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Apparatuses for Converting an Object Position of an Audio Object, Audio Stream
Provider, Audio Content Production System, Audio Playback Apparatus, Methods

and Computer Programs

Description

Technical Field

Embodiments according to the invention are related to apparatuses for converting an object
position of an audio object from a Cartesian representation to a spherical representation
and vice versa.

Embodiments according to the invention are related to an audio stream provider.

Further embodiments according to the invention are related to an audio content production

system.

Further embodiments according to the invention are related to an audio playback apparatus.

Further embodiments according to the invention are related to respective methods.

Further embodiments according to the invention are related to computer programs.

Embodiments according to the invention are related to a mapping rule for dynamic objection

position metadata.

Background of the Invention

Positions of audio objects or of loudspeakers are sometimes described in Cartesian
coordinates (room centric description), and are sometimes described in spherical

coordinates {(ego centric description).

However, it has been found that it is often desirable to convert an object position, or a
loudspeaker position from one representation into the other while maintaining a good

hearing impression. It is also desirable to maintain the general topology of a described
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loudspeaker setup and to maintain the correct object positions played back from designated

loudspeaker positions.

In view of this situation, there is a desire for a concept which allows for a conversion
between a Cartesian representation of object metadata (for example, object position data)
and a spherical representation which provides for a good tradeoff between an achievable

hearing impression and a computational complexity.

Summary of the Invention

An embodiment according to the invention creates an apparatus for converting an object
position of an audio object (for example, “object position data”) from a Cartesian
representation (or from a Carlesian coordinate system representation) (for example,
comprising x, ¥ and z coordinates) to a spherical representation (or sphericatl coordinate
system representation) {for example, comprising an azimuth angle, a spherical domain

radius value and an elevation angle).

A basis area of the Cartesian representation (for example, a quadratic area in an x-y plane,
for example, having corner points (-1;-1,0), (1;-1,0), (1;1;0) and (-1;1;0)) is subdivided into
a plurality of basis area triangles (for example, a green triangle or a triangle having a first
hatching, a purple triangle or a triangle having a second hatching, a red triangle or a triangle
having a third hatching and a white triangle or a triangle having a fourth hatching). For
example, the basis area triangles may all have a corner at a center position of the base
area. Moreover, a plurality of (for example, corresponding or associated) spherical-domain
triangles may be inscribed into a circle of a spherical representation {(wherein, for example,
each of the spherical-domain triangles is associated to a basis area triangle, and wherein
the spherical domain triangles are typically deformed when compared to the basis area
triangles, wherein there is a mapping (preferably a linear mapping) for mapping a given
base area triangle onto its associated spherical domain triangle). For example, the spherical

domain triangles may all comprise a corner at a center of the circle.

The apparatus is configured to determine, in which of the base area triangles a projection
of the object position of the audio object into the base area is arranged. Moreover, the
apparatus is configured to determine a mapped position of the projection of the object
position using a transform (preferably a linear transform), which maps the base area triangle

{in which the projection of the object position of the audio object into the base area is
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arranged) onto its associated spherical domain triangle. The apparatus is further configured
to derive an azimuth angle and an intermediate radius value (for example, a two-
dimensional radius value, for example, in a base plane of the spherical coordinate system,

for example, at an elevation of zero) from the mapped position.

For example, a radius adjustment which maps a spherical domain triangle inscribed into the
circle onto a circle segment may be used. For example, a radius adjustment obtaining an
adjusted intermediate radius r,, may be used. The radius adjustment may, for example,

scale the radius value 7,,, obtained before in dependence on the azimuth angle ¢.

The apparatus is configured to obtain a spherical domain radius value and an elevation
angle in dependence on the intermediate radius value (which may be adjusted or non-
adjusted) and in dependence on a distance of the object position from the base area. The
elevation angle may be determined as an angle of a right triangle having legs of the
intermediate radius value and of the distance of the object position from the base area.
Moreover, the spherical domain radius may be a hypotenuse length of the right triangle, or

an adjusted version thereof.

Moreover, the apparatus may optionally be configured to obtain an adjusted elevation angle
(for example, using a non-linear mapping which linearly maps angles in first angle region
onto a first mapped angle region and which linearly maps angles within a second angle
region onto a second mapped angle region, wherein the first angle region has a different
width or extent when compared to the first mapped angle region, and wherein, for example,
an angle range covered together by the first angle region and the second angle region is
identical to an angle range covered together by the first mapped angle region and the

second mapped angle region.

This apparatus is based on the finding that the combination of the above-mentioned
processing steps provides for a conversion of an object position of an audio object from a
Cartesian representation to a spherical representation with comparatively small
computational effort while allowing to obtain a reasonably good audio quality. Also, it has
been found that the steps mentioned are typically invertible with moderate effort, such that
it is possible to go back from the spherical representation into a Cartesian representation,

for example, at the side of an audio decoder, with moderate effort.
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For example, by subdividing the base area (also designated as basis area) of the Cartesian
representation into basis area triangles (also designated as base area triangles), and by
mapping positions within the basis angle triangles onto positions within the spherical domain
triangles, a simple transition can be made from the Cartesian representation to the spherical
representation, which requires little computational effort and which is easily invertible.
Moreover, by an appropriate choice of the ftriangles, it can be ensured with litlle
computational effort, that an auditable degradation of the hearing impression can be
avoided or at least minimized. This is due to the fact that the triangles can be defined in
such a manner, that audio sources within a given one of the triangles cause a similar hearing

impression.

For example, loudspeaker setups described in room centric parameters and are converted
with the proposed conversion into ego centric description preserve their topology. Moreover
it is desired that also object positions falling on an exact loudspeaker position are still
located on the same loudspeaker after the conversion. Embodiments according to the

invention can fulfil these requirements.

Moreover, it has been found that using a multistep procedure, in which an azimuth angle
and an intermediate radius value (which may be a two-dimensional radius value) are
derived, and in which a spherical domain radius value and an elevation angle are derived
from the intermediate radius value and in dependence on the distance of the object position
from the base area, the mapping can be subdivided into “small” steps, which can be
performed using relatively small computational effort and which can be designed in an easily

invertible manner.

In a preferred embodiment, the apparatus is configured to determine the mapped position
of the projection of the object position using a linear transform described by a transform
matrix. The apparatus is configured to obtain the transform matrix in dependence on the
determined basis area triangle. In other words, based on the determination, in which base
area triangle a projection of the object position of the audio object into the base area is
arranged, the transform matrix may be selected (for example, on a basis of a plurality of a
precomputed transform matrices). Alternatively, the tfransform matrix may also be calculated
by the apparatus, for example, in dependence on positions of corners of a determined base

area triangle and of the determined (associated) spherical domain triangle. Thus, it is very
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easy to select the right transform matrix, and the transform can be made using

computationally simple linear operations.

