 0", and the complex cross-spectrum <LBRB> are defined differently for

configurations in the following subclauses.

}.1.3 Power reconstruction and cross-spectrum variables for 5151 and 5152 configu

}.1.3.1 5151 configuration

er to define the (relative) power (of‘(’” )2 for X e {L,R} , i.e. the left and right 3D/binaural

respect to the mono input signal), the transmitted CLD parameters are converted to (rq

ILm

% )2 for each virtual loudspeaker X e {L,R,C,Ls,Rs} , according to:

s (o

l,m
O-L

)’ =r(cLDi")r (cLi™ ) (cLpi)

l,m
O-R

)’ =n(cLDi")r(cLoi)r, (cLoi™)
oi") =n(cLoin)s{cLoi)/g?

o) = n(CEDL" ) (CLDL™) /g7

l,m
O-Rs

[ =n(cLoy ) (cLoim) /g2

ds), the IPDg

he 5151 and

rations

putput signal,

lative) signal

with

r(CLD

and

2

for 0O<m<M

© 180/

CLD/10
10

- 1+ IOCLD/IO

)

1
): 1+10CLD/10

(cLD

0<I<L,

proc?
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and where

proc?

CLDy" =D, (X,I,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:

for 0<m< M,

and where

Iccy” =

1cc)

The complex

position and processing band as:

(LeRS)"

m
X,C C XL L X,Ls Ls X,R R X,Rs Rs

B B oo ek IC L cos(¢[" )

BB prol"og" ICC5" cos (4 ) +..
PP XRspLsaLs "o ICC," Cos(ﬂ_ )"' :
P)anstRspRsaLs Ore ICC" COS(¢R )

0<I<L,

Proc >

"=D,(3,L,m), 0<m<M, ,0<I<L

proc?

" =D, (2,L,m), ,0<m<M,, 0<I<L.

proc?

«\[,m )
cross-spectrum (L R, for each spatial parameter set is estimated for each para
B*'B

2

og" ) R'uPyiod exp( gl )+ .

l,m 2
oL

LefRLAL exp(jﬂ" ) +

) for the

meter

_l’_
R B exp () +

for 0<m< M,

182

(0"

(ol") &

(oR) BBk exp (/%)
(o)

(o

o
I) B Bie i exp (s )+

R\ Bro"og"ICC, + ...

R_mLsR?mRs O-Il?:llcc T

R_mRsPRmLs SR ICC,p], exp(j( 2 T A )) +

R_mRPmL sl L ICCyp!" exp( (¢|;ﬂ +4" ))

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?

6.11.4.1.3.2 5152 configuration

Similgr to the 5151 configuration, in order to define the (relative) power (Jf‘('") for X=L,Ri.9. the left and

right $D/binaural output signal, (with respect to the mono input signal), the transmitted CLD~ pgrameters are

convgrted to (relative) signal powers (O'f{")2 for each virtual loudspeaker X ={L,R,C,Ls,Rs} , a¢cording to:

(o) =n(cLDY" ) (cLDM™)r (CLDY")

(") =r(cLDi™)r, (CLD!™ )1 (CLDL")
2

(") =r(cunp)/s:

(ol7') =n(cLDy™ ) (CLDM )r, (CLDL™) /g3

(0w )2 =r(CLDy" )r, (CLD!™ )1, (CLBY" )/gz

s

with
a(cen)=10 s,
and
1
r,(CLD) APSTCEIE
for Okm<M,,.,0<I<L,
and 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 (o) + () (o) () (et} (i) (o) (i) i)
Px'f'LP>ZIRpL'”o{"”O',Q"’ICCf"” cos(q”

(d) .
PX'T'LPQRpF'Q”o{"”O',QmICCf"” cos (¢F§" ) +...

m m m __l,m __Il,m I,m m
P Prs PLsOLs Ors 1CC, COS(¢LS ) T
(4%:)
S

m m m I,m __l,m 1,m
P Prs PrsOLs Ors 1CCy™ cOs

for 0<m< M 0</<L,

rProc’
and where
ICC" =Dy (LL,m), ,0Sm<Mp, ,0<I<L

w\[.m
The compley cross-spectrum <LBRB> for each spatial parameter set ,is._estimated for each pargmeter

position and processing band as:

) RolRepre exp(j¢é")+

) BB A" exp( g )+ ..
o) Bl Bypn exp( jg )+

)

R Rl exp( s ) + .

(1a85) " =(pe"

I,m

OL

2
I,m m m m . 1in,
O-Rs ) R_,RSR{,RSPRS eXp(j¢Rs)+“‘
bm pm I,m __l.m
R Rro "og"ICC, +
bm m I.m __I,m
B IR RrsOLs Ore HEE! + ..

Rt GTCC ot exp( (g + 1)) +

RBgaleelr1cC o exoj( + )

for 0 <m < M’y O <

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

3-1:2007(E)

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 requires 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.
Spatiatsynthests
,—> L
Stereo QMF Matrixing > amr ™ ap
i i i stereo|output
down mix ) analysis ) . synthesis 3 p
Spatial Parameter T
parameters conversion Binaural |
parameters ‘
A
HRTF X
parameters

For b

perfofms the required signal modifications in the QMF domain, based on both spatial parametg

HRTH
spatic

with Yo
hybrig

parameters. Two QMF synthesis filter banks reconstruct the binaural time-domain outpu
| synthesis step comprises.a‘mixing matrix that is applied on the stereo downmix pair accor
yL N -1 hn—i,k hn—f,k y[’ —ik
3 B k an Z Hn lkyn H - Z izl—i,k izz—i,k n0 ik | 0 < k <K ’
YR, i~ | |y, h3, IR,

Figure 53 — 3D binaural decoder for ‘525’ spatial configurations

bth configurations (normal downmix or matrixed surround compatible downmix), a spatial 3

* being-the"QMF-domain input channels and yg" being the binaural output channels, & r

QMF channel index, and i is the HRTF filter tap index, and n is the QMF slot index.

ynthesis step
rs as well as
signals. The
ding to:

bpresents the

ersion of the

The 1

hixing matrix H”* is defined for every time-slot and hybrid subband, as an interpolated

Hf”‘ matrix defined for every parameter set and hybrid subband in the following clauses, according to:

— 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

a(n,l)z

and where H:*

temp

L =0

t(!)

n—t(l—l)

t(l)—t(/-1)

can be processed by smoothing according to:

,otherwise

Hlk —

temp

The vector y{*

The element|
parametric a

6.11.4.2.2 S
6.11.4.2.2.1

If a one tap (

processing band basis (i.e., 28 bands) instead of.a*full hybrid-band basis (71 bands). Furthermore, for o
presentation of the HRTFs, thexmatrix entries are real-valued for processing bands from [M ¢

parametric re

onwards. Th
P/y . ¢y and
as outlined in

6.11.4.2.2.2

For the singl
processing b

5

D>

Sdelm (I)Hi,k + (1 - sdelta (l))Hierl*qic s Spr()c (I’K(k))

1
H{’k ’ Sproc (I’K(k)) 0

ingle slot parametric low complexity approach

Introduction

e.g. Annex C.1.

Matrix_elements

(being a com|

is subsequently synthesised to the time domain as outlined in subclause™6.3.

7Vq =1) parametric representation of thetHRTFs is used, the mixing matrix Hi’k is compute]: ona

of Hf’k are defined in the following subclauses, differently-depending on if a singlg slot
proach is used or if a multi-slot convolution approach is used.

e tap

proc

b matrix elements are finally,;mapped to the hybrid band resolution. The HRTF parameters
oy, for X e {L,R,C,LS,RS} to target YE{L,R} are derived from the time-domain HRTF filters,

p-tap parametric approach six complex gain values are calculated for every parameter s¢t and
and The process generates compOS|te HRTF parameters for V|rtual Ioudspeaker char nel L

LFE).

The subscript used in the foIIowmg refers to the blnaural output channel (L/R) followed by the virtual
loudspeaker channel.

2 2 2
The relative powers of front vs. surround pairs (e.g., (aﬁ"‘) /(aﬁ’sk) and ( ”‘) /(aé’:) ) are reconstructed

on the basis of transmitted CLD parameters D¢, (1,/,m) and Dg .y (2,/,m):

(o)
(o)

186

=n(cLoi) (e2) =n(cLoi™)/e:

“n(ctir) (of ) =r(cLni) s
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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),,

Giver] the relative powers calculated above, the matrix elements are defined according to:

Im _ pm +j¢g/2i
hc=FRce
g(‘,

Im _ pm +j¢g/2i
Irc = Frce
g(‘,

= \(on") (Bin) (0% ) ()

Whel‘E Wli,m — (O_I[.'m)2 Wli,sm \ (jll_'sm)z lm __ (Gan’)z 1,m (O_IIR":)Z
) ()

% )’
m m
(ot7)" + (o)

down|mix gain for the centre.channel.

- and where g_ is the

In thg equations above; the complex phase angles ¢, are only applied for low-frequency parameter bands

(0<m < M: ), forhigher processing bands the phase angles are assumed to be zero.

proc

Giver] the'matrix elements above the Hi’k matrix is given by:

1 0 0000
Lk Lk plx) Lx(k) 1,k (k)
H'* = h;lk h;zk A e R g 0 0 o Wi 0<k<K,0<I<L,
h’ h’ hl,l((k) h{,l((k) hé,l((k) p
2 T2l ke AR fje o 001 0 0 0

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 interpolated in time to the time-resolution of the QMF, i.e. every time-slot.

6.11.4.2.3.2

The ten com
domain HRTH

(VY,X

for QMF sub

hybrid band
domain are d

(VY,X

6.11.4.2.3.3

The morphing

and an aver
morphing pro|

Mapping of filters to the hybrid subband resolution

plex subband filters ¥ (X €{L,R,C,Ls,Rs} to target Y e{L,R} ) derivédfrom the

- impulse responses as outlined in Annex B have components
(m)
band m=0,1,...,63and QMF time slot n=0,1,...,N, —1. Theyindex mapping ¢(m), fro

fk to QMF band mis given by Table A.32, and thus the(HRTF filters VI;’X in the hybrid
bfined by

(n).

q(k)

k (n) = (‘;Y,X)

Estimation of HRTF parameters\for filter combination

of the HRTF filters require a-time-invariant phase compensated cross correlation (ICCFB

age front/back level quotient CFBi,x ,in order not to get unwanted colorization durin
cess. These are time-invariant and defined once for the selected HRTF filters.

time-

m the

band

),

g the

Y, X

and

The average| front/back level-quotient per hybrid band for the HRTF filters is defined for Ye{L,R
X e{L,R} by
Nq—l 2
Z '(VY,FX )k (n)|
CFBy = ffi , 0<k<K.
q 2
Z (VY,BX )k (”)‘
n=0

Furthermore,

phase parameters @, ,dxr. B, 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

A phase unwrapping is applied to the phase parameters along the subband index &, such that the absolute
value of the phase increment from subband 4k to subband k+1 is smaller or equal to z fork=0,1,... . In
cased where there are two choices, £x ,for the increment, the sign of the increment |for a phase
measjrement in the interval |-, z]is chosen.

Finally, normalized phase compensated cross correlations are defined for ¥ e {L,R}"and X e {IL.R} by
ICCFBY ) = ‘(CICY’X )k‘ .

6.11.4.2.3.4 Matrix elements

In thel case where Nq >1 , the six complex gains are replaced with six filters according to hY’X for Y e {L,R}

and X e{L,R,C}. These filters are derived from{the ten filters vy, for ¥ € {L,R} and X e{IL.R,C,Ls,Rs},
whichf describe the given HRTF filter responses in the hybrid QMF domain.

The rglative powers of front vs. surround pairs (e.g., ( ”‘) /(aﬁsk) and ( ”‘) /(aé’: )2 ) is s|milarly to the

singld slot case reconstructed on the basis of transmitted CLD parameters, Dq,,(1,/,m) and Pgp(2,1,m),
albeitjmapped from the parameter band resolution to the hybrid filterbank resolution, according tq:

(O_Ii,k )2 =r (CLDII’K(IC)) (o'lisk) =7, (CLDII'K(]() )/gf
a2 (o) = (LDl [e?

with ds the~down mix gain for surround channels, and where

OCLD/IO 1
7

1 (CLD 5 ( LD):W'

): 1+10CLD/10 ’

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

ko ok

hic=vic
Kk

hyc =Vie

2 _ 2\
=J ¢LLS oy )VLL"'gI{ILO-Ls exp(](@iu),{ (O'Il:k) )V;_,,LS

(k) (o) ¥+ gthott exp{ (i), (3 ) ¥

2 2
h;’i T gIZ{ILo- exp( J ¢LL5 “ )VRL +gRLo-Ls eXp(](¢LLs) ( - ) )V;{,Ls
hiik gRRG exp(

¢RBR 113:;)) RR+gLRaBReXp( (¢RR5) ( )z)v/l;,Rs
for 0<k<K|and 0</<L.

The phase parameters (¢ﬁLS) ,(¢;RS) ,(¢£L5 )k ,(¢§RS )k are defined.in the subclause above. The gain factors

g, 8% -&rl> g x are determined by

(o) (CFBix) +(ok)

(o3 (CFB;X )2 +(ot ) + 208 ol CFBLG (ICCFB;';X)

1/2

ko
8vyx =

where the pafameters CFBy , and (ICCFB@’,X )k are defined in the subclause above.

Hence, the matrix Hi”‘ is three-dimensional, defined for every parameter-set / and hybrid subband % , where
every elemertt 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* { A }Zk}{ - "M o R jf} 01 .00 0 0/Wu,, 0<k<K0<]<L
hg vha, 0 gr Jlhry hgr hge 001000
where W, 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 € {L,R} according to

2 2 2
B =b" (1= ) [+ a (1= )l | + a0 i

2
Lk _ _lLkylk _ Lk Lk Lk _ plk
AEY =a" b (1= )b+ i

with the notation ||h||2 = ZZ:

ISO/IEC 23003-1:2007(E)

h(l)|2 . The gain factors are then given for Y  {L,R} by

1 .
1k _ ) Tk -mln{Z,\/
Yy =17

1,

oo

Lk
EY

E} —AE) +¢

+&

otherwise.

6.11.% 3D decoder for 5.1 channel reconstruction

In thg 3D decoder, the stereo (3D) down mix is processed by méans of a ‘3D inverse’ ope
generates the conventional stereo down mix from the 3D down mix-by means of 2x2 matrixing

The processing structure is shown in Figure 54.

De-
multi
plexer

} ifa"™* >0, >0,c"* <1;

The fnatrix operation~Q-should not be applied individually but can be merged in the subsg
operations of the spatial decoder. Specifically, the signals are processed by a 3x2 matrix M, V
the spatial decoder: For 3D downmix inversion, the matrix M, of the spatial decoder that shod

HRTF
HRTF data params
> Downmix: _ 3D
decoder inverse
A
Spatial o
parameters

Spatial

—»
decoder

4>
4>

Figure 54 — 3D inversion (decoder)

comprises the product of the 3D inversion matrix and the original matrix M, :

M =M,Q.

Multi-
channel
output

ration, which
operation Q.

quent matrix
hen entering
Id be applied

The processing matrix Q is derived from the spatial parameters and the HRTF parameters. Q is the inverse
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

a(n,l)z

, 0<I< L and where Q"

tmp" is the last datapoint from the previous frame. Furthermore:

n
— =0
t(7)
n—t(l—l) ,otherwise

t(l)—t(/-1)

and where the

Lk _
tmp

Q

with

and
N — h—llik

The matrix el

decoder the
dependant or

PL't'le(
PRW,IX:
7
3]
=19
0

1,k

qll

1k
B3

1,k

q12

1k
qx»

T

| Lk _i Lk _ _hllik Lk _ _héik
'422_N"I12_N’21—N,
Lk Lk lk
22 _}ﬁz h21 :
ement A,k ki B¢ are defined as in subclause6.11.4.2.2 with the exception that for t

m
X

the bitstream elements as:

ARTF parameters B, , and py can be transiitted in the bitstream and are hence d

bsHRTFlevelleft( X ,mapfinc(m, My ))-16

20
DL’t’i( x) ,if bsHRFTasymmetric =0
bsHRTFlevelright(X,mapfunc(nz,MHRTF ))~46
0 20 ,if bsHRFTasymmetric =1
- bsHRTFphasel.R (X, mapfinc(m,M . )) ,if bsHRTFphase(X)=1,m <13
et (X5 1), ,if bsHRTFphase(X)=0,m <13
,m=>13

he 3D

bfined

pﬁ’é={

for

deq(bsHRTiccLR (X, mapfunc(m, My, )),ICC) ,if bsHRTFice(X)
pdefault (X’ m)

0<m<M

1
,if bsHRTFice(X)=0

M g1y = HRTFnumBands and where the channel order in

proc ?

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 Tab

192

le A.35.
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Table 106 — Symmetric HRTF channel mapping i(X)

X i(X)
C C

R L

Rs Ls

Ls Rs

L R

6.11.

The 3D decoder using personalized HRTFs is shown in Figure 55. The down mix is first(proce

ssed with an

inverge 3D stage. The inversion process is controlled by the transmitted spatial parameters apd the HRTF
parameters used to create the 3D down mix (referred to as HRTF parameter set ‘B’)., Subsequgently, the 3D-
inverted down mix is processed by a 3D synthesis stage using (personalized) HRTF-parameter|set ‘P’. Since

both 3D inversion using HRTF parameters B’ as well as 3D synthesis using HRhF-parameters ‘P
2x2 matrix operation, the 3D inversion and the 3D synthesis process can be combined into a sing

comprises a
le 2x2 matrix

operation H/,, which then replaces H, in the synthesis stage of subclause.6!11.4.2 since, H, donsists of the

matrix product of the inversion and 3D synthesis matrices.

HRTF HRTF
params params
HRTF date B P
De- . p S - S
e e | D | DS
plexer F! > | g Output
A A
Spatia
parameters

Figure 55 — 3D decoder for personalized HRTFs

If the| 3D inverse matrix\using HRTF parameter ‘B’ set is denoted by Qg (comprising the inverse of the

encoder-side 3D processing matrix Hg), and the 3D synthesis matrix using HRTF parameter set
H,, the 2x2, 3D binaural decoder processing matrix H) is hence defined as:

H/z = HZPQB )

P’ is given by

Where ), _as described in subclause 6115 using the parameter set ‘B’ and where H,

is defined in

subclause 6.11.4.2 utilizing either a single slot parametric HRTF or multi-slots HRTF for the
HRTF set ‘P’.
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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
define mechanisms for the transport of spatial data for MPEG Surround decoding for different environments
employing MPEG Audio and Systems to convey a coded downmix audio signal.

7.2 Transport and Signalling in an MPEG Environment

7.21 Time plignment 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 doyvnmix
coder. Asynchronous framing of spatial data and the downmix data (i.e., different.frame lengths) is pogsible.
However, 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 decofder in
time when it |s required to process the decoded downmix signals, assuming the most efficient connecfion of
downmix deg¢oder to the MPEG Surround decoder. This is a ditect connection of HE-AAC and MPEG
Surround in the QMF domain in case of MPEG Surround using norrial operation (as opposed to upsamgled or
downsampled operation as defined in subclause 6.3.3), and a-¢connection in the PCM time domain in allf other
cases. When|HE-AAC and MPEG Surround are connected‘in-the time domain even though the most efficient
connection would have been in the QMF domain, the spatial parameters have to be delayed accordingly in
order to mairjtain the time alignment between spatial data and downmix data. Information about this delay is
given in subclause 6.4.1.

In the case that the spatial data is embedded-in the downmix data stream (see subclause 7.2.2, 7.2.3, and
7.2.4), the tegmporal relationship between.spatial frames and downmix frames is indicated by the value of
sacTimeAlign (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 framésiand downmix frames is indicated by the time stamps of the correspgnding
streams. If the transport layer does not provide time stamps (as e.g. in case of LATM), the transporf layer
needs to defipe the temporal relationship between the data of these both streams by other means.

7.2.2 Tranjport and Signalling in an MPEG-4 Audio/Systems Environment

The transmission of spatial audio data requires a spatial elementary stream that depends on the elementary
stream containing the related coded audio downmix data. The actual spatial data is either conveyed in the
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 decoded 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
stream or embedded into the downmix data, as defined in ISO/IEC 14496-3 subclause 1.6.3.14.

7.2.3| Embedding spatial audio data in MPEG-2/4 AAC payloads

Spatigl audio data can be conveyed in the AAC extension_payload() mechanism using e
EXT_|SAC_DATA (“1100”), as defined in ISO/IEC 13818-7 subclause 8.8 and ISO/IEC 14496
4.5.2.P. The extension_payload() for type EXT_SAC_DATA is used to carry ‘a SacDataFrame(
split ihto several fragments, using the same syntax elements ancType, ancStart, and ancStop

the n

This fnechanism is backward compatible with existing AAC decodérs and provides implicit sign

signa
descr|
out-of
exten
sac_€

7.24

Spatial audio data can be inserted as\.ancillary data into an MPEG-1/2 Layer I/ll/lll bitstream

ISO/I
MPE(
the a
frame
frame
enabl
If the
AncD

xt subclause.

ling is possible in an MPEG-4 environment if the SpatialSpecificConfig() is conveyed out-o
bed in the previous subclause. In that case, any in-band SpatialSpecificConfig() shall be ig
tband one. There must be at least~\“one extension_payload()
sion_type==EXT_SAC_DATA in each AAC frame{in“order to enable immediate implicit
xtension_data() element can have an empty payload, i.e., cnt==1.

Embedding spatial audio data in MPEG-1/2 Layer l/ll/lll bitstreams

5-1/2 frame. It does not have.to be located immediately after the audio_data of that frame.
ncSyncword must be byte-aligned with respect to the first bit of the OxFFF syncword of t
header. The AncDataElement() must be completely included in the ancillary data of a sing

b immediate implicit’signalling. An AncDataElement() can have an empty payload, i.e., anc
re is more_than one AncDataElement() in the ancillary data of an MPEG-1/2 fran
btaElements() must directly follow each other.

element

tension_type
-3 subclause
, complete or
as defined in

blling. Explicit
-band, as e.g.
entical to the
with
5ignalling. An

as defined in

FC 11172-3 and ISO/IEC 13818-3. The AncDataElement() is conveyed in the ancillary data part of an

he first bit of
he MPEG-1/2
le MPEG-1/2

. There must be atleast one AncDataElement() in the ancillary data of each MPEG-1/2 frame in order to

L enBytes==0.
ne, all 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 (cnt==255) {
cnt += ancLenBytesAdd; 16 uimsbf
AncCro
ancCrcWord; 8 uimsbf
for (i=0; |<cnt; i++) {
ancPataSegmentByte]i]; 8 bslbf
}
}
ancSyncword Identification syncword. Shall be 0x8E4.
ancType Indicates type of ancillary data, see following table:
Table 108 — ancType
ancType Meaning
0x0 SacDataFrame(0) (MPEG Surround frame)
0x1 SacDataFrame(1) (MPEG Surround header and MPEG Surround frame)
0x2..0x3 (reserved)
ancStart Indicates if data segment begins a data block.
ancStop Indicates if data segment ends a data block.
ancLenBytes Number of bytes in data segment.
ancLenBytesAdd Additional'number of bytes in data segment, needed if the data segments contains
255 of more bytes.
ancCrcWord ancCrcWord is defined by the generator polynomial G(x) = x*8+x"2+x+1 and the
initial value for the CRC calculation is OxFF. The CRC covers all bits in the
AncDataElement() excluding ancSyncword and the ancCrcWord itself.
ancDataSegmentByte The concatenation of all ancDataSegmentByte from consecutive AncDataElemient(),
starting from the AncDataElement with ancStart==1 up to and including the
Anr\ngfglzlnmnnf() with anr\anp——1 forms one data black In case a r\nmplnfn Hata

block is contained in one AncDataElement(), it has ancStart==1 and ancStop==1. If
ancType==0x0 or ancType==0x1 then this data block constitutes one
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) {

: 4 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 | bslbf

numSacBits += tmpBits+numFillBits;

if (sacTimeAlignFlag) {
sacTimeAlign; 16 uimsbf
numSacBits += 16;

}

rnumSacBits += SpatialFrame(); Note 1
return (numSacBits);

}

Note|1: SpatialSpecificConfig() and SpatialFrame() return the number of bits read.

The fpllowing semantics apply:

sacHeaderFlag Indicates the presence of a SpatialSpecificConfig() element.
sacHgeaderLen Indicates the length in bytes of SpatialSpecificConfig() plus the following fill bits.

sacHeaderLenAdd Additional length in bytes of SpatialSpecificConfig() plus the following fi|l bits,
needed if this length is 127 or more bytes.

bsFillBits 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.

sample of the output frame is represented as 0. The present SAC frame is the first
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 Mriemonic
BuriedData(
BuriedDataHeader()
BuriedDataFrame()
}
Table 111 — Syntax of BuriedDataHeader()
Syntax No. of bits  Mnemonic
BuriedDataHeader()
{
bsBDSyncword 16 BsMsbf, Not¢ 1
bsBDCHannels 4 UiMsbf
bsBDFramelength 7 UiMsbf
bsBDSubframes 4 UiMsbf
bsBDReserved 1 BsMsbf
bd_hbitsF40+bd_subframes*bd_channels®4 /* header bits */ Note 2,3
bd_hsizg=MAX(4,ceil(bd_hbits/(bd_channels*8)))
B=0
for (subffame=0; subframe<bd_subframes; subframe++) {
for (¢hannel=0; channel < bd_channels; channel++) {
bsBD Alloc[channél][subframe] 4 UiMsbf
B+=bsBDAlloc[channel][subframe]*bd_framelength/(bd_subframes*8) Note 4
}
}
bsBDHeladerCrc 8 UiMsbf
for (i=0; |<bd/hsize*bd_channels*8-bd_hbits; i++) {
bsBPDHeaderPadding 1 BsMsbf
}
}
Note 1: The bsBDSyncword has the value 0xAA95
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()
}
hsBDFramePadding B*8 BsNisbf
}
Table 113 — Syntax of BuriedDataElement()
Syntax No>of bits Mnemonic
BurigdDataElement()
{
hsBDType 3 UiMsbf
ksBDID 3 UiMsbf
khsBDLengthldx 2 UiMsbf
B-=1
if (bsBDLengthldx>0) {
bsBDLength bsBDLengthldx*8  UiMsbf
for (b=0; b<bsBDLength; b++) {
bsBDBytes|[b] 8 BsMsbf
}
B-=bsBDLengthldx+ bsBDLength
}
khsBDDataCrc 16 UiMsbf
B-=2
}
7.3.3| Semantics
bsBOSyncword The 16 bit string 1010101010010101, i.e., 0xAA95. This is only used in|the buried
data channel.
bsBOChannels Indicates the number of channels according to bd_channels = bsBDChannels + 1.
bsBD amelength+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 A 8 bit cyclic redundancy check word on the data starting with the first bit after
bsBDSyncword up to bsBDHeaderCrc.

bsBDHeaderPadding Padding bits to fill the unused part of BuriedDataHeader().
bsBDFramePadding 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 multiple’streams. BuriedDataElements()'s with
the same bsBDID value belong to the same stream.
bsBDLengthlldx Indicates the length of the bsBDLength field.
bsBDLength The number of buried data payload\bytes in BuriedDataElement(). This numbef shall

not exceed the value of B-bsLengthldx-2.

bsBDBytes[b] One byte of the payload of BuriedDataElement(). The concatenation of all
bsBDBytes from one BuriedDataElement() forms one data block. If bsBDType3=0x0
or bsBDType==0x1 then'this data block constitutes one SacDataFrame() synta
element, padded at'the end to obtain an integer number of bytes.

X

bsBDDataCr

(2]

A 16 bit cyclic fedundancy check word on the bytes contained in
BuriedDataElement(), excluding bsBDDataCrc.

7.3.4 Decogling process

7.3.41 Infroduction

The decoding pracess consists of two steps. In the first step the payload from the buried data channel, is
decoded. In the'second step the payload is converted into a complete MPEG-Surround audio bit-stream.

In the next subclauses the decoding of the payload is described.

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
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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.

In order to extract the correct number of LSB’s that are used to hold the buried data payloa

needs
chanr

read from the LSB on a channel by channel basis.

Depepdent on the allpeation information in the header, the remaining LSB’s of the PCM sample
the hgader, may also-hold buried data payload. The bits of BuriedDataFrame() are read on

samp

For perceptual.control of the header information and the buried data payload, all the LSB’s conta
BurieDataFrame(), except for bsBDSyncword, have to pass bit by bit through a de-randomizatio

to intqg

bsBDAIlloc[channel][subframe] channel
subframe 0 1

0 0 2
1 1

Bd_framelength PCM samples
A

( )
MSB
Right channel
= channel=1
LSB [N « \7
MSB
Left channel
channel=1
LsB I rOA4
Subframe=0 Subframe=1
Il Header

O Buried data frame

Figure 56 — Example buried data frame-structure with header.

i, the header

to be read and interpreted.first. After parsing the first 32 bits of the header in the LYB of the first
el the value of 'bd_hsize' can be calculated. Subsequently the remaining bits of BuriedDataHeader() are

e basis fromthe LSB's of the sample-interleaved channel data.

5 that contain

a sample by

ned in
n circuit prior

rpretation. The de-randomization circuit is illustrated in Figure 57. The blocks T represent shift registers.

The additions represent "exclusive or gates”. At the start of every frame the shift registers are init

value

ta

alized to the

1. For every new inserted input bit t,, a new output bit s, is generated.
—» To T —m T2 | —— T Ty —W Tis
tn-1 tn-3 tn-14 tn-16
+ - + + + -
Sn
Figure 57 — The de-randomization circuit.
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The following

Sh=t,®

polynomial is applied:

th1 @ 13 @ th1s @ thoge.

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.

The bits in BI

figure this is
is only two b
subframe is
and “2” are r
indicated ord
read MSB firs
circuit prior tg

7.3.4.3

The first actid

11 |14 (17 | 20 | 24 | 29

34

39

LSB 25 | 30

35

40

9 (12 (15| 18 | 21 | 26

31

36

10 | 13 [ 16 | 19 | 22 | 27

32

37

33

38

N

~
Subframe=0

interpretation.

Synchronization

LSB of the

Ricakt L L
Right-channet
channel=0

Left channel
channel=0

. Headef

E Buried data payload

Figure 58 — The BuriedDataFrame()

riedDataFrame() need to be inserted into the de-randomization circuit in a specific order.
xplained by means of a simplified header and buried data payload. Assume that bsBDSyn
its and the remaining header is six bits. As illustrated in the figure, the allocation for th

LSBs for the left channel and 2-bits for the right channel. The synchronization bits labell
pad first and do not pass through the randomization circuit. The remaining bits are read
br. This order is “header first” where the bits are read channel by channel. After that, the b
t in alternating channel order. All the bits labelled “3...” have to pass through the randomi

n js'synchronization of the decoder to the n bit PCM samples. The syncword is contained
REM samples representing the first channel. The distance between two conse

In the
cword
e first
3d “17!
n the
ts are
yation

in the

cutive

synchronisation words amounts to 'bd_framesize' PCM samples. In order to retrieve the syncword, a bit-
stream is generated by successively concatenating the LSB of the PCM sample corresponding to the first
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

For all bd_subframes, a number of LSB’s as described in the allocation, is extracted from the n|bit PCM data
in 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.

7.3.46 CRC check

Two [CRC checks are performed. The error detection methods used.are “CRC-8" and “CRC-16" which
generator polynomials are

G(X) = X® + X+ X + 1(CRC-8)
G(X)=X"+X"®+X2& 1" (CRC-16)
The GRC 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 stateof the shift register is OXFFFF. All bits includgd in the CRC
checl are input to the circuit shown in the figuré{ After each bit is input, the shift register is shifted by one bit.
After [he last shift operation, the outputs bn...b0 constitute a word to be compared with the CRC-check word
in the|stream. If the words are not identical,(a transmission error has occurred in the field on whigh CRC-8 has
been [applied. To avoid annoying distortions, application of a concealment technique, such as muting of the
actual| frame or repetition of the previous’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” gqtes.

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 Huffman Tables

The function Y Dhuff dec() is used as:
data = 1Dhuff dec(hcod_huff, codeword),

where hcod |huff is the selected Huffman table and codeword is the word read from(the bitstream. The
returned value data, is a Huffman table index corresponding to a specific code word, with the Huffmar| table
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, datall) = 2Dhuff dec(hcod_huff, codeword),

where hcod |huff is the selected Huffman table and codeword is{the word read from the bitstream. The
returned values data0 and datal is the corresponding Huffman table index Idx0 and Idx1 corresponding to a

specific codg word with the Huffman table offset value subiracted. The offset value is specified for| each
Huffman tabl¢ 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
hcond2D_CLD_YY_ZZ LL escape | N/A N/A
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 Nete 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

8 4 0x0c 24 6 0x16

9 4 0x0a 25 6 0x17

10 4 0x02 26 7 0x6f

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 0x3fc

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
T 8 Ox0066fc—T9 Ox0061fe
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 0x004ffe
16 16 0x00fffa 13 0x001fde
17 17 0x01fffe 14 Ox003ffe
18 17 0x01fff6 14 0x003fbe
19 18 0x03fffe 14 0x003fbf
20 18 0x03ffff 15 0x007ffe
21 19 0x07ffde /| 16 0x00fffe
22 18 0x03ffee |17 0x01fffe
23 20 0xO0fffbe 19 0x07fffe
24 21 Oxtfff7e 19 0x07fffc
25 24 Oxfffbfc 20 0xOffffa
26 24 Oxfffbfd 21 Ox1ffffc
27 24 Oxfffbfe 21 Ox1ffffd
28 24 Oxfffbff 21 0x1ffffe
29 23 0x7ffdfc 21 Ox1fffff
30 23 0x7ffdfd 20 O0xOffffb

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
4 5 Ox1e 5 Ox1e
5 6 0x3e 6 0x3e
6 7 O0x7e 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
T 6 Ox6060ta 9 Ox00tfe
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 0x0¥ffe
20 13 0x00ffe 16 OxOfffe
21 13 0x00dfe 16 OxOffff
22 14 0x01ffe 16 0xOffde
23 15 0x03ffe 17 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 N/A 21 0x17feff N/A N/A
04 N/A 21 Ox17fefr |21 0x0b7dff N/A
Table A.9 — hcod2D_ICC_YY_ZZ LL_escape
LL 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

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 |codeyord

0 0 2 0x002 1 0x000 1 0x000 1 0x000
0 1 3 0x002 6 0x03e 5 0x01e 4 0x00¢
0 2 5 0x004 11 0x76e 10 0x3be 8 0x0fa
0 3 8 0x03e 12 Oxede 12 Oxefe 11 Ox7d¢
1 0 4 0x006 3 0x006 3 0x006 4 0x00¢
1 1 4 0x007 6 0x03f 5 0x01c 5 0x01¢
1 2 6 0x00e 10 0x3b6 9 Oxtde 8 0x0fe
1 3 10 0x0fe 6 0x03a 8 Ox0Oea 9 0x1f6
2 0 9 0x07e 5 0x01c 7 0x074 8 OxOff
2 1 7 0x01e 8 0x0Oee 8 0x0Oee 7 0x07¢
2 2 6 0x00c 9 Ox1da 8 0x0eb 7 0x07¢
2 3 5 0x005 5 0x01e 5 0x01f 5 0x014
3 0 10 0xOff 8 0x0ef 11 0x77e 11 Ox7df
3 1 6 0x00d 12 Oxedf 12 Oxeff 10 O0x3e¢
3 2 3 0x000 8 0x0ec 7 0x076 5 0x01p
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
0 5 10 0x03ee 17 0x1dffe 15 0x79fe 14 0x3efe
1 0 4 0x000a 3 0x0004 3 0x0006 3 0x0000
1 1 %4 Ox666T %4 Ox000= %4 Ox0007 3 Ox6061
1 2 5 0x0016 7 0x003e 7 0x0078 6 0x003c
1 3 6 0x0034 12 OxOefe 10 0x03ce 8 0x005¢
1 4 8 0x00fe 15 Ox77fe 13 Ox1e7e 11 0x07de
1 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
3 0 9 0x011f 6 0x003e 7 0x0027 9 0x01fe
3 1 8 0x00d7 6 0x002e 7 0x007a 8 0x00fe
3 2 8 0x008e 9 0x01de 9 0x01e4 8 0x00f6
3 3 8 0x00ff 10 0x03be 9 0x0096 8 0x00fa
3 4 7 0x006a 7 0x007e e 0x007b 7 0x007e
3 5 7 0x004e 5 0x001e 6 0x003f 6 0x0016
4 0 12 0x0fbe 7 0x007f 9 0x01e6 11 0x07bf
4 1 11 0x07de 7 0x005e 9 0x01e5 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
5 0 13 0x1f7f 8 0x00bf 1 0x079e 14 0x3eff
5 1 8 0x00fa 17 0x1dfff 15 0x79ff 13 0x1f7e
5 2 6 0x0022 13 Ox1dfe 11 0x025f 10 0x03ff
5 3 5 0x0012 9 0x00ff 8 0x004a 7 0x002e
5 4 4 0x000e 6 0x003a 5 0x000a 4 0x0004
5 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 Ox01a7fe |12 0x00067a
0 6 9 0x0000ee |20 0x0bff7e |19 0x069ff6 |13 0x000cf2
Y 7 1 6x0607b6—T21 Oxt7feff to—OxX069ffT— 15 0x0683de
1 0 4 0x000006 |3 0x000004 |3 0x000002 |4 0x00p00c
1 1 4 0x00000c |4 0x00000a |4 0x00000c |4 0x00p00e
1 2 5 0x000016 |7 0x00000e |7 0x00006a |5 0x00p00e
1 3 6 0x000026 |10 0x0002fa |10 0x00034e |8 0x00p0de
1 4 7 0x00003e |13 0x0001fe |13 0x001fde {10 0x00p372
1 5 7 0x00002e |16 0x00bff2 15 0x0069fe D11 0x00p3d6
1 6 9 0x0001ec |19 Ox05ffbe 17 0x01a7fc” |12 0x00p678
1 7 15 0x0047ce |8 0x0000ee |10 0x000372 |13 0x000cf6
2 0 6 0x000016 |4 0x000002 |6 0x00003e |6 0x00p036
2 1 6 0x00003c |5 0x000016 |6 0x00003c |5 0x00p012
2 2 6 0x000022 |8 0x0000f6 |8 0x0000df |6 0x00p03e
2 3 7 0x00004e |11 0x0005fe 10 0x0001ee |7 0x00p03c
2 4 7 0x00003f |13 0x0001ff M2 0x000dde |9 0x00p1b8
2 5 8 0x00005e |16 0x00bffe " |15 0x0069fa |11 0x00p3d4
2 6 12 0x0008fa |9 0x0001de |10 0x000373 |11 0x00p33e
2 7 12 0x0008fb |7 0x00007e |8 0x00007a |11 0x00p33f
3 0 8 0x00005f |5 0x000000 |7 0x00003e |8 0x00p07e
3 1 8 0x0000fa |6 0x00003c |7 0x000068 |7 0x00p06a
3 2 8 0x0000bf |8 0x00000e |9 0x0001ba |7 0x00p04e
3 3 7 0x00003a,-| 10 0x00003e |10 0x0003f6 |7 0x00p07e
3 4 9 0x0001f6~1 14 0x002ffe |12 0x000d3e |9 0x00p1ba
3 5 10 0x0001de |10 0x0002fb |10 0x00034c |9 0x00p0ce
3 6 10 0x0003da |8 0x0000f7 |9 0x0001fa |9 0x00p0f6
3 7 11 0x0007b7 |6 0x00002¢ |8 0x0000d2 |10 0x00D1ee
4 0 10 0x0001df |6 0x000006 |8 0x00007e |10 0x00p1ef
4 1 10 0x0003ee |7 0x00007a |8 0x00007f |9 0x00D13e
4 2 9 0x00017b |8 0x00000a |9 0x0001f8 |8 0x00p07f
4 3 10 0x0003ef |11 0x00007e |11 0x0006ee |8 0x00p066
4 4 9 0x0001ee |12 0x0000fe |11 0x0003de |8 0x00p0d6
4 5 8 0x00008e |9 0x000016 |9 0x0001b8 |7 0x00p03e
4 6 9 0x0001ef |7 0x000006 |9 0x0001fc |8 0x00p0d7
4 7 9 0x0001fe—15 0x000002 17 0x00008b18 0x00009e
5 0 12 0x0008f8 |7 0x00000f |9 0x0000f6 |12 0x0007ae
5 1 11 0x00047e |7 0x000076 |9 0x0001fe |10 0x0001e8
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
7 5 5 0x000010 |9 0x0001df |9 0x0001ff |7 0x00007f
7 6 4 0x00000d |6 0x00003e |5 0x00000e |4 0x000008
7 7 2 0x000000 |3 0x000006 |2 0x000002 |2 0x000000
Table A.14 — hcod2D_CLD_YY_ZZ_09

Idx0 | ldx1 | DF/FP DF/TP DT/FP DT/IR

length | codeword |length |codeword |length |codeword |length’ | codeword
0 0 4 0x000006 |4 0x00000e |3 0x000006 , (4 0x00000e
0 1 4 0x000007 |5 0x000014 |4 0x000004. <4 0x000008
0 2 5 0x000006 |8 0x00008e |7 0x000012 |7 0x00007e
0 3 7 0x00007e |11 0x0004fe |11 0x0007fe |9 0x0001fe
0 4 7 0x00000a |14 0x0023fe |13 0x001f7e |10 0x0001ba
0 5 8 0x00001e |16 0x008ffe |16 0x00fbfe |12 0x000dbe
0 6 9 0x00008a |19 0x05ffbc |17 0x01f7fe |13 0x000d7e
0 7 10 0x00004e |21 Ox17fef7 |21 O0x0b7dfe |14 0x001af6
0 8 10 0x000276 |21 Ox17fef7 <21 O0x0b7dff |15 0x007fec
0 9 11 0x0002e2 |21 Ox17fef??; |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 0x000012-19 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} 3 0x000046 |16 0x00Dbfte 14 0x001t4t 11 0Ox0006fe
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
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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 6 10 0x000277 |12 0x0008fa |11 0x0003de |10 0x00036e
4 7 10 0x0003ce |9 0x00006e |9 0x0000b6 |10 0x0003ee
4 8 11 0x0002e6 |9 0x0001ef |9 0x0000be |11 0x00p37e
4 9 11 0x0004fc |7 0x00007e |8 0x00007c |11 0x00p377
5 0 11 0x0002e3 |7 0x00007a |8 0x00005a |12 0x00pfff

5 1 10 0x000170 |7 0x00004e |8 0x000078 |10 0x00p1ae
5 2 10 0x000172 |9 0x00007e |9 0x000047 (10 0x00p1be
5 3 9 0x0000ba |10 0x0000de |9 0x000044,\[9 0x00p1f6
5 4 9 0x00003e |13 0x0011fe |12 0x0007ff 7| 9 0x00pP1be
5 5 9 0x0001e3 |14 0x002ffe |12 0x0007d1 |8 0x00p0da
5 6 8 0x00001b |11 0x0004ff |10 0x0001f6 |8 0x00p0fe
5 7 9 0x00003f |10 0x0000ff |10 0x0001f7 |9 0x00p16b
5 8 9 0x00009% |8 0x0000bd |8 0x00002f |9 0x00p0d6
5 9 9 0x00009f |6 0x00002e |7 0x00002c |10 0x00p37e
6 0 13 0x000b%e |8 0x0000fe_<9 0x0000fc |13 0x00[i 7fe
6 1 12 0x0009ff |8 0x0000af\./| 9 0x0001f6 |12 0x00pbfe
6 2 11 0x0004fd |9 0x0001ec |9 0x0000f6 |11 0x00p7de
6 3 11 0x0004fe |11 0x0001be |11 0x0007ff |11 0x00p6de
6 4 9 0x0001cf |17 0x011ffe |14 0x0016fe |10 0x00P1b8
6 5 8 0x0000ef |14 0x002ffa | 11 0x0002de |8 0x00p0d6
6 6 8 0x000044 (12 0x0008fe |11 0x0003ea |7 0x00p02e
6 7 8 0x00005f |10 0x0003fe |9 0x0000bf |7 0x00p034
6 8 8 0x0000e4C} 7 0x000046 |8 0x0000fa |8 0x00p0de
6 9 8 0x0000f0 |5 0x000012 |6 0x00000a |8 0x00pP0be
7 0 15 0x002e72 |8 0x00003e |9 0x00004e |15 0x00f fef
7 1 12 0x00013f |7 0x000045 |8 0x000026 |12 0x00p6bc
7 2 13 0x000bSf |10 0x0002fe |10 0x0001ee |13 0x00[l bff
7 3 9 0x00013e |20 0x0bffre |16 0x005bfe |13 0x00[lffa
7 4 8 0x0000fe |15 0x005ff9 |14 0x003efe |10 0x00p1b9
7 5 8 0x000047 |15 0x005ffa |13 0x000b7e |10 0x00p3fe
7 6 7 0x00000e |12 0x000bfd |11 0x0003eb |8 0x00p0fa
7 T 7 0x00007d |9 0x00013e |9 0x0001fe |6 0x00p02e
7 8 6 0x000010 |6 0x00000c |7 0x00007b |6 0x00p034
7 9 6 0x000024 |4 0x000007 |5 0x000007 |6 0x00pO1f
8 0 15 0x002e77 |8 0x0000be |10 0x0001fb |15 0x006dff
8 1 16 0x005ce6 |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
Fable-A-45—heod2D1CE Y22 O4—m—
IdxO || Idx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword
0 0 1 0x0 1 0x0 1 0x0 1 0x0
0 1 3 0x6 3 0x6 3 0x6 3 0x6
1 0 3 0x7 3 0x7 3 0x7 3 0x7
1 1 2 0x2 2 0x2 2 0x2 2 0x2
Table A.16 — hcod2D_ICC_YY_ZZ_03
IdxO || Idx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length’} codeword | length | codeword
0 0 2 0x002 2 0x002 2 0x002 2 0x002
0 1 2 0x000 4 0x004 4 0x00e 4 0x00e
0 2 5 0x00a 10 0x17e 10 0x37e 8 0x0fc
0 3 8 0x07e 11 Ox2fe 12 Oxdfe 12 Oxfde
1 0 5 0x00e 2 0x000 4 0x00f 4 0x00c
1 1 4 0x004 5 0x00e 4 0x00c 4 0x00d
1 2 6 0x016 9 Ox0be 9 Ox1ba 9 Ox1fe
1 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
3 0 11 0x3ff 7 0x02e 11 Ox6fe 12 Oxfdf
3 1 6 0x017 11 Ox2ff 12 Oxdff 10 0x3f6
3 2 4 0x006 6 0x015 6 0x036 5 0x01le
3 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 Oxfffof 18 0x36fff 16 0x0cebe
1 0 5 0x0001e |3 0x00006 |4 0x0000e |4 0x0000f
1 1 % Ox0600c— T4 Ox066064—5 Ox0601te—TS Ox60902
1 2 5 0x0000d |9 0x000be |9 0x001be |6 0xQ001e
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 0x00¢fe
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 48 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 0x0005e |8 0x000d9 |6 0x0001c
3 5 10 0x00376 |5 0x0000e |8 0x000ff 8 0x0007e
4 0 16 0x0ddff 6 0x0001f 10 0x003f6 14 0x033Bfe
4 1 16 0x0ddff 10 0x003fe 11 0x006fe 14 Ox03Bff
4 2 9 0x001ba | 4 Ox1fff2 15 0x06dfe 12 0x00¢ea
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 0%0ddff 9 0x000bf 11 0x007ee |16 0x0cgbf
5 1 9 0x001af 18 0x3ffe6 17 0x1b7fe 14 0x03Bae
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
0 5 11 0x069e 16 Oxffff 15 0x79ff 13 0x0ffd
0 6 11 0x043e 16 Oxffff 15 Ox79ff 15 Ox1efe
0 T 12 Ox087a 16 Oxffff 5 Ox7Off 16 Ox3dfe
1 0 5 0x001e 3 0x0006 4 0x000e 4 0x0004
1 1 4 0x000e 5 0x0008 5 0x001a 3 0x0000
1 2 6 0x002a 11 0x07fe 9 0x01e6 7 0x003¢
1 3 7 0x0046 16 Oxffff 13 Ox1fbe 10 0x00f6
1 4 9 0x015e 16 Oxffff 15 0x79fe 11 0x01da
1 5 7 0x0047 16 Oxffff 15 Ox79ff 12 0x03fe
1 6 10 0x034a 16 Oxffff 15 Ox79ff 15 0x3dfe
1 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 0x01ba 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
3 0 10 0x02be 5 0x000e 8 0x00dc 11 0x01de
3 1 9 0x01a6 8 0x00fe 9 0x01fe 10 0x00ec
3 2 9 0x01be 11 0x02ce 10 0x036e 9 0x007e
3 3 5 0x0012 11 0x02cf 10 0x03fe 5 0x000c
3 4 9 0x01bf 15 Ox7ffb 15 Ox79ff 10 0x01ee
3 5 12 0x087b 13 Ox1fec 12 0x0fde 13 0x0f7e
3 6 12 0x087b 9 0x00b0 9 0x01ee 12 0x07fc
3 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 rd 1 0x043f 8 O0x004£ 8 0x0Qde 13 Ox0ffe
5 0 12 0x087b 7 0x002f 7 0x0078 16 0x3dff
5 1 12 0x087b 8 0x00f6 8 0x00da 12 0x03bf
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 Ox01ef 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 Ox7ffe 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 0x006e 12 0x0ff3 11 0x079e 9 0x007a

7 6 5 0x001f 8 0x00f7 7 0x007a 5 0x0006

7 7 2 0x0001 2 0x0000 2 0x0002 2 0x0003

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 0x00

0 1 3 0x002 5 0x00e 4 0x00c 4 0x00

0 2 5 0x006 10 Ox1fe 8 0x0d2 8 OxOf

0 3 8 0x076 11 0x3fe 10 0x34e 11 Ox7f

1 0 4 0x002 2 0x000 4 0x00e 4 0x00

1 1 4 0x006 4 0x004 5 0x01e 5 0x01

1 2 6 0x01e 9 0x0fe 7 0x068 8 0xOf

1 3 10 Ox1de 6 0x01e 7 0x06a 9 Ox1f

2 0 9 0x0Oee 5 0x00a 7 0x06e 8 0xOf

2 1 7 0x03a 6 0x016 7 0x06f 7 0x07

2 2 6 0x01c 7 0x03e 7 0x06b 7 0x07

2 3 5 0x007 4 0x006 5 0x01f 5 0x01

3 0 10 Ox1df 8 0x07e 9 Ox1a6 11 Ox7ff

3 1 6 0x01f 11 Ox3ff 10 0x34f 10 0x3fg

3 2 3 0x000 6 0x017 6 0x036 5 0x01b

3 3 2 0x003 2 0x003 2 0x002 2 0x00%

© ISO/IEC 2007 — All rights reserved

ISO/IEC 23003-1:2007(E)

217


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

ISO/IEC 23003-1:2007(E)

218

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 0 3 0x0006 3 0x0006 2 0x0000 2 0x0000
0 1 3 0x0002 5 0x001e 4 0x000c 4 0x000e
0 2 5 0x000e 8 0x00be 7 0x003a 7 0x007a
0 3 7 0x005e 1M 0x077e 10 0x03ae 9 0x01ee
0 4 8 0x00ba 13 0x17fe 12 0xOefe 11 0x07fe
0 5 9 0x00fe 16 Oxbffe 15 0x77fe 13 Ox1ffe
0 6 10 0x02ee 16 Oxbfff 16 Oxeffe 14 0x3ffe
1 V) %4 Ox0006 3 Ox0004 3 19).49]9, 9724 %4 Ox066c
1 1 4 0x000a 4 0x000a 4 0x0006 4 0x000d
1 2 5 0x0016 7 0x005e 7 0x007e 6 0x001e
1 3 6 0x0024 9 0x00d2 9 0x01de 8 0x00Qf6
1 4 8 0x00fa 12 0xObfe 11 0x075e 10 0x03fe
1 5 9 0x017e 14 Ox2ffe 14 0x3bfe 11 0x03ba
1 6 15 Ox5dfe 8 0x006a 11 0x075f 12 0x0f7e
2 0 7 0x005¢ 5 0x001f 6 0x003c 6 0x001c
2 1 6 0x0026 5 0x000e 6 0x003e 6 0x003e
2 2 6 0x001e 7 0x0036 7 0x0074 6 0x0016
2 3 8 0x00fe 10 0x03be 9 0x01d4 8 0x0074
2 4 9 0x01f2 12 0x07fe 11 0x03be 10 0x01de
2 5 12 0x0Obbe 9 0x01de 10 0x01fe 10 0x017a
2 6 12 0xOfbe 7 0x003e 9 0x00fe 10 0x01df
3 0 9 0x00ff 6 0x002c 8 0x00ee 9 0x01fe
3 1 8 0x007e 6 0x002d e 0x003e 7 0x002e
3 2 9 0x01fe 8 0x007e 8 0x007e 8 0x0076
3 3 9 0x017f 10 0x01fe 9 0x00e6 9 0x00fe
3 4 10 0x03ee 9 0x00d3 9 0x00e7 9 0x00be
3 5 10 0x03fe 8 0x00ee 8 0x0072 9 0x01fc
3 6 10 0x03ff 6 0x002e 7 0x0038 8 0x0075
4 0 12 0xOfbf 7 0x003c 9 0x00ee 10 0x01dc
4 1 1 0x07de 7 0x003d 9 0x01d6 9 0x00bc
4 2 1 0x05de 9 0x00fe 10 0x03be 10 0x03de
4 3 9 0x01f3 11 0x03fe 10 0x01ff 9 0x00bf
4 4 8 0x00f8 9 0x017e 8 0x0076 8 0x007e
4 5 7 0x004a 7 0x0076 7 0x0076 7 0x0078
4 6 7 0x004b 5 0x001c 6 0x001e 7 0x007e
5 0 14 Ox2efe 8 0x006b 11 0x077e 12 OxOf7f
5 1 13 0x177e 8 0x0068 10 0x01de 11 0x03bb
5 2 9 0x01f6 13 0xOffe 12 0x077e 11 0x07be
5 3 7 0x003e 11 0x05fe 10 0x03aa 9 0x00ff
5 4 6 0x0027 8 0x006e 8 0xQ0fe 7 0x003e
5 5 5 0x0010 6 0x003a 6 0x003d 5 0x000a
5 6 5 0x001e 3 0x0002 4 0x000d 4 0x0006
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
V) T 9 Ox00064— 16 OxOcdfe 15 Ox613fe 13 Ox0teb6
0 8 10 0x000ce |18 0x3dffe 18 0x1d9fe 14 0x08dfe
0 9 11 0x0019%e |19 0x7bffe 18 0x1doff 15 0x05¢de
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' DO[7 0x0002e
1 4 7 0x0004e |11 0x007be |10 0x001d8” |9 0x00fe2
1 5 8 0x000e8 |12 0x007ae |12 0x00772 |10 0x0015e
1 6 8 0x0007e |14 0x03dfe 13 0x00f7e 11 0x00Tae
1 7 9 0x000fe 15 0x03dée |14 0x00efe 12 0x0015a
1 8 10 0x0027e |17 Ox1effe 16 0x0767e |13 0x017b6
1 9 16 0x06ffe 10 0x003de 12 0x0027e |13 0x001be
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 0x0005a |6 0x00008 |6 0x0002a
2 3 7 0x0007e |9 0x00178 |8 0x0003a |8 0x000fe
2 4 7 0x0001a |11 0x0066e |10 0x0016e |9 0x00{17a
2 5 8 0x000ee |12 0x00b7e |11 0x003b2 |10 0x003de
2 6 9 0x001de | 14 0x0337e |13 0x00ffe 11 0x00719e
2 7 10 0x003fe 15 0x03d6f 14 0x00eff 12 0x00Tfe
2 8 14 0x013ba*~~"| 10 0x003d6 |12 0x0077e |13 0x01¢fe
2 9 14 0x01bfe 9 0x001ea |11 0x001de |13 0x01

3 0 8 0%x0005¢c |6 0x0002e |7 0x0001c |8 0x000be
3 1 7 0x0002c |6 0x0002c |7 0x0003c |7 0x0005c
3 2 7 0x0002d |7 0x0003a |8 0x0007e |7 0x0002f
3 3 T 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 0x00Pc6
3 6 9 0x0007a |14 0x02dfe 13 0x0077e |11 0x003fe
3 7 13 0x00dfe 10 0x001ea |11 0x002de |12 0x001f6
3 8 12 0x0033e |9 0x0017a |10 0x0009%e |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 0x0013e |7 0x0006f 8 0x0005a |9 0x001ee
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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2 10 0x001be |8 0x00078 |9 0x000bc |9 0x000fa
3 10 0x001bc |10 0x002fe 10 0x001fe 10 0x003da
4 10 0x0017e |11 0x003d2 |10 0x000ee |10 0x002f3
5 9 0x0009c |12 0x00cde |10 0x000be |9 0x000aa
6 9 0x0007e |10 0x001e8 |9 0x0005d |9 0x0015e
7 9 0x0009f |9 0x001e8 |9 0x000f9 9 0x001ea
8 9 0x00065 |8 0x000ca |9 0x000bf |9 0x000ae
9 9 0x0007f |7 0x0007e |8 0x0002d |9 0x000fe
0 13 0x009de |9 0x001fe 11 0x003be |12 0x007de
1 12 0x009fe 8 0x000cb |9 0x0004d |11 0x007fe
2 12 0x009ff 9 0x0016e |10 0x000bf 11 0x007af
3 12 0x006fe 11 0x007fe 11 0x003ba |11 0x005ef
4 9 0x0007b |13 0x00f5a 12 0x0077f 11 0x007ae
5 9 0x001ce |12 0xO00fff 10 0x0016¢c |9 0x000ab
6 8 0x000ea |10 0x003d7 |9 0x000fe 8 0x000bf
7 8 0x0005%¢ |9 0x001ee |9 0x000fb 8 0x000ac
8 8 0x0006e |7 0x0003e |8 0x0007a |8 0x000f0
9 8 0x0007c |6 0x0003c |7 0x0002c |8 0x000f4
0 14 0x013bb |9 0x0017b |11 0x0013e |13 0x01eb7
1 13 0x009dc |9 0x0019a |11 0x003bb\ 12 0x00bda
2 13 0x009df |10 0x002de |12 0x007fe 12 0x007ff
3 9 0x00066 |15 0x07bfe 14 0x01d%e |12 0x00f7e
4 9 0x001fe 13 0x00f5f 12 0x00766 |11 0x007fa
5 8 0x000e9 |11 0x005be |10 0x0016d |9 0x00178
6 7 0x0001b |10 0x002f2 9 0x00076 |8 0x00056
7 7 0x00072 |8 0x0007f  |F 0x00012 |7 0x0005d
8 6 0x0000e |6 0x0001c «}\6 0x0000a |6 0x00014
9 6 0x00012 |5 0x0001&a> |6 0x0003f |6 0x0002d
0 17 0x0dffe 10 0x002ff 12 0x003be |14 0x02f6e
1 15 0x037fe 10 0x003fe 12 0x007be |13 0x00fbf
2 10 0x003af |16 0x0cdff 15 0x013ff 13 0x01ffc
3 9 0x001cf 14 0x01eb6 |13 0x004fe 12 0x00ff7
4 8 0x0009e |18 0x01efe 12 0x00773 |10 0x002be
5 8 0x000fe 12 0x00f7e 11 0x003b7 |10 0x003db
6 7 0x00076 ~~{ 10 0x00336 |9 0x0007f |8 0x000ad
7 6 0x00038" |8 0x000be |7 0x0001e |7 0x0007e
8 5 0x0000e |6 0x00036 |5 0x00006 |5 0x00014
9 5 0x0001e |4 0x0000e |4 0x00006 |4 0x00006
0 17 OxOdfff 10 0x001e7 |14 0x01ffe 15 0x05edf
1 10 0x001bd |19 Ox7bfff 17 OxOecfe 14 0x03dff
2 9 0x000be |16 0x0f7fe 15 0x03b3e |13 0x01ffd
3 8 0x0005d |14 0x02dff 14 0x01fff 11 0x005ec
4 8 0x0007d |13 0x016fe 13 0x00f7f 11 0x0079f
5 7 0x00036 |11 0x003d3 |11 0x003de |10 0x003fc
6 6 0x0001a |10 0x003d3 |9 0x000bd |8 0x000ae
7 5 0x0000c |8 0x000cf |7 0x0002e |6 0x00016
8 4 0x0000b |6 0x0003e |5 0x0001e |4 0x00004
9 3 0x00006 |2 0x00000 |2 0x00002 |2 0x00000
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Idx0 | ldx1 DF/FP DF/TP DT/FP DT/TP
length | codeword | length | codeword | length | codeword | length | codeword

0 0 4 0x0000e |3 0x00002 |3 0x00006 |3 0x00002

0 1 4 0x00004 |5 0x00014 |4 0x00008 |4 0x00008

0 2 5 0x00004 |8 0x000fe 7 0x00078 |7 0x0007e

0 3 6 0x00002 |10 0x003fe 9 0x0017a |8 0x0009a

0 4 7 0x0000a |11 0x0057a |11 0x005fe 10 0x003be

0 5 8 0x00032 |12 0x0077¢c |12 0x006be | 11 0x006fe

0 6 9 0x000be |14 0x03eee |13 0x00d7e |12 0x009e6

V) T 10 Ox00362 15 Ox05dfe 15 Ox03d5e 13 OxGtTbe

0 8 10 0x00042 |15 0x057be |17 0x0a3fe 14

0 9 11 0x003de |17 0x177fe 17 0x17f7e 15

0 10 |10 0x0007e |19 Ox7defe 17 Ox17f4e 14

0 11 11 0x0062e |20 Oxfbdfe 17 0x0f57e 15

0 12 |12 0x00d8e |20 Oxfbdff 18 Ox1eafe 16

1 0 5 0x0001a |3 0x00000 |4 0x0000e' D[4

1 1 4 0x00006 |4 0x00006 |4 0x0000a” |4

1 2 5 0x00016 |7 0x0007c |6 0x0002e |6

1 3 6 0x0002e |9 0x001f6 8 0x000bc |7

1 4 7 0x00066 |10 0x002b2 |10 0x003d6 |9

1 5 8 0x000fe 12 0x00fbe 11 0x0037a |10

1 6 8 0x00028 |13 0x015ee 413 0x017f6 11

1 7 9 0x000f6 14 0x02ebe V14 0x01ffe 12

1 8 10 0x0033e |16 0x0Ofbde 16 0x0bfbc 13

1 9 9 0x0007e |16 0x0dbfe 15 0x028fe 13

1 10 |10 0x0036e |17 0x15ef6 16 OxObfae 13

1 11 10 0x000ce |18 Ox3ef7c 19 0x3d5fe 14

1 12 |17 0x027fe 10 0x003b0 |13 0x00ffe 15

2 0 6 0x00003 |5 0x0001a |6 0x0003e |6

2 1 5 0x00000 |5 0x00016 |5 0x0000e |5

2 2 6 0x00030~"7 0x0006c |6 0x00016 |6

2 3 7 0x0007e |9 0x001f4 8 0x000b2 |7

2 4 7 0%x00016 |10 0x001de |10 0x003de |9

2 5 8 0x0005e |12 0x00fba 11 0x0037e |10

2 6 9 0x0018e |13 0x01b7e |13 0x00fce 11

2 7 9 0x00024 |14 0x02eba |14 0x02fea 12

2 8 9 0x0019e |15 0x07dee |13 0x00d7f 12

2 9 10 0x0037e |16 0x077de |15 0x05fd2 13

2 10" |10 0x000de |17 0x15ef7 17 Ox17f4f 14

2 11 16 0x07ffe 10 0x001ce |12 0x0056e |14

2 12 |16 0x013fe 9 0x00174 |12 0x00bea |14

2} Al 8 Ox0007¢ B 0Ox00038 Z Ox0003¢ 8

3 1 7 0x0003c |6 0x00039 |7 0x00079 |7

3 2 7 0x0002e |7 0x00038 |7 0x0002a |7 0x0005a

3 3 7 0x0001a |9 0x001b6 |8 0x0006c |7 0x0003e

3 4 8 0x0007e |10 0x000ee |9 0x000a0 |9 0x001de

3 5 9 0x001f6 12 0x00dbe | 11 0x0035a |10 0x002f6

3 6 9 0x00062 |13 0x0175¢ |12 0x0051e |11 0x004ce

3 7 9 0x001bc |13 0x007ba |12 0x0056f 11 0x0073e

3 8 9 0x00022 |15 0x06dfc 14 0Ox01eae |12 0x00ede

3 9 10 0x000f2 16 Ox0af7a 16 0x0bfa6b 13 0x01f4f

3 10 |15 0x02ffe 11 0x00766 |12 0x007be |13 0x0133e

3 11 15 0x02fff 9 0x00076 |12 0x007fa 13 0x017fe

3 12 |14 0x004fc 8 0x0003e |11 0x005be |13 0x01db8
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0 9 0x0006e |6 0x0000a |9 0x001ee |9 0x0012e
1 8 0x00030 |6 0x0000b |8 0x000b6 |8 0x0007e
2 8 0x00029 |8 0x000da |8 0x00052 |9 0x001fe
3 8 0x00016 |9 0x00158 |9 0x000fe |9 0x001fc
4 8 0x0001e |10 0x000ef |10 0x002f6 |9 0x001f6
5 9 0x0007a |12 0x00bbc |11 0x003d6 |10 0x0038e
6 9 0x001b6 |12 0x00bbd |11 0x005bf |10 0x0039e
7 9 0x00026 |13 0x007bb |12 0x006fa 11 0x005fe
8 10 0x000fa 15 0x05d76 |14 OxO01fff 12 0x00e1e
9 13 0x007be |11 0x005d6 |12 0x007bf |12 0x009e4
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 |M 0x005f4 12 0x007fe
0 12 0x00c5e |8 0x000bc 10 0x0014c |12 0x00efe
1 11 0x006c6 |8 0x000de” |10 0x002f7 11 0x0073f
2 11 0x007de |9 0x00tze |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 0x00043" |10 0x002fe 10 0x002ce |10 0x00386
10 |11 0x003df |10 0x003b6 |11 0x0037b |11 0x003fe
11 |11 0x0009%e |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
6 10 0x001f6 13 0x00efa 11 0x002bf |11 0x007f6
7 9 0x0007f |12 0x00dbb |10 0x001e9 |9 0x001c6
8 9 0x0007c |11 0x007dc |9 0x000ac |9 0x0017e
9 10 0x000fb 10 0x000ea |11 0x005fc 10 0x0025a
10 |10 0x001ee |9 0x000ee |10 0x001ac |10 0x00278
11 |10 0x001f7 |8 0x000ae |10 0x003d3 |10 0x0026e
12 |10 0x0017e |7 0x0005¢ |9 0x000da |10 0x00266
0 14 0x017fe |9 0x0015b |12 0x007aa |14 0x02ffb
1 14 0x0363f |9 0x00176 |11 0x0037f |13 0x01dba
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
8 12 |9 0x00189 |6 0x0001e |8 0x0006e |9 0x001be
9 0 16 0x07ffc 10 0x003ff 13 0x01eae |15 0x07f76
9 1 14 0x004fd 9 0x001fb 11 0x005bc |12 0x00ffa
9 2 14 0x004fe 10 0x003b1 |11 0x002b6 |13 Ox01{df
9 3 14 0x00f7f 11 0x006de |12 0x007fb 13 0x01¢ibb
9 4 10 0x000f3 15 0x03bee |14 Ox01ade |13 0x0117e
9 5 9 0x0002e |14 0x02ebf 13 0x00f56 N 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 0x0014d |9 0x00136
9 9 8 0x000be |10 0x003b7 |9 0x000f6 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 Ox077ff
10 |1 16 0x07fff 9 0x000e6./| 12 0x00f56 14 0x031ba
10 |2 15 0x009fe 10 0x000eb |12 0x006b6 | 13 0x00ffe
10 |3 10 0x000ae |16 0xX0bbfe 16 0x0bfbe 13 0x01Tfc
10 |4 10 0x003ee |15 0x057bc |14 0x02fe8 12 0x009e7
10 |5 9 0x001b0 |14 0x02efe 13 0x00fcf 11 0x00%bc
10 |6 9 0x0002f 14 0x03ef4 13 0x00df6 12 0x00¢77
10 |7 9 0x001b3 |42 0x0077e |12 0x007fe 11 0x007d6
10 |8 8 0x0007a. (| 11 0x005d5 |10 0x0014e |9 0x0012c
10 |9 7 0x0004Z |9 0x0007a |9 0x0016e |8 0x000bc
10 |10 |7 0x0006e |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 0x03ife
11 1 (V4 0xOfffb 10 0x002ee |13 0x01eaf 14 0x01ife
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
11 5 10 0x003ff 15 0x06dfd 15 0x05fd6 12 0x00Tfb
(& 6 9 0x0017e |14 0x03ef5 13 0x00a3e |12 0x00¢df
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 0x7

Table A.25 —=hcod2D_EnvRes

erVal | erLen | length | codeword | erVal |erLen |length|codeword
-2 1 5 0x006 0 5 5 0x007
-2 2 6 Ox01e 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
-1 2 4 0x00a 1 6 9 0x1f6
=1 3 5 0x00e 1 7 10 Ox3ff
1 4 6 0x0Q0a 1 8 9 O0x05e
-1 5 7 0x016 2 1 6 0x03b
-1 6 9 Ox1fe 2 2 8 0x0fe
-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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