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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 part1c1pate in the development of Internatlonal Standards through techmcal

activity. ISO and [EC technlcal committees collaborate in f1elds of mutual 1nterest Other internationa
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take partdn‘the
work. In the field of information technology, ISO and IEC have established a joint technical committed,
ISO/IEC JTC 1.

The procedures used to develop this document and those intended for its further maintenance ar¢
described in the ISO/IEC Directives, Part 1. In particular the different approval critéria needed fo
the different types of document should be noted. This document was drafted in-accordance with th
editorial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

)

Ay~

T

Attention is drawn to the possibility that some of the elements of this doocument may be the subjec
of patent rights. ISO and IEC shall not be held responsible for identifying any or all such paten
rights. Details of any patent rights identified during the development’of the document will be in th
Introduction and/or on the ISO list of patent declarations received (seevww.iso.org/patents).
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Any trade name used in this document is information given forth€é convenience of users and does not
constitute an endorsement.

For an explanation on the meaning of SO specific terms and'expressions related to conformity assessmentj,
as well as information about ISO’s adherence to the World Trade Organization (WTO) principles in th
Technical Barriers to Trade (TBT) see the following URL: www.iso.org/iso/foreword.html
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The committee responsible for this document is\ISO/IEC JTC 1, Information technology, SC 29, Coding of
audio, picture, multimedia and hypermedia inforiation.
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Information technology — MPEG audio technologies —

Part 1:

MPEG Surround
AMENDMENT 3: MPEG Surround extension for 3D Audio

Page 3, 3.1

Add the following after 3.1.12:
3.1.13

N-N/2-N configuration

configuration of MPEG Surround coding system that recreated N ghannels from half of N downmixed
channels with the corresponding spatial parameters

Pages 3 and 4, 3.1
Renumber the terms 3.1.13 to 3.1.26 as 3.1.14 to 3.1.27.
Page 6, 3.5

Add the following variables:

Iy is unity matrix and subscript index‘indicate matrix dimension, e.g. N by N
unity matrix.

Oy is null matrix and subscript index indicate matrix dimension, e.g. N by N null matrix.

Add a new Clause 10

10 Outline

10.1 General

The decodidgprocess for N-N/2-N is described in the following clause.
10.2 Syntax

10:2<1° Payloads for N-N/2-N Extension

Table 10.1 — Syntax of SpatialSpecificConfig()

C - AL floce AL .
Dyllla)& INU. U1 UILS IVIIICTIIIUIIIC

SpatialSpecificConfig ()

{
bsSamplingFrequencyIndex; 4 uimsbf
if (bsSamplingFrequencyIndex == 0Oxf ) {

NOTE 1 SpeakerConfig3d() is defined in ISO/IEC 23008-3:2015, Table 5.

NOTE 2 numOttBoxes and numTttBoxes are defined by Table 10.2 dependent on bsTreeConfig.

© IS0 2016 - All rights reserved 1
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Table 10.1 (continued)

Syntax No. of bits Mnemonic
bsSamplingFrequency; 24 uimsbf
}
bsFrameLength; 7 uimsbf
bsFreqRes; 3 uimsbf
bsTreeConfig; 4 uimsbf
if (bsTreeConfig == ‘0111") {
bsNumInCh; 4 uimsbf
bsNumLFE 2 uimsbf
bsHasSpeakerConfig 1 uimsbf
if (bsHasSpeakerConfig == ) |
audioChannellLayout = SpeakerConfig3d() ; Nete 1
}
}
bsQuantMode; 2 uimsbf
bsOnelIcc; 1 uimsbf
bsArbitraryDownmix; 1 uimsbf
bsFixedGainSur; 3 uimsbf
bsFixedGainLFE; 3 uimsbf
bsFixedGainDMX; 3 uimsbf
bsMatrixMode; 1 uimsbf
bsTempShapeConfig; 2 uimsbf
bsDecorrConfig; 2 uimsbf
bs3DaudioMode; 1 uimsbf
if ( bsTreeConfig ==<,0111" ) {
for (i=0; i< AAMInCh - NumLfe; i++) {
defaultCld[i] = 1;
ottModelfe[i] = 0;
}
for\ (1= NumInCh - NumLfe; i< NumInCh; i++) {
defaultCld[i] = 1;
ottModelfe[i] = 1;
}
}
for (i=0; i<numOttBoxes; 1i++) { Note 2
OttConfig (1) ;
}
for (i=0; i<numTttBoxes; i++) { Note 2
TttConfig (1) ;
}
NOTE 1 SpeakerConfig3d() is defined in ISO/IEC 23008-3:2015, Table 5.
NOTE 2 numOttBoxes and numTttBoxes are defined by Table 10.2 dependent on bsTreeConfig.
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Table 10.1 (continued)
Syntax No. of bits Mnemonic

if (bsTempShapeConfig == 2) {

bsEnvQuantMode 1 uimsbf
}
if (bs3DaudioMode) {

bs3DaudioHRTFset; 2 uimsbf
if (bs3DaudioHRTFset==0) {

ParamHRTFset () ;

}

ByteAlign () ;

SpatialExtensionConfig () ;
}

NOTE 1 SpeakerConfig3d() is defined in ISO/IEC 23008-3:2015, Table 5
NOTE 2 numOttBoxes and numTttBoxes are defined by Table 10.2 dependent on bsTreeConfig.

bsNumInCh

Table 10.2 — bsTreeConfig

bsTreeConfig Meaning
0,1,2,3,4,5,6 Identical meaning inSO/IEC 20003-1:2007, Table 40
7 N-N/2-N configuration

numOttBokes'= NumInCh
numTttBoxes = 0
numinChan = NumInCh
nimOutChan = NumOutCh

output channel ordering is according to Table 10.5
8...15 Reserved

Table 10.3 — bsNumInCh

bsNumInCh NumInCh NumOutCh
0 12 24
1 7 14
2 5 10
3 6 12
4 8 16
5 9 18
6 10 20
7 11 22
8 13 26
9 14 28

© ISO 2016 - All rights reserved
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Table 10.3 (continued)

bsNumInCh NumInCh NumOutCh
10 15 30

11 16 32

12,..,15 Reserved Reserved

q

bsNumLfe

Defines number Ny g of output Lfe channels for N-N/2-N configuration

Table 10.4 — bsNumLFE

bsNumLFE NumlLfe
0 0

1 1

2 2

3 Reserved

Table 10.5 — Output channel ordering for N-N/2-N configuration

NumOutCh  NumLfe Output channel ordering

24 2 Rv,Rb,Lv,Lb,Rs,Rvr,Lsr,Lvr,Rss,Rvss,Lss,Lvss,Rc,R,
Lc,L,Ts,Cs,Cb,Cvr, C,LFE,Cv,LEEZ,

14 0 L,Ls,R,Rs,Lbs,Lvs,Rbs,Rv¥s;Lv,Rv, Cv,Ts, C,LFE
12 1 L,Lv,R,Ry,Lsr,Lvr,Rsy,Rv, Lss,Rss,C,LFE
12 2 L,Lv,R,Rv,Ls,Lss,Rs,Rss,C,LFE,Cvr,LFE2

10 1 L,Lv,R,Rv,Lsr,Lyr,Rsr,Rvr,C,LFE

NOTE 1 All of Names and layouts of leudspeaker follows the naming and position in
ISO/IEC 23001-8:2013/FDAM1, Table 8t

NOTE 2 Output channel orderingfor'the case of 16, 20, 22, 26, 30 and 32 is following the
arbitrary order from 1 to N without any specific naming of speaker layouts.

NOTE 3 Output channel etdering for the case when bsHasSpeakerConfig == 1 follows
the order from 1 to N.with associated naming of speaker layouts as specified in
ISO/IEC 23008-3:2015, Table 94.

bsHasSpeakerConfig. ‘This flag indicates whether the output channels have a different layout than

the output channel ordering specified in Table 10.5. If present (bsHasSpeaker-
Config == 1), the loudspeaker layout of the output configuration “audioChan-
nelLayout” can be used for rendering if the N-N/2-N system is used together
with other MPEG standards (e.g. ISO/IEC 23008-3:2015).

judioChannelLayout  This structure describes the loudspeaker layout of the output configuration.

Ifthe output r‘nnFignr:\Hnn contains LEE r‘h:\nnplc’ the LEE channels shall be

ordered such that each LFE channel is processed together with one non-LFE
channel using one OTT box and shall be positioned at the end of the channel
list (e.g. L, Lv, R, Ry, Ls, Lss, Rs, Rss, C, LFE, Cvr, LFE2).
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10.3 The N-N/2-N configuration
10.3.1 Introduction

In the following subclauses, the general structure for the N-N/2-N system is outlined. For this
configuration, N/2 is identical to the number of downmix signals (NumInCh = N/2), denoted x, to

xNumInCh—l' Firer EfCIE’ treTrommber—of output SIgHEﬂS CI'E' ! j Stroutdbeam everr umber T oTder_tp

process N/2 downmix signals, since the number of OTT boxes is equal to N/2.

The input vector to be multiplied by M'll'k is avector containing the N/2 downmix channels. A ntaximuny

number of N/2 decorrelators can be used when LFE channels are not included in output channeld.
However, if the number of output channels exceeds twenty channels, the de-correlation filters ar
reused according to 10.7. Some of the decorrelator indices are repeated because the sfumber of availabl
decorrelators that ensure orthogonal decorrelated output signals is limited €10, as defined in
ISO/IEC 23003-1:2007. Therefore, the recommended number of output channels for the N-N/2-N
configuration is less than 20 (or 24 with two Lfe channels).

Ay~

A1

The outputs of the decorrelators can be replaced by residual signals-for certain frequency regiong,
depending on the bitstream. No decorrelation is used for the case 6f OTT based upmix when a LFE
channel is one output of the OTT box. No residual signal can be insérted for these OTT boxes.

X v w y
X, — | —_ Yo
X, P L
— Vi
X NuminCh-2 —> -
XNumInCh—l _> Pre- > Mix
decorrelator L\® )
matrix OTT dy ~ matrix
> D res’'T U I:
resi\rtDmx —> [Ml] 1 % [MZ]
d
ArtDmx 2
res; —> p| DOTT A-Hp
OTT ]
2 res, VA L
ArtDmx
resymna
NuminCh-1 - DOTT dy - ‘,\) N P Y rvumousch-2
e o |resy o 1y
NumOutCh-1
decorrelators

Figure 10.1 — Matrix view of the spatial audio processing for the N-N/2-N configuration

The decorrelators, decorrelated signals and residual signals in Figure 10.1 (labelled “1” to “M (i.d.
NumInCh-NumLfe)”) correspond to different OTT boxes depending on configuration.

The multi-channel reconstruction for the N-N/2-N configuration can also be visualized by means of a
tree-structure. This is outlined in Figure 10.2. In Figure 10.2, 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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N-N/2-N tree structure without Lfe N-N/2-N tree structure with Lfe
CLD, CLD,
ICC v ICC v
0 —————— 1 9 —————— 1

reso —pp| OTTo »: v,
Mo—3 17972 )

I'eSo_> OTT()_H Yo
L ]

CLD,

|
CLD, !
! icc, Y

icc, Y

I |

I |

! | !

I |

| | |

| | |

| | |

I I :

res; —pp  OTTh —h: ¥, : res; —pp| OTTo _h: Y, :

M;—pp| 12 _hl Vs : M, —pp| 192 _>|[ V4 :
|

| 1 | :

| 1 | I

| 1 | I

| 1 | I

| 1 | I

: ' : I

CLDNumInCh-l : : CLD : :

ICC\ummcht V | : NumInCh-{ W ! :

| 1 | I

T'eS \yuminch-1 —»OTT NumInCh —»: Y Numoutch-2 : OT T yumincn »: Y NumOutCh-2 |

M |
Mumincn-1 —> 12 _H Y vumoucch-1 | aminirt =Y 12 H nye |

| NumOutCh-1 |

Figure 10.2 — Tree structure view of the spatial audio processing for the N-N/2-N
configurations

The definitions of the vectors and matrices for N-N/2<N'configuration are used. The matrixes M?'k and

\/1'2”k are defined accordingly in 10.5 and 10.6, while the vectors to be multiplied with the matrices in

rder to form the output are defined in the foHowing subclauses.
0.4 Vector definitions for the N-N/2:N configuration
0.4.1 Operation without temporal shaping tools

or the N-N/2-N configuration, the input signals to the decorrelators are defined by vk which is
k

erived from the input vector*x " and the matrix M'll'k having N rows and 1 column, according to:

i n,k 1 - -
x™M
M Vn,k
n% M,
X n,k
M1 v
M1
Xk
NumInCh-1
Vn,k \ Mrll,kxn,k _ M;l'k Xn,lt’lm n _ Vn,k
regArtDmx MNumIﬂCh—l
0 Vn'
Xn'kﬂITUmX '9: "
resy V1
n,k Vn,k
ArtDmx NumInCh—NumLfe—1
| T®SNumInCh-1 | — -
n,k

The subscripts for the different elements in the v"™'" vector indicate which OTT box decorrelator the
n,k

signal is input to, with the exception from vl'\q/l’k to Vi

0

, which is the direct signal.
NumInCh—NumLfe—1

6 © IS0 2016 - All rights reserved
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The vector w™¥ holding the direct signal, decorrelated signals, and the residual signals is defined

according to:

n,k
VM
nk
\%
Ml
n,k
v
nk M uminCh-1
wh o=
8y (k) Dy [ vioE |+ (1= 8, (k))v™,
0 0 M 0 res
0 0
8, (k) Dy |vik |+ (1-6, (k))v™r
1 1 M 1 res
2 1
n,k n,k
5NumInCh7NumLfe71 (k) DNumInCthumLfefl (VM j + (1 - 6NumlnCh7NumLfe71 (k))vres
L NumInCh—NumLfe-1 NumInCh—NumLfe—1
n,k
WM
o
Ml
n,k
_ w
MNumlnCh-l
Wn,k
1
Wn,k
2
n,k
w
L NumInCh—NumlLfe-1 |

<k<
where 0 (k) = 0 ,0<k _.max{kset} and. where k is the set for which all values of k fulfil
X 1 ,otherwise set

K(k)<m

resProc

(X) given by Table A.3%and where D (v?('k) is the output from decorrelator D

. . . n,k
given the input signal v,

The subscripts for the different elements indicate which OTT box the signal corresponds to th

Ay

Ay

numbering of OTT boxes for the 5-1-51 configuration as given by Figure 23. Hence, D, (v?(‘k) is th
decorrelator output from box OTTx and v:e’; is the corresponding residual signal.

X
The subband output’signals are subsequently defined for every time-slot n, and every hybrid subbanI
k, by y™k which is derived from the vector w™¥ and the matrix Mg‘k having NumOutCh rows an
NumInCh-NuinLfe columns, according to

[ n,k i
M
n 9( i ]
w n,k
M, Yo
n,k
Y1
nk _l_v.n I(wnk _Iv.nk IAIn’k -
y -2 -2 MNu;InIECh—l B
Wl‘ n,k
nk y NyminCh-2
W2 n,
_yNumInCh—l |
Wn,k
| NumInCh-NumlLfe-1 |

The elements of Mg'k are defined in 10.6, and the hybrid subband signals defined in y"’k are
synthesized to the time-domain by the hybrid synthesis filterbank as defined in 6.3.

© IS0 2016 - All rights reserved 7
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10.4.2 Operation with temporal shaping tools

If temporal shaping is used, the vector vk is defined identically to the previous subclause, however,

two w™K vectors are defined. The first, wg{fect holds the direct signal and the residual signals, while
nk . . )
the second w i, . holds the decorrelator output signals, according to:
~ . _
VM —
n'?( Wn,k
1% M,
M k
1 n,
w
M,
n,k
v
n,k MNumInCh—l Wl’l,k
direct - M Numipch-1
n k umin
_ , K
(1 50 (k)) vres Wg .
n
1-6 (k ) nk w
( 60 ( ) Vresl 1
nk
(1 -5 (k))vn’k _WNumInCh—NumLfe—l |
L 2 reSNumlnCh—NumLfe—l B
- i )
Mo i Wn,k ]
Vn,k M,
M1 W;l‘k
n,k b
VM e
NumInCh-1 n,k
ng'f—(fuse = 5 (k)D ( " k) - WMNumlnCh-l
V.
0 0l\lo ok
k g
n, 1
5, (KD, (V1 )
n,k
WNumInCh—NumLfe—l
s (&)p vk - -
NumInCh—NumLfe—1 NumInCh—NumLfe—-1 \ © NumInCh—NumLfe—1
0 ,0< kXmax {k } . . .
yhere 6 (k) = {1 otfiorivise set) and where k. is the set for which all values of k fulfil
c (k) <m oo (X) given by Table A.31, and where D (v?('k) is the output from decorrelator D
given the inpufisignal vg’(’k . The subscripts are used as outlined in the previous subclause.
4 . n,k - . . n,k .
wo temporary output vectors are derived, y g . holding the direct signal, and y jic. . holding the

I}iffuse signal. They are calculated from wgilr(ect and wgi?fuse’ using Mg'k which is identical to that used
if no temporal shaping is applied. The output is derived from these as outlined in 10.4.2.1, if the STP tool

is used, and 10.4.2.2 if the GES tool is used, as indicated by data stream element bsTempShapeConfig.

10.4.2.1 Subband Domain Temporal Processing (STP) for N-N/2-N configuration

The subband domain temporal processing tool is applied as described in 6.7 with the following
modifications for the N-N/2-N configuration.

8 © IS0 2016 - All rights reserved
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The downmix of the spatial upmix is computed as described in 6.7.3, using the following definition for
the direct downmix signals.

For N-N/2-N configuration, (NumInCh-NumLfe) direct downmix signals are obtained as follows:

2 g = > 20 0<d<(NuminCh - NumlLfe)

Feeoto———=—¢ireeethn

ChEChd

where ch,; comprises the pair-wise output channels depending on the d value according to the-outpuf

channel ordering in Table 10.5 for the N-N/2-N configuration except for the pair with Lfe! ft‘can b
defined as:

Ay

Table 10.6 — Defining ch; for N-N/2-N configuration

Configuration chyg

NN {Cho rchy }d:O ’{ChZ rchy }d=1 {Cth Chya iy '}d:NumlnCthumLfe

The broadband envelopes of the downmix and the envelopes of the(diffuse signal portion of each upmis
channel are estimated as described in ISO/IEC 23003-1:2007, 6.7:4using the following definition for th
normalized direct energy.

el

Ay

For N-N/2-N configuration, since there are (NumInCh:NumLfe) direct signals, E y .t norm 4 With

0<d< (NumInCh - NumLfe) can be obtained in a sinjilar manner as obtained for 5-1-5 configuration.

=

The scale factors for the final envelope processing are obtained as described in 6.7.5, using the followin
definition:

b

For N-N/2-N configuration

n
direct_norm, d ch e { h

ch,ch

no_
scale;, = |— 2d+1}d

diffuse_norm,ch 3

with 0 <d < (NumInCh - NumLfe).
10.4.2.2 Guided Envelope Shaping (GES) for N-N/2-N configuration

The Guided Envelope Shaping tool is applied as described in 6.8 with the following modifications for the
N-N/2-N configuration.

Similar tg-Table 10.7, the output channel order for the N-N/2-N configuration is defined as:

Table 10.7 — Output channels ch for N-N/2-N configuration

output
Configuration chy ¢ put
N-N/2-N 0 <ch,,, <2(NumInCh-NumLfe)

Similar to Table 10.8, the input channel order for the N-N/2-N configuration is defined as:

© IS0 2016 - All rights reserved 9
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Table 10.8 — Input channels ch.

input

for N-N/2-N configuration

Configuration Chinput

N-N/2-N 0< Chinput < (NumInCh-NumLfe)

$imilar to Table 10.9 — Downmix Dch (ch for various configurations the downmix channel

ouput )
mmapping function for the N-N/2-N configuration is defined as:

Table 10.9 — Downmix for N-N/2-N configuration

Configuration |bsTreeConfig Dch (Chouput)
N-N/2-N 7 Dch (Chouput ) =d if Chouput € {Cth X Ch2d+1}
with: 0 < d < (NumInCh-NumLCer)

10.5 Definition of pre-matrix M1

10.5.1 Introduction

The definition of pre-matrix M’l"k for N-N/2-N tree configuration is identical to ISO/IEC 23003-1:2007,

$.5.2.1. The following subclauses additionally define.the matrices Rll'm, Gll'm, and H'™ for N-N/2-N
¢onfiguration.

10.5.2 Calculation of R1 for N-N/2-N
10.5.2.1 Introduction

The Rll‘m matrix controls the amount of input to the decorrelators. For the case of N-N/2-N configuration,

3ll of input channels are two chahnel based coupled in order to feed OTT modules so that no OTT
module is cascaded. Therefore the number of OTT modules is equal with N/2 for this configuration. In

thhis case, Rll'm is only depénding on the number of OTT modules equal with the column size of the input

yector x™X. But, Lfe upmix based OTT is not considered since it does not need decorrelators. All
¢lements in Rll’m are-either 1 or 0.

10.5.2.2 N-N/2-N configuration

For the N=IN/2-N configuration Rll'm is defined according to:

I —‘
plrm_( _ NuminCh O<maM 0O<]<l

-1 4 — 7 " " Tproc’
INumInCh—NumLfe

In this configuration, all the OTT boxes represent parallel processing stages and no OTT box can be
connected with any other OTT boxes. Thus Rll'm consists of two unity matrices I, .. and

I For instance, the unity matrix I, is unity matrix of size N by N.

NumInCh—NumlLfe *

10 © IS0 2016 - All rights reserved
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