In a preferred embodiment, the transform matrix is defined according to an equation as
shown in the claims. In this case, the transform matrix is determined by x- and y-coordinates
of (for example, two) corners of the determined basis area triangle and by x- and y-
coordinates of (for example, two) corners of the associated spherical domain triangle. For
example, it may be assumed that the third corner of the determined basis area triangle
and/or the third corner of the associated spherical domain triangle may be in the origin of

the coordinate system, which facilitates the computation of the transform.

In a preferred embodiment, the base area triangles comprise a first base angle triangle
which covers an area “in front” of an origin of the Cartesian representation. A second base
area triangle covers an area on a left side of the origin of the Cartesian representation. A
third base area triangle covers an area on a right side of the origin of the Cartesian
representation. A fourth base area triangle covers an area behind the origin of the Cartesian
representation. By using such base area triangles, the different base area triangles define
regions which result in a different hearing impression (if an object is placed in such a region).
However, it would optionally be possible to distinguish even more different triangles, to
obtain a finer spatial resolution (and/or to reduce artifacts resulting from the conversion from

the Cartesian representation to the spherical representation).

According to an aspect, the definition of the base area triangles according to a segmentation
based on the loudspeaker positions in the horizontal plane/layer is an important feature,
see Figures 18 to 24 and formulae based on a 5.1 loudspeaker setup in the horizontal plane.

For details, reference is also made to section 10.

According to an embodiment, the spherical domain triangles may comprise a first spherical
domain triangle which covers an area in front of an origin of the spherical representation, a
second spherical domain triangle which covers an area on a left side of the origin of the
spherical representation, a third spherical domain triangle which covers an area on a right
side of the origin of the spherical representation and a fourth spherical domain triangle which

covers an area behind the origin of the spherical representation. These four spherical



10

15

20

25

30

35

WO 2019/149710 PCT/EP2019/052156

domain friangles correspond well to the four base area friangles mentioned before.
However, it should be noted that the spherical domain triangles may be substantially
different from the associated base area triangles, for example in that they comprise different
angles. The base area ftriangles are preferably inscribed into a quadratic area in an x-y
plane of the Cartesian representation. In contrast, the spherical domain triangles are, for
example, inscribed into a circle in a zero-elevation plane of the spherical representation.
Possibly, the arrangement of triangles may also comprise symmetry with respect to a
symmetry axis, wherein the symmetry axis may, for example, extend in a direction which is

associated to a front-view of a listener or of a listening environment.

In a preferred embodiment, the coordinates of corners of the base area triangles and the
coordinates of corners of the associated spherical domain triangles may be defined as
shown in the claims. it has been found that such a choice of triangles brings along

particularly good results.

In a preferred embodiment, the apparatus is configured to derive the azimuth angle from
the mapped coordinates of the mapped position according to a mapping rule as shown in
the claims. For example, the mapping rule may use an arc-tangent (arctan) function to map
the coordinates of the mapped position onto an azimuth angle, wherein a handling for
“special cases” may be implemented (in particular, for the case when one of the coordinates

is zero).

Such a azimuth angle derivation is also computationally efficient. The described
computational rule is computationally particularly efficient and also numerically stable,

wherein unreliable resulls are voided.

in a preferred embodiment, the apparatus is configured to derive the intermediate radius
value from mapped coordinates of the mapped positions according to an equation as shown
in the claims. Such a radius computation is particularly simple to implement and provides

good resulis.

In a preferred embodiment, the apparatus is configured o obtain the spherical domain

radius value in dependence on the intermediate radius value using a radius adjustment
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which maps a spherical domain triangle inscribed into a circle onto a circle segment. it has
been found that such a transform can be made by evaluating a single trigonometric function
and is therefore computationally very efficient and also easily invertible. Furthermore, is has
been found that the full range of radius values available in the spherical domain can be

utilized by using such an approach.

In a preferred embodiment, the apparatus is configured to obtain the spherical domain
radius value in dependence on the intermediate radius value using a radius adjustment,
wherein the radius adjustment is adapted to scale the intermediate radius values obtained
before in dependence on the azimuth angle. Accordingly, it is, for example, possible to
upscale the intermediate radius value in dependence on a ratio between the radius of the
circle, into which the respective spherical domain triangle is inscribed, and the distance of
a hypothenuse of an equal-sided right triangle from the corner opposite of the hypothenuse

in the direction determined by the azimuth angle.

in a preferred embodiment, the apparatus is configured to obtain the spherical domain
radius value in dependence on the intermediate radius value using the mapping equations
as defined in the claims. It has been found that this approach is particularly well-suited for

a 5.1 + 4H loudspeaker setup.

In a preferred embodiment, the apparatus is configured to obtain the elevation angle as an
angle of a right triangle having legs of the intermediate radius value and of the distance of
the object position from the base area. It has been found that such a computation of the
elevation angle provides a particularly good result and also allows for an inversion of the

coordinate transform with a moderate effort.

In a preferred embodiment, the apparatus is configured to obtain the spherical domain
radius as a hypotenuse length of a right triangle having legs of the intermediate radius value
and of the distance of the object position from the base are, or as an adjusted version
thereof. It has been found that such an computation is of low complexity and is invertible.

However, in some cases, for example, if the spherical domain radius value is simply
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obtained as the hypotenuse length of the right triangle, the radius value may exceed a radius
of the circle into which the spherical domain triangles are inscribed, such that it is
advantageous to make another adjustment, to thereby bring the adjusted spherical domain
radius value into a range of values which is smaller than or equal to the radius of the circle

into which the spherical domain triangles are inscribed.

In a preferred embodiment, the apparatus is configured to obtain the elevation angle as
described in the claims, and/or to obtain the spherical domain radius as described in the
claims. It has been found that these computation rules bring along a comparatively small
computation effort and also typically allow for an inversion of the coordinated transform with

moderate effort.

In a preferred embodiment, the apparatus is configured to obtain an adjusted elevation
angle (for example, using a non-linear mapping which linearly maps angles in a first angle
region onto a first mapped angle region and which linearly maps angles within a second
angle region onto a second mapped angle region, wherein the first angle region has a
different width when compared to the first mapped angle region, and wherein, for example,
an angle range covered together by the first angle region and the second angle region is
equal to an angle range covered together by the first mapped angle region and the second
mapped angle region). Accordingly, it is possible to adapt the coordinate transform, for
example, to loudspeaker positions. Also, by using such a mapping, it can be considered
that, in terms of hearing impression, there is no one-to-one correspondence between
elevation angles in the Cartesian representation and elevation angles in the spherical
representation. Thus, by performing such a non-linear mapping, which may be a piece-wise
linear mapping, an appropriate adjustment of the elevation angle may be performed, which

is also reversible with moderate effort.

In a preferred embodiment, the apparatus is configured to obtain the adjusted elevation
angle using a non-linear mapping which linearly maps angles in a first angle region on to a
first mapped angle region and which linearly maps angles within a second angle region onto
a second mapped angle region, wherein the first angle region has a different width when
compared to the first mapped angle region. Accordingly, in some regions the elevation
angles are “compressed” and in other regions the elevation angles are "spread” when

performing the conversion. The helps to obtain a good hearing impression.
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In a preferred embodiment, an angle range covered by the first angle region and the second
angle region (together) is identical to an angle range covered together by the first mapped
angle region and the second mapped angle region. Thus, a given angle region of the
elevation (for example, from 0° to 90°) can be mapped on an angle region of the same size
(for example, from 0° to 90°), wherein some angle regions are spread and wherein some

angle regions are compressed by the non-linear mapping.

In a preferred embodiment, the apparatus is configured to map the elevation angle onto the
adjusted elevation angle according to the rule provided in the claims. It has been found that

such a rule provides a particularly good hearing impression.

In a preferred embodiment, the apparatus is configured to obtain an adjusted spherical
domain radius on the basis of a spherical domain radius. It has been found that adjusting
the spherical domain radius may be helpful to avoid that the spherical domain radius

exceeds the radius of the circle into which the spherical domain triangles are inscribed.

In a preferred embodiment, the apparatus is configured to perform a mapping which maps
boundaries of a square in a Cartesian system onto a circle in a spherical coordinate system,
in order to obtain the adjusted spherical domain radius. It has been found that such a
mapping is appropriate in order to bring the spherical domain radius into a desired range of

values.

In a preferred embodiment, the apparatus is configured to map the spherical domain radius
onto the adjusted spherical domain radius according to the rule provided in the claims. It
has been found that this rule is well-suited to bring the adjusted spherical domain radius

into the desired range of value, and that the described rule is also easily invertible.

Another embodiment creates an apparatus for converting an object position of an audio

object (for example, “object positon data”) from a spherical representation (or from a
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spherical coordinate system representation) (for example, comprising an azimuth angle, a
spherical domain radius value and an elevation angle) to a Cartesian representation (or
Cartesian coordinate system representation) (for example, comprising x, y and z

coordinates).

A basis area of the Cartesian representation (for example, a quadratic area in a x-y plane,
for example, having corner points (-1;-1;0), (1;-1;0), (1;1;0) and (-1;1;0)) is subdivided into
a plurality of basis area triangles (for example, a green triangle, or a triangle shown using a
first hatching, a purple triangle or a triangle shown using a second hatching, a red triangle
or a triangle shown using a third hatching, and a white triangle or a triangle shown using a
fourth hatching) (wherein, for example, the basis area triangles may all have a corner at a
center position of the base area), and wherein a plurality of (corresponding or associated)
spherical-domain triangles are inscribed into a circle of a spherical representation (wherein,
for example, each of the spherical-domain triangles is associated to a basis area triangle,
and wherein the spherical domain triangles are typically deformed when compared to the
basis are triangles, and wherein there is preferably a linear mapping for mapping a given
base area triangle onto its associated spherical domain triangle). For example, the spherical

domain triangles may all comprise a corner at a center of the circle).

The apparatus may optionally be configured to obtain a mapped elevation angle on the
basis of an elevation angle (for example, using a non-linear mapping which linearly maps
angles in a first angle region onto a first mapped angle region and which linearly maps
angles within a second angle region onto a second mapped angle region, wherein the first
angle region has a different width when compared to the first mapped angle region, and
wherein, for example, an angle range covered together by the first angle region and the
second angle region is identical to an angle range covered together by the first mapped

angle region and the second mapped angle region.

The apparatus may optionally also be configured to obtain a mapped spherical domain

radius on the basis of the spherical domain radius.

The apparatus is further configured to obtain a value describing a distance of the object
position from the base area and an intermediate radius (which may, for example, be a two-
dimensional radius) on the basis of the elevation angle or the mapped elevation angle and

on the basis of the spherical domain radius or the mapped spherical domain radius. The
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apparatus may optionally be configured to perform a radius correction on the basis of the

intermediate radius.

The apparatus is also configured to determine a position within one of the triangles inscribed
into the circle on the basis of the intermediate radius, or on the basis of a corrected version
thereof, and on the basis of an azimuth angle. Moreover, the apparatus is configured to
determine a mapped position of the projection of the object position onto the base plane on
the basis of the determined position within one of the triangles inscribed into the circle (for
example, using a linear transform mapping the triangle in which the determined position
lies, onto an associated triangle in the base plane). For example, the mapped position and
the distance of the object position from the base area may, together, determine the position

of the audio object in the Cartesian coordinate system.

It should be noted that this apparatus is based on similar considerations as the above-
mentioned apparatus for converting an object position of an audio object from a Cartesian
representation to a spherical representation. The conversion performed by the apparatus
for converting an object position from a spherical representation to a Cartesian
representation may, for example, reverse the operation of the apparatus mentioned above.
Also, it has been found that the operations performed by the apparatus for converting an
object position of an audio object from the spherical representation to the Cartesian
representation are typically computationally simple, partially because they are split up into

separate independent (or subsequent) processing steps of low complexity.

in a preferred embodiment, the apparatus is configured to obtain a mapped elevation angle
on the basis of an elevation angle. This helps to come from an elevation angle, which is
well-suited for a spherical domain rendering, to an elevation angle which is well-adapted to

a Cartesian domain rendering.

In a preferred embodiment, the apparatus is configured to obtain the mapped elevation
angle using a non-linear mapping which linearly maps angles in a first angle region onto a
first mapped angle region and which linearly maps angles within a second angle region onto
a second mapped angle region, wherein the first angle region has a different width when

compared to the first mapped angle region. It has been found that such a piece wise-linear
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mapping (which is, as a whole, a non-linear mapping) can be performed in a computationally

very efficient manner and typically brings along an improved hearing impression.

In a preferred embodiment, an angle range covered together by the first angle range region
and the second angle range region is identical to an angle range covered together by the
first mapped angle range region and the second mapped angle range region. Thus, a given
angle range (for example, between 0° and 90°) can be mapped onto a corresponding angle
range (for example, also from 0° to 90°), wherein some angle regions are compressed and
wherein some angle regions are spread by the non-linear (but piece-wise linear) mapping.
It has been found that such a mapping is helpful to obtain a good hearing impression and

is computationally efficient.

In a preferred embodiment, the apparatus is configured to map the elevation angle onto the
mapped elevation angle according to the rule provided in the claims. It has been found that

this rule is a particularly advantageous implementation.

In a preferred embodiment, the apparatus is configured to obtain a mapped spherical
domain radius on the basis of a spherical domain radius. In should be noted that the
spherical domain radius (which may, for example, lie within a range of values determined
by a radius of the circle in which the spherical domain triangles are inscribed) is sub-optimal.
For this reason, it is advantageous to apply a mapping, to derive the mapped spherical
domain radius. For example, the spherical domain radius may be mapped such that values
of the mapped spherical domain radius are larger than a radius of the circle. For example,
this may be achieved for a spherical domain radius that is close to the radius of the circle,

for example, using the relationship

¥

for 6 < 45°
oo Jrosfd
= i - ,
—  for 45° < 8 < 90°
sin 6

with the spherical domain radius r and the mapped spherical domain radius 7.
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In other words, the mapped spherical domain radius may, for example, be determined in
such a manner that a two-dimensional radius value derived from the mapped spherical

domain radius value is smaller than or equal to the radius of said circle.

In a preferred embodiment, the apparatus is configured to scale the spherical domain radius
in dependence on the elevation angle or in dependence on the mapped elevation angle.
For example, the apparatus may be configured to perform a mapping, which maps a circle
in a spherical coordinate system onto boundaries of a square in a Cartesian system (for
example, to derive the mapped elevation angle). By using such a mapping, it may be
reached that the mapped spherical domain radius is well-suited for a derivation of a two-

dimensional radius value and also for obtaining a z-coordinate value.

In a preferred emboediment, the apparatus is configured to obtain the mapped spherical
domain radius on the basis of the spherical domain radius according to a rule as described
in the claims. It has been found that such a rule is particularly efficient and results in a good

hearing impression.

In a preferred embodiment, the apparatus is configured to obtain a value z describing a
distance of the object position from a base area according to a rule defined in the claims.
Alternatively or in addition, the apparatus may be configured to obtain the intermediate
radius according to the rule defined in the claims. It has been found that these rules are

particularly efficient and simple to implement.

In a preferred embodiment, the apparatus is configured to perform the radius correction
using a mapping which maps circle segments onto triangles inscribed in a circle. For
example, the intermediate radius, which may take values between zero and the radius of
the circle into which the spherical domain triangles are inscribed independent of an azimuth
angle, may be mapped in such a way that the maximum obtainable value of the mapped
spherical domain radius is limited to a distance of a side of the triangle inscribed into the
circle from the center of the circle (for example, in the direction described by the azimuth
angle). For example, the intermediate radius is scaled using an azimuth-angle dependent

ratio between the distance of a side of a respective spherical domain triangle (for example,
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in the direction described by the azimuth angle) and the radius of the circle into which the

spherical domain triangle is inscribed.

In a preferred embodiment , the apparatus is configured to scale the intermediate radius in
dependence on the azimuth angle, to obtain a corrected radius. Such a scaling is typically
computationally simple and still appropriate to map a sector of a circle onto a triangle without

causing excessive distortion.

Another preferred embodiment is based on the segmentation given by the loudspeaker

setup in the horizontal plane, like e.g. 5.1.

In a preferred embodiment, the apparatus is configured to obtain the corrected radius on
the basis of the intermediate radius according to a rule as defined in the claims. It has been
found that this rule is particularly advantageous and results in a particularly good hearing

impression.

In a preferred embodiment, the apparatus is configured to determine a position within one
of the triangles inscribed into the circle according to a rule defined in the claims. This rule
only uses simple trigonometric functions, and is well-suited to clearly define an x-coordinate

and a y-coordinate.

In a preferred embodiment, the apparatus is configured to determine the mapped position
of the protection of the object position onto the base plane (for example, an x-coordinate
and a y-coordinate) on the basis of the determined position within one of the triangles
inscribed into the circle using a linear transform which maps the triangle in which the
determined position lies onto an associated triangle it the base plane. It has been found that
such a linear transform is a very efficient (and invertible) method to map between the

spherical domain and the Cartesian domain.

in a preferred embodiment, the apparatus is configured to determine the mapped position
of the projection of the object position onto the base plane according to the mapping rule

defined in the claims. It has been found that this mapping rule is efficient and invertible.
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In a preferred embodiment, the transform matrix is defined as described in the claims.

In a preferred embodiment, the base area triangles comprise a first base area triangle, a
second base area triangle, a third base area triangle and a fourth base area triangle, as

already mentioned above.

Similarly, in a preferred embodiment, the spherical domain triangles comprise a first
spherical domain triangle, a second spherical domain triangle, a third spherical domain

triangle and a fourth spherical domain triangle, as already mentioned above.

In other preferred embodiments, coordinates of the corners of the base angle triangles are
defined as mentioned in the claims. A specific choice of the base area triangles, of the
spherical domain triangles and of the corners of said triangles is based on the same
considerations as mentioned above with respect to the apparatus for converting an object

position from a Cartesian representation to a spherical representation.

Another embodiment according to the invention creates an audio stream provider for
providing an audio stream. The audio stream provider is configured to receive input object
position information describing a position of an audio object in a Cartesian representation.
The audio stream provider is further configured to provide an audio stream comprising
output object position information describing the position of the object in a spherical
representation. The audio stream provider comprises an apparatus as described above in

order to convert the Cartesian representation into the spherical representation.

According to another embodiment, it is also possible to have an audio stream provider with

a spherical to cartesian transform.

Such an audio stream provider can deal with an input object position information using a
Cartesian representation and can still provide an audio stream comprising a spherical
representation of the position. Thus, the audio stream is usable by audio decoders which

require a spherical representation of the position of an object in order to work efficiently.
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Another embodiment according to the invention creates an audio content production
system. The audio content production system is configured to determine an object position
information describing a position of an audio object in a Cartesian representation. The audio
content production system comprises an apparatus as described above in order to convert
the Cartesian representation into the spherical representation. Moreover, the audio content
production system is configured to include the spherical representation into an audio

stream.

Alternatively, however, also spherical-to-cartesian is possible.

Such an audio content production system has the advantage that the object position can
initially be determined in a Cartesian representation, which is convenient and more intuitive
to many users. However, the audio content production system can nevertheless provide the
audio stream such that the audio stream comprises a spherical representation of the object
position which is originally determined in a Cartesian representation. Thus, the audio stream
is usable by audio decoders which require a spherical representation of the position of an

object in order to work efficiently.

Another embodiment according to the invention creates an audio playback apparatus. The
audio playback apparatus is configured to receive an audio stream comprising a spherical
representation of an object position information. The audio playback apparatus also
comprises an apparatus as described before, which is configured to convert the spherical
representation into a Cartesian representation of the object position information (or,
alternatively, vice versa). The audio playback apparatus further comprises a renderer
configured to render an audio object to a plurality of channel signals associated with sound
transducers (for example, speakers) in dependence on the Cartesian representation of the

object position information.

Accordingly, the audio playback apparatus can deal with audio streams comprising a
spherical representation of the object position information, even though the renderer
requires the object position information in a Cartesian representation. In other words, it is

apparent that the apparatus for converting the object position from a spherical
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representation to a Cartesian representation can advantageously be used in an audio

playback apparatus.

It should be noted that all applications (e.g. production tool or decoder) can be implemented
in a reverse (mirrored) manner, wherein a conversion from spherical coordinates to
cartesian coordinates may be replaced by a conversion from cartesian coordinates to

spherical coordinates and vice versa (e.g. Sph->Cart and Cart->Sph).

Further embodiments according to the invention create respective methods.

However, it should be noted that the methods are based on the same considerations as the
corresponding apparatuses. Moreover, the methods can be supplemented by any of the
features, functionalities and details which are described herein with respect to the

apparatuses, both individually and taken in combination.

Moreover, embodiments according to the invention create computer programs for

performing said methods.

Brief Description of the Figures

Embodiments according to the present application will subsequently be described taking

reference to the enclosed figures, in which:

Fig. 1 shows a block schematic diagram of an apparatus for converting an object
position of an audio object from a Cartesian representation to a spherical

representation, according to an embodiment of the present invention;

Fig. 2 shows a block schematic diagram of an apparatus for converting an object
position of an object from a spherical representation to a Cartesian

representation, according to an embodiment of the present invention;
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Fig. 3

Fig. 4

Fig. 5

Fig. 6

Fig. 7

Table 1

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Fig. 12

18

shows a schematic representation of an example of a Cartesian parameter

room with corresponding loudspeaker positions for a 5.1 +4H setup;

shows a schematic representation of a spherical coordinate system
according to ISO/IEC 23008-3:2015 MPEG-H 3D Audio;

shows a schematic representation of speaker positions in a Cartesian

coordinate system and in a spherical coordinate system;

shows a graphic representation of a mapping of triangles in a Cartesian
coordinate system onto corresponding triangles in a spherical coordinate

system;

shows a schematic representation of a mapping of a point within a triangle in
the Cartesian coordinate system onto a point within a corresponding triangle

in the spherical coordinate system;

shows coordinates of corners of triangles in the Cartesian coordinate system

and corners or corresponding triangles in the spherical coordinate system;

shows a schematic representation of a radius adjustment which is used in

embodiments according to the present invention;

shows a schematic representation of a derivation of an elevation angle and
of a spherical domain radius, which is used in embodiments according to the

present invention;

shows a schematic representation of a correction of a radius, which is used

in embodiments according to the present invention:

shows a block schematic diagram of an audio stream provider, according to

an embodiment of the present invention;

shows a block schematic diagram of an audio content production system,

according to an embodiment of the present invention;
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13

Fig.14

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Table 2

Fig.

15

16

17

18

19

20

21

22

19

shows a block schematic diagram of an audio playback apparatus, according

to an embodiment of the present invention;

shows a flowchart of a method, according to an embodiment of the present

invention;

shows a flowchart of a method, according to an embodiment of the present

invention; and

shows a flowchart of a method, according to an embodiment of the present

invention;

shows a schematic representation of an example of a Cartesian parameter

room with corresponding loudspeaker positions for a 5.1 +4H setup;

shows a schematic representation of a spherical coordinate system
according to ISO/IEC 23008-3:2015 MPEG-H 3D Audio;

shows a schematic representation of speaker positions in a Cartesian

coordinate system and in a spherical coordinate system;

shows a graphic representation of a mapping of triangles in a Cartesian
coordinate system onto corresponding triangles in a spherical coordinate

system;

shows a schematic representation of a mapping of a point within a triangle in
the Cartesian coordinate system onto a point within a corresponding triangle

in the spherical coordinate system;

shows coordinates of corners of triangles in the Cartesian coordinate system

and corners or corresponding triangles in the spherical coordinate system;

shows a schematic representation of a radius adjustment which is used in

embodiments according to the present invention;
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Fig. 23 shows a schematic representation of a derivation of an elevation angle and
of a spherical domain radius, which is used in embodiments according to the

present invention;

Fig. 24 shows a schematic representation of a correction of a radius, which is used

in embodiments according to the present invention.

Detailed Description of the Embodiments

In the following, different inventive embodiments and aspects will be described. Also, further

embodiments will be defined by the enclosed claims.

It should be noted that any embodiments as defined by the claims can be supplemented by
any of the details (features and functionalities) described herein. Also, the embodiments
described herein can be used individually, and can also optionally be supplemented by any

of the details (features and functionalities) included in the claims.

Also, it should be noted that individual aspects described herein can be used individually or
in combination. Thus, details can be added to each of said individual aspects without adding

details to another one of said aspecits.

It should also be noted that the present disclosure describes, explicitly or implicitly, features
usable in an audio encoder (apparatus for providing an encoded representation of an input
audio signal) and in an audio decoder (apparatus for providing a decoded representation of
an audio signal on the basis of an encoded representation). Thus, any of the features
described herein can be used in the context of an audio encoder and in the context of an

audio decoder.

Moreover, features and functionalities disclosed herein relating to a method can also be
used in an apparatus (configured to perform such functionality). Furthermore, any features
and functionalities disclosed herein with respect to an apparatus can also be used in a
corresponding method. In other words, the methods disclosed herein can be supplemented

by any of the features and functionalities described with respect to the apparatuses.
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Also, any of the features and functionalities described herein can be implemented in
hardware or in software, or using a combination of hardware and software, as will be

described in the section “Implementation Alternatives”.

1. Embodiment According to Fig. 1

Fig. 1 shows a block schematic diagram of an apparatus for converting an object position

of an audio object from a Cartesian representation to a spherical representation.

The apparatus 100 is configured to receive the Cartesian representation 110, which may,
for example, comprise Cartesian coordinates x, y, z. Moreover, the apparatus 100 is
configured to provide a spherical representation 112, which may, for example, comprise

coordinates r, ¢ and 6.

The apparatus may be based on the assumption that a basis area of a Cartesian
representation is subdivided into a plurality of basis area triangles (for example, as shown
in Fig. 6) and that a plurality of spherical-domain triangles are inscribed into a circle of a

spherical representation (for example, as also shown in Fig. 6).

The apparatus 100 comprises a triangle determinator (or determination) 120, which is
configured to determine, in which of the base area triangles a projection of the object
position of the audio object into the base area is arranged. For example, the triangle
determinator 120 may provide a triangle identification 122 on the basis of an x-coordinate

and a y-coordinate of the object position information.

Moreover, the apparatus may comprise a mapped position determinator which is configured
to determine a mapped position of the projection of the object position using a linear
transform, which maps the base area triangle (in which the projection of the object position
of the audio object into the base area is arranged) onto its associated spherical domain
triangle. In other words, the mapped position determinator may map positions within a first
base area triangle onto positions within a first spherical domain triangle, and may map
positions within a second base area triangle onto positions within a second spherical
domain triangle. Generally speaking, positions within an i-th base area triangle may be
mapped onto positions within a i-th spherical domain triangle (wherein a boundary of the i-

th base area triangle may be mapped onto a boundary of the i-th spherical domain triangle).
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Accordingly, the mapped position determinator 130 may provide a mapped position 132 on
the basis of the x-coordinate and the y-coordinate and also on the basis of the tringle

identification 122 provided by the triangle determinator 120.

Moreover, the apparatus 100 comprises an azimuth angle/intermediate radius value
derivator 140 which is configured to derive an azimuth angle (for example, an angle ¢) and

an intermediate radius value (for example, an intermediate radius value ) from the

mapped position 132 (which may be described by two coordinates). The azimuth angle

information is designated with 142 and the intermediate radius value is designated with 144.

Optionally, the apparatus 100 comprises a radius adjuster 146, which receives the
intermediate radius value 144 and provides, on the basis thereof, an adjusted intermediate
radius value 148. In the following, the further processing will be described taking reference
to the adjusted intermediate radius value. However, in the absence of the optional radius
adjuster 146, the intermediate radius value 144 may take the place of the adjusted

intermediate radius value 148.

The apparatus 100 also comprise an elevation angle calculator 150 which is configured to
obtain an elevation angle 152 (for example, designated with 8) in dependence on the
intermediate radius value 144, or independence on the adjusted intermediate radius value
148, and also in dependence on the z-coordinate, which describes the distance of the object

position from the base area.

Moreover, the apparatus 100 comprises a spherical domain radius value calculator which
is configured to obtain a spherical domain radius value in dependence on the intermediate
radius value 144 or the adjusted intermediate radius value 148 and also in dependence on
the z-coordinate which describes the distance of the object position from the base area.
Accordingly, the spherical domain radius value calculator 160 provides a spherical domain

radius value 162, which is also designated with 7.

Optionally, the apparatus 100 also comprises an elevation angle corrector (or adjustor) 170,
which is configured to obtain a corrected or adjusted elevation angle 172 (designated, for

example with 8) on the basis of the elevation angle 152.

Moreover, the apparatus 100 also comprises a spherical domain radius value corrector (or

a spherical domain radius value adjustor) 180, which is configured to provide a corrected
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or adjusted spherical domain radius value 182 on the basis of the spherical domain radius
value 162. The corrected or adjusted spherical domain radius value 182 is designated, for

example, with r.

It should be noted that the apparatus 100 can be supplemented by any of the features and
functionalities describe herein. Also, it should be noted that each of the individual blocks
may, for example, be implemented using the details described below, without necessitating

that other blocks are implemented using specific details.

Regarding the functionality of the apparatus 100, it should be noted that the apparatus is
configured to perform multiple small steps, each of which is invertible at the side of an

apparatus converting a spherical representation back into a Cartesian representation.

The overall functionality of the apparatus is based on the idea that an object position, which
is given in a Cartesian representation (wherein, for example, valid object positions may lie
within a cube centered at an origin of the Cartesian coordinate system and aligned with the
axes of the Cartesian coordinate system) can be mapped into a spherical representation
(wherein, for example, valid object positions may lie within a sphere centered at an origin
of the spherical coordinate system) without significantly degrading a hearing impression.
For example, Direct loudspeaker mapping is enabled if loudspeaker positions define the
triangles / segmentation. A projection of the object position onto the base area (for example,
onto the x-y plane) may be mapped onto a position within a spherical domain triangle which
is associated with a triangle in which the projection of the object position into the base area
is arranged. Accordingly, a mapped position 132 is obtained, which is a two-dimensional

position within the area within which the spherical domain triangles are arranged.

An azimuth angle is directly derived from this mapped position 132 using the azimuth angle
derivator or azimuth angle derivation. However, it has been found that an elevation angle
152 and a spherical domain radius value 162 can also be obtained on the basis of an
intermediate radius value 144 (or on the basis of an adjusted intermediate radius value 148)
which can be derived from the mapped position 132. In a simple option, the intermediate
radius value 144, which can be derived easily from the mapped position 132, can be used
to derive the spherical domain radius value 162, wherein the z-coordinate is considered
(spherical domain radius value calculator 160). Also, the elevation angle 152 can easily be
derived from the intermediate radius value 144, or from the adjusted intermediate radius

value 148, wherein the z-coordinate is also considered. In particular, the mapping which is
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performed by the mapped position determinator 130 significantly improves the results when

compared o an approach which would not perform such a mapping.

Moreover, it has been found that the quality of the conversion can be further improved if the
intermediate radius value is adjusted by the radius adjuster 146 and if the elevation angle
152 is adjusted by the optional elevation angle corrector or elevation angle adjuster 170
and if the spherical domain radius value 162 is corrected or adjusted by the spherical
domain radius value corrector or spherical domain radius value adjuster 180. The radius
adjustor 146 and the spherical domain radius value corrector 180 can, for example, be used
to adjust the range of values of the radius, such that the resulting radius value 182
comprises a range of values well-adapted to the Cartesian representation. Similarly, the
elevation angle corrector 170 may provide a corrected elevation angle 172, which brings
along a particularly good hearing impression, since it will be achieved that the elevation
angle is better adjusted to the spherical representation which is typically used in the field of

audio processing.

Moreover, it should be noted that the apparatus 100 can optionally be supplemented by any

of the features and functionalities described herein, both individually and in combination.

In particular, the apparatus 100 can optionally be supplemented by any of the features and

functionalities described with respect to the “production side conversion”.

The features, functionalities and details described herein can optionally be introduced

individually or in combination into the apparatus 100.

2. Embodiment according to Fig. 2

Fig. 2 shows a block schematic diagram of an apparatus for converting an object position

of an audio object from a spherical representation to a Cartesian representation.

The apparatus for converting an object position from a spherical representation to a

Cartesian representation is designated in its entirety with 200.

The apparatus 200 receives an object position information, which is a spherical

representation. The spherical representation may, for example, comprise a spherical



10

15

20

25

30

35

WO 2019/149710 PCT/EP2019/052156
25

domain radius value r, an azimuth angle value (for example, @) and an elevation value (for

example, 6).

Similar to the apparatus 100, the apparatus 200 is also based on the assumption that a
basis area of the Cartesian representation (for example, a quadratic area in an x-y plane,
for example having corner points (-1;-1;0), (1;-1;0), (1;1;0) and (-1;1,0)) is subdivided into a
plurality of basis area triangles (for example, a first basis area triangle, a second basis area
triangle, a third basis area triangle and fourth basis area triangle). For example, the basis
area triangles may all have a corner at a center position of the base area. Moreover, it is
assumed that there is a plurality of (corresponding or associated) spherical-domain triangles
which are inscribed into a circle of a spherical representation (wherein, for example, each
of the spherical-domain triangles is associated to a base area triangle, wherein the spherical
domain triangles are typically deformed when compared to the associated basis area
triangles, and wherein there is a linear mapping for mapping a given base area triangle onto
its associated spherical area triangle). Moreover, the spherical domain triangles may, for

example, comprise a corner at a center of the circle.

The apparatus 200 optionally comprises an elevation angle mapper 220, which receives the
elevation angle value of the spherical representation 210. The elevation angle mapper 220
is configured to obtained a mapped elevation angle 222 (for example, designated with 6)
on the basis of an elevation angle (for example, designated with 8). For example, the
elevation angle mapper 220 may be configured to obtain the mapped elevation angle 222
using a non-linear mapping which linearly maps angles in a first angle region onto a first
mapped angle region and which linearly maps angles within a second angle region onto a
second mapped angled region, wherein the first angle region has a different width when
compared to the first mapped angled region and where, for example, an angle range
covered together by the first angle region and the second angle region is identical to an
angle range covered together by the first mapped angle region and the second mapped

angle region.

Moreover, the apparatus 200 optionally comprises a spherical domain radius value mapper
230, which receives the spherical domain radius (for example, r). The spherical domain
radius value mapper 230, which is optional, may be configured to obtain a mapped spherical

domain radius 232 on the basis of the spherical domain radius (for example, r).
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Moreover, the apparatus 200 comprises a z-coordinate calculator 240, which is configured
to obtain a value (for example, z) describing a distance of the object position from the base
area on the basis of the elevation angle 218 or on the basis of the mapped elevation angle
222, and on the basis of the spherical domain radius 228 or on the basis of the mapped
spherical domain radius 232. The value describing a distance of the object position from the

[T

base area is designated with 242, and may also be designated with “z".

Moreover, the apparatus 200 comprises an intermediate radius calculator 250, which is
configured to obtain an intermediate radius 252 (for example, designated with ryy) on the
basis of the elevation angle 218 or on the basis of the mapped elevation angle 222 and also
on the basis of the spherical domain radius 228 or on the basis of the mapped spherical

domain radius 232.

The apparatus 200 optionally comprises a radius corrector 260, which may be configured
to receive the intermediate radius 252 and the azimuth angle 258 and to provide a corrected

(or adjusted) radius value 262.

The apparatus 200 also comprises a position determinator 270, which is configured to
determine a position within one of the triangles inscribed into the circle (spherical domain
triangle) on the basis of the intermediate radius 252, or on the basis of the corrected version
262 of the intermediate radius, and on the basis of the azimuth value 258 (for example ¢).
The position within one of the triangles may be designated with 272 and may, for example,
be described by two coordinates ¥ any ¥ (which are Cartesian coordinates within the plane

in which the spherical domain triangles lie).

The apparatus 200 may optionally comprise a triangle identification 280, which determines
in which of the spherical domain triangles the position 272 lies. This identification, which is
performed by the triangle identification 280, may, for example, be used to select a mapping

rule to be used by a mapper 290.

The mapper 290 is configured to determine a mapped position 292 of the projection of the
object position onto the base plane on the basis of the determined position 272 within one
of the triangles inscribed into the circle (for example, using a transform or a linear transform
mapping the triangle, in which the determined position lies, onto an associated triangle in
the base plane). Accordingly, the mapped position 292 (which may be a two-dimensional

position within the base plane) and the distance of the object position from the base area
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(for example, the z value 242) may, together, determine the position of the audio object in

the Cartesian coordinate system.

It should be noted that the functionality of the apparatus 200 may, for example, be inverse
to the functionality of the apparatus 100, such that it is possible to map a spherical
representation 112 provided by the apparatus 100 back to a Cartesian representation of the
object position using the apparatus 200 (wherein the object position information 210, in the
spherical representation (which may comprise the elevation angle 218, the spherical
domain radius 228 and azimuth angle 258) may be equal to the spherical representation
112 provided by the apparatus 100, or may be derived from the spherical representation
112 (E.g. may be a lossy coded or quantized version of the spherical representation 112) .
For example, by an appropriate choice of the processing, it may be reached that the
conversion performed by the apparatus 100 is invertible with moderate effort by the

apparatus 200.

Moreover, it should be noted that it is an important feature of the apparatus 200 that there
is a mapping of a position within one of the spherical domain triangles onto a position in the
base plane of the Cartesian representation, because this functionality allows for a mapping

which provides a good hearing impression with moderate complexity.
Moreover, it should be noted that the apparatus 200 can be supplemented by any of the
features, functionalities and details which are described herein, both individually and in

combination.

3. Further Embodiments and Considerations

in the following, some details regarding the mapping rule for object position metadata or for
dynamic object position metadata will be described. It should be noted that the position

does not have to be dynamic. Also static object positions may be mapped.

Embodiments according to the invention are related to a conversion from production side
object metadata, especially object position data, in case on production side a Cartesian
coordinate system is used, but in the transport format the object position metadata is

described in the spherical coordinates.
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it has been recognized that it is a problem that, in the Cartesian coordinates, the
loudspeakers are not always located at the mathematically "correct” positions compared to
the spherical coordinate system. Therefore, conversion is desired that ensures that the

cuboid area from the Cartesian space is projected correctly into the sphere, or semi-sphere.

For example, loudspeaker positions are equally rendered using an audio object renderer
based on a spherical coordinate system (for example, a renderer as described in the MPEG-
H 3D audio standard) or using a Cartesian based renderer with the corresponding

conversion algorithm.

it has been found that the cuboid surfaces should be mapped or projected (or sometimes
have to be mapped or projected) onto the surface of the sphere on which the loudspeakers
are located. Furthermore, it is desired (or sometimes required), that the conversion
algorithm has a small computational complexity. This is especially true for the conversion

step from spherical to Cartesian coordinates.

An example application for the invention is: use state-of-the art audio object authoring tools
that often use a Cartesian parameter space (X, y, z) for the audio object coordinates, but
use a transport format that describes the audio object positions in spherical coordinates
(azimuth, elevation, radius), like e.g., MPEG-H 3D Audio. However, the transport format

may be agnostic to the renderer (spherical or Cartesian), that is applied afterwards.

It should be noted that, in the following, the invention is described, as an example, for a
5.1+4H loudspeaker set-up, but can easily be transferred for all kinds of loudspeaker set-
ups (e.g., 7.1+4, 22.2, etc.) or varying Cartesian parameter spaces (different orientation of

the axes, or different scaling of the axes, ... }.

General Comparison of Coordinate Systems

In the following, a general comparison of coordinate systems will be provided.

For this purpose, Fig. 3 shows a schematic representation of an example of a Cartesian
parameter room with corresponding loudspeaker positions for a 5.1+4 H set-up. As can be
seen, a normalized object position may, for example, lie within cuboids having corners at
coordinates (-1;-1;0), (1;-1;0), (1:1;0), (-1,1;0), (-1;-1;1), (1;-1;1), (1, 1;1) and (-1;1;1).



10

15

20

25

30

35

WO 2019/149710 PCT/EP2019/052156
29

As a comparison, Fig. 4 shows a schematic representation of a spherical coordinate system
according to ISO/IEC 23008-3:2015 MEG-H 3D audio. As can be seen, a position of an
object is described by an azimuth angle, by an elevation angle and by a (spherical domain)

radius.

However, it should be noted that the coordinates X and Y in the IS0 coordinate system are

defined differently compared to the Cartesian coordinate system described above.

However, it should be noted that the coordinate systems shown here should be considered

as examples only.

3.1 Production Side Conversion (Cartesian 2 Spherical or Cartesian-to-Spherical)

In the following, a conversion from a Cartesian representation (for example, of an object
position) to a spherical representation (for example, of the object position) will be described,

which may preferably be performed by the apparatus 100.

It should be noted that the features, functionalities and details described here can optionally

be taken over into the apparatus 100, both individually and taken in combination.

However, the "projection side conversion” (which is a conversion from a Cartesian
representation to a spherical representation) described here may be considered as an
embodiment according to the invention, which can be used as-is (or in combination with
one or more of the features and functionalities of the apparatus 100, or in combination with

one or more of the features and functionalities as defined by the claims).

It is assumed here, for example, that the loudspeaker positions are given in spherical
coordinates as described, for example, by the ITU recommendation ITU-R BS.2159-7 and
described in the MPEG-H specification.

The conversion is applied in a separated approach. First the x and y coordinates are
mapped to the azimuth angle ¢ and the radius r., in the azimuth/xy-plane (for example, a
base plane). This may, for example, be performed by blocks 120, 130, 140 of the apparatus

100. Afterwards, the elevation angle and the radius in the 3D space (often designated as
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spherical domain radius value) are calculated using the z-coordinate. This can be
performed, for example, by blocks 146 (optional), 150, 160, 170 (optional) and 180
(optional). The mapping is described, as an example (or exemplarily), for the 5.1+4H

loudspeaker setup.

Special case x=y=0;

It should be noted that, optionally, the following assumption may be made for the special

casex=y=0.

Forz>0:

¢ = undefined (=0°), 6= 90° andr = z.
Forz =0

¢ = undefined (=0°), 6= 0°and r=0.

1).Conversion in xy-plane

The conversion which takes place in the xy-plane may, for example, comprise three steps

which will be described in the following.
Step 1: (optional; may be a preparatory step)

In the first step, triangles in the Cartesian coordinate system are mapped to corresponding

triangles in the spherical coordinate system.

For example, Fig. 6 shows a graphic representation basis area triangles and associated
spherical domain triangles. For example, a graphic representation 610 shows four triangles.
For example, there is a x-coordinate direction 620 and a y-coordinate direction 622. An
origin is, for example, at position 624. For example, four triangles are inscribed into a square
which may, for example, comprise normalized coordinates (-1;-1), (1;-1), (1;1) and (-1;1). A
first triangle (shown in green or using a first hatching) is designated with 630 and comprises
corners at (1:1), (-1;1) and (0;0). A second triangle, shown in purple or using a second
hatching, is designated with 632 and has corners at coordinates (-1;1), (-1;-1) and (0;0). A
third triangle 634 is shown in red or using third hatching and has corners at coordinates (-
1:-1), (1;-1) and (0;0). A fourth triangle 636 is shown in white or using a fourth hatching and

has corners at coordinates (1;-1), (1;1) and (0;0).
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Accordingly, the whole inner area of a (normalized) unit square is filled up by the four
triangles, wherein the fourth triangles all have one of their corners at the origin of the
coordinate system. It may be set that the first triangle 630 is “in front” of the origin (for
example, in front of a listener assumed to be at the origin), the second triangle 632 is at the
left side of the origin, the third triangle is “behind” the origin and the fourth triangle 636 is on
the right side of the origin. Worded differently, the first triangle 630 covers a first angle range
when seen from origin, the second triangle 632 covers a second angle range when seen
from the origin, the third triangle covers a third angle range when seen from the origin and
the fourth triangle covers a fourth angle range when seen from the origin. It should be noted
that four possible speaker positions coincide with the corners of the unit square, and that a

fifth speaker position (center speaker) may be assumed to be at coordinate (0;1).

A graphic representation 650 shows associated triangