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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI membersand non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

Foreword

This Technical Specification (TS) has been produced by Joint Technical Committee (JTC) Broadcast of the European
Broadcasting Union (EBU), Comité Européen de Normalisation ELECtrotechnique (CENELEC) and the European
Telecommunications Standards Institute (ETSI).

NOTE: The EBU/ETSIJTC Broadcast was established in 1990 to co-ordinate the drafting of standards in the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast became a tripartite body
by including in the Memorandum of Understanding also CENELEC, which is responsible for the
standardization of radio and television receivers. The EBU is a professional association of broadcasting
organizations whose work includes the co-ordination of its members' activities in the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about
60 countries in the European broadcasting area; its headquarters is in Geneva.

European Broadcasting Union
CH-1218 GRAND SACONNEX (Geneva)

Switzerland
Tel: +4122 717 21 11
Fax: +41 22 717 24 81

Modal verbs terminology

In the present document "shall", "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" are to be interpreted as described in clause 3.2 of the ETSI Drafting Rules (Verbal forms for the expression of
provisions).

"must" and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document defines an audio renderer associated with the DTS-UHD codec defined in ETSI TS 103 491 [1].
The inputs to the renderer are one or more sets of audio waveforms along with mixing instructions, and the output is a
single set of waveforms mapped to a defined speaker configuration. Each set of waveforms may represent either audio
channels or audio objects. The mixing instructions may vary with time and they come from metadata carried in the
DTS-UHD bitstream and from other application interfaces described herein.

2 References

2.1 Normative References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are necessary for the application of the present document.

[1] ETSI TS 103 491: "DTS-UHD Audio Format; Delivery of Channels, Objects and Ambisonic
Sound Fields", version 1.1.1.

[2] Pulkki, Ville: "Virtual Sound Source Positioning Using Vector Base Amplitude Panning", JAES
Volume 45 Issue 6 pp. 456-466; June 1997.

2.2 Informative References

References are either specific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. For non-specific references, the latest version of the
referenced document (including any amendments) applies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

Not applicable.

3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
audio object: waveform or set of waveforms that have been assigned a location in space
hull: collection of points forming a surface mesh to be used as a basis for panning

output feeds: set of audio waveforms mapping one to one to the physical speakers
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panning: distributing a point source location into a speaker layout

physical speaker: speaker that physically exists in the listening space

point: location on the surface of the unit sphere

point source: audio waveform with defined spatial coordinates within the listening room

NOTE: A point source is treated (mathematically) as a uniform spherical radiation pattern, though in reality most
speakers have a pattern of less than 180 degrees on the face of the speaker. This reality is accounted for
by limiting the panner range.

render: combine waveforms with their gain contributions to produce audio waveforms in a specified speaker
configuration

speaker: transducer that converts an electrical signal into soundwaves
speaker configuration: defined list of physical speakers in the listening space
triplet: set of three points

virtual speaker: speaker that does not physically exist in the listening space

3.2 Abbreviations

For the purposes of the present document, the following abbreviations apply:

U Union operator

3D three dimensional

C Centre speaker

Ch Centre high speaker

Chr Centre high rear speaker
CIf Centre low front speaker

Cs Centre surround speaker

dB decibel

EMA Exponential Moving Average
L Left speaker

Lc Left centre speaker

LFE Low Frequency Effects
LFE1 Low Frequency Effects - 1 speaker
LFE2 Low Frequency Effects - 2 speaker
Lh Left high speaker

Lhr Left high rear speaker

Lhs Left high side speaker

LIf Left low front speaker

LR Left Right

Ls Left surround speaker

Lsr Left surround rear speaker
Lss Left side surround speaker
Ltf Left top front speaker

Ltr Left top rear speaker

Lw Left wide speaker

N/A Not Applicable

Oh Overhead speaker

R Right speaker

Re Right centre speaker

Rh Right high speaker

Rhr Right high rear speaker
Rhs Right high side speaker

RIf Right low front speaker

Rs Right surround speaker

Rsr Right surround rear speaker
Rss Right side surround speaker
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Rtf Right top front speaker
Rtr Right top rear speaker
Rw Right wide speaker
4 Renderer Metadata

4.1 Overview of the Renderer Inputs

The DTS-UHD point source object renderer is a system that computes the waveform associated with a specified speaker
configuration, given a collection of audio objects as input, as shown in Figure 1. The renderer metadata assumes the
model of a sphere with the listener's head at the centre (an ego-centric model). All speakers are treated as point sources
and are assumed to be on the surface of a unit sphere, and thus have a radius of 1.

Audio Objects

Speaker configuration

: Point Source Object Renderer Rendered Output

Figure 1. Point Source Object Renderer System

DTS-UHD audio objects consist of metadata plus one or more waveforms. The metadata always includes spatial
location information, and may include additional parameters, such as gain information.

Audio objects can be manipulated by changing the gain and position metadata. For example, when the renderer
metadata is coming from a DTS-UHD bitstream, the metadata can be updated as often as every 512 clock periods,
where the clock shall be defined by m unC ockRat el nHz in ETSI TS 103 491 [1]. If the audio within the DTS-UHD
stream is carrying audio compressed using ACE, each ACE frame has a duration of 1 024 samples, therefore the mixing
metadata can be updated twice per ACE frame. For audio with a sampling frequency of 48 KHz, this translates to a
minimum update interval of 10,67 ms.

It is also possible for object metadata to be modified by user intervention. In this case, the bitstream metadata is being
overridden until control is given back to the bitstream metadata.

The present document describes these in details to provide a comprehensive understanding of the DTS-UHD Point
Source Object Renderer.

4.2 DTS-UHD Bitstream Metadata

DTS-UHD metadata is defined in ETSI TS 103 491 [1]. Since the renderer described in the present document is
intended to be used in conjunction with the DTS-UHD bitstream, the DTS-UHD metadata parameters relating to the
renderer are shown in Table 1.

Note that Table 1 accommodates restrictions inherent in DTS-UHD metadata, but this does not imply such restrictions
are imposed on the renderer capabilities.
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Table 1: DTS-UHD Metadata Parameters used for Rendering

Metadata Parameter

Reference in
ETSI
TS 103 491 [1]

Description

Object Renderer
Parameter

m_unObjectID

7.8.7

Identifier to access and
modify an object state.

Audi oQbj ect : : object _id

m_bMonoObjWithMultipleSourcesFlag

Indicates whether the
AudioObject with one

used with

(or bObjMS for short) 78112 MonoObiject is associated m_ucNum3DSourcesInObj
- - . (below)
with multiple 3D points.
Specifies the number of Audi o0bj ect :
m_ucNumWaveFormsInObj 7.8.11.17 waveforms (MonoObjects) |04 obj ect 'S'[] size()
in the AudioObject. -
Flag indicates that there
. . are metadata updates per
m_bPerSamplPeriodObjMDUpdFlag 7.8.11.22.2 processing block within a N/A
larger audio block.
m_ppObjGain 7811.22.3 gSgii(.:lfles the AudioObject oAl;Jgi;g?fJgg;:;. :
. if (bObj M5)
Specifies the total number
of point source locations in MonoQbj ect : :
the AudioObject. positions[].size()
Note that DTS-UHD Audi oCbj ect::
metadata restricts an T’”O—Obl ects[].size() =
. AudioObiject to have either
m_ucNum3DSourcesInObj 7.8.11.22.4 multiple MonoObjects }eI o
each with a single point
source location, or a Audi oQbj ect : :
single MonoObject with nmono_obj ect s[] . si ze()
multiple point source MonoQoj ect :
locations. positions[].size() =1
. Identifies the source index
unsrc_index 7.8.11.225 within the AudioObject. N/A
: . Specifies the smoothing Audi oObj ect : :
m_rPerObjExpWinLambda 7.8.11.23 factor for the AudioObject. |obj _I anbda
. . Audi oQbj ect : :
m_3DSrcRadius 7.8.11.28.2 Specifies radius of the [0 0 ED (-
point source location. posi tions[].radius
Specifies azimuth of the Audi 0Qbj ect : :
m_3DSrcAzimuth 7.8.11.28.3 point source location. nmono_obj ects[].
Range is [-180°,180°]. posi tions[].azinuth
Specifies elevation of the  |Audi obj ect : :
m_3DSrcElevation 7.8.11.28.4 point source location. nono_obj ects[] .

Range is [—90°,90°].

positions[].elevation

4.3

DTS-UHD Obiject Interactivity Manager

Renderer APIs may allow the object metadata from the DTS-UHD bitstream to be overridden by the user during
playback. Metadata in the bitstream may also be set to limit or disable a user interaction. The object interactivity
manager enforces these rules and applies any user changes to the metadata before calling the renderer. Figure 2 shows
that the object interactivity manager sits just before the renderer, where it handles the user input and the limit rules

specified by the bitstream creator.
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o Object Interactive Parameters

AudioObject::obj_gain
)\ MonoQObject::positions

User

Non-interactive

Object Metadata ‘
; Object Interactivit Updated - ;
Vetadata Interactive J ¥ Interactive Point Source Object
chunk ] Metadata Unpacker [—— Object — Manager Object Renderer
Metadata (ApplyInteracivityLimits) Metadata
y
Audio : Object
chunk—" Audio Decoder Waveforms
Bitstream

Figure 2: Object Interactivity Manager
Table 2 shows the interactive parameters specified in the DTS-UHD bitstream.

Table 2: Object Interactive Parameters Specified in the Bitstream

Inout Reference in ETSI Descriotion
P TS 103 491 [1] P
m_bObijlnteractiveFlag 7811121 Eﬁ;ﬁgzmes whether parameters can interactively
m_bObjinterLimitsFlag 7811122 Determines whether parameters have range limits
constraints.
m_unMaxInterObjGainBoostdB 7.8.11.12.3 Specifies the maximum gain boost permitted.
m_unMaxInterObjGainAttendB 7.8.11.12.4 Specifies the maximum gain attenuation permitted.
m_unObjinterPosMaxDeltaAzim 7.8.11.12.5 Specifies the maximum allowed change in azimuth.
m_unObjinterPosMaxDeltaElev 7.8.11.12.6 Specifies the maximum allowed change in elevation.

The following pseudocode defines the function of an object interactivity manager.
Appl yl nteractivityRul es()
{

/1 For each object in the bitstream
for ( bitstreamobj : bitstreamobj_list )

I/l Only if this flag is true, the object is allowed to be interactive
if ( bitstreamobj.mbbjlnteractiveFlag )

if ( bitstreamobj.mbObjlInterLintsFlag )
{ // If this flag is set there are linits to the interactive paraneters

gai n_max = bitstreamobj.mppObj Gain +

bi t st ream obj . m unMaxI nt er Obj Gai nBoost dB;
gain_mn = bitstreamobj.mppObj Gain -

bi t st ream obj . m unMaxI nt er Obj Gai nAt t endB;

user _interactive_obj _gain =
clip( user_interactive_obj_gain, gain_mn, gain_nmax );

}

/'l Fetch Poi nt Sour ceObj ect Renderer's Audi oObj ect to be updated
AO = Cet Audi oObj ect( bitstreamobj. munChjectID);

if ( has_user_specified_obj_gain ) {
/] Update gain
AQ. obj _gain = user_interactive_obj_gain;

}

/1 for each MonoQbj ect
for ( MO: AQ nobno_objects )
{
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/1 for each point in the Monobject
for ( p: Mipositions )

if ( bitstreamobj.mbObjlInterLinitsFlag )
{ // If this flag is set there are linits to the
/] interactive parans

/] Limt azimuth
az_mn = p.azimuth -
bi t stream obj . m unObj | nt er PosMaxDel t aAzi m
az_max = p.azimth +
bi t st ream obj . m unQbj | nt er PosMaxDel t aAzi m
user_interactive_obj_position.azinmth =
clip( user_interactive_obj_position.azinmuth, az_mn, az_max );

/] Limt Elevation
el _mn = p.elevation -
bi t stream obj . m unQbj | nt er PosMaxDel t aEl ev;
el _max = p.elevation +
bi t st ream obj . m unQbj | nt er PosMaxDel t aEl ev;
user_interactive_obj_position.elevation =
clip( user_interactive_obj_position.elevation, el _mnmin, el _max );

}
i f (has_user_specified_obj_position)

/1 update position
p = user_interactive_obj_position;

5 Variables and Class Types

5.1 Global Variables
The following data types and variables are used throughout the present document:
. AO: An object of type AudioObject.
. H: An object of type Hull.
. MO: An object of type MonoObject.
. PSOR: An object of type PointSourceObjectRenderer.

. SC: An object of type SpeakerConfiguration. A speaker configuration consists of a list of speaker locations
that physically exist in the listening space.

. V: List of all virtual speakers or V=V, U V, U V|,

. Veor V_e: List of virtual speakers in the equatorial plane.

° Vior V_| : List of virtual speakers in the lower hemisphere.
° Vuor V_u: List of virtual speakers in the upper hemisphere.

. VBP: An object of type VectorBasedPanner.
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5.2 Renderer Object Classes

521 Point

A point is a location of any entity (for example, speaker or audio object) in the listening space. It is specified by polar
coordinates - azimuth (8) elevation (¢) and radius (r). For the purposes of the present document, only the points on the
unit sphere are needed, which means the radius shall be equal to 1. The listener is at the origin (6 =0, @ =0,r =0),
facing the location (6 =0, =0,r =1).

Figure 3 shows the coordinate system of the renderer. Note that the equatorial plane is represented with ¢ = 0. The
upper hemisphere is specified as ¢ > 0, and lower hemisphere is specified as ¢ < 0.

/ Radiusir)

Listener
looking
towards
negative

Z-anis.

Azimuth(8)

Figure 3: Point Source Object Renderer Coordinate System

The following pseudocode defines a point class. For convenience in determining the distance between points, a
conversion to Cartesian coordinates is provided below:

class Point {
fl oat azinuth;
float elevation;
float radius;

Cartesian();
b

/'l Converting to Cartesian coordinate system
Poi nt: : Cartesi an()

{
float x = radius * sin(azinuth) * cos(el evation);
float y = radius * sin(elevation);
float z = radius * -cos(azinuth) * cos(elevation);
return (x,y,z);

}
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5.2.2 Edge

An Edge is a line segment connecting two points. For the purposes of the present document, the edge structure shall be
a set of two Points.

struct Edge

{

/1 Constructor

Edge(Point pl, Point p2) : pl(pl), p2(p2) {}

/1 The two points representing the edge.

Poi nt pl, p2;

/1 Equal s operator

bool operat or==(Edge ot her)

return ((pl == other.pl & p2 == other.p2) || (pl == other.p2 && p2 == other.pl));

H

5.2.3 SpeakerConfiguration

A speaker configuration lists the location of physical speakers in the listening space. This shall be established when
initializing the renderer. Speaker configuration is represented as follows:

cl ass Speaker Confi guration

{
Poi nt speaker _| ocations[];
ui nt 32 Get Channel Mask();
b
Speaker Confi gurati on: : Get Channel Mask()
{
ui nt 32 channel _mask = 0;
for ( sl : speaker_locations ) {
/] CGet Channel Mask(sl) fetches channel nask for predefined set of locations in Table 3.
/1 1f the location is not specified, then returns 0.
ui nt 32 location_ch_mask = Get Channel Mask(sl);
if (location_ch_mask)
channel _mask | = | ocati on_ch_nask;
el se {
channel _mask = 0;
br eak;
}
}
return channel _mask;
}

524 EMASmoother

EMASnDot her is a class supporting an Exponential Moving Average (EMA) smoothing function. The renderer
processes each audio object in blocks. A block contains a set of audio samples with associated metadata. The size of the
block, defined as the number of audio samples in the block, is specified at the rendering stage. The block size is
dynamic, adapting to the frequency of metadata updates. The audio object properties, such as object gain or mono
object locations, can change from block to block. This dynamic change results in a change of gain coefficients between
blocks. At these transitions, the renderer uses an exponential moving average smoothing algorithm, defined as

Snoot h(), to smooth the gains. In Figure 4 the position of MonoChj ect changes between the block at time t-1 and the
block at time t, affecting the gain contributions. For example, the gain contribution of MonoQbj ect to the first speaker
in the output may change from g1(¢t — 1) = 0to g1(t) = 1. The EMASmoother curve for this transition is shown in
Figure 4. The curve may span multiple blocks to settle on the new gain depending on | anbda and bl ock_si ze.
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Apply exponential moving average smoothing between
Gainsattand -1

' ™
i |
Block t-1 Block t Block t+N
MO, position= (0,0,1) | MO.pasition={0,-30,1) b— - - -—— MO.position=(0,-30,1)
MO _gains =(glg2..) | MO_gains =(glg2.) MO _gains =(gl,g2..)
glftsN=1
glf=1)=0

Gain Curve for O< lambda < 1. The curve spans multiple blocks (larger lambda implies longer time to reach the changed gain).

gl =1
glt-1)=0

Gain jumps immediately for lambda== 0.
Figure 4: EMASmoother Sample Application

The pseudocode below provides the implementation of the exponential moving average smoother. The smoothing
factor, lambda, may change at every block.

The previous gain value (pr ev_gai n) is initialized to 0 when the object is created. This results in a ramp up to the new
value when calculated. The user can choose not to ramp up by setting lambda to 0.

cl ass EMASnoot her
float |anbda;

float prev_gain;
Snmoot h(fl oat new_gai n, uint bl ock_size);

b
EMASnoot her : : Snoot h(fl oat new_gai n, uint block_size)
{ fl oat snoothed_gai n_over_a_bl ock[ bl ock_si ze] ;
for (uint t : O to block_size)
smoot hed_gai n_over_a_bl ock[t] = new_gain * (1-1anbda) + prev_gain * |anbda;
prev_gai n = snoot hed_gai n_over_a_bl ock[t];
, return snoot hed_gai n_over _a_bl ock;

5.2.5 MonoObject

A mono object consists of a single waveform with a list of associated points. A mono object can have more than one
point source location. The following structure defines the mono object class.

cl ass MonoObj ect

{
/] List of point sources |ocations.
Poi nt positions[];

/1 Single waveform- array of audio sanples for the block (an audio frane)

float waveforni];

/1 Snoother list - a persistent paraneter that exist through the lifetine of the MonoObject.
/1 1t is of length equal to the Speaker Configuration::speaker_| ocations. size().

EMASoot her snoot her _list[];
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}s

5.2.6  AudioObject

An audio object is defined as a set of mono objects. An audio object consists of object properties such as, obj ect _i d,
obj ect _gai n, obj ect _| anbda (smoothing factor) along with a list of MonoQbj ect s. The following structure defines
the Audi oQbj ect class:

cl ass Audi oObj ect

{
MonoChj ect nono_obj ects[];
float obj_Ianbda;
float obj_gain;
ui nt object_id,;
H

5.2.7 Vector

The definition of the Vector class is provided below without an implementation. It supports basic vector operations,
such as dot product and cross products.

/1 A Vector class defined without inplenentation.
cl ass Vector

Dot ( Vector other ); // Conputes dot product
Cross( Vector other ); // Conputes cross product
int data[]; // internal data accessed through operator|[]

}s

5.2.8 Matrix

The definition of the Matrix class is provided below without an implementation. It supports basic matrix multiplication
and inverse functions. The Matrix class shall have fixed dimensions of three rows by three columns.

/1 A matrix class defined without inplenentation.
class Matrix

{
Colum(col); // Peek the colum col
Row(row); // Peek at the row
Islnvertible(); // True if the natrix is invertible.
Invert(); // Returns inverse of a natrix
Qperator*( Matrix other ); // Miltiply with matrix 'other'.
int data[][]; // internal data accessed through operator[]
h

5.2.9 Triplet

A triplet is a spherical triangle formed on the unit-sphere surface specified by a set of three non-collinear points.
Triplets are used within Hul | (clause 5.2.10) to represent its surface mesh. Triplet is defined as follows:

class Triplet

{
Poi nt p1;
Poi nt p2;
Poi nt p3;

/1 return Matrix object
Get TripletMatrix();

/'l rearrange points so that triangle forned by themare positively oriented
Convert ToPositiveOrientation();

[/l Triplet in equator or upper hem sphere
Ful I yl nUpper Hemi sphere();

/1 Triplet in equator or |ower heni sphere
Ful I yl nLower Hem sphere();

/1 Triplet in equator
Ful Iyl nEquat ori al Pl ane();
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Triplet::GetTripletM atrix

Triplet::GetTripletMatrix()

{
Matrix M
M Col um(0) = pl.Cartesian();
M Col um( 1) = p2.Cartesian();
M Col um(2) = p3.Cartesian();
return M

}

Triplet::ConvertToPositiveOrientation

/1 Convert triplets into positive-oriented convex pol ygon.

Triplet::Convert ToPositiveOientation()

{
Vector vl
Vector v2
Vector v3

pl. Cartesian();
p2. Cartesian();
p3. Cartesian();

Vector V[] = {v1, v2, v3, vl1}; // cyclic

/1 Find the sign of first Vector

Vector n = V[0].Cross(V[1]);

dots = [];

for (i : range(V.size()) )
dots[i] = V[i].Dot(n);

sign = CGet Sign(dots);

/1 Match the sign with other Vectors
for (i : range(l1l, V.size()-1) )

n = V[i].cross(V[i+1]);
for (i : range(V.size()) )
dots[i] = V[i].Dot(n);

if ( sign!= GetSign(dots) )
sign = 0;
}

/1 negative oriented reverse the order of pl,p2, p3
if (sign == -1)
} Swap(pl, p3);

/1 Return +1 if all positive

/'l Return -1 if all negative

// Return O if mixed or all zero
GetSign(float arr[])

all _pos = true;
all _neq = true;
for ((a: arr ) {
if (a<0)
all _pos = fal se;
if (a>0)
all _neg = fal se;
}
sign = 0;
if ( all_pos & 'all_neg )
sign = 1;
if ( lall_pos && all_neg )
sign = -1;

return sign;
b
Triplet::FullylnUpper Hemisphere

For the purposes of this function, the upper hemisphere includes the equator.
Triplet::Fullyl nUpperHen sphere()

return (pl.elevation >= 0 & p2.elevation >= 0 & p3.elevation >= 0);
Triplet::FullylnL ower Hemisphere

For the purposes of this function, the lower hemisphere includes the equator.
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Triplet::FullylnLower Hem sphere()

return (pl.elevation <= 0 & p2.elevation <= 0 & p3.elevation <= 0);

Triplet::FullylnEquatorialPlane
Triplet::FullylnEquatorial Pl ane()

return (pl.elevation == 0 & p2.elevation == 0 & p3.elevation == 0);

5.2.10 Huill

A hull is a set of points formed by combining the physical loud speaker locations and the virtual speaker locations.
These points are used to form a surface mesh by grouping them into triplets. The structure below defines the Hul |
class.

class Hull

{
Triplet T[]; // list of triplets

Point hull _points[]; // list of points that formthe hull
Float epsilon; // epsilon is used to handle floating point errors

/1 Initialize the hull
I'nit(Point hull_points[])

/1 Pan the point p into the hull
Pan(Poi nt P);
H

5.2.11 Virtual Speakers

A virtual speaker for a given speaker configuration is specified by the position on the unit sphere and the fold-down
contributions to the specified physical speaker configuration. Virtual speakers enable the vector based panner to create a
complete three-dimensional hull. The vector based panner is supported by two virtual speaker classes.

The first class is Pr edef i nedVi r t ual Speaker s, which supports virtual speaker generation for a specific set of
output speaker configurations. The structure below defines the class Pr edef i nedVi r t ual Speaker s. The definition
and use of the predefined virtual speakers is further defined in clause 6.3.2.

cl ass PredefinedVirtual Speakers

{

/'l Check if the speaker configuration is supported
| sSuppor t ed( Speaker Confi guration SC);

/1 Find virtual speakers and fol d-down coefficients

CGet Vi rt ual Speaker sAndFol ddownCoef f s( Speaker Confi gurati on SC);
}The other class of virtual speaker is AutoVirtual Speaker. Wen the speaker configuration is not
supported by predefined virtual speakers, this second algorithmis used. This algorithm can support
arbitrary speaker configurations. The structure bel ow defines the class AutoVirtual Speakers. The
al gorithm and use of auto virtual speakers is further defined in clause 6.3.3.
cl ass AutoVirtual Speakers

/1 Find virtual speakers and fol d-down coefficients
Get Vi rt ual Speaker sAndFol ddownCoef f s( Speaker Confi gurati on SC);

5.2.12 VectorBasedPanner

The renderer uses vector based panning to calculate gain contributions of every point source location to the given output
speaker configuration. The algorithm for the vector based panner is further defined in clause 6.5.2.

The following pseudocode defines the Vect or BasedPanner class.
cl ass Vect or BasedPanner

Speaker Confi guration SC,

Point V[]; /1 virtual points
float FD[1[]; /1 fold-down coefficients for each virtual point
Hul I H; /1 Hull used for panning
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/1 Initialize the panner
I ni t (Speaker Configuration SC);

/1 Pan the point p

Pan (Point p);
H

5.2.13 PointSourceObjectRenderer

The class Poi nt Sour ceQbj ect Render er shows the interface to the renderer. There are two public APIs:
. I nit() -renderer initialization
. Render Al | Obj ect s() - rendering objects

The calls to the renderer are defined below:
cl ass Poi nt Sour ceOhj ect Render er

{
publi c:
[/ Initialize the renderer.
I ni t (Speaker Configuration sc);

/1 Render the objects in AOlist.
Render Al | Obj ect s(Audi oObj ect AO list[], uint block_size );

private:

/1 Render a single Audi oQbject.
Render Audi oQbj ect (Audi oCbj ect AQ, uint bl ock_size );

/! Render a MonoQbj ect.
Render MonoQoj ect (
MonoChj ect MO,
ui nt bl ock_si ze,
float obj _gain,
float obj_lanbda );

/'l Speaker configuration this instance of object renderer is initialized with.
Speaker Confi guration sc;

/'l Vector based panner for a given speaker configuration.
Vect or BasedPanner vbp;

/1 The output waveforns in the specified speaker configuration.
float out_waveforns[][];

5.3 Other Helper Functions

53.1 Join

Joi n() combines multiple collections of objects into one container. A simple pseudocode for Joi n() is provided
below:

/1 Join lists in a two dinensional array
/1 or arrays specified in conma separated |ist.
Join( collection[][] )

{ res = [];
for (i collection.size() )
{ for ( val : collection[i].size() )
res += val;
}
return res;
}
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5.3.2 MapAzimuthToO_360

MapAzi mut hTo0_360() converts azimuth to all positive angles. Angles in the range [-180°: 0°] are mapped to
[180°: 360°].
MapAzi nut hToO_360( Poi nt points[])

nodi fi ed_points =[]
for (p : points)

new az = (p.azimuth - floor(p.azimuth / 360) * 360);

nodi fi ed_points += { new az, p.elevation, p.radius };

}

return nodified_points;

5.3.3 GetEquatorialPoints

CGet Equat ori al Poi nt s() returns the points on the equator.

Get Equat ori al Poi nt s(Poi nts points[])

{ equatorial _points = [];
for ( p: points)
if ( p.elevation == 0)
equatorial _points += p;
} 1eturn equat ori al _points;

5.34 NumUpperHemispherePoints

NurmJpper Henmi spher ePoi nt s() returns the number of points in the upper hemisphere. For the purposes of this
function, this excludes points on the equator.

NunmUpper Hemi spher ePoi nt s(Poi nt poi nts[])
count = O;
for ( p: points )
if (p.elevation > 0)

++count ;

}

return count;

5.35 NumLowerHemispherePoints

NurLower Hemi spher ePoi nt s() returns the number of points in the lower hemisphere. For the purposes of this
function, this excludes points on the equator.

Nuniower Henmi spher ePoi nt s(Poi nt points[])

{
count = O;
for ( p: points )
if (p.elevation < 0)
++count ;
}
return count;
}
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6 Point Source Object Renderer

6.1 Operation of the Renderer

The rendering system shall be initialized with an output Speaker Conf i gur at i on before it is used. After initialization,
a list of audio objects is rendered one block at a time. The underlying system that enables initialization and rendering is
shown in Figure 5. The interface to the renderer consists of two APIs:

. Init()
- Initializes VectorBasedPanner
. Render Al | Obj ect s()
- Pans using vector based panner
- Applies exponential smoothing

- Renders the objects into the output feeds

IPnint Source Object Renderer

Object Waveformis)
Audio Objects

s ObjectID Object Gain EMA
s ObjectGain Smoother Smoothed
s  ObjectSmoothing Factor T Gain Vector
. I..|st o\:‘r:lz:oorfnbjects P‘oint?‘.ource Sn:::::ng E E -g
& PointSource(s) CiE gv 32 Ve Renderad Output
Renderer Renderer
(Interface)
Point Source
Position
Vector based
panner
(VEP)
Speaker configuration [

L_HN)

Figure 5. Point Source Object Renderer Block Diagram

A higher-level usage of Poi nt Sour ceObj ect Render er is shown in the pseudocode below. Here the renderer is
initialized with a speaker configuration object followed by the actual rendering.

/1 Decl are Poi nt Sour ce(bj ect Render er
Poi nt Sour ceCbj ect Render er PSOR;

/1 Define Speaker Configuration

Speaker Configuration SC = {
speaker _| ocati onil,
speaker _| ocati on2,

speaker _| ocati onN

}s

/1l Initialize renderer
PSOR I nit (SO ;

/1 Run renderer for all blocks
for ( audio_objects[] : audio_object_bl ocks )

/'l Render all objects
PSOR. Render Al | Obj ect s(audi o_obj ects);
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6.2 Renderer Initialization

The initialization of the renderer involves identifying virtual speakers and setting up the hull for panning, both of which
are handled during initialization of Vect or BasedPanner . The Poi nt Sour ceObj ect Renderer:: 1 nit() is
initializing Vect or BasedPanner as shown in the pseudocode below:

Poi nt Sour ceCbj ect Render er: : | ni t (Speaker Confi guration SC)

this->SC = SC,

VBP. I ni t (SC):
}
Initialization of Vect or BasedPanner takes the speaker configuration and determines the number and location of any
required virtual speakers and their fold-down coefficients. The virtual speakers are then used to initialize the convex
hull, refer to the pseudocode below:

Vect or BasedPanner: : | ni t ( Speaker Confi gurati on SC)

{
this->SC = SC,
i f (PredefinedVirtual Speakers: :|1sSupported(SC))
V, FD = PredefinedVirtual Speakers: : Get Vi rt ual Speaker sAndFol ddownCoef f s( SC) ;
el se
V, FD = AutoVirtual Speakers:: Get Virtual Speaker sAndFol ddownCoef f s( SC) ;
hul | _points = Join( SC speaker_|locations, V);
H Init( hull_points );
}

6.3 Virtual Speakers

6.3.1 Virtual Speakers Positioning

For listening layouts with large angular spacing between the speakers, it may be impossible to create the necessary
convex hull for the proper operation of vector based 3D rendering. Successful creation of a convex hull over a set of
physical speakers is achieved by carefully placing additional virtual speakers. In this case, the VBP rendering is done
over a set of physical and virtual speakers and the fold-down of the virtual speakers into the physical speakers is done as
a post VBP processing step. The number and position of the virtual speakers and the corresponding fold-down
coefficients can greatly influence the spatial impression of the rendered sounds. Poi nt Sour ceCbj ect Render er uses
two methods for placing virtual speakers: Pr edef i nedVi r t ual Speaker s and Aut oVi r t ual Speaker s in that order.
If the output configuration can be supported by the Pr edef i nedVi r t ual Speaker algorithm, then

Pr edefi nedVi rt ual Speaker s are used, otherwise the Aut oVi r t ual Speaker algorithm is used.

6.3.2 Predefined Virtual Speakers

6.3.2.1  Predefined Virtual Speakers Layouts

Predefined virtual speakers have been carefully designed for specific sets of physical speaker layouts. The supported
sets of physical speaker layouts are classified into groups which are enumerated in clauses 7.3 and 7.4. The predefined
virtual speakers consist of 10 predefined locations, a subset of which is chosen depending on the physical speaker
layout.

The predefined virtual speakers in the equatorial plane are located as follows:
V, = [(—135°,0°1), (135°0° 1)]
The predefined virtual speakers in the upper hemisphere are located as follows:
V, = [(—45°,45°,1), (45°,45° 1), (—135°,45°,1), (135°,45°,1)]
The predefined virtual speakers in the lower hemisphere are located as follows:

V; = [(—45°,—45° 1), (45°,—45°,1), (—135°,—45°,1), (135°,—45°,1)]
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The actual virtual speakers chosen are subsets of these speakers and vary depending on the physical speaker layout. The
subsets for the equatorial plane and upper hemisphere are given in clause 7.3, and for the lower hemisphere in
clause 7.4.

Figure 6 shows how the virtual speakers are added for a stereo (LR) configuration. Predefined virtual speakers (yellow
vertices) for the stereo destination layout (red vertices). The figure shows both the upper and lower hemisphere. The
physical stereo speakers are indicated by the red vertices, and the virtual speakers in yellow are added in the equatorial
plane, the upper hemisphere, and the lower hemisphere. For the stereo configuration, all ten of the possible predefined
virtual speakers are used.

Figure 6: Stereo (LR) Configuration with Predefined Virtual Speakers

Figure 7 shows the virtual speaker setup for the C+L+R+Lss+Rss+Lsr+Rsr configuration. The figure displays virtual
speakers in both the upper and lower hemispheres with yellow vertices. For this configuration, all the possible
predefined virtual speakers in the upper and lower hemisphere are used.
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Figure 7: 7.x Output Configuration with Predefined Virtual Speakers

The fold-down coefficients for predefined virtual speakers vary depending on the output layout configuration. The
predefined fold-down coefficients are tabulated in clause 7.3 for the equatorial plane and upper hemisphere, and in
clause 7.4 for the lower hemisphere.

6.3.2.2  PredefinedVirtualSpeakers::IsSupported

The pseudocode below determines whether the Pr edef i nedVi r t ual Speaker s algorithm can support the specified
speaker configuration.

Predef i nedVi rt ual Speakers: : | sSupport ed( Speaker Confi gurati on SC)

{
/'l Extract channel |ayout nask from speaker configuration
speaker _| ayout _channel _mask = SC. Get Channel Mask();
/1 Mask away channels not needed for equatorial plane and upper heni sphere.
channel _mask_for_eqtr_uphem =
Get Channel MaskFor Gr oups(speaker _| ayout _channel _nask) ;
for ( group_eqtr_uphem : list_of_all_groups_equator_or_upper)
if (group_eqtr_uphem .|ist_of_channel _masks. exi st (channel _mask_for_eqtr_uphemni))
return true; // Supported if the channel mask exists
}
return false; // Unsupported
}

6.3.2.3  PredefinedVirtualSpeakers::GetVirtualSpeakersAndFolddownCoeffs

The pseudocode below shows the logic of finding the virtual speakers and their fold-down coefficients. The input to the
function is the physical speaker configuration.

Predefi nedVi rt ual Speakers: : Get Vi rt ual Speaker sAndFol ddownCoef f s(
Speaker Configuration config )
{

/'l Extract channel |ayout nask from speaker configuration
speaker _| ayout _channel _mask = confi g. Get Channel Mask() ;

/] Extract speaker |ocations from speaker configuration
speaker _| ocati ons = confi g. speaker_| ocati ons;

channel _mask_f or_eqtr_uphem =
Get Channel MaskFor Gr oups(speaker _| ayout _channel _nask) ;
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/1 Find virtual sources and fol d-down coefficients for equatorial and upper heni sphere.
for ( group_eqtr_uphem : list_of_all_groups_equator_or_upper)

if (group_eqtr_uphem .|ist_of_channel _masks. exi st (channel _mask_for_eqtr_uphem))

V_e = group_eqtr_uphem .eqtr_virt_srcs;
V_u = group_eqtr_uphem . uphem _virt_srcs;
FD e group_eqtr_upheni . Get Li near Gai nMatri xEqtr ( speaker_l ocations );

FD u = group_eqtr_uphem . Get Li near Gai nMatri xUpHemi ( speaker _| ocations );

}

channel _mask_for _| ower _hem =
Get Channel Layout MaskFor Lower Hemi spher e( physi cal _speaker _| ayout _channel _mask) ;

/1 Find virtual sources and fol d-down coefficients for |ower hemni sphere.
for ( group_lohem : list_of_all_groups_|ower )

if ( group_lohem.list_of_channel _masks. exi st (channel _mask_for_| ower_hem ) )
V_| = group_l ohem .| ohem _virt_srcs;
FD_| = group_Il ohem . Get Li near Gai nMat ri xLoHemi ( speaker_| ocations );

}

/1 Creating a conbined list for virtual speakers
V = Join( V_e, V_u, VI );

/] Creating a conbined list of fold-down coefficients
FD = Join( FD e, FD u, FD I );

// return both the list of virtual speakers and their fold-down coefficients
return (V, FD);

6.3.3  Auto Virtual Speakers

6.3.3.1  Overview of Automatic Virtual Speaker Mapping

When the Speaker Conf i gur at i on is not supported by the Pr edef i nedVi r t ual Speaker algorithm, then the
Aut oVi r t ual Speaker algorithm is employed. There are multiple stages in this algorithm:

e  Add virtual speakers in the equatorial plane

. Add virtual speakers in the upper hemisphere

e  Add virtual speakers in the lower hemisphere

. Calculate fold-down coefficients for equatorial virtual speakers

. Calculate fold-down coefficients for the upper and lower hemisphere

6.3.3.2  Add Virtual Speakers in the Equatorial Plane

Virtual speakers are added in the equatorial plane if they are spaced more than 180 degrees apart when measured in the
clockwise direction. They are added at 1/3 and 2/3 of the azimuth gap between the furthest speakers.

Get Equat ori al Vi rt ual Speaker s( Speaker Confi gurati on SC)
{

equat ori al _points = Get Equat ori al Poi nt s( SC. speaker _| ocati ons);

/1 Map azinuth to be between 0 and 360
equat ori al _poi nts = MapAzi nut hToO_360( equat ori al _poi nts);

/1 Sort in the ascendi ng order of the azimuth.

/1 Since elevation = 0 and radius = 1 for all points in the equator
/1 of a unit sphere, the sort will order according to azinuth.
sorted_equatorial _points = Sort(equatorial _points);

/1l Repeat the first point

sorted_equatorial _points += sorted_equatorial _points[0];
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/1 Find the nmaxi num azinuth gap and the point that has this gap.

max_gap = O;

max_gap_p = NULL;

for (i =1; i < sorted_equatorial _points.size(); ++i )
{

gap = sorted_equatorial _points[i].azinmuth - sorted_equatorial _points[i-1].azinmuth;
if ( max_gap < gap )

max_gap = gap;
max_gap_p = sorted_equatorial _points[i-1];

}

/1 If the gap is larger than 180, add virtual speakers in equatorial plane
/1 at 1/3rd and 2/3rd points between the furthest speakers.

Ve =11];

if ( max_gap > 180 )

{
/'l wraps around if the angle goes beyond the range of -180 to 180.
one_third_az = Wap( max_gap_p + max_gap / 3.0, -180, 180 );
two_third_az = Wap( nax_gap_p + 2 * max_gap / 3.0, -180, 180 );
/1 Add virtual speaker at the 1/3rd gap
V_e += { one_third_az, 0, 1 };
/1 Add virtual speaker at the 2/3rd gap
Ve += { two_third_az, 0, 1 };

}

return V_e;

}

Figure 8 illustrates the process of adding virtual speakers at 1/3rd and 2/3rd of the azimuth gap in the equatorial plane.

Speaker
(-45, 0,1)

Speaker
(45, 0,1)

Equatorial
| Plane

Azimuth gap =270

Virtual P Measured in clockwise - Virtual
Speaker I_\_ ) Direction. _j- Speaker
(-135, 0, 1) {135, 0 1)

Azimuth = 45+(2*azimuth_gap/3) = 225

Azimuth = 45+{azimuth_gap/3) =135
Wrap(225, -180, 180) =-135 [ —gap/3)

Figure 8: Adding Virtual Speakers in Equatorial Plane

6.3.3.3  Add Virtual Speakers in the Upper Hemisphere

Virtual speakers are added in the upper hemisphere only if there are no speakers with elevation above 0 degrees. If this
condition is met, add a virtual speaker at an elevation of 45 degrees above every virtual and physical speaker in the
equatorial plane.

Get Upper Hemi Vi r t ual Speaker s( Speaker Configuration SC, Point V_e[])
equat ori al _poi nts = Get Equat ori al Poi nt s( SC. speaker _| ocati ons);

/1 Conbine both virtual and physical speakers in equatorial plane
all _equatorial _points = Join( V_e, equatorial_points );
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/1 If there are no upper hemni sphere speakers, add virtuals above every
/1 equatorial plane speaker

V_u =]

if ( NumJpper Hem spher ePoi nt s( SC. speaker _| ocations) == 0 )

for ( p: all_equatorial _points )
V_u += { p.azinuth, 45.0, p.radius };
}
}

return V_u;

6.3.3.4  Add Virtual Speakers in the Lower Hemisphere

Virtual speakers are added in the lower hemisphere only if there are no speakers with elevation above 0 degrees. If this
condition is met, add a virtual speaker below every virtual and physical speaker in the equatorial plane at an elevation of
-45 degrees.

Get Lower Hemi Vi r t ual Speaker s( Speaker Configuration SC, Point V_e[])

{
equat ori al _poi nts = Get Equat ori al Poi nt s( SC. speaker _| ocati ons);
/1 Conbine both virtual and physical speakers in equatorial plane
al |l _equatorial _points = Join( V_e, equatorial_points );
/1 1f there are no | ower hem sphere speakers, add virtuals bel ow every
/1 equatorial plane speaker
VI =1]
i f ( NumLower Hem spher ePoi nt s( SC. speaker _| ocations) == 0 )
for ( p: all_equatorial _points )
V_| +={ p.azimuth, 45.0, p.radius };
}
return V_I;
}

Figure 9 shows the auto virtual speaker setup for the 7.x (C+L+R+Lss+Rss+Lsr+Rsr) output configuration. The yellow
vertices indicate virtual speakers and the red vertices are the physical speakers.

Figure 9: 7.x Output Configuration with Automatic Virtual Speakers
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6.3.3.5 Calculate Fold-down Coefficients for Equatorial Virtual Speakers

If there are virtual speakers in the equatorial plane which were added at 1/3 and 2/3 of the azimuth gap between the
furthest speakers, they are remapped between those physical speakers on the smaller arc on the equatorial circle and
then panned pairwise to the new location for folding.

Remapping the azimuth of the virtual speaker between the physical speakers is done as shown in the pseudocode below:

/1 Remap equatorial virtual speaker (virt_az) between two furthest physical equatorial speakers
represented by min_az and max_az.

/1 The azimuths angles used for this function is wapped to be between 0 to 360 (see

MapAzi nut hToO_360 for napping | ogic).

RemapEquat ori al Virtual Spkr (float virt_az, float mn_az, float max_az )

diff _az = max_az - min_az;

return max_az - (((virt_az - max_az) / (360.0 - diff_az)) * diff_az);
}
Figure 10 shows the remapping of the virtual speakers (yellow) into the arc between physical speakers (red). The
remapped positions are in green.

Remapped Remapped
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Figure 10: Remapping Virtual Speakers Between Physical Speakers

The algorithm for finding the fold-down coefficients for equatorial virtual speakers is shown below. Note that a hull
object is used to determine the fold-down coefficients. A temporary hull object is constructed as shown in clause 6.3.4
to calculate the fold-down coefficients.

Get Equat or i al Fol ddown( Speaker Confi guration SC, Point V_e[], Hull H)
FDe = [][];

/1 Calculate fold-down coefficients only if we have equatorial virtual speakers.
if (V_e.size() > 0)

equatori al _points = Get Equat ori al Poi nt s( SC. speaker _| ocati ons);

/1 Sort in the ascendi ng order of the azimuth.

/1 Since elevation = 0 and radius = 1 for all points in the equator
/1 of a unit sphere, the sort will order according to azinuth.
sorted_equatorial _points = Sort(equatorial _points);

/1l Repeat the first point

sorted_equatorial _points += sorted_equatorial _points[0];

/1 Find the maxi mum azi muth gap and the points that have this gap.
max_gap = O;

max_gap_pl = NULL;
max_gap_p2 = NULL;
for (i =1; i < sorted_equatorial _points.size(); ++i )
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{
gap = sorted_equatorial _points[i].azinmuth - sorted_equatorial _points[i-1].azinmuth;
if ( max_gap < gap )
max_gap = gap;
max_gap_pl = sorted_equatorial _points[i-1];
max_gap_p2 = sorted_equatorial _points[i];
}
}

/'l Calculate the folding coefficients
for ((p: V_,e)

{
p_tnmp = MapAzi mut hToO_360(p);
m n_plp2 = mn( max_gap_pl, max_gap_p2 );
max_plp2 = max( nmax_gap_pl, max_gap_p2 );
/1 Find the remapped azimuth
remap_az = RemapEquatorial Virtual Spkr ( p_tnp.azinmuth, mn_plp2, max_plp2);
/'l Pan the new point
new p = { remap_az, p.elevation, p.radius };
gain_v = H Pan( new.p );
/'l Extract gain coefficients for the physical speakers
FD e += gai n_v[ SC. speaker _| ocati ons];
}

return FD_e;

6.3.3.6  Calculate Fold-down Coefficients for the Upper and Lower Hemisphere

The fold-down coefficients for folding the upper and lower hemisphere virtual speakers into a speaker configuration is
calculated by first collapsing the virtual speakers into the equator with a small spread. The virtual speakers are dropped
down (or pulled up) by moving every point in the upper or lower hemisphere virtual speakers to a new point at elevation
equal to 0 degrees. A spread is added by splitting each point into 3 points on the equator with the new azimuth =

{6, 6 +45° 0 —45°}. Each of these are further scaled by { -3 dB, 0 dB, -3 dB }. This logic of calculating fold-down
coefficients for the upper and lower hemisphere is illustrated in the pseudocode below. Note that a hull object is used to
determine the fold-down coefficients. A temporary hull object is constructed to calculate the fold-down coefficients, as
shown in clause 6.3.4.

Get NonEquat ori al Fol ddown( Speaker Configuration SC, Point V_ul[], Point V_e float FD e[][], Hull H)
{

/1 Same al gorithmworks for both upper and | ower heni sphere virtual speakers.

FD_ul = [1[1]:

/1 Calculate fold-down only if virtual speakers exist
if (V_ul.size() > 0)
{

float spread_angle[] = {-45, 0, 45};

float spread_gain[] = {-3.0, 0.0, -3.0};

for (v: V_ul )

{
FD v =[0] // O vector of size H hull_points.size();
for (i : range(spread_angle.size()) )
{

p ={ v.azinuth + spread_angle[i], 0, v.radius };
/1 Calculate the hull gain vector

hull _g = H Pan(p);

/1 Scale hull gain vector by the spread_gain
mod_hull _g = hull _g * db2nag( spread_gain[i] );
/1 Merge the hull gain with FD v

for ( h: Hhull_points )

FD v[h] = sqrt( pow( FD v[h], 2 ) + pow( nod_hull _g[h], 2 ) );

/1 The above folds virtual speakers from either
/'l hem sphere to equatorial plane.
/1 Now, fold the equatorial virtual speakers to physical speakers.
for ( ve : V_e)
{
gain_ve = FD v[ve]; // Extract gain contribution to 've'
fd_ve = FD_e[ve]; // Extract fold-down vector for virtual speaker 've'
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for ( sl : SC. speaker_|ocations )
FD v[sl] = FD_v[sl] + gain_ve * fd_ve[sl];

/1 Add the extracted gain coefficient to fold-down natrix
FD ul += FD_v[ SC. speaker _| ocati ons];

}

return FD_ul;

6.3.4 GetVirtualSpeakersAndFolddownCoeffs

The multiple steps described in clause 6.3.3.1 are combined in the implementation of
Get Vi rt ual Speaker sAndFol ddownCoef f s() . A temporary hull object is created using the generated virtual
speakers and the speaker configuration.

Aut oVi rt ual Speakers: : Get Vi rt ual Speaker sAndFol ddownCoef f s( Speaker Confi gurati on SC)
{

/] Get equatorial virtual speakers
V_e = Cet Equatori al Virtual Speakers(SC);

/] Get upper hemnisphere virtual speakers
V_u = CGet Upper Hemi Vi rt ual Speakers(SC, V_e);

/1 Get |ower hem sphere virtual speakers
V_| = GetLower Hem Vi rtual Speakers(SC, V_e)

/1 List of all virtual points
V = Union( V_e, V_u, VI );

/] Create a tenporary hull for finding fol d-down coefficients
hul | _points = Union( V, SC speaker_locations );
Hull H = Hull ( hull _points );

/1 Get fold-down for equatorial virtual speakers
FD e = Get Equatori al Fol ddown(SC, V_e, H);

/'l Get fold-down for upper hem sphere virtual speakers
FD u = Get NonEquat ori al Fol ddowmn(SC, V_u, V_e, FD e, H);

/'l Get fold-down for |ower hem sphere virtual speakers
FD_| = GetNonEquatori al Fol ddowmn(SC, V_|I, V_e, FD e, H;

/'l Conbine all fold-down coefficients
FD = Union( FD e, FD u, FDI );

return (V, FD);

6.3.5 Hull Initialization

Hull points are formed by combining physical and virtual speaker locations. At the initialization stage, a set of triplets
are calculated, forming the surface mesh using the hull points. An exhaustive search is performed on all the triplets
formed from the hull points in order to triangulate the hull. Each triplet is associated with an area on the positively
oriented surface of the sphere. The positively oriented surface is the one facing away from the origin of the sphere. This
triangulation is called hull initialization and is described below in the pseudocode. To summarize the pseudocode, it is
finding all the triplets that do not have another speaker point within their associated surface. It does this by checking if
there is another point p_| inside the surface area formed by p_i , p_j and p_k; and if no such point exists, then the
triplet { p_i, p_j , p_k } is on the surface of the sphere and it is saved.

Hul I:: 1 nit(Point hull_points[])

{
/'l epsilon is used to handle floating point errors.
/1 A generic epsilon value is used here, but should be changed depending on pl atform
epsilon = le-6;

this->hul | _points = hull _points;

/1 Performan exhaustive search to find the triplets
// that formtriangles of the hull.
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triplets_processed = [];

for ( p_i : hull_points )
for ( p_j : hull_points[i+1, ...] )
for ( p_k : hull_points[j+1, ...] )
/1 Cannot forma triangle with two same points
if ( p_i ==pj or pj ==p_kor p_i ==p_k)
conti nue;

/1 Construct a triplet

Triplet t ={ p_i, p_j, p_k };

/Il Convert to be positively oriented
t. Convert ToPositiveOrientation();

/1 1f the triplet is already processed, nove on to the next triplet.
if ( triplets_processed.contains(t) )
conti nue;

/'l Avoid spanning hull's facets spanni ng hem spheres
if ( 't.FullylnUpperHem sphere() && !'t.FullylnLowerHem sphere() )
conti nue;

Matrix M= t.GetTripletMatrix();
/'l Avoid singul ar/ degenerate matrices
if ( 'Mlslnvertible() )

conti nue;

Matrix Minv = MInvert();

is_facet = true;
for ( p_l : hull_points )
{

/1 Test vector should also be in the same heni sphere as the triplet
if ( !'t.FullylnEquatorial Plane() &&

t. Ful | yl nUpper Hem sphere() && p_|.elevation < 0)

conti nue;
if ( !'t.FullylnEquatorial Plane() &&

t. Ful I yl nLower Hemi sphere() && p_|.elevation > 0 )

conti nue;

g = Minv * p_|.Cartesian();

/1 This checks if the point p_| exists outside of the plane forned
/Il by p_i, p_j & p_k away fromorigin. The sumof gains will be > 1
/1 only for a point lying above the plane but within the triangle
/1 formed by p_i, p_j & p_k.

if (g[0] + g[1] + g[2] > 1 + epsilon)

is_facet = fal se;
br eak;

}

/1 1f the triplet is a face, add it hull triplets
if ( is_facet )
this->T +=t;

/1 Mark triplet as processed
triplets_processed += t;
Y 11 for p_k

Y 11 for p_j
Yy 11 for p_i

6.4 Predefined Virtual Speakers Organization

The predefined virtual speaker assignments and corresponding fold-down coefficients are organized by the channel
bitmask. There are 21 non-overlapping groups of channel bitmasks for the equatorial plane and/or upper hemisphere
regions that have defined virtual speakers with corresponding fold-down coefficients. These groups are defined in
clause 7.3.
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A subset of the channel masks that include speakers in the equatorial plane also have predefined virtual speakers in the
lower hemisphere. This subset is further organized into five non-overlapping groups. These groups are defined in
clause 7.4.

6.5 Rendering All Objects

6.5.1 Object Rendering

Rendering all objects involves panning all the objects in the specified Speaker Conf i gur at i on, followed by
smoothing and mixing them into the output feeds.

The pseudocode below illustrates the implementation of Render Al | Obj ect s( ), which renders one Audi oQbj ect ata
time. Similarly, Render Audi oQbj ect () renders one MonoQbj ect at a time.

Poi nt Sour ceCbj ect Render er : : Render Al | Obj ect s( Audi oObj ect AO list[], uint block_size)
{

/1 Prepare output buffers for rendering
out _waveforms = fl oat[ SC. speaker_| ocations. size()][bl ock_size];
for (AudioQbject AO: AOlist)

Render Audi oQbj ect (AO, bl ock_si ze);
}

return out_wavef or ns;

}
Poi nt Sour cehj ect Render er: : Render Audi oObj ect (Audi oCbj ect AO, uint bl ock_si ze)

for (MonoQbject MO : AQ nono_objects)
{

}

Render MonoQhj ect (MO, bl ock_si ze, AO obj _gain, AO obj_|anbda);
}

A mono object is defined as a single waveform with an associated list of point source locations. To render a mono
object, each of the point source locations is panned into the speaker configuration. The gain vectors of all the points are
summed together to get a waveform's gain vector. It is then smoothed with the previous block's gain vector and applied
on the waveform to render it into the output feeds. The pseudocode for Render MonoObj ect () is below.

Poi nt Sour cebj ect Render er : : Render MbonoObj ect (
MonoChj ect MO,

ui nt bl ock_si ze,

fl oat obj _gain,

fl oat obj_| anbda)

{
/1 Initialize MonoChject gain array.
fl oat MO _gai ns[ SC. speaker _| ocations. size()];
for ( Point p: MOpositions )
{
/] Cal cul ate gains fromthe panner.
float gains[] = VBP.Pan(p);
for ( Point sl : SC. speaker_|ocations )
/'l Apply object gain to the VBP gains and accunul ate into the MonoObject's gain.
MO _gai ns[sl] += gains[sl] * obj_gain;
}
}
for ( Point sl : SC. speaker_|ocations )
/1 set dynam c | anbda for the snoothers.
MO, snoot her _list[sl].lanmbda = obj _| anbda;
/1 Run the smoothing filter.
MO _snoot hed_gai n_over _a_bl ock = MO snoother_list[sl]. Smmoth(MD gains[sl], block_size);
for (uint t : 0 to block_size)
/'l Apply snoothed gains to the MonoCbj ect waveforns to render.
out _waveforns[sl][t] += MO snoothed_gain_over_a_block[t] * MO wavefornit] * obj_gain;
}
}
}
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6.5.2 Vector Based Panner

The vector based panner takes a point and pans it to the speaker configuration. VBP manages the hull, virtual speakers
and their fold-down coefficients. The panning algorithm first pans the point to the hull and then fold-down coefficients
are applied to the panned gain coefficients in the specified speaker configuration. The gain coefficients are normalized
to preserve power. The pseudocode below implements this algorithm.

Vect or BasedPanner : : Pan( Poi nt P)

{
/1 Pan to hull
gain_H = H Pan(p);
/1 Fol d-down
gain = [0...SC speaker_locations] = 0; // zero vector
for (v: V) /[l for each virtual speaker
gv = gain_Hv];
for ( sl : SC. speaker_|ocations )
gain[sl] +=gv * FO[Vv][sl];
}
/1 normalize
gain /= sqrt( gain.Dot(gain) );
return gain;
}

6.5.3 Panning in a Hull

After the hull triplets are constructed (see clause 6.3.5), the panner is ready to pan any point on the surface of the
sphere. For a given Hul | , the panner renders a point source location in that hull by first finding set of triplets that
contain the point source location and then pan the point in those triplets using Vect or BasedPanner . The renderer uses
vector based amplitude panning, which extends the well-known tangent law for pairwise panning on a plane to three-
dimensions (see [2]). Figure 11 shows panning of a point source location into 7.x (C+L+R+Lss+Rss+Lsr+Rsr) speaker
configuration. The red lines are the contribution line to each of the point in the triplet. The point source location (green
vertex) is panned to a triplet within the 7.x output configuration. The white line is a vector in the direction of the point
source from the origin.

Figure 11: 7.x Speaker Configuration Point Source Location Panning
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Multiple triplets can contain the same point source locations because of the following conditions:
e  The point may lie on a speaker where it belongs to all the triplets formed with that speaker; or
. The point may be on the edge between two triplets; or
. The point may be inside an n-patch, a three-dimensional polygon that has overlapping triangles.

To address such cases, all the triplets are used and the gains are averaged over all the triplets. Figure 12 shows how the
panner distributes gains for a point source location which spans over multiple triplets. The point source location (green
vertex) is panned to a 4-patch within the 7.x output configuration.

Figure 12: Point Source Panner Distribution of Gains

When a point is located on the edge between two triplets, in addition to the two triplets sharing the edge, it is possible
that there may be a third triplet overlapping these two triplets fully containing the point. In such cases, it is necessary to
prevent the speakers on the edge from getting a boost over the other speakers. That is, instead of computing the gain as
gain = (2 x edge + triplet)/3 it is calculated as gain = (edge + triplet)/2. In this manner, a moving point source
location has continuous gain changes. To handle this, the panning algorithm treats edge cases differently by storing
them and ensuring that other triplets in the edge will not be used for panning.

Note that the panning pseudocode below uses a generic value for epsi | on, initialized in Hul | : : I ni t (), to handle the
floating point errors. An actual implementation may need to change this value or handle floating point errors differently.

Given a point, panning to the hull is implemented in the pseudocode below.
Hul | : : Pan( Poi nt p)

/l gain vector for all points in the hull; initialized to O
gain_H =[0...hull_points.size()];

/1 List of all the significant edges that were panned.
all _significant_edge_ list =[];

/1 List of all the edges already panned.
al | _panned_edge_list = [];

triplet_count = 0;
for (t : T) // For all triplets

Matrix Minv = t.GetTripletMatrix().lnverse();

/1 Cal cul ate gain vector by panning p to this triplet
Vector g = Minv * p.Cartesian();
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/1 Check if the point plies in this triplet
if ( g[0] >= -epsilon &k g[1] >= -epsilon &k g[2] >= -epsilon )

if (g[0] < 0) g[O]
if (g[1] <0) g[1]
if (g[2] <0) g[2]

significance_count = ( g[0] > epsilon ) + ( g[1] > epsilon ) + ( g[2] > epsilon );

0;
0,
0

/'l Special case when the point lies on the edge of a triangle.
/1 Since this edge woul d appear in two triangles, doubling the contribution
/1 of the edge. To avoid this, we ensure that a significant edge is not panned tw ce.
if ( significance_count == 2 ) {
Edge significant_edge;
if (g[0] > epsilon && g[1l] > epsilon)
significant_edge = Edge(t.pl, t.p2);
else if (g[0] > epsilon & g[2] > epsilon)
significant_edge = Edge(t.pl, t.p3);
el se
significant_edge = Edge(t.p2, t.p3);

/1 1f the significant edge is already panned then nove on to the next triplet.
if ( all_panned_edge_list.exist(significant_edge) )
conti nue;

/1 Add significant edge to the special Iist
al |l _significant_edge_list += significant_edge;

}

/1 Triplets' edges
Edge triplet_edge list[] = { Edge(t.pl, t.p2), Edge(t.pl, t.p3), Edge(t.p2, t.p3) };

/'l Special case when any of the edge has been already narked as significant.
/1 This woul d occur due floating point errors and hence, once an edge is narked
/1 significant, it renmains significant. And so, we shall render that edge only once.
edge_i s_significant_and_panned = fal se;
for ( Edge e : triplet_edge_list )
if (all_significant_edge_list.exist(e) &k all_panned_edge_|ist.exist(e)) {
edge_i s_significant_and_panned = true;
br eak;

if ( edge_is_significant_and_panned )
continue; // if edge is significant and al ready panned, nove on to next triplet.

/1 Add the edges in the triplet to the list of panned edges.
al | _panned_edge_list += triplet_edge_list;

/1 Add the triplet contribution to hull gain
gain_H t.pl] +=9[0];

gain_H t.p2] +=g[1];

gain_H t.p3] +=g[2];

++tripl et _count;

}

/1 Normalize the gains
gain_H /= triplet_count;

return gai n_H

7 Predefined Virtual Speaker Mapping

7.1 Channel Bitmask

The channel layouts defined in clause 7.3 and clause 7.4 contain the entire set supported by the predefined virtual
speaker mode. The channel masks are specified by the channel layout bitmask which is formed by taking bitwise
disjunction of individual channels' bitmasks as defined in Table 3.
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Note that there is some exclusion of bitmasks while listing the channel masks. For example, in the clauses of 7.3, the
LFE channels are not included in the channel mask listing. In clause 7.4, the LFE channels and all of the upper
hemisphere channels are excluded from the channel mask listing. See clause 7.3.1.1 and clause 7.4.2.1 for the channel
mask conversion functions.

Table 3: Channel Definitions and Bitmask

Channel Description Abbreviation Azimuth Elevation Channel Bitmask
(degrees) (degrees)
Centre C 0,0 0,0 0x00000001
Left L -30,0 0,0 0x00000002
Right R 30,0 0.0 0x00000004
Left Surround Ls -110,0 0,0 0x00000008
Right Surround Rs 110,0 0,0 0x00000010
Low Frequency Effects - 1 LFE1 0,0 0,0 0x00000020
Centre Surround Cs 180,0 0,0 0x00000040
Left Surround Rear Lsr -150,0 0,0 0x00000080
Right Surround Rear Rsr 150,0 0,0 0x00000100
Left Side Surround Lss -90,0 0,0 0x00000200
Right Side Surround Rss 90,0 0,0 0x00000400
Left Centre Lc -15,0 0,0 0x00000800
Right Centre Rc 15,0 0,0 0x00001000
Left High Lh -30,0 45,0 0x00002000
Centre High Ch 0,0 45,0 0x00004000
Right High Rh 30,0 45,0 0x00008000
Low Frequency Effects - 2 LFE2 0,0 0,0 0x00010000
Left Wide Lw -60,0 0,0 0x00020000
Right Wide Rw 60,0 0,0 0x00040000
Overhead Oh 0,0 90,0 0x00080000
Left High Side Lhs -90,0 45,0 0x00100000
Right High Side Rhs 90,0 45,0 0x00200000
Centre high Rear Chr 180,0 45,0 0x00400000
Left High Rear Lhr -150,0 45,0 0x00800000
Right High Rear Rhr 150,0 45,0 0x01000000
Centre Low Front CIf 0,0 -30,0 0x02000000
Left Low Front LIf -30,0 -30,0 0x04000000
Right Low Front RIf 30,0 -30,0 0x08000000
Left Top Front Ltf -45,0 60,0 0x10000000
Right Top Front Rtf 45,0 60,0 0x20000000
Left Top Rear Ltr -135,0 60,0 0x40000000
Right Top Rear Rtr 135,0 60,0 0x80000000

7.2 General Mapping Functions

7.2.1 GetLinearGainVectorFromTable

This function converts the fold-down coefficients tables defined in clause 7.3 and clause 7.4 into gain vectors.

/] Get fold-down coefficients for a virtual
Get Li near Gai nVect or Fr onirabl e(

Gai nCoef ficient_dB tabl e,

Functi onP mappi ng_functions[],

uint virtual _p_idx,

Poi nt speaker _| ocations[] )

point in linear scale.

out _gai n_vector =[]
for (i range(speaker _| ocations. size()) )
out _gain_vector[i] = 0;

for ( func_p : mapping_functions )
out _gain_vector[func_p()] = db2mag(table[in_virtual _p_idx][func_p()]);

return out_gai n_vector;
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7.2.2 Physical Speaker Search Functions

7221 Search Functions Overview

A physical speaker is identified by the location of the speaker in the listening space. This location can be specified as a
tuple of azimuth 8, elevation ¢ and radius r. As with the object positions, azimuth varies from -180 degrees to

180 degrees; a negative angle indicates speaker on the left hemisphere and the positive angle indicates speaker on the
right hemisphere. The elevation varies from -90 degrees to 90 degrees; where a negative angle indicates lower
hemisphere and the positive angle indicates upper hemisphere. A virtual speaker is defined in the same manner as a
physical speaker, but they do not physically exist in the listening space. The following functions are used to identify the
physical speaker location. All of the functions listed below are using the set of physical speaker locations,

SC. speaker _| ocati ons.

7.2.2.2 ClosestAzEq

d osest AzEq( ©) returns the physical speaker index from the set SC. speaker _| ocati ons[] that meets two
conditions:

1) Itis located in equatorial plane (¢ = 0).

2) Itis closest to the specified azimuth (6).

7.2.2.3 ClosestAzUH

O osest AzUH( ) returns the physical speaker index from the set SC. speaker _| ocati ons[] that meets two
conditions:

1) TItis located in the equatorial plane or upper hemisphere (¢ > 0).

2) Itis closest to the specified azimuth ().

7.22.4 ClosestElv

O osest El v( ¢, S) returns the physical speaker index from the set S, which is a subset of
SC. speaker _| ocati ons[] whose elevation is closest to the specified elevation ¢.

7.2.25 LeftLargestEqtr

Lef t Lar gest Eqt r () returns the physical speaker index from set SC. speaker _| ocati ons[] that meets two
conditions:

1) TItis located on the equatorial plane (¢ = 0).

2) It has largest magnitude azimuth in the left hemisphere (0 > 6 > —180°).

7.2.2.6  RightLargestEqtr

Ri ght Lar gest Eqt r () returns the physical speaker index from set in SC. speaker _| ocati ons[] that meets two
conditions:

1) Itis located on the equatorial plane (¢ = 0).

2) It has largest azimuth in the right hemisphere (0 < 6 < 180°).
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7.2.2.7 PrefOrder

Pref Order (Spkr1, Spkr2,...) isused to specify the preference order of speakers to contribute to. It returns the
index of the first speakers from the input ordered speaker list that exist in the physical speakers set. It is used in cases
where all of Spkr 1, Spkr1+ Spkr2 & Spkr 2 are possible output layouts. To resolve such cases, the contribution
preference order is used, Spkr 1 gets the contribution if it is present or else Spkr 2 gets the contribution, and so on. Note
that the function takes an arbitrary number of arguments; as such, any number of speakers may be used while calling
this function. Speakers can also be identified by calling other search functions.

7.22.8  Split

Split (Spkr1, Spkr2, .., Gai n_dB) is used to specify the split of contribution between speakers Spkr 1, Spkr2 ...
Spkr N by Gai n_dB gain. The splitting only happens if all the speakers in the list exist.

7.2.29 ExclusiveOr

Excl usi veOr (Spkr1, Spkr2, .) isused to specify disjunction choice of the speakers. In such cases only one of the
speakers exists and hence, apply the contribution specified to that speaker.

7.3 Equatorial Plane and Upper Hemisphere

7.3.1 Equatorial Plane and Height Functions

7.3.1.1  GetChannelMaskForEqtrUpHemiGroups

This function masks the LFE channels to zero from the physical channel layouts speakers.

Get Channel MaskFor Eqt r UpHem Groups( physi cal _speaker_channel _| ayout _mask )

{
/1 Defining masking flags that will be nasked to zero for channel [ayout groups.
mask_| fe = LFE1 | LFE2;

/| Take negation of |fe nasks
mask_to_zero = (~nmask_|lfe);

/1 Apply conjunction to nake |fe's channel nasks zero.
channel _| ayout _mask_for_groups =
physi cal _speaker _channel _| ayout _mask & mask_t o_zero;

/1 return the resultant channel nask.
return channel _| ayout _mask_f or_groups;

7.3.1.2  GroupEquatorOrUpper

The following structure represents a group in the equatorial plane or the upper hemisphere virtual speakers.

struct G oupEquat or Or Upper

{
/1 An array listing all the channel nasks supported by the group.
uint32 |ist_of_channel _masks[];

/1 An array of equatorial virtual speakers used by the group.

Point eqtr_virt_srcs[];

/1 An array of upper hemnisphere virtual speakers used by the group.
Poi nt uphem _virt_srcs[];

/1 An array of function pointers to determi ne physical speaker index.

FunctionP eqtr_functions[];

/1 An array of function pointers to determ ne upper hem sphere virtual speaker index.
Functi onP upheni _functions[];

/1 Table of fold-down coefficients for the equatorial virtual speakers.

Gai nCoef ficient_dB eqtr_fol ddowmn[][];

/1 Tabl e of fold-down coefficients for the upper heni sphere virtual speakers.
Gai nCoef fici ent _dB upheni _fol ddown[][];
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/1 Get linear gain vector for virtual sources in equatorial plane
Get Li near Gai nMat ri xEqt r (Poi nt i n_out put_l| ocations[]);
/] CGet linear gain vector for virtual sources in upper heni sphere
CGet Li near Gai nMat ri xUpHeni (Poi nt speaker_| ocations[]);

}

G oupEquat or O Upper : : Get Li near Gai nivat ri xEqt r (Poi nt speaker _| ocations[])
out_gain_matrix =[][];

for ( virtual _p_idx : range(eqtr_virt_srcs.size()) )

{
out_gain_matrix[virtual _p_idx] =
Cet Li near Gai nVect or Fr ontabl e(
eqtr_virt_srcs,
eqtr_functions,
virtual _p_idx,
speaker _| ocations );
}
return out_gain_matriXx;
}
G oupEquat or O Upper:: Get Li near Gai nivat ri xUpHemi ( Poi nt speaker _| ocations[])
{
out_gain_matrix = [][];
for ( virtual _p_idx : range(uphem _virt_srcs.size()) )
{
out _gain_matrix[virtual _p_idx] =
CGet Li near Gai nVect or Fr onirabl e(
uphem _virt_srcs,
uphemi _functi ons,
virtual _p_idx,
speaker _| ocations );
}
return out_gain_matrix;
}
7.3.1.3 list_of _all_groups_equator_or_upper

The following list defines all the supported groups for custom virtual speakers in the upper hemisphere and the
equatorial plane.
l'ist_of _all_groups_equator_or_upper = {

G oupEquat or Or Upper 1,

G oupEquat or O Upper 2,

G oupEquat or O Upper 21

h
7.3.2 GroupEquatorOrUpperl
7.3.2.1  Channel Layouts in GroupEquatorOrUpperl

Channel layout bitmasks that use Gr oupEquat or Or Upper 1 fold-down coefficients are listed in Table 4.

Table 4: GroupEquatorOrUpperl list_of_channel_masks]]

0x00000006 0x00001800 0x00001E00 0x00060000 0x00060600 0x00061800 0x00061E00
0x00000007 0x00001801 0x00001E01 0x00060001 0x00060601 0x00061801 0x00061E01
0x00000606 0x00001806 0x00001E06 0x00060006 0x00060606 0x00061806 0x00061E06
0x00000607 0x00001807 0x00001E07 0x00060007 0x00060607 0x00061807 0x00061E07
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Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperl

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 5.

Table 5: GroupEquatorOrUpperl Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers

eqtr_functions LeftLargestEqtr() RightLargestEqtr()
Virtual Speakers
eqtr _virt_srcs eqtr_folddown[][]

(-135,0, 1) 0dB

(135, 0, 1) 0dB

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 6.

Table 6: GroupEquatorOrUpperl Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
upheni _functions

ClosestAzEq(-40)

ClosestAzEq(40)

RightLargestEqtr()

RightLargestEqtr()

Virtual Speakers
uphem _virt_srcs

uphemi_folddown[][]

(-45, 45, 1)

0dB

(45, 45, 1)

0dB

(-135, 45, 1)

0dB

(135, 45, 1)

0dB

Fold-down coefficients for virtual speakers in lower hemisphere are defined in clauses 7.4.3 and 7.4.4.

7.3.3

7.3.3.1

GroupEquatorOrUpper2

Channel Layouts in GroupEquatorOrUpper2

Channel layout bitmasks that use Gr oupEquat or Or Upper 2 fold-down coefficients are listed in Table 7.

Table 7: GroupEquatorOrUpper2 list_of_channel_masks]]

0x01800006 0x01861E00 0x01C61800 0xC0060600 0xC0460000 0xC1801E00 | 0xC1C01800
0x01800007 0x01861E01 0x01C61801 0xC0060601 0xC0460001 0xC1801E01 | 0xC1C01801
0x01800606 0x01861E06 0x01C61806 0xC0060606 0xC0460006 0xC1801E06 | 0xC1C01806
0x01800607 0x01861E07 0x01C61807 0xC0060607 0xC0460007 0xC1801E07 | 0xC1C01807
0x01801800 0x01C00006 0x01C61E00 0xC0061800 0xC0460600 0xC1860000 | OxC1CO1EQO0
0x01801801 0x01C00007 0x01C61E01 0xC0061801 0xC0460601 0xC1860001 | OxC1CO1EOQ1
0x01801806 0x01C00606 0x01C61E06 0xC0061806 0xC0460606 0xC1860006 | OxC1CO1E06
0x01801807 0x01C00607 0x01C61E07 0xC0061807 0xC0460607 0xC1860007 | OxC1CO1EO7
0x01801E00 0x01C01800 0xC0000006 0xC0061E00 0xC0461800 0xC1860600 0xC1C60000
0x01801E01 0x01C01801 0xC0000007 0xC0061E01 0xC0461801 0xC1860601 0xC1C60001
0x01801E06 0x01C01806 0xC0000606 0xC0061E06 0xC0461806 0xC1860606 0xC1C60006
0x01801E07 0x01C01807 0xC0000607 0xC0061E07 0xC0461807 0xC1860607 0xC1C60007
0x01860000 0x01C01EQ0 0xC0001800 0xC0400006 0xC0461E00 0xC1861800 | 0xC1C60600
0x01860001 0x01CO01EO01 0xC0001801 0xC0400007 0xC0461E01 0xC1861801 0xC1C60601
0x01860006 0x01C01E06 0xC0001806 0xC0400606 0xC0461E06 0xC1861806 0xC1C60606
0x01860007 0x01C01EOQ7 0xC0001807 0xC0400607 0xC0461E07 0xC1861807 0xC1C60607
0x01860600 0x01C60000 0xC0001E00 0xC0401800 0xC1800006 0xC1861E00 | 0xC1C61800
0x01860601 0x01C60001 0xC0001E01 0xC0401801 0xC1800007 0xC1861E01 | 0xC1C61801
0x01860606 0x01C60006 0xC0O001E06 0xC0401806 0xC1800606 0xC1861E06 | 0xC1C61806
0x01860607 0x01C60007 0xC0001E07 0xC0401807 0xC1800607 0xC1861E07 | 0xC1C61807
0x01861800 0x01C60600 0xC0060000 0xC0401E00 0xC1801800 | 0xC1C00006 | OxC1C61EQ0
0x01861801 0x01C60601 0xC0060001 0xC0401E01 0xC1801801 0xC1C00007 | OxC1C61E01
0x01861806 0x01C60606 0xC0060006 0xC0401E06 0xC1801806 | 0xC1C00606 | OxC1C61E06
0x01861807 0x01C60607 0xC0060007 0xC0401E07 0xC1801807 0xC1C00607 | OxC1C61E07

ETSI




7.3.3.2

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 8.

44

ETSI TS 103 584 V1.1.1 (2018-01)

Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper2

Table 8: GroupEquatorOrUpper2 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Pekzs‘r'i?luﬁgffgssrs LeftLargestEqtr() RightLargestEqtr() PrefOrder(Lhr,Ltr) PrefOrder(Rhr,Rtr)
Virtual Speakers
eqtr virt srcs eqtr_folddown[][]

(-135,0,1) -3,0103 dB -3,0103 dB

(135,0,1) -3,0103 dB -3,0103 dB

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 9.

Table 9: GroupEquatorOrUpper2 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
upheni _functions

ClosestAzEq(-40)

ClosestAzEq(40)

PrefOrder(Ltr,Lhr)

PrefOrder(Rtr,Rhr)

Virtual Speakers
uphem _virt_srcs

uphemi_folddownl[][]

(-45,45,1)

-3,0103 dB

-3,0103 dB

(45,45,1)

-3,0103 dB

-3,0103 dB

7.3.4

7.34.1

GroupEquatorOrUpper3

Channel Layouts in GroupEquatorOrUpper3

Channel layout bitmasks that use Gr oupEquat or Or Upper 3 fold-down coefficients are listed in Table 10.

Table 10: GroupEquatorOrUpper3 list_of _channel_masks]]

0x00404006 0x00405800 0x00405E00 0x00464000 0x00464600 0x00465800 0x00465E00
0x00404007 0x00405801 0x00405E01 0x00464001 0x00464601 0x00465801 0x00465E01
0x00404606 0x00405806 0x00405E06 0x00464006 0x00464606 0x00465806 0x00465E06
0x00404607 0x00405807 0x00405E07 0x00464007 0x00464607 0x00465807 0x00465E07

7.3.4.2

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 11.

Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper3

Table 11: GroupEquatorOrUpper3 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Pe%sr'i?luﬁgf ia é(r(]esrs LeftLargestEqtr() RightLargestEqtr() Chr
Virtual Speakers
eqtr virt_srcs eqtr_folddown[][]
(-135,0,1) -3,0103 dB -3,0103 dB
(135,0,1) -3,0103 dB -3,0103 dB
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Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 12.

Table 12: GroupEquatorOrUpper3 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions

Virtual Speakers

ClosestAzEq(-40) ClosestAzEQq(40) Ch

uphemi_folddown([][]

uphem _virt_srcs
(-45,45,1) -3,0103 dB -3,0103 dB
(45,45,1) -3,0103 dB -3,0103 dB
7.3.5 GroupEquatorOrUpper4
7.3.5.1  Channel Layouts in GroupEquatorOrUpper4

Channel layout bitmasks that use Gr oupEquat or Or Upper 4 fold-down coefficients are listed in Table 13.

Table 13: GroupEquatorOrUpper4 list_of_channel_masks]]

0x00300006 | 0x00301800 | OxO0301E00 | 0x00360000 | 0x00360600 | 0x00361800 | Ox00361E00
0x00300007 | 0x00301801 | OxO0301EO1 | 0x00360001 | 0x00360601 | 0x00361801 | Ox00361E01
0x00300606 | 0x00301806 | OxO0301E06 | 0x00360006 | 0x00360606 | 0x00361806 | Ox00361E06
0x00300607 | 0x00301807 | OxO0301E07 | 0x00360007 | 0x00360607 | 0x00361807 | Ox00361E07
7.3.5.2  Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper4

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 14.

Table 14: GroupEquatorOrUpper4 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers
egtr_functions

Virtual Speakers
egtr_virt_srcs
(-135,0,1) 0dB
(135,0,1) 0dB

PrefOrder (Lss,Lhs,Ltm) PrefOrder (Rss,Rhs,Rtm)

eqtr_folddown[][]

Table 15: GroupEquatorOrUpper4 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
upheni _functions

Virtual Speakers
uphem _virt_srcs
(-45,45,1)
(45,45,1)

ClosestAzEq(-40) ClosestAzEQq(40) ExclusiveOr (Lhs,Ltm) ExclusiveOr (Rhs,Rtm)

uphemi_folddown[][]
-3,0103 dB

-3,0103 dB

-3,0103 dB -3,0103 dB
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Channel layout bitmasks that use Gr oupEquat or Or Upper 5 fold-down coefficients are listed in Table 16.

Table 16: GroupEquatorOrUpper5 list_of _channel_masks]]

0x00400006 | 0x00401800 | Ox00401E00 | 0x00460000 | Ox00460600 | Ox00461800 | Ox00461E00
0x00400007 | 0x00401801 | Ox00401E01 | Ox00460001 | Ox00460601 | Ox00461801 | Ox00461E01
0x00400606 | 0x00401806 | Ox00401E06 | 0x00460006 | Ox00460606 | 0x00461806 | Ox00461E06
0x00400607 | 0x00401807 | Ox00401E07 | 0x00460007 | Ox00460607 | 0x00461807 | Ox00461E07
7.3.6.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper5

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 17.

Table 17: GroupEquatorOrUpper5 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speak :
eq);srli?ungte ia or?srs LeftLargestEqtr() RightLargestEqtr() Chr
Virtual Speakers
eqtr virt_srcs eqtr_folddown[][]
(-135,0,1) -12,3045 dB -0,2633 dB
(135,0,1) -12,3045 dB -0,2633 dB

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 18.

Table 18: GroupEquatorOrUpper5 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphemi _functions
Virtual Speakers
uphem _virt_srcs

ClosestAzEq(-40) ClosestAzEq(40)

uphemi_folddown[][]

(-45,45,1) 0dB
(45,45,1) 0dB
7.3.7 GroupEquatorOrUpper6
7.3.7.1  Channel Layouts in GroupEquatorOrUpper6

Channel layout bitmasks that use Gr oupEquat or Or Upper 6 fold-down coefficients are listed in Table 19.

Table 19: GroupEquatorOrUpper6 list_of _channel_masks]]

0x00004006 0x00005800 0x00005E00 0x00064000 0x00064600 0x00065800 0x00065E00
0x00004007 0x00005801 0x00005E01 0x00064001 0x00064601 0x00065801 0x00065E01
0x00004606 0x00005806 0x00005E06 0x00064006 0x00064606 0x00065806 0x00065E06
0x00004607 0x00005807 0x00005E07 0x00064007 0x00064607 0x00065807 0x00065E07
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Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper6

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 20.

Table 20: GroupEquatorOrUpper6 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers

eqtr_functions LeftLargestEqtr() RightLargestEqtr()
Virtual Speakers
eqtr _virt_srcs eqtr_folddown([][]

(-135,0,1) 0dB

(135,0,1) 0dB

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 21.

Table 21: GroupEquatorOrUpper6 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

E pmfnifzilf Eﬁgﬁkgrré LeftLargestEqtr() RightLargestEqtr() Ch
u;’r'lfg‘rjj"_apreta_k;fis uphemi_folddown[][]
(-135, 45,1) -3,0103 dB -3,0103 dB
(135, 45,1) -3,0103 dB -3,0103 dB
7.3.8 GroupEquatorOrUpper7
7.3.8.1  Channel Layouts in GroupEquatorOrUpper7

Channel layout bitmasks that use Gr oupEquat or Or Upper 7 fold-down coefficients are listed in Table 22.

Table 22: GroupEquatorOrUpper7 list_of _channel_masks]]

0x0000A006 0x0006A000 0x0006F800 0x30005800 0x3000F800 0x30064000 0x3006B800
0x0000A007 0x0006A001 0x0006F801 0x30005801 0x3000F801 0x30064001 0x3006B801
0x0000A606 0x0006A006 0x0006F806 0x30005806 0x3000F806 0x30064006 0x3006B806
0x0000A607 0x0006A007 0x0006F807 0x30005807 0x3000F807 0x30064007 0x3006B807
0x0000B800 0x0006A600 0x0006FEQO 0x30005E00 0x3000FEQO 0x30064600 0x3006BE0OO
0x0000B801 0x0006A601 0x0006FEOQ1 0x30005E01 0x3000FEOQ1 0x30064601 0x3006BEO1
0x0000B806 0x0006A606 0x0006FEQ6 0x30005E06 0x3000FEQ6 0x30064606 0x3006BEO6
0x0000B807 0x0006A607 0x0006FEOQ7 0x30005E07 0x3000FEQ7 0x30064607 0x3006BEO7
0x0000BEOO 0x0006B800 0x30000006 0x3000A006 0x30060000 0x30065800 0x3006E000
0x0000BEO1 0x0006B801 0x30000007 0x3000A007 0x30060001 0x30065801 0x3006E001
0x0000BEO6 0x0006B806 0x30000606 0x3000A606 0x30060006 0x30065806 0x3006E006
0x0000BEO7 0x0006B807 0x30000607 0x3000A607 0x30060007 0x30065807 0x3006E007
0x0000E006 0x0006BEOO 0x30001800 0x3000B800 0x30060600 0x30065E00 0x3006E600
0x0000EQ07 0x0006BEO1 0x30001801 0x3000B801 0x30060601 0x30065E01 0x3006E601
0x0000E606 0x0006BEO6 0x30001806 0x3000B806 0x30060606 0x30065E06 0x3006E606
0x0000E607 0x0006BEOQ7 0x30001807 0x3000B807 0x30060607 0x30065E07 0x3006E607
0x0000F800 0x0006E000 0x30001E00 0x3000BEOO 0x30061800 0x3006A000 0x3006F800
0x0000F801 0x0006E001 0x30001E01 0x3000BEO1 0x30061801 0x3006A001 0x3006F801
0x0000F806 0x0006E006 0x30001E06 0x3000BE0O6 0x30061806 0x3006A006 0x3006F806
0x0000F807 0x0006E007 0x30001E07 0x3000BEQO7 0x30061807 0x3006A007 0x3006F807
0x0000FEQOQ 0x0006E600 0x30004006 0x3000E006 0x30061E00 0x3006A600 0x3006FEQO0
0x0000FEOQ1 0x0006E601 0x30004007 0x3000E007 0x30061E01 0x3006A601 0x3006FEO1
0x0000FEQ6 0x0006E606 0x30004606 0x3000E606 0x30061E06 0x3006A606 0x3006FEQ6
0x0000FEQ7 0x0006E607 0x30004607 0x3000E607 0x30061E07 0x3006A607 0x3006FEQ7
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Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 23.
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Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper7

Table 23: GroupEquatorOrUpper7 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers

eqtr_functions LeftLargestEqtr() RightLargestEqtr()
Virtual Speakers
eqtr _virt_srcs eqtr_folddown[][]

(-135,0,1) 0dB

(135,0,1) 0dB

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 24.

Table 24: GroupEquatorOrUpper7 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions

PrefOrder (Ltf, Lh)

PrefOrder (Rtf, Rh)

Virtual Speakers
uphem _virt_srcs

uphemi_folddownl[][]

(-135, 45,1) 0dB
(135, 45,1) 0dB

7.3.9 GroupEquatorOrUpper8

7.3.9.1  Channel Layouts in GroupEquatorOrUpper8

Channel layout bitmasks that use Gr oupEquat or Or Upper 8 fold-down coefficients are listed in Table 25.

Table 25: GroupEquatorOrUpper8 list_of _channel_masks]]

list_of channel_masks][]

0x00304006 0x0030F800 0x0036A600 0x30300006 0x3030B800 0x30361800 0x3036A600
0x00304007 0x0030F801 0x0036A601 0x30300007 0x3030B801 0x30361801 0x3036A601
0x00304606 0x0030F806 0x0036A606 0x30300606 0x3030B806 0x30361806 0x3036A606
0x00304607 0x0030F807 0x0036A607 0x30300607 0x3030B807 0x30361807 0x3036A607
0x00305800 0x0030FEOQO0 0x0036B800 0x30301800 0x3030BEOO 0x30361E00 0x3036B800
0x00305801 0x0030FEOQ1 0x0036B801 0x30301801 0x3030BEO1 0x30361E01 0x3036B801
0x00305806 0x0030FEOQ6 0x0036B806 0x30301806 0x3030BEO6 0x30361E06 0x3036B806
0x00305807 0x0030FEQ7 0x0036B807 0x30301807 0x3030BEO7 0x30361E07 0x3036B807
0x00305E00 0x00364000 0x0036BEOO 0x30301E00 0x3030E006 0x30364000 0x3036BE0OO
0x00305E01 0x00364001 0x0036BEO1 0x30301E01 0x3030E007 0x30364001 0x3036BEO1
0x00305E06 0x00364006 0x0036BEO6 0x30301E06 0x3030E606 0x30364006 0x3036BE06
0x00305E07 0x00364007 0x0036BEO7 0x30301E07 0x3030E607 0x30364007 0x3036BEO7
0x0030A006 0x00364600 0x0036E000 0x30304006 0x3030F800 0x30364600 0x3036E000
0x0030A007 0x00364601 0x0036E001 0x30304007 0x3030F801 0x30364601 0x3036E001
0x0030A606 0x00364606 0x0036E006 0x30304606 0x3030F806 0x30364606 0x3036E006
0x0030A607 0x00364607 0x0036E007 0x30304607 0x3030F807 0x30364607 0x3036E007
0x0030B800 0x00365800 0x0036E600 0x30305800 0x3030FEQ0 0x30365800 0x3036E600
0x0030B801 0x00365801 0x0036E601 0x30305801 0x3030FEQ1 0x30365801 0x3036E601
0x0030B806 0x00365806 0x0036E606 0x30305806 0x3030FEQ6 0x30365806 0x3036E606
0x0030B807 0x00365807 0x0036E607 0x30305807 0x3030FEQ7 0x30365807 0x3036E607
0x0030BEOO 0x00365E00 0x0036F800 0x30305E00 0x30360000 0x30365E00 0x3036F800
0x0030BEO1 0x00365E01 0x0036F801 0x30305E01 0x30360001 0x30365E01 0x3036F801
0x0030BE06 0x00365E06 0x0036F806 0x30305E06 0x30360006 0x30365E06 0x3036F806
0x0030BEO7 0x00365E07 0x0036F807 0x30305E07 0x30360007 0x30365E07 0x3036F807
0x0030E006 0x0036A000 0x0036FEQ0 0x3030A006 0x30360600 0x3036A000 0x3036FEQ0
0x0030E007 0x0036A001 0x0036FEOQ1 0x3030A007 0x30360601 0x3036A001 0x3036FEO1
0x0030E606 0x0036A006 0x0036FEQ6 0x3030A606 0x30360606 0x3036A006 0x3036FEQ6
0x0030E607 0x0036A007 0x0036FEQ7 0x3030A607 0x30360607 0x3036A007 0x3036FEQ7
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Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper8

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 26.

Table 26: GroupEquatorOrUpper8 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers

eqtr_functions LeftLargestEqtr () RightLargestEqtr ()
Virtual Speakers
eqtr_virt_srcs eqtr_folddown[][]

(-135,0, 1) 0dB

(135, 0, 1) 5dE

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 27.

Table 27: GroupEquatorOrUpper8 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
upheni _functions

ExclusiveOr (Lhs, Ltm)

ExclusiveOr (Rhs, Rtm)

Virtual Speakers
uphem _virt_srcs

uphemi_folddownl[][]

(-135, 45, 1)

0dB

(135, 45, 1)

0dB

7.3.10 GroupEquatorOrUpper9

7.3.10.1 Channel Layouts in GroupEquatorOrUpper9

Channel layout bitmasks that use Gr oupEquat or Or Upper 9 fold-down coefficients are listed in Table 28.

Table 28: GroupEquatorOrUpper9 list_of _channel_masks]]

0x00700006 0x01B00006 0x01F00006 0xC0300006 0xC0700006 0xC1B00006 0xC1F00006
0x00700007 0x01B00007 0x01F00007 0xC0300007 0xC0700007 0xC1B00007 0xC1F00007
0x00700606 0x01B00606 0x01F00606 0xC0300606 0xC0700606 0xC1B00606 0xC1F00606
0x00700607 0x01B00607 0x01F00607 0xC0300607 0xC0700607 0xC1B00607 0xC1F00607
0x00701800 0x01B01800 0x01F01800 0xC0301800 0xC0701800 0xC1B01800 0xC1F01800
0x00701801 0x01B01801 0x01F01801 0xC0301801 0xC0701801 0xC1B01801 0xC1F01801
0x00701806 0x01B01806 0x01F01806 0xC0301806 0xC0701806 0xC1B01806 0xC1F01806
0x00701807 0x01B01807 0x01F01807 0xC0301807 0xC0701807 0xC1B01807 0xC1F01807
0x00701E00 0x01BO1EOO 0x01F01EQ0 0xC0301E00 | OxCO701E00 | OxC1BO1EOO | OxC1FO1EOQO
0x00701E01 0x01BO1EO1 0x01F01E0Q01 0xC0301E01 0xC0701E01 | OxC1BO1EO1 | OxC1FO1EO1
0x00701E06 0x01B0O1EO6 0x01FO01EQ6 0xC0301E06 | O0xCO701E06 | OxC1BO1EQ6 | OxC1FO1EQ6
0x00701E07 0x01B0O1EO7 0x01FO01EQ7 0xC0301E07 0xC0701E07 | OxC1BO1EQ7 | OxC1FO1EQ7
0x00760000 0x01B60000 0x01F60000 0xC0360000 0xC0760000 0xC1B60000 0xC1F60000
0x00760001 0x01B60001 0x01F60001 0xC0360001 0xC0760001 0xC1B60001 0xC1F60001
0x00760006 0x01B60006 0x01F60006 0xC0360006 0xC0760006 0xC1B60006 0xC1F60006
0x00760007 0x01B60007 0x01F60007 0xC0360007 0xC0760007 0xC1B60007 0xC1F60007
0x00760600 0x01B60600 0x01F60600 0xC0360600 0xC0760600 0xC1B60600 0xC1F60600
0x00760601 0x01B60601 0x01F60601 0xC0360601 0xC0760601 0xC1B60601 0xC1F60601
0x00760606 0x01B60606 0x01F60606 0xC0360606 0xC0760606 0xC1B60606 0xC1F60606
0x00760607 0x01B60607 0x01F60607 0xC0360607 0xC0760607 0xC1B60607 0xC1F60607
0x00761800 0x01B61800 0x01F61800 0xC0361800 0xC0761800 0xC1B61800 0xC1F61800
0x00761801 0x01B61801 0x01F61801 0xC0361801 0xC0761801 0xC1B61801 0xC1F61801
0x00761806 0x01B61806 0x01F61806 0xC0361806 0xC0761806 0xC1B61806 0xC1F61806
0x00761807 0x01B61807 0x01F61807 0xC0361807 0xC0761807 0xC1B61807 0xC1F61807
0x00761E00 0x01B61E00 0x01F61E00 0xC0361E00 | OxCO761E00 | OxC1B61EO0 | OxC1F61EQ0
0x00761E01 0x01B61E01 0x01F61E01 0xC0361E01 0xCO761E01 | OxC1B61E01 | OxC1F61EOQ1
0x00761E06 0x01B61E06 0x01F61EQ6 0xC0361E06 | OxCO761E06 | OxC1B61EQ6 | OxC1F61EQ06
0x00761E07 0x01B61E07 0x01F61EQ7 0xC0361E07 0xC0761E07 | OxC1B61E07 | OxC1F61EQ7
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7.3.10.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper9

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 29.

Table 29: GroupEquatorOrUpper9 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers
eqtr_functions

PrefOrder (Lhr, Split (Lss,Chr,-3 dB),
ClosestElv (0, ClosestAzUH(-90)))

PrefOrder (Rhr, Split (Rss,Chr,-3 dB),
ClosestElv (0, ClosestAzUH(90)))

Virtual Speakers
eqtr_virt_srcs

eqtr_folddown[][]

(-135,0,1)

0dB

(135,0,1)

0dB

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 30.

Table 30: GroupEquatorOrUpper9 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers

uphemi _funct i ons ClosestAzEq(-40) ClosestAzEq(40) ExclusiveOr (Lhs,Ltm) | ExclusiveOr (Rhs,Rtm)
Virtual Speakers ;
uphemi virt srcs uphemi_folddown[][]
(-45, 45,1) -3,0103 dB -3,0103 dB
(45, 45,1) -3,0103 dB -3,0103 dB
7.3.11 GroupEquatorOrUpperl0

7.3.11.1 Channel Layouts in GroupEquatorOrUpper10

Channel layout bitmasks that use Gr oupEquat or Or Upper 10 fold-down coefficients are listed in Table 31.

Table 31: GroupEquatorOrUpper10 list_of _channel_masks]]

0x0040A006 | 0xO1C6FEO0 | 0x31865E00 0xC000B800 0xC186E000 OxFO301E00 | OxF1861E00
0x0040A007 | OxO1C6FEOQO1 | 0x31865E01 0xC000B801 0xC186E001 0xFO301E01 | OxF1861E01
0x0040A606 | Ox01C6FEO6 | 0x31865E06 0xC000B806 0xC186E006 0xFO301E06 | OxF1861E06
0x0040A607 | 0x01C6FEQ7 | 0x31865E07 0xC000B807 0xC186E007 0xFO301EQ07 | OxF1861E07
0x0040B800 | 0x01F04006 | 0x3186A000 0xCO00BEOO 0xC186E600 0xF0304006 | OxF1864000
0x0040B801 | 0x01F04007 | 0x3186A001 0xCOO00BEO1 0xC186E601 0xF0304007 | OxF1864001
0x0040B806 | Ox01F04606 | 0x3186A006 0xCOOOBEO6 0xC186E606 0xF0304606 | 0xF1864006
0x0040B807 | Ox01F04607 | 0x3186A007 0xCO00BEO7 0xC186E607 0xF0304607 | 0xF1864007
0x0040BEOO | 0x01F05800 | 0x3186A600 0xCO00E006 0xC186F800 0xF0305800 | OxF1864600
0x0040BEO1 | 0x01F05801 | 0x3186A601 0xCO00E0Q7 0xC186F801 0xF0305801 | OxF1864601
0x0040BEO6 | 0x01F05806 | 0x3186A606 0xCO00E606 0xC186F806 0xF0305806 | OxF1864606
0x0040BEO7 | 0x01F05807 | Ox3186A607 0xCO00E607 0xC186F807 0xF0305807 | O0xF1864607
0x0040E006 | OxO1FOSEQ0 | 0x3186B800 0xCO00F800 0xC186FE00 O0xFO305E00 | OxF1865800
0x0040E007 | OxO1FOSEO1 | 0x3186B801 0xCO00F801 0xC186FEO1 OxFO305E01 | OxF1865801
0x0040E606 | OXO1FOSEO6 | 0x3186B806 0xCO00F806 O0xC186FE06 O0xFO305E06 | 0xF1865806
0x0040E607 | OXO1FOSEO7 | 0x3186B807 0xCO00F807 OxC186FEO07 O0xFO305EQ07 | 0xF1865807
0x0040F800 | Ox01FOAQ06 | O0x3186BEO0 | OxCOOOFEOOQ 0xC1B04006 0xFO30A006 | OxF1865E00
0x0040F801 | Ox01FOAQ07 | 0x3186BEO1 0xCOOOFEO1 0xC1B04007 0xFO30A007 | OxF1865E01
0x0040F806 | Ox01FOAG06 | Ox3186BEQ6G 0xCOOOFEO6 0xC1B04606 0xFO30A606 | OxF1865E06
0x0040F807 | Ox01FOAG607 | Ox3186BEQ7 0xCOOOFEQ7 0xC1B04607 0xFO30A607 | OxF1865E07
0x0040FEQQ0 | 0x01FOB800 | 0x3186E000 0xC0064000 0xC1B05800 0xFO30B800 | OxF186A000
0x0040FEQO1 | Ox01FOB801 | 0x3186E001 0xC0064001 0xC1B05801 0xF030B801 | OxF186A001
0x0040FEQ6 | Ox01FOB806 | 0x3186E006 0xC0064006 0xC1B05806 0xF030B806 | 0xF186A006
0x0040FEQ7 | 0x01FOB807 | 0x3186E007 0xC0064007 0xC1B05807 0xFO30B807 | OxF186A007
0x0046A000 | 0x01FOBEOO | 0x3186E600 0xC0064600 0xC1BO5EQ0 0xFO30BEOO | OxF186A600
0x0046A001 | Ox01FOBEO1 | 0x3186E601 0xC0064601 0xC1BO5EO1 0xFO30BEO1 | OxF186A601
0x0046A006 | Ox01FOBEO6 | 0x3186E606 0xC0064606 0xC1B0O5EQ6 OxFO30BEOG | OxF186A606
0x0046A007 | Ox01FOBEO7 | 0x3186E607 0xC0064607 0xC1B0O5EOQ7 O0xFO30BEQO7 | OxF186A607
0x0046A600 | OxO1FOEQO6 | 0x3186F800 0xC0065800 0xC1BOA006 0xFO30E006 | OxF186B800
0x0046A601 | OXO1FOEOO7 | Ox3186F801 0xC0065801 0xC1BOA007 O0xFO30E007 | OxF186B801
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0x0046A606 | OxO1FOE606 | 0x3186F806 0xC0065806 0xC1B0OA606 0xFO30E606 | 0xF186B806
0x0046A607 | OxO1FOE607 | Ox3186F807 0xC0065807 0xC1B0OA607 0xFO30E607 | 0xF186B807
0x0046B800 | 0x01FOF800 | Ox3186FEOQO 0xC0065E00 0xC1B0B800 0xFO30F800 | OxF186BEQOO
0x0046B801 | Ox01FOF801 | 0x3186FEQ1 0xCO065E01 0xC1B0B801 O0xFO30F801 | OxF186BEO1
0x0046B806 | Ox01FOF806 | 0x3186FEQ6 0xCO065E06 0xC1B0OB806 O0xFO30F806 | OxF186BEQ6
0x0046B807 | Ox01FOF807 | Ox3186FEQ7 0xC0065E07 0xC1B0B807 O0xFO30F807 | OxF186BEQ7
0x0046BEOO | 0x01FOFEQO | 0x31B00006 0xCO06A000 0xC1BOBEOQO OxFO30FEOQ | OxF186E000
0x0046BEO1 | 0x01FOFEQO1 | 0x31B00007 0xC006A001 0xC1B0OBEO1 OxFO30FEO1 | OxF186E001
0x0046BEO6 | 0x01FOFEO6 | 0x31B00606 0xCO06A006 0xC1BOBEO6 O0xFO30FEO6 | OXF186E006
0x0046BEO7 | Ox01FOFEO7 | 0x31B00607 0xCO06A007 0xC1BOBEO7 O0xFO30FEO7 | OXF186E007
0x0046E000 | Ox01F64000 | 0x31B01800 0xC006A600 0xC1BOE006 0xF0360000 | OxF186E600
0x0046E001 | Ox01F64001 | 0x31B01801 0xC006A601 0xC1BOE0Q7 0xF0360001 | OxF186E601
0x0046E006 | Ox01F64006 | 0x31B01806 0xC006A606 0xC1BOE606 0xF0360006 | OxF186E606
0x0046E007 | 0x01F64007 | 0x31B01807 0xCO06A607 0xC1BOEG607 0xF0360007 | OXxF186E607
0x0046E600 | Ox01F64600 | 0x31B01EOO 0xC006B800 0xC1BOF800 0xF0360600 | OxF186F800
0x0046E601 | Ox01F64601 | 0x31BO1EO1 0xC006B801 0xC1BOF801 0xF0360601 | OxF186F801
0x0046E606 | Ox01F64606 | 0x31B01EQ6 0xC006B806 0xC1BOF806 0xF0360606 | OxF186F806
0x0046E607 | Ox01F64607 | O0x31B0O1EO7 0xC006B807 0xC1BOF807 0xF0360607 | OxF186F807
0x0046F800 | 0x01F65800 | 0x31B04006 0xCO06BE0O 0xC1BOFEOQO 0xF0361800 | OxF186FEQ0OQ
0x0046F801 | Ox01F65801 | 0x31B04007 0xCO06BEO1 O0xC1BOFEO1 0xF0361801 | OxF186FEO1
0x0046F806 | 0x01F65806 | 0x31B04606 0xCO06BE06 0xC1BOFEO06 0xF0361806 | OxF186FE06
0x0046F807 | 0x01F65807 | 0x31B04607 0xC0O06BEOQ7 0xC1BOFEO7 0xF0361807 | OxF186FEQ7
0x0046FEQ0 | Ox01FG65E00 | 0x31B05800 0xCO06E000 0xC1B64000 OxFO361E00 | OxF1B00006
0x0046FEQ1 | Ox01F65E01 | 0x31B05801 0xCO06E001 0xC1B64001 OxFO361E01 | OxF1B00007
0x0046FEQ6 | OXx01FG65E06 | 0x31B05806 0xCOO6E006 0xC1B64006 OxFO361E06 | OxF1B00606
0x0046FEQ7 | Ox01F65E07 | 0x31B05807 0xC0O06E007 0xC1B64007 0xFO0361E07 | OxF1B00607
0x00704006 | Ox01F6A000 | 0x31BOSE00Q 0xC0O06E600 0xC1B64600 0xF0364000 | OxF1B01800
0x00704007 | 0x01F6A001 | 0x31BOSEO1 0xCO06E601 0xC1B64601 0xF0364001 | OxF1B01801
0x00704606 | 0x01F6A006 | 0x31BOSEO6 0xCOO06E606 0xC1B64606 0xF0364006 | OxF1B01806
0x00704607 | Ox01F6A007 | 0x31BOSEOQ7 0xCOO06E607 0xC1B64607 0xF0364007 | OxF1B01807
0x00705800 | Ox01F6A600 | 0x31BOAO006 0xCO06F800 0xC1B65800 0xF0364600 | OxF1BO1EOQO
0x00705801 | Ox01F6A601 | 0x31BOA00O7 0xCO06F801 0xC1B65801 0xF0364601 | OxF1BO1EO1
0x00705806 | 0x01F6A606 | 0x31BOAG06 0xCO06F806 0xC1B65806 0xF0364606 | OxXF1BO1EO6
0x00705807 | 0x01F6A607 | 0x31BOAGO7 0xCO06F807 0xC1B65807 0xF0364607 | OXF1BO1EO7
0x00705E00 | OxO01F6B800 | 0x31BOB800 0xCO06FEOOQ 0xC1B65E00 0xF0365800 | OxF1B04006
0x00705E01 | Ox01F6B801 | 0x31B0B801 0xCO06FEO1 0xC1B65E01 0xF0365801 | OxF1B04007
0x00705E06 | 0xO1F6B806 | 0x31BOB806 0xCOO6FEO06 0xC1B65E06 0xF0365806 | OxF1B04606
0x00705E07 | 0x01F6B807 | 0x31BOB807 0xCOO06FEQ7 0xC1B65E07 0xF0365807 | OxF1B04607
0x0070A006 | 0x01F6BEOO | 0x31BOBEOO 0xC0304006 0xC1B6A000 0xFO365E00 | OxF1B05800
0x0070A007 | Ox01F6BEO1 | Ox31BOBEO1 0xC0304007 0xC1B6A001 0xFO365E01 | 0xF1B05801
0x0070A606 | Ox01F6BEO6 | 0x31BOBEO6 0xC0304606 0xC1B6A006 0xFO365E06 | 0xF1B05806
0x0070A607 | Ox01F6BEO7 | Ox31BOBEOY 0xC0304607 0xC1B6A007 0xFO365E07 | 0xF1B05807
0x0070B800 | OxO1F6EQ00 | O0x31BOEOO6 0xC0305800 0xC1B6A600 0xFO36A000 | OxF1BOSEO0OQ
0x0070B801 | OxO1F6EQ01 | Ox31BOEOO7 0xC0305801 0xC1B6A601 0xFO36A001 | OxF1BOSEO1
0x0070B806 | OXO1FG6E006 | 0x31BOE606 0xC0305806 0xC1B6A606 0xFO36A006 | OxF1BO5E06
0x0070B807 | OxO1F6EO007 | 0x31BOE6QO7 0xC0305807 0xC1B6A607 0xFO36A007 | OXF1BO5EO7
0x0070BEOO | Ox01FG6E600 | 0x31BOF800 0xCO305E00 0xC1B6B800 0xFO36A600 | OxF1BOAOO6
0x0070BEO1 | Ox01FGE601 | 0x31BOF801 0xC0305E01 0xC1B6B801 0xFO36A601 | OxF1BOAOO7
0x0070BEO6 | Ox0O1FGE606 | 0x31BOF806 0xC0305E06 0xC1B6B806 0xFO36A606 | OxF1BOAG606
0x0070BEO7 | Ox01F6E607 | 0x31BOF807 0xCO305E07 0xC1B6B807 0xFO36A607 | OXF1BOAGO7
0x0070EQ006 | Ox01F6F800 | 0x31BOFEOOQ 0xC030A006 0xC1B6BEQO 0xF036B800 | OxF1BOB80O
0x0070EQ007 | Ox01F6F801 | 0x31BOFEO1 0xC030A007 0xC1B6BEO1 0xF036B801 | OxF1BOB801
0x0070E606 | Ox01F6F806 | Ox31BOFEO6 0xC030A606 0xC1B6BEO6 0xFO36B806 | 0xF1BOB806
0x0070E607 | OX01F6F807 | Ox31BOFEOQ7 0xC030A607 0xC1B6BEO7 0xFO036B807 | 0xF1BOB807
0x0070F800 | Ox01F6FEQO | 0x31B60000 0xC030B800 0xC1B6E000 0xFO36BEOO | OxF1BOBEOO
0x0070F801 | Ox01F6FEO1 | 0x31B60001 0xC030B801 0xC1B6E001 0xFO36BEO1 | OxF1BOBEO1
0x0070F806 | Ox01F6FEO6 | 0x31B60006 0xC030B806 0xC1B6E006 0xFO36BEO6 | OXF1BOBEOG
0x0070F807 | Ox01F6FEO7 | 0x31B60007 0xC030B807 0xC1B6E0Q7 0xFO36BEO7 | OXF1BOBEO7
0x0070FEQQ0 | 0x30400006 | 0x31B60600 0xCO30BEOO 0xC1B6E600 O0xFO36E000 | OxF1BOEOO6
0x0070FEQ1 | 0x30400007 | 0x31B60601 0xC030BEO1 0xC1B6E601 0xFO36E001 | OXF1BOEOO7
0x0070FEQ6 | 0x30400606 | 0x31B60606 0xCO30BEO06 0xC1B6E606 0xFO36E006 | OXF1BOEG06
0x0070FEQ7 | 0x30400607 | 0x31B60607 0xCO30BEO7 0xC1B6E607 0xFO36E007 | OxF1BOE607
0x00764000 | 0x30401800 | 0x31B61800 0xCO30E006 0xC1B6F800 OxFO36E600 | OxF1BOF800
0x00764001 | 0x30401801 | 0x31B61801 0xC030E007 0xC1B6F801 OxFO36E601 | OxF1BOF801
0x00764006 | 0x30401806 | 0x31B61806 0xC0O30E606 0xC1B6F806 0xFO36E606 | OXF1BOF806
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0x00764007 | 0x30401807 | 0x31B61807 0xC0O30E607 0xC1B6F807 0xFO36E607 | OXF1BOF807
0x00764600 | 0x30401E00 | 0x31B61E00Q 0xCO30F800 0xC1B6FEO00 0xFO36F800 | OxF1BOFEOO
0x00764601 | 0x30401E01 | 0x31B61EO1 0xCO30F801 0xC1B6FEO1 0xFO36F801 | OxF1BOFEO1
0x00764606 | Ox30401E06 | 0x31B61E06 0xC0O30F806 0xC1BG6FEOQ6 0xFO36F806 | OXF1BOFEO06
0x00764607 | 0x30401EQ07 | 0x31B61EOQ7 0xC030F807 0xC1B6FEOQ7 0xFO36F807 | OXF1BOFEO7
0x00765800 | 0x30404006 | 0x31B64000 0xCO30FE00 0xC1C04006 O0xFO36FEQO0 | OxF1B60000
0x00765801 | 0x30404007 | 0x31B64001 0xCO30FEO1 0xC1C04007 OxFO36FEQO1 | OxF1B60001
0x00765806 | 0x30404606 | 0x31B64006 0xCO30FE06 0xC1C04606 O0xFO36FEO6 | OxF1B60006
0x00765807 | 0x30404607 | 0x31B64007 0xCO30FEO07 0xC1C04607 O0xFO36FEQ7 | OxF1B60007
0x00765E00 | 0x30405800 | 0x31B64600 0xC0364000 0xC1C05800 0xF0400006 | OxF1B60600
0x00765E01 | 0x30405801 | 0x31B64601 0xC0364001 0xC1C05801 0xF0400007 | OxF1B60601
0x00765E06 | 0x30405806 | 0x31B64606 0xC0364006 0xC1C05806 0xF0400606 | OxF1B60606
0x00765E07 | 0x30405807 | 0x31B64607 0xC0364007 0xC1C05807 0xF0400607 | OxF1B60607
0x0076A000 | 0x30405E00 | 0x31B65800 0xC0364600 0xC1CO5EQ0 0xF0401800 | OxF1B61800
0x0076A001 | Ox30405E01 | 0x31B65801 0xC0364601 0xC1CO5EO01 0xF0401801 | OxF1B61801
0x0076A006 | 0x30405E06 | 0x31B65806 0xC0364606 0xC1CO5E06 0xF0401806 | OxF1B61806
0x0076A007 | 0x30405E07 | 0x31B65807 0xC0364607 0xC1CO5EQ7 0xF0401807 | OxF1B61807
0x0076A600 | 0x3040A006 | 0x31B65E00 0xC0365800 0xC1COAQ06 0xFO401EQ0 | OxF1B61E00Q
0x0076A601 | 0x3040A007 | Ox31B65E01 0xC0365801 0xC1COAQQ7 0xFO401E01 | OxF1B61EO1
0x0076A606 | 0x3040A606 | Ox31B65E06 0xC0365806 0xC1CO0A606 O0xFO401E06 | OxF1B61E06
0x0076A607 | 0x3040A607 | Ox31B65E07 0xC0365807 0xC1COA607 0xFO401E07 | OxF1B61EO7
0x0076B800 | 0x3040B800 | 0x31B6A000 0xC0365E00 0xC1C0B800 0xF0404006 | OxF1B64000
0x0076B801 | 0x3040B801 | 0x31B6A001 0xC0365E01 0xC1C0B801 0xF0404007 | OxF1B64001
0x0076B806 | 0x3040B806 | 0x31B6A006 0xCO0365E06 0xC1C0B806 0xF0404606 | OxF1B64006
0x0076B807 | 0x3040B807 | O0x31B6A007 0xCO0365E07 0xC1C0B807 0xF0404607 | OxF1B64007
0x0076BEOQ | 0x3040BEOO0 | 0x31B6A600 0xC036A000 0xC1COBEOO 0xF0405800 | OxF1B64600
0x0076BEO1 | 0x3040BEO1 | 0x31B6A601 0xC036A001 0xC1COBEO1 0xF0405801 | OxF1B64601
0x0076BEO6 | 0x3040BEO6 | Ox31B6A606 0xC036A006 O0xC1COBEOG6 0xF0405806 | OxF1B64606
0x0076BEO7 | 0x3040BEO7 | Ox31B6A607 0xC036A007 0xC1COBEOQ7 0xF0405807 | OxF1B64607
0x0076E000 | 0x3040E006 | 0x31B6B800 0xC036A600 0xC1COEQ06 0xFO405E00 | OxF1B65800
0x0076E001 | 0x3040E007 | 0x31B6B801 0xC036A601 0xC1COEQ07 0xFO405E01 | OxF1B65801
0x0076E006 | 0x3040E606 | 0x31B6B806 0xC036A606 0xC1COE606 0xFO405E06 | 0xF1B65806
0x0076E007 | 0x3040E607 | 0x31B6B807 0xC036A607 0xC1COE607 0xFO405EQ7 | OxF1B65807
0x0076E600 | 0x3040F800 | 0x31B6BEOO0 | 0xC036B800 0xC1COF800 0xFO40A006 | OXxF1B65E00
0x0076E601 | Ox3040F801 | Ox31B6BEO1 | 0xC036B801 0xC1COF801 0xFO40A007 | OxF1B65E01
0x0076E606 | 0x3040F806 | Ox31B6BEO6 | 0xC036B806 0xC1COF806 0xFO40A606 | OXF1B65E06
0x0076E607 | 0x3040F807 | O0x31B6BEO7 | 0xC036B807 0xC1COF807 0xFO40A607 | OXF1B65E07
0x0076F800 | Ox3040FEOQ | Ox31B6EOOO0 | OxCO36BEQO 0xC1COFEOQOQ 0xF040B800 | OxF1B6A000
0x0076F801 | Ox3040FEO1 | Ox31B6E001 | OxCO36BEO1 O0xC1COFEO1 0xF040B801 | OxF1B6A001
0x0076F806 | Ox3040FEO6 | 0x31B6E006 | O0xCO36BEQ6 0xC1COFEOQ6 0xF040B806 | OxF1B6A006
0x0076F807 | Ox3040FEO7 | Ox31B6E007 | O0xCO36BEOQ7 0xC1COFEOQ7 0xF040B807 | OxF1B6A007
0x0076FEQO0 | 0x30460000 | 0x31B6EGOO 0xC036E000 0xC1C64000 0xFO40BEOO | OxF1B6A600
0x0076FEQ1 | 0x30460001 | 0x31B6E601 0xC036E001 0xC1C64001 0xFO40BEO1 | OxF1B6A601
0x0076FEQ6 | 0x30460006 | 0x31B6E606 0xCO36E006 0xC1C64006 0xFO40BEO6 | OxF1B6A606
0x0076FEQ7 | 0x30460007 | 0x31B6E6GO7 0xC036E007 0xC1C64007 0xFO40BEQ7 | OxF1B6A607
0x01804006 | 0x30460600 | 0x31B6F800 0xC036E600 0xC1C64600 0xFO40E006 | OxF1B6B800
0x01804007 | 0x30460601 | 0x31B6F801 0xC036E601 0xC1C64601 0xFO40E007 | OxF1B6B801
0x01804606 | 0x30460606 | 0x31B6F806 0xCO36E606 0xC1C64606 0xFO40E606 | OxF1B6B806
0x01804607 | 0x30460607 | 0x31B6F807 0xC036E607 0xC1C64607 0xFO40E607 | OxF1B6B807
0x01805800 | 0x30461800 | Ox31B6FEOOQ 0xC036F800 0xC1C65800 0xFO40F800 | OxF1B6BEOO
0x01805801 | 0x30461801 | Ox31B6FEO1 0xCO036F801 0xC1C65801 0xFO40F801 | OxF1B6BEO1
0x01805806 | 0x30461806 | Ox31B6FE06 0xCO36F806 0xC1C65806 0xFO40F806 | OxF1B6BEO6
0x01805807 | 0x30461807 | Ox31B6FEQ7 0xC036F807 0xC1C65807 O0xFO40F807 | OXF1B6BEO7
0x01805E00 | 0x30461E00 | 0x31C00006 0xCO36FEOO0 0xC1C65E00 OxFO40FEOO0 | OxF1B6EOOO
0x01805E01 | 0x30461E01 | 0x31C00007 0xCO36FEO1 0xC1C65E01 OxFO40FEO1 | OxF1B6EQO1
0x01805E06 | 0x30461E06 | 0x31C00606 0xCO36FE06 0xC1C65E06 OxFO40FE06 | OXF1B6EQO6
0x01805E07 | 0x30461E07 | 0x31C00607 0xCO36FEQ7 0xC1C65E0Q7 OxFO40FEO7 | OXF1BGEOO7
0x0180A006 | 0x30464000 | 0x31C01800 0xC0404006 0xC1C6A000 0xF0460000 | OXF1BGEG00
0x0180A007 | 0x30464001 | 0x31C01801 0xC0404007 0xC1C6A001 0xF0460001 | OXF1B6EG01
0x0180A606 | 0x30464006 | 0x31C01806 0xC0404606 0xC1C6A006 0xF0460006 | OxF1B6E606
0x0180A607 | 0x30464007 | 0x31C01807 0xC0404607 0xC1C6A007 0xF0460007 | OXF1B6E6O7
0x0180B800 | 0x30464600 | 0x31CO1EO0 0xC0405800 0xC1C6A600 0xF0460600 | OxF1B6F800
0x0180B801 | 0x30464601 | 0x31CO1EO1 0xC0405801 0xC1C6A601 0xF0460601 | OxF1B6F801
0x0180B806 | 0x30464606 | 0x31CO1EO6 0xC0405806 0xC1C6A606 0xF0460606 | OxF1B6F806
0x0180B807 | 0x30464607 | 0x31CO1EQ07 0xC0405807 0xC1C6A607 0xF0460607 | OxF1B6F807
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0x0180BEOO | 0x30465800 | 0x31C04006 0xC0405E00 0xC1C6B800 0xF0461800 | OXF1B6FEQOOQ
0x0180BEO1 | 0x30465801 | 0x31C04007 0xC0405E01 0xC1C6B801 0xF0461801 | OxF1B6FEO1
0x0180BEO6 | 0x30465806 | 0x31C04606 0xC0405E06 0xC1C6B806 0xF0461806 | OXF1B6FEQOG
0x0180BEO7 | 0x30465807 | 0x31C04607 0xC0405E07 0xC1C6B807 0xF0461807 | OXF1BGFEOQ7
0x0180E006 | 0x30465E00 | 0x31C05800 0xC040A006 0xC1C6BEOQO 0xFO461E00 | OxF1C00006
0x0180E007 | 0x30465E01 | 0x31C05801 0xC040A007 0xC1C6BEO1 0xF0461E01 | OxF1C00007
0x0180E606 | 0x30465E06 | 0x31C05806 0xC040A606 0xC1CG6BEO6 0xFO0461E06 | OxF1C00606
0x0180E607 | 0x30465E07 | 0x31C05807 0xC040A607 0xC1C6BEQ7 0xF0461E07 | OxF1C00607
0x0180F800 | 0x3046A000 | 0x31CO5E00 0xC040B800 0xC1C6E000 0xF0464000 | O0xF1C01800
0x0180F801 | 0x3046A001 | 0x31CO5EO01 0xC040B801 0xC1C6E001 0xF0464001 | OxF1C01801
0x0180F806 | 0x3046A006 | 0x31CO5EQ6 0xC040B806 0xC1C6EQ06 0xF0464006 | OxF1C01806
0x0180F807 | 0x3046A007 | 0x31CO5EQ7 0xC040B807 0xC1C6EQ07 0xF0464007 | OxF1C01807
0x0180FEQOO | Ox3046A600 | 0x31COAQ006 | OxCO40BEOO 0xC1C6E600 0xF0464600 | OxF1C01EQ0
0x0180FEQ1 | 0x3046A601 | Ox31COAQQ07 | OxCO40BEO1 0xC1C6E601 0xF0464601 | OxF1CO1EO1
0x0180FEQ6 | 0x3046A606 | O0x31COA606 | OxCO40BEO6 0xC1C6E606 0xF0464606 | OxF1CO1EQ6
0x0180FEQ7 | Ox3046A607 | 0x31COAG607 | OxCO40BEO7 0xC1C6E607 0xF0464607 | OXF1C0O1EQ7
0x01864000 | 0x3046B800 | 0x31COB800 0xC040E006 0xC1C6F800 0xF0465800 | OxF1C04006
0x01864001 | 0x3046B801 | 0x31C0B801 0xC040E007 0xC1C6F801 0xF0465801 | 0xF1C04007
0x01864006 | 0x3046B806 | 0x31COB806 0xC040E606 0xC1C6F806 0xF0465806 | OxF1C04606
0x01864007 | 0x3046B807 | 0x31C0B807 0xC040E607 0xC1C6F807 0xF0465807 | OxF1C04607
0x01864600 | 0x3046BEOO | 0x31COBEOOQ 0xC040F800 0xC1C6FEQO0 0xFO465E00 | OxF1C05800
0x01864601 | 0x3046BEO1 | 0x31COBEO1 0xC040F801 0xC1C6FEO1 0xFO465E01 | OxF1C05801
0x01864606 | 0x3046BEO06 | 0x31COBEO6 0xC040F806 O0xC1C6FEQ6 0xFO465E06 | OxF1C05806
0x01864607 | 0x3046BEO7 | Ox31COBEO7 0xC040F807 0xC1C6FEOQ7 O0xFO465E07 | OxF1C05807
0x01865800 | Ox3046E000 | Ox31COE006 | OxCO40FEOO 0xC1F04006 O0xFO46A000 | OxF1CO5EQ0
0x01865801 | 0x3046E001 | 0x31COEQ07 | OxCO40FEO1 0xC1F04007 0xFO46A001 | OxF1CO5EOQ1
0x01865806 | 0x3046E006 | 0x31COE606 | OxCO40FE06 0xC1F04606 0xFO046A006 | OxF1CO5E06
0x01865807 | Ox3046E007 | 0x31COE607 | OxCO40FEOQ7 0xC1F04607 O0xFO046A007 | OxF1CO5EQ07
0x01865E00 | 0x3046E600 | 0x31COF800 0xC0464000 0xC1F05800 0xFO046A600 | OxF1COA006
0x01865E01 | 0x3046E601 | 0x31COF801 0xC0464001 0xC1F05801 O0xFO046A601 | OxF1COAOQ07
0x01865E06 | 0x3046E606 | 0x31COF806 0xC0464006 0xC1F05806 0xFO046A606 | OxF1COAG06
0x01865E07 | 0x3046E607 | 0x31COF807 0xC0464007 0xC1F05807 0xFO046A607 | OxF1COAGO7
0x0186A000 | 0x3046F800 | 0x31COFEOQOQ 0xC0464600 O0xC1FOSEO0 0xF046B800 | OxF1C0OB800
0x0186A001 | 0x3046F801 | 0x31COFEO1 0xC0464601 OxC1FOSEO1 0xF046B801 | OxF1C0OB801
0x0186A006 | 0x3046F806 | Ox31COFEO06 0xC0464606 0xC1FO5E06 0xF046B806 | OxF1COB806
0x0186A007 | 0x3046F807 | Ox31COFEQY 0xC0464607 0xC1FO5E07 0xF046B807 | OxF1COB807
0x0186A600 | 0x3046FEQ0 | 0x31C60000 0xC0465800 0xC1FOAQ06 0xFO46BEOO | 0xF1COBEOQO
0x0186A601 | Ox3046FEO1 | 0x31C60001 0xC0465801 0xC1FOAQQ7 0xFO46BEO1 | OxF1COBEO1
0x0186A606 | Ox3046FEO6 | 0x31C60006 0xC0465806 0xC1FOAG06 0xFO46BE06 | OXF1COBEOQG6
0x0186A607 | 0x3046FEQ7 | 0x31C60007 0xC0465807 0xC1FOAGO7 0xFO46BEQO7 | OxF1COBEQ7
0x0186B800 | 0x30700006 | 0x31C60600 0xC0465E00 0xC1FOB800 0xFO46E000 | OxF1COEQ06
0x0186B801 | 0x30700007 | 0x31C60601 0xC0465E01 0xC1F0B801 0xFO46E001 | OxF1COEQQ07
0x0186B806 | 0x30700606 | 0x31C60606 0xC0465E06 0xC1FOB806 O0xFO46E006 | OxF1COE606
0x0186B807 | 0x30700607 | 0x31C60607 0xC0465E07 0xC1FOB807 O0xFO46E007 | OxF1COE607
0x0186BEOO | 0x30701800 | 0x31C61800 0xC046A000 0xC1FOBEOO 0xFO46E600 | OXF1COF800
0x0186BEO1 | 0x30701801 | 0x31C61801 0xC046A001 0xC1FOBEO1 0xFO46E601 | OXF1COF801
0x0186BEO6 | 0x30701806 | 0x31C61806 0xC046A006 0xC1FOBEO6 0xFO46E606 | OXF1COF806
0x0186BEO7 | 0x30701807 | 0x31C61807 0xC046A007 OxC1FOBEOQ7 O0xFO46E607 | OxF1COF807
0x0186E000 | 0x30701E00 | 0x31C61E00 0xC046A600 O0xC1FOEO06 0xFO46F800 | OxF1COFEQOQ
0x0186E001 | 0x30701EQ01 | 0x31C61E01 0xC046A601 0xC1FOEQ07 0xFO46F801 | OxF1COFEO1
0x0186E006 | 0x30701E06 | 0x31C61E06 0xC046A606 0xC1FOE606 0xFO46F806 | OXF1COFEO06
0x0186E007 | 0x30701EQ7 | 0x31C61EQ07 0xC046A607 0xC1FOE607 0xFO46F807 | OXF1COFEO7
0x0186E600 | 0x30704006 | 0x31C64000 0xC046B800 0xC1FOF800 O0xFO46FEO0 | OxF1C60000
0x0186E601 | 0x30704007 | 0x31C64001 0xC046B801 O0xC1FOF801 OxFO46FEO1 | OxF1C60001
0x0186E606 | 0x30704606 | 0x31C64006 0xC046B806 0xC1FOF806 OxFO46FEO6 | OxF1C60006
0x0186E607 | 0x30704607 | 0x31C64007 0xC046B807 0xC1FOF807 OxFO46FEO7 | OxF1C60007
0x0186F800 | 0x30705800 | 0x31C64600 0xC046BE00Q O0xC1FOFEOQOQ 0xFO0700006 | OxF1C60600
0x0186F801 | 0x30705801 | 0x31C64601 0xC046BEO1 OxC1FOFEO1 0xFO0700007 | OxF1C60601
0x0186F806 | 0x30705806 | 0x31C64606 0xC046BE06 OxC1FOFEO6 0xFO0700606 | OxF1C60606
0x0186F807 | 0x30705807 | 0x31C64607 0xC046BEOQ7 0xC1FOFEOQ7 0xF0700607 | OxF1C60607
0x0186FEQ0 | 0x30705E00 | 0x31C65800 0xC046E000 0xC1F64000 0xF0701800 | OxF1C61800
0x0186FEQ1 | 0x30705E01 | 0x31C65801 0xC046E001 0xC1F64001 0xF0701801 | OxF1C61801
0x0186FEQ6 | 0x30705E06 | 0x31C65806 0xCO046E006 0xC1F64006 0xF0701806 | OxF1C61806
0x0186FEQ7 | 0x30705EQ07 | 0x31C65807 0xCO046E007 0xC1F64007 0xF0701807 | OxF1C61807
0x01B04006 | 0x3070A006 | 0x31C65E00 0xC046E600 0xC1F64600 0xFO701EQ00 | OxF1C61E00
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0x01B04007 | 0x3070A007 | 0x31C65E01 0xC046E601 0xC1F64601 0xFO701E01 | OxF1C61EO1
0x01B04606 | 0x3070A606 | 0x31C65E06 0xC046E606 0xC1F64606 0xFO701E06 | OxF1C61E06
0x01B04607 | 0x3070A607 | 0x31C65E07 0xC046E607 0xC1F64607 0xFO701EQ7 | OxF1C61EQ7
0x01B05800 | 0x3070B800 | 0x31C6A000 0xC046F800 0xC1F65800 0xFO0704006 | OxF1C64000
0x01B05801 | 0x3070B801 | 0x31C6A001 0xC046F801 0xC1F65801 0xFO0704007 | OxF1C64001
0x01B05806 | 0x3070B806 | 0x31C6A006 0xC046F806 0xC1F65806 0xF0704606 | OxF1C64006
0x01B05807 | 0x3070B807 | 0x31C6A007 0xC046F807 0xC1F65807 0xF0704607 | OxF1C64007
0x01BO5EO00 | 0x3070BEQOO | 0x31C6A600 | OxCO46FEO00 0xC1F65E00 0xFO0705800 | OxF1C64600
0x01BOSEO1 | 0x3070BEO1 | 0x31C6A601 | OxCO46FEO1 OxC1F65E01 0xFO0705801 | OxF1C64601
0x01BOSEO6 | 0x3070BEO6 | 0x31C6A606 | OxCO46FEO6 OxC1F65E06 0xFO0705806 | OxF1C64606
0x01BO5EOQ7 | 0x3070BEQ7 | 0x31C6A607 | OxCO46FEOQ7 0xC1F65E07 0xF0705807 | OxF1C64607
0x01BOA006 | 0x3070E006 | 0x31C6B800 0xC0704006 0xC1F6A000 0xFO705E00 | OxF1C65800
0x01BOA007 | 0x3070E007 | 0x31C6B801 0xC0704007 0xC1F6A001 0xFO705E01 | OxF1C65801
0x01BOAG606 | Ox3070E606 | 0x31C6B806 0xC0704606 O0xC1F6A006 O0xFO705E06 | OxF1C65806
0x01BOAG607 | 0x3070E607 | 0x31C6B807 0xC0704607 OxC1F6A007 OxFO705EQ7 | OXF1C65807
0x01BOB800 | 0x3070F800 | 0x31C6BEOOQ 0xC0705800 0xC1F6A600 0xFO70A006 | OxF1C65E00
0x01BOB801 | 0x3070F801 | 0x31C6BEO1 0xC0705801 0xC1F6A601 0xFO70A007 | OxF1C65E01
0x01B0B806 | 0x3070F806 | Ox31CG6BEO6 0xC0705806 OxC1F6A606 0xFO70A606 | OXF1C65E06
0x01B0B807 | 0x3070F807 | Ox31C6BEOQ7 0xC0705807 OxC1FG6A607 0xFO70A607 | OXF1C65E07
0x01BOBEOO | 0x3070FEOO | O0x31C6E000 0xC0705EQ0 0xC1F6B800 0xFO70B800 | OxF1C6A000
0x01BOBEO1 | 0x3070FEQ1 | 0x31C6EOQ01 0xC0705E01 0xC1F6B801 0xFO70B801 | OxF1C6A001
0x01BOBEO6 | 0x3070FEQ6 | 0x31C6EQ06 0xC0705E06 0xC1F6B806 0xFO70B806 | OxF1C6A006
0x01BOBEOQO7 | 0x3070FEQ7 | O0x31C6EQ07 0xC0705E0Q07 OxC1F6B807 0xFO70B807 | OxF1C6A007
0x01BOEOO6 | 0x30760000 | 0x31C6EG00 0xC070A006 O0xC1F6BEOQO 0xFO70BEOO | OxF1C6A600
0x01BOEOO7 | 0x30760001 | 0x31C6E601 0xCO070A007 O0xC1F6BEO1 0xFO70BEO1 | OxF1C6A601
0x01BOEG606 | 0x30760006 | Ox31CG6EG06 0xC070A606 0xC1F6BEO6 OxFO70BEO6 | OxF1C6A606
0x01BOEG607 | 0x30760007 | Ox31C6EG07 0xC070A607 0xC1F6BEO7 O0xFO70BEQ7 | OxF1C6A607
0x01BOF800 | 0x30760600 | 0x31C6F800 0xC070B800 OxC1FGEO00 O0xFO70E006 | OxF1C6B800
0x01BOF801 | 0x30760601 | 0x31C6F801 0xC070B801 OxC1FGEOQ01 O0xFO70E007 | OxF1C6B801
0x01BOF806 | 0x30760606 | 0x31C6F806 0xC070B806 OxC1FGEQ06 OxFO70E606 | OxF1C6B806
0x01BOF807 | 0x30760607 | 0x31C6F807 0xC070B807 0xC1F6EQ07 0xFO70E607 | OxF1C6B807
0x01BOFEOO | 0x30761800 | Ox31C6FEQ0 | 0xCO70BEOQO 0xC1F6E600 0xFO70F800 | OxF1C6BEOQO
0x01BOFEO1 | 0x30761801 | 0x31C6FEO1 | O0xCO70BEO1 OxC1FGEG601 O0xFO70F801 |OxF1C6BEO1
0x01BOFEO6 | 0x30761806 | 0x31C6FEO6 | O0xCO70BEO6 OxC1FGE606 0xFO70F806 | OxF1C6BEO6
0x01BOFEQ7 | 0x30761807 | Ox31C6FEQ7 | 0xCO70BEQ7 0xC1F6E607 0xFO70F807 | OxF1C6BEQ7
0x01B64000 | 0x30761E00 | 0x31F00006 0xC0O70E006 0xC1F6F800 OxFO70FEOQO | OxF1C6E000
0x01B64001 | 0x30761E01 | 0x31F00007 0xC070E007 0xC1F6F801 OxFO70FEO1 | OXxF1C6E001
0x01B64006 | 0x30761E06 | Ox31F00606 0xCO70E606 O0xC1F6F806 OxFO70FEO6 | OXF1C6EQ006
0x01B64007 | 0x30761E07 | Ox31F00607 0xCO070E607 O0xC1F6F807 OxFO70FEO7 | OXF1C6EQ07
0x01B64600 | 0x30764000 | 0x31F01800 0xC0O70F800 0xC1F6FEQQ 0xFO760000 | OXF1C6E600
0x01B64601 | 0x30764001 | 0x31F01801 0xCO70F801 OxC1F6FEO1 0xF0760001 | OxF1C6E601
0x01B64606 | 0x30764006 | 0x31F01806 0xCO70F806 O0xC1F6FEQ6 0xFO760006 | OXF1C6E606
0x01B64607 | 0x30764007 | Ox31F01807 0xC070F807 OxC1F6FEOQ7 0xFO0760007 | OXF1C6E6GQ07
0x01B65800 | 0x30764600 | 0x31FO01EQ0 0xCO70FEOQO 0xFO0000006 0xFO0760600 | OXF1C6F800
0x01B65801 | 0x30764601 | Ox31FO1EO1 0xC0O70FEO1 0xF0000007 0xF0760601 | OxF1C6F801
0x01B65806 | 0x30764606 | Ox31FO1E06 0xCO70FEO06 0xF0000606 0xF0760606 | OxF1C6F806
0x01B65807 | 0x30764607 | Ox31FO1EQ7 0xCO70FEQ7 0xF0000607 0xF0760607 | OxF1C6F807
0x01B65EO00 | 0x30765800 | 0x31F04006 0xC0764000 0xF0001800 0xFO0761800 | OXF1CG6FEQOQ
0x01B65EO01 | 0x30765801 | 0x31F04007 0xC0764001 0xF0001801 0xF0761801 | OXF1CG6FEOQO1
0x01B65E06 | 0x30765806 | 0x31F04606 0xC0764006 0xF0001806 0xF0761806 | OXF1CG6FEO06
0x01B65E07 | 0x30765807 | 0x31F04607 0xC0764007 0xF0001807 0xF0761807 | OXF1CG6FEO7
0x01B6A000 | 0x30765E00 | 0x31F05800 0xC0764600 0xFO001EQ0 0xFO761E00 | OxF1F00006
0x01B6A001 | Ox30765E01 | 0x31F05801 0xC0764601 0xFO001E01 O0xFO761E01 | OxF1F00007
0x01B6A006 | Ox30765E06 | 0x31F05806 0xC0764606 0xFO001EQ6 OxFO761E06 | OxF1F00606
0x01B6A007 | 0x30765E07 | 0x31F05807 0xC0764607 0xFO001EQ7 0xFO761EQ07 | OxF1F00607
0x01B6A600 | 0x3076A000 | Ox31FOSE00 0xC0765800 0xF0004006 0xF0764000 | OxF1F01800
0x01B6A601 | O0x3076A001 | Ox31FOSEO1 0xC0765801 0xF0004007 0xFO0764001 | OxF1F01801
0x01B6A606 | O0x3076A006 | Ox31FOSEOQ6 0xC0765806 0xF0004606 0xFO0764006 | OxF1F01806
0x01B6A607 | O0x3076A007 | Ox31FOSEOQ7 0xC0765807 0xF0004607 0xFO0764007 | OXF1F01807
0x01B6B800 | 0x3076A600 | 0x31FOAQ06 0xC0765E00 0xF0005800 0xF0764600 | OxF1FO1EO00
0x01B6B801 | 0x3076A601 | 0x31FOAQ07 0xC0765E01 0xF0005801 0xF0764601 | OxF1FO1EO1
0x01B6B806 | 0x3076A606 | Ox31FOAGO6 0xCO765E06 0xF0005806 0xFO0764606 | OxF1FO1E06
0x01B6B807 | 0x3076A607 | Ox31FOAGO7 0xCO765E07 0xF0005807 0xFO0764607 | OxF1FO1EQ7
0x01B6BEOO | 0x3076B800 | 0x31FOB800 0xC076A000 0xFOOO05EQ0 0xFO0765800 | OxF1F04006
0x01B6BEO1 | 0x3076B801 | 0x31FO0B801 0xC076A001 0xFOO005E01 0xF0765801 | OxF1F04007
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0x01B6BEO6 | 0x3076B806 | 0x31FOB806 0xCO76A006 0xFOO005EQ6 0xF0765806 | OxF1F04606
0x01B6BEO7 | 0x3076B807 | 0x31FOB807 0xCO76A007 O0xFOO005EQ7 0xF0765807 | OxF1F04607
0x01B6E0O0O | 0x3076BEOO | 0x31FOBEOQO 0xC076A600 0xFOO00A006 0xFO765E00 | OxF1F05800
0x01B6E001 | 0x3076BEO1 | Ox31FOBEO1 0xC076A601 0xFOO0A007 OxFO765E01 | OxF1F05801
0x01B6E006 | 0x3076BEO6 | 0x31FOBEQO6 0xC076A606 0xFOO0AG06 OxFO765E06 | OxF1F05806
0x01B6E007 | 0x3076BEQO7 | Ox31FOBEOY 0xC0O76A607 0xFO00A607 0xFO765EQ07 | OxF1F05807
0x01B6E6O0 | 0x3076E000 | Ox31FOEO06 0xC076B800 0xF000B800 0xFO76A000 | OxF1FO5EQ00
0x01B6E601 | 0x3076E001 | Ox31FOEO007 0xC076B801 0xF000B801 0xFO76A001 | OxF1FO5E01
0x01B6E606 | Ox3076E006 | Ox31FOEG06 0xC076B806 0xFO00B806 0xFO76A006 | OXF1FO5EQ6
0x01B6E607 | Ox3076E007 | Ox31FOEG07 0xC076B807 0xF000B807 O0xFO76A007 | OXF1FO5EQ7
0x01B6F800 | 0x3076E600 | 0x31FOF800 0xC076BEQO 0xFOOOBEOQO 0xFO76A600 | OXF1FOAO06
0x01B6F801 | 0x3076E601 | 0x31FOF801 0xC076BEO1 OxFOOOBEO1 0xFO76A601 | OXF1FOA0Q7
0x01B6F806 | 0x3076E606 | 0x31FOF806 0xC076BEQ6 0xFOOOBEOQG 0xFO76A606 | OXF1FOAG06
0x01B6F807 | 0x3076E607 | 0x31FOF807 0xCO76BEO7 0xFOOOBEOQ7 0xFO76A607 | OXF1FOAGQO7
0x01B6FEOO0 | 0x3076F800 | Ox31FOFEQOQ 0xCO76E000 0xFOOOE006 0xFO076B800 | OxF1FOB800
0x01B6FEO1 | 0x3076F801 | Ox31FOFEO1 0xC076E001 0xFOO0E0Q7 0xFO76B801 | OxF1FOB801
0x01B6FEQ6 | 0x3076F806 | Ox31FOFEOQ6 0xC0O76E006 0xFOO0E606 0xFO76B806 | OxF1FOB806
0x01B6FEO07 | 0x3076F807 | Ox31FOFEQ7 0xCO76E007 0xFOOOE6Q7 0xFO76B807 | OxF1FOB807
0x01C04006 | 0x3076FEOO0 | 0x31F60000 0xCO076E600 0xFOOOF800 O0xFO76BEQO | OXF1FOBEQO
0x01C04007 | Ox3076FEO1 | 0x31F60001 0xCO076E601 0xFOOOF801 OxFO76BEO1 | OXF1FOBEO1
0x01C04606 | 0x3076FEQ6 | 0x31F60006 0xC0O76E606 0xFOOOF806 0xFO76BEO6 | OxF1FOBEOG
0x01C04607 | 0x3076FEQ7 | 0x31F60007 0xC0O76E607 O0xFO00F807 0xFO76BEQ7 | OXF1FOBEO7
0x01C05800 | 0x31800006 | 0x31F60600 0xC076F800 0xFOOOFEOO OxFO76E000 | OXF1FOEQO6
0x01C05801 | 0x31800007 | 0x31F60601 0xCO076F801 O0xFOOOFEO1 OxFO76E001 | OXF1FOEQOQ7
0x01C05806 | 0x31800606 | 0x31F60606 0xCO076F806 O0xFOOOFEO6 OxFO76E006 | OXF1FOEG06
0x01C05807 | 0x31800607 | 0x31F60607 0xC0O76F807 O0xFOOOFEOQ7 0xFO76E007 | OXF1FOEG07
0x01CO5E00 | 0x31801800 | 0x31F61800 0xCO76FEOOQ 0xF0060000 0xFO76E600 | OxF1FOF800
0x01CO5E01 | 0x31801801 | Ox31F61801 0xCO76FEO1 0xF0060001 OxFO76E601 | OxF1FOF801
0x01CO5E06 | 0x31801806 | Ox31F61806 0xCO76FEO6 0xFO0060006 OxFO76E606 | OXF1FOF806
0x01CO5E07 | 0x31801807 | Ox31F61807 0xCO76FEOQ7 0xF0060007 OxFO76E607 | OXF1FOF807
0x01COA006 | 0x31801E00 | Ox31F61E00 0xC1804006 0xF0060600 0xFO76F800 | OxF1FOFEQOQ
0x01COA007 | 0x31801E01 | Ox31F61EO1 0xC1804007 0xF0060601 0xFO76F801 | OxF1FOFEO1
0x01COA606 | 0x31801E06 | Ox31F61E06 0xC1804606 0xF0060606 OxFO76F806 | OxF1FOFEOQ6
0x01COA607 | 0x31801E07 | Ox31F61EQ07 0xC1804607 0xF0060607 OxFO76F807 | OXF1FOFEQ7
0x01C0OB800 | 0x31804006 | 0x31F64000 0xC1805800 0xF0061800 0xFO76FEOQ | OxF1F60000
0x01C0B801 | 0x31804007 | 0x31F64001 0xC1805801 0xF0061801 OxFO76FEO1 | OxF1F60001
0x01C0OB806 | 0x31804606 | 0x31F64006 0xC1805806 0xF0061806 0xFO76FE06 | OxF1F60006
0x01C0B807 | 0x31804607 | Ox31F64007 0xC1805807 0xF0061807 OxFO76FEO7 | OXF1F60007
0x01COBEOO | 0x31805800 | 0x31F64600 0xC1805E00 0xFO061E00 0xF1800006 | OxF1F60600
0x01COBEO1 | 0x31805801 | Ox31F64601 0xC1805E01 0xFO061E01 0xF1800007 | OxF1F60601
0x01COBEO6 | 0x31805806 | 0x31F64606 0xC1805E06 0xFO061E06 0xF1800606 | OxF1F60606
0x01COBEO7 | 0x31805807 | 0x31F64607 0xC1805E07 0xFO061EQ7 0xF1800607 | OxF1F60607
0x01COEO006 | 0x31805E00 | Ox31F65800 0xC180A006 0xF0064000 0xF1801800 | OxF1F61800
0x01COEO007 | Ox31805E01 | Ox31F65801 0xC180A007 0xF0064001 0xF1801801 | OxF1F61801
0x01COE606 | 0x31805E06 | 0x31F65806 0xC180A606 0xF0064006 0xF1801806 | OxF1F61806
0x01COE607 | Ox31805E07 | 0x31F65807 0xC180A607 0xF0064007 0xF1801807 | OxF1F61807
0x01COF800 | 0x3180A006 | 0x31F65E00 0xC180B800 0xF0064600 0xF1801EQ00 | OxF1F61E00
0x01COF801 | 0x3180A007 | Ox31F65E01 0xC180B801 0xF0064601 OxF1801E01 | OxF1F61EOQ1
0x01COF806 | 0x3180A606 | Ox31F65E06 0xC180B806 0xF0064606 OxF1801E06 | OXF1F61EQ6
0x01COF807 | 0x3180A607 | 0x31F65E07 0xC180B807 0xF0064607 O0xF1801EQ7 | OxF1F61EQ7
0x01COFEOQ | 0x3180B800 | 0x31FG6A000 0xC180BEOO 0xF0065800 0xF1804006 | OxF1F64000
0x01COFEO1 | 0x3180B801 | Ox31FG6A001 0xC180BEO1 0xF0065801 0xF1804007 | OxF1F64001
0x01COFEO6 | 0x3180B806 | 0x31F6A006 0xC180BE06 0xF0065806 0xF1804606 | OxF1F64006
0x01COFEOQO7 | 0x3180B807 | 0x31F6A007 0xC180BEO7 0xF0065807 0xF1804607 | OxF1F64007
0x01C64000 | Ox3180BEOO | Ox31F6A600 0xC180E006 0xFO065E00 0xF1805800 | OxF1F64600
0x01C64001 | Ox3180BEO1 | Ox31F6A601 0xC180E007 O0xFO065E01 0xF1805801 | OxF1F64601
0x01C64006 | 0x3180BE06 | Ox31FG6A606 0xC180E606 0xFOOG65E06 0xF1805806 | OxF1F64606
0x01C64007 | 0x3180BEO7 | Ox31F6A607 0xC180E607 0xFOOG65EQ7 0xF1805807 | OxF1F64607
0x01C64600 | 0x3180E006 | O0x31F6B800 0xC180F800 0xFOO6A000 OxF1805E00 | OxF1F65800
0x01C64601 | Ox3180E007 | Ox31F6B801 0xC180F801 0xFO06A001 OxF1805E01 | OxF1F65801
0x01C64606 | Ox3180E606 | Ox31F6B806 0xC180F806 0xFO06A006 OxF1805E06 | OxF1F65806
0x01C64607 | 0x3180E607 | Ox31F6B807 0xC180F807 0xFOO6A007 OxF1805E07 | OxF1F65807
0x01C65800 | Ox3180F800 | Ox31F6BEOO | OxC180FEOOQ 0xFOO6A600 O0xF180A006 | OXF1FG65E00
0x01C65801 | Ox3180F801 | Ox31F6BEO1 | OxC180FEO1 0xFO06A601 O0xF180A007 | OXF1F65E01
0x01C65806 | 0x3180F806 | Ox31F6BEO6 | OxC180FE06 0xFO06A606 0xF180A606 | OXF1F65E06
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0x01C65807 | 0x3180F807 | Ox31F6BEO7 | OxC180FEQ7 0xFO06A607 0xF180A607 | OXF1F65E07
0x01C65E00 | 0x3180FEQ0 | Ox31FGE000 0xC1864000 0xF006B800 0xF180B800 | OXF1F6A000
0x01C65E01 | Ox3180FEQ1 | Ox31FGE001 0xC1864001 0xF006B801 0xF180B801 | OxF1F6A001
0x01C65E06 | Ox3180FEO6 | Ox31FGE006 0xC1864006 0xFO06B806 0xF180B806 | OXF1F6A006
0x01C65E07 | Ox3180FEO7 | O0x31F6E007 0xC1864007 0xFO006B807 0xF180B807 | OXF1F6A007
0x01C6A000 | 0x31860000 | Ox31FGEG00 0xC1864600 0xFO06BEQO OxF180BEOO | OxF1F6A600
0x01C6A001 | 0x31860001 | Ox31F6E601 0xC1864601 OxFO06BEO1 OxF180BEO1 | OxF1F6A601
0x01C6A006 | 0x31860006 | Ox31FGEG06 0xC1864606 0xFOO6BEQ6 OxF180BEO6 | OXF1F6A606
0x01C6A007 | 0x31860007 | Ox31F6EGQ07 0xC1864607 OxFOOG6BEQ7 O0xF180BEO7 | OXF1F6A607
0x01C6A600 | 0x31860600 | 0x31F6F800 0xC1865800 0xFOOG6E000 OxF180E006 | OxF1F6B800
0x01C6A601 | 0x31860601 | Ox31F6F801 0xC1865801 O0xFOO06E001 OxF180E007 | OxF1F6B801
0x01C6A606 | 0x31860606 | Ox31F6F806 0xC1865806 0xFOO6E006 OxF180E606 | OXF1F6B806
0x01C6A607 | 0x31860607 | Ox31F6F807 0xC1865807 0xFOO06E007 O0xF180E607 | OXF1F6B807
0x01C6B800 | 0x31861800 | Ox31FGFEQOQ 0xC1865E00 0xFOOG6E600 OxF180F800 | OxF1FG6BEQO
0x01C6B801 | 0x31861801 | Ox31FG6FEO1 0xC1865E01 0xFOO6E601 OxF180F801 | OxF1F6BEO1
0x01C6B806 | 0x31861806 | Ox31FGFEO6 0xC1865E06 0xFOO06E606 OxF180F806 | OxF1FGBEO6
0x01C6B807 | 0x31861807 | Ox31F6FEOQ7 0xC1865E07 0xFO06E607 OxF180F807 | OxF1FGBEO7
0x01C6BEOO | Ox31861E00 | 0xC0004006 0xC186A000 0xFOOG6F800 OxF180FEOO0 | OxF1FG6E000
0x01C6BEO1 | Ox31861E01 | 0xC0004007 0xC186A001 0xFOO6F801 OxF180FEO1 | OxF1FG6E001
0x01C6BEO6 | Ox31861E06 | 0xC0004606 0xC186A006 0xFOO6F806 OxF180FEO6 | OXF1FG6E006
0x01C6BEO7 | 0x31861E07 | 0xC0004607 0xC186A007 O0xFO06F807 OxF180FEO7 | OXF1FG6EQ07
0x01C6E000 | 0x31864000 | 0xC0005800 0xC186A600 O0xFOO6FEOOQ 0xF1860000 | OxF1F6E600
0x01C6E001 | 0x31864001 | 0xC0005801 0xC186A601 0xFOOG6FEO1 0xF1860001 | OxF1F6E601
0x01C6E006 | 0x31864006 | 0xC0005806 0xC186A606 0xFOOG6FEO6 O0xF1860006 | OxF1FG6E606
0x01C6E007 | 0x31864007 | 0xC0005807 0xC186A607 O0xFOOGFEO7 O0xF1860007 | OXF1F6E607
0x01C6E600 | 0x31864600 | 0xCOOO5EQ0 0xC186B800 0xF0300006 0xF1860600 | OxF1FG6F800
0x01C6E601 | 0x31864601 | 0xCOOO5E0Q1 0xC186B801 0xF0300007 0xF1860601 | OxF1F6F801
0x01C6E606 | 0x31864606 | OxCOOO5E06 0xC186B806 0xF0300606 0xF1860606 | OXF1F6F806
0x01C6E607 | 0x31864607 | 0xCOOO5E07 0xC186B807 0xF0300607 0xF1860607 | OXF1F6F807
0x01C6F800 | 0x31865800 | OxCOOOA006 | OxC186BEOQO 0xF0301800 0xF1861800 | OXF1FGFEOO
0x01C6F801 | 0x31865801 | OxCOOOAQO07 | 0xC186BEOQ1 0xF0301801 0xF1861801 | OxF1FG6FEOQL
0x01C6F806 | 0x31865806 | 0xCOO0AG606 | 0xC186BEQ6 0xF0301806 0xF1861806 | OXF1FG6FEQ6
0x01C6F807 | 0x31865807 | OxCOO00A607 | OxC186BEOQ7 0xF0301807 0xF1861807 | OXF1FG6FEO7

7.3.11.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperl10

Fold-down coefficients for virtual speakers in the equatorial plane are derived from Table 32.

Table 32: GroupEquatorOrUpper10 Fold-down Coefficients for Virtual Speakers in Equatorial Plane

Physical Speakers
eqtr_functions

PrefOrder (Lhr, Split (Lss,Chr,-3 dB),
ClosestElv (0, ClosestAzUH(-90)))

PrefOrder (Rhr, Split (Rss,Chr,-3 dB),
ClosestElv (0, ClosestAzUH(90)))

Virtual Speakers
egtr_virt_srcs

eqtr_folddown[]]

(-135,0,1)

0dB

(135,0,1)

0dB

Since there are no virtual speakers in the upper hemisphere, set the corresponding arrays to an empty list.

uphemi _functions
uphem _virt_srcs

[1;
[1:

7.3.12 GroupEquatorOrUpperll

7.3.12.1 Channel Layouts in GroupEquatorOrUpperll

Channel layout bitmasks that use Gr oupEquat or Or Upper 11 fold-down coefficients are listed in Table 33.
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Table 33: GroupEquatorOrUpper11 list_of_channel_masks|]

0x0000001E

0x0000181E

0x0006001E

0x0006181E

0x0000001F

0x0000181F

0x0006001F

0x0006181F

7.3.12.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperll

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

=[]
=[]

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 34.

Table 34: GroupEquatorOrUpperll Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers

uphemi _functions L R Ls Rs
u;’gfetyn?"_apreta_kgis uphemi_folddown[][]
(-45, 45,1) 0,0 dB
(45, 45,1) 0,0dB
(-135, 45,1) -0,4576 dB -10dB
(135, 45,1) -10 dB -0,4576 dB

Fold-down coefficients for virtual speakers in lower hemisphere are defined in clause 7.4.5.

7.3.13 GroupEquatorOrUpperl2

7.3.13.1 Channel Layouts in GroupEquatorOrUpperl12

Channel layout bitmasks that use Gr oupEquat or Or Upper 12 fold-down coefficients are listed in Table 35.

Table 35: GroupEquatorOrUpper12 list_of_channel_masks]]

0x0000005E

0x0000185E

0x0006005E

0x0006185E

0x0000005F

0x0000185F

0x0006005F

0x0006185F

7.3.13.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper12

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[1;
[1;

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 36.

Table 36: GroupEquatorOrUpper12 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions

L

R

Ls

Rs Cs

Virtual Speakers
uphem _virt_srcs

uphe

mi_folddown[][]

(-45, 45,1)

0,0dB

(45, 45,1)

0,0dB

(-135, 45,1)

-3,0103 dB

-3,0103 dB

(135, 45,1)

-3,0103 dB -3,0103 dB

Fold-down coefficients for virtual speakers in lower hemisphere are defined in clause 7.4.6.
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Channel layout bitmasks that use Gr oupEquat or Or Upper 13 fold-down coefficients are listed in Table 37.

Table 37: GroupEquatorOrUpper13 list_of_channel_masks][]

0x0000019E 0x0000199E 0x0006019E 0x0006199E
0x0000019F 0x0000199F 0x0006019F 0x0006199F
0x000001DE 0x000019DE 0x000601DE 0x000619DE
0x000001DF 0x000019DF 0x000601DF 0x000619DF
0x00000786 0x00001F86 0x00060786 0x00061F86
0x00000787 0x00001F87 0x00060787 0x00061F87
0x000007C6 0x00001FC6 0x000607C6 0x00061FC6
0x000007C7 0x00001FC7 0x000607C7 0x00061FC7

7.3.14.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperl3

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions = [];
eqtr_virt_srcs = [];

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 38.

Table 38: GroupEquatorOrUpper13 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
upheni _functi ons L R Ls Rs

Virtual Speakers
uphem _virt_srcs
(-45, 45,1)

(45, 45,1)
(-135, 45,1)
(135, 45,1)

uphemi_folddown[][]

0,0dB

0,0dB

0,0dB

0,0 dB

Fold-down coefficients for virtual speakers in lower hemisphere are defined in clause 7.4.7.

7.3.15 GroupEquatorOrUpperl4

7.3.15.1 Channel Layouts in GroupEquatorOrUpperl14

Channel layout bitmasks that use Gr oupEquat or Or Upper 14 fold-down coefficients are listed in Table 39.

Table 39: GroupEquatorOrUpper14 list_of_channel_masks][]

| 0x0000A01E | 0x0000A01F | 0x3000001E | 0x3000001F

7.3.15.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper14

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[1;
[1:

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 40.
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Table 40: GroupEquatorOrUpper14 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions Ls Rs

Virtual Speakers
uphem _virt_srcs
(-135, 45,1)
(135, 45,1)

uphemi_folddownl[][]

-10 dB
-0,4576 dB

-0,4576 dB
-10 dB

7.3.16 GroupEquatorOrUpperl5

7.3.16.1 Channel Layouts in GroupEquatorOrUpperl5

Channel layout bitmasks that use fold-down coefficients in Gr oupEquat or Or Upper 15 are defined in Table 41.

Table 41: GroupEquatorOrUpper15 list_of_channel_masks|[]

| 0x0030001E | 0x0030001F |

7.3.16.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperl5

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions = [];
eqtr_virt_srcs = [];

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 42.

Table 42: GroupEquatorOrUpper15 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers L R Ls Rs ExclusiveOr ExclusiveOr
upheni _functi ons (Lhs,Ltm) (Rhs,Rtm)
Virtual Speakers ;

upr']e‘rjq. _Vipr ot o uphemi_folddown[][]

(-45, 45,1) -3,0103 dB -3,0103 dB

(45, 45,1) -3,0103 dB -3,0103 dB

(-135, 45,1) -4,6976 dB -13,7828 dB -2,0823 dB

(135, 45,1) -13,7828 dB -4,6976 dB -2,0823 dB

7.3.17 GroupEquatorOrUpperl6

7.3.17.1 Channel Layouts in GroupEquatorOrUpperl16

Channel layout bitmasks that use fold-down coefficients in G- oupEquat or Or Upper 16 are listed in Table 43.

Table 43: GroupEquatorOrUpper16 list_of _channel_masks]]

0x0040401E

0x0040401F

7.3.17.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperl16

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[]:
[1:

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 44.
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Table 44: GroupEquatorOrUpper16 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions

L

R Ls

Rs

Ch

Chr

Virtual Speakers
uphem _virt_srcs

uphemi_folddown([][]

(-45, 45,1)

-3,0103 dB

-3,0103 dB

(45, 45,1)

-3,0103 dB

-3,0103 dB

(-135, 45,1)

-3,0103 dB

-3,0103 dB

(135, 45,1)

-3,0103 dB

-3,0103 dB

7.3.18 GroupEquatorOrUpperl7

7.3.18.1 Channel Layouts in GroupEquatorOrUpperl7

Channel layout bitmasks that use Gr oupEquat or Or Upper 17 fold-down coefficients are listed in Table 45.

Table 45: GroupEquatorOrUpperl7 list_of _channel_masks]]

| 0x0040A01E | 0x0040A01F | 0x3040001E | 0x3040001F |

7.3.18.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpperl7

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[1:
(1
Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 46.

Table 46: GroupEquatorOrUpperl7 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
upheni _functi ons Ls Rs Chr

Virtual Speakers
uphem _virt_srcs
(-135, 45,1)
(135, 45,1)

uphemi_folddown([][]

-3,0103 dB -3,0103 dB

-3,0103 dB

-3,0103 dB

7.3.19 GroupEquatorOrUpperl8

7.3.19.1 Channel Layouts in GroupEquatorOrUpperl8

Channel layout bitmasks that use Gr oupEquat or Or Upper 18 fold-down coefficients are listed in Table 47.

Table 47: GroupEquatorOrUpper18 list_of _channel_masks]]

0x0000A19E 0x0006A19E 0x3000019E 0x3006019E
0x0000A19F 0x0006A19F 0x3000019F 0x3006019F
0x0000A786 0x0006A786 0x30000786 0x30060786
0x0000A787 0x0006A787 0x30000787 0x30060787

7.3.19.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper18

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[1;
[1:
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Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 48.

Table 48: GroupEquatorOrUpper18 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions

Lsr

Rsr

Virtual Speakers
uphem _virt_srcs

uphemi_folddown([][]

(-135, 45,1)

0,0dB

(135, 45,1)

0,0 dB

7.3.20 GroupEquatorOrUpperl9

7.3.20.1 Channel Layouts in GroupEquatorOrUpper19

Channel layout bitmasks that use Gr oupEquat or Or Upper 19 fold-down coefficients are listed in Table 49.

Table 49: GroupEquatorOrUpper19 list_of_channel_masks]]

0x0030019E

0x00300786

0x0036019E

0x00360786

0x0030019F

0x00300787

0x0036019F

0x00360787

7.3.20.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper19

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[]:
[1;

Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 50.

Table 50: GroupEquatorOrUpper19 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphem _functions

R

Lsr

Rsr

ExclusiveOr
(Lhs,Ltm)

ExclusiveOr
(Rhs,Rtm)

Virtual Speakers
uphem _virt_srcs

uphemi_folddownl[][]

(-45, 45,1)

-3,0103 dB

-3,0103 dB

(45, 45,1)

-3,0103 dB

-3,0103 dB

(-135, 45,1)

-3,0103 dB

-3,0103 dB

(135, 45,1)

-3,0103 dB

-3,0103 dB

7.3.21

GroupEquatorOrUpper20

7.3.21.1 Channel Layouts in GroupEquatorOrUpper20

Channel layout bitmasks that use Gr oupEquat or Or Upper 20 fold-down coefficients are listed in Table 51.

Table 51: GroupEquatorOrUpper20 list_of_channel_masks|]

0x0040419E

0x00404786

0x0046419E

0x00464786

0x0040419F

0x00404787

0x0046419F

0x00464787
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7.3.21.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper20

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[l
(1
Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 52.

Table 52: GroupEquatorOrUpper20 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphemi_functions L R Lsr Rs ch Chr
Virtual Speak .
upr']gﬂf‘_v ipreta_serris uphemi_folddown[][]
(-45, 45,1) -3,0103 dB -3,0103 dB
(45, 45,1) -3,0103 dB -3,0103 dB
(-135, 45,1) -3,0103 dB -3,0103 dB
(135, 45,1) -3,0103 dB -3,0103 dB
7.3.22 GroupEquatorOrUpper21
7.3.22.1 Channel Layouts in GroupEquatorOrUpper21
Channel layout bitmasks that use Gr oupEquat or Or Upper 21 fold-down coefficients are listed in Table 53.
Table 53: GroupEquatorOrUpper21 list_of _channel_masks]]
0x0040A19E 0x0046A19E 0x3040019E 0x3046019E
0x0040A19F 0x0046A19F 0x3040019F 0x3046019F
0x0040A786 0x0046A786 0x30400786 0x30460786
0x0040A787 0x0046A787 0x30400787 0x30460787

7.3.22.2 Virtual Speakers and their Fold-down Coefficients for GroupEquatorOrUpper21

Since there are no virtual speakers in the equatorial plane, set the corresponding arrays to an empty list.

eqtr_functions
eqtr_virt_srcs

[l
(1
Fold-down coefficients for virtual speakers in the upper hemisphere are derived from Table 54.

Table 54: GroupEquatorOrUpper21 Fold-down Coefficients for Virtual Speakers in Upper Hemisphere

Physical Speakers
uphemi _functions Lsr Rsr Chr
u;’gfetyn?"_apreta_kgis uphemi_folddown[][]
(-135, 45,1) -3,0103 dB -3,0103 dB
(135, 451,) -3,0103 dB -3,0103 dB

7.4 Lower Hemisphere

7.4.1

The custom virtual sources for lower hemisphere were separated as there are only five tables shared with multiple
groups defined in clause 7.3. For all the tables, the virtual sources in the lower hemisphere is fixed:

Conditions for Lower Hemisphere Groups

V, = [(—45° —45°,1), (45°, —45°, 1), (—135°,—45°, 1), (135°, —45°, 1)]
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The channel layout masks defined in the lower hemisphere groups require that the upper hemisphere channels be
masked to 0. The function Get Channel Layout MaskFor Lower Hemi spher e() masks the LFE and upper hemisphere
channels to zero.

7.4.2 Functions for Virtual Speakers in the Lower Hemisphere

7.4.2.1 GetChannelLayoutMaskForLowerHemisphere

Get Channel Layout MaskFor Lower Hem spher e() converts physical speaker layout into a masked layout for the look
up tables in clause 7.4.2.2. The channel masks created by Get Channel Layout MaskFor Lower Heni spher e() find
the virtual sources and corresponding fold-down coefficients according to the bitmask corresponding to their respective
lower grouping, found in clauses 7.4.3 to 7.4.7.

Get Channel Layout MaskFor Lower Hemi spher e( physi cal _speaker_channel _| ayout _mask )

{
/1 Defining masking flags that will be nasked to zero for |ower hem sphere.
mask_| fe = LFE1 | LFE2;
mask_upper _hemi sphere = Lh | Rh | Ch | Lhr | Chr | Rir | Lhs | Rhis | Ch | Ltf | Rf | Ltr | Rr;

/1 Take negation of both |fe & upper heni sphere masks
mask_to_zero = (~mask_|fe) | (~mask_upper_heni sphere);

/1 Apply conjunction to nake |fe's and upper heni sphere channel nasks zero.
channel _| ayout _nask_f or _| ower _hem sphere =
physi cal _speaker _channel _| ayout _mask & mask_t o_zero;

/1l return the resultant channel nask.
return channel _| ayout _mask_f or _| ower _hem sphere;

7.4.2.2  GroupLower

The following structure gives a concrete representation for a group in the lower hemisphere virtual speakers.

struct G oupLower

{
/1 An array listing all the channel nasks supported by the group.
uint32 |ist_of_channel _masks[];
/1 An array of |ower hemnisphere virtual speakers used by the group.
Poi nt | ohem _virt_srcs[];
/1 An array of function pointers to determine the |ower hem sphere virtual speaker index.
Functi onP | ohem _functions[];
/1 Tabl e of fold-down coefficients for the | ower hemni sphere virtual speakers.
Gai nCoef ficient_dB | ohem _fol ddown[][];
/1 CGet linear gain vector for virtual sources in |ower hem sphere
Cet Li near Gai nMat ri xLoHeni ( Poi nt speaker _| ocations[]);
b

G oupEquat or O Upper : : Get Li near Gai nvat ri xLoHem ( Poi nt speaker _| ocations[])
out_gain_matrix = [][];

for ( virtual _p_idx : range(l ohem _virt_srcs.size()) )
{
out _gain_matrix[virtual _p_idx] =
Cet Li near Gai nVect or Fr onirabl e(
| ohem _virt_srcs,
| ohem _functi ons,
virtual _p_idx,
speaker _| ocations );

}

return out_gain_matri x;
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7.4.2.3 list_of _all_groups_lower

The following list defines all the supported groups for custom virtual speakers in the upper hemisphere and the
equatorial plane.
l'ist_of_all_groups_|lower = {

G oupLower 1,

G oupLower 2,

G oupLower 3,

G oupLower 4,
G oupLower 5

7.4.3 GroupLowerl

7.43.1 Channel layouts in GroupLowerl

Channel layout bitmasks that use Gr oupLower 1 fold-down coefficients are listed in Table 55.

Table 55: GroupLowerl list_of _channel_masks]]

| 0x00000006 | 0x00001800 | 0x00060000

7.4.3.2  Virtual Speakers and their Fold-down Coefficients for GroupLowerl

Fold-down coefficients for virtual speakers in the lower hemisphere are derived from Table 56.

Table 56: GroupLowerl Fold-down Coefficients for Virtual Speakers in Lower Hemisphere

Physical Speakers
| ohem _functions[]
Virtual Speakers
| ohem _virt_srcs[]

ExclusiveOr (L,Lw,Lc) ExclusiveOr (R,Rw,Rc)

lohemi_folddown[][]

(-45, -45,1) 0,0 dB

(45, -45,1) 0,0 dB
(-135, -45,1) 0,0 dB

(135, -45,1) 0,0 dB

7.4.4 GroupLower2

7.4.4.1 Channel layouts in GroupLower2

Channel layout bitmasks that use Gr oupLower 2 fold-down coefficients are listed in Table 57.

Table 57: GroupLower?2 list_of_channel_masks(]

0x00000007 0x00001807 0x00060001 0x00060606 0x00061807
0x00000606 0x00001E00 0x00060006 0x00060607 0x00061E00
0x00000607 0x00001E01 0x00060007 0x00061800 0x00061E01
0x00001801 0x00001E06 0x00060600 0x00061801 0x00061E06
0x00001806 0x00001E07 0x00060601 0x00061806 0x00061E07
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7.4.4.2  Virtual Speakers and their Fold-down Coefficients for GroupLower2

Fold-down coefficients for virtual speakers in the lower hemisphere are derived from Table 58.

Table 58: GroupLower2 Fold-down Coefficients for Virtual Speakers in Lower Hemisphere

Physical Speakers ClosestAzEq )
| ohem _functions|] (-40) ClosestAzEq(40) LeftLargestEqtr() RightLargestEqtr()

Virtual Speakers
| ohem _virt_srcs[]

(-45, -45,1) 0,0dB
(45, -45,1) 0,0dB
(-135, -45,1) 0,0 dB
(135, -45,1) 0,0 dB

lohemi_folddown[][]

7.4.5 GroupLower3

7.45.1 Channel layouts in GroupLower3

Channel layout bitmasks that use Gr oupLower 3 fold-down coefficients are listed in Table 59.

Table 59: GroupLower3 list_of_channel_masks]]

0x0000001E 0x0000181E 0x0006001E 0x0006181E
0x0000001F 0x0000181F 0x0006001F 0x0006181F

7.4.5.2  Virtual Speakers and their Fold-down Coefficients for GroupLower3

Fold-down coefficients for virtual speakers in the lower hemisphere are derived from Table 60.

Table 60: GroupLower3 Fold-down Coefficients for Virtual Speakers in Lower Hemisphere

Physical Speakers
| oheni _functi ons[] L R Ls Rs
Virtual Speakers
| ohem _virt_srcs[]

lohemi_folddown([][]

(-45, -45,1) 0dB

(45, -45,1) 0dB
(-135, -45,1) -0,4576 dB -10 dB
(135, -45,1) -10,0 dB -0,4576 dB

7.4.6 GroupLower4

7.4.6.1 Channel layouts in GroupLower4

Channel layout bitmasks that use Gr oupLower 4 fold-down coefficients are listed in Table 61.

Table 61: GroupLower4 list_of _channel_masks]]

0x0000005E 0x0000185E 0x0006005E 0x0006185E
0x0000005F 0x0000185F 0x0006005F 0x0006185F
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Fold-down coefficients for virtual speakers in the lower hemisphere are derived from Table 62.

Virtual Speakers and their Fold-down Coefficients for GroupLower4

Table 62: GroupLower4 Fold-down Coefficients for Virtual Speakers in Lower Hemisphere

Physical Speakers
| ohem _functions|[] L R Ls Rs Cs
Virtual Speakers ;
| ohemi virt srcs[] lohemi_folddown[][]
(-45, -45,1) 0dB
(45, -45,1) 0dB
(-135, -45,1) -3,0103 dB -3,0103 dB
(135, -45,1) -3,0103 dB -3,0103 dB
7.4.7 GroupLower5
7.4.7.1  Channel Layouts in GroupLower5
Channel layout bitmasks that use Gr oupLower 5 fold-down coefficients are listed in Table 63.
Table 63: GroupLower5 list_of _channel_masks]]
0x0000019E 0x0000199E 0x0006019E 0x0006199E
0x0000019F 0x0000199F 0x0006019F 0x0006199F
0x000001DE 0x000019DE 0x000601DE 0x000619DE
0x000001DF 0x000019DF 0x000601DF 0x000619DF
0x00000786 0x00001F86 0x00060786 0x00061F86
0x00000787 0x00001F87 0x00060787 0x00061F87
0x000007C6 0x00001FC6 0x000607C6 0x00061FC6
0x000007C7 0x00001FC7 0x000607C7 0x00061FC7
7.4.7.2  Virtual Speakers and their Fold-down Coefficients for GroupLower5

Fold-down coefficients for virtual speakers in the lower hemisphere are derived from Table 64.

Table 64: GroupLower5 Fold-down Coefficients for Virtual Speakers in Lower Hemisphere

Physical Speakers
| ohemi _functions[]

L

R

Lsr

Rsr

Virtual Speakers
| ohem _virt_srcs[]

lohemi_folddown[][]

(-45, -45,1)

0dB

(45, -45,1)

od

B

(-135, -45,1)

0dB

(135, -45,1)

0dB
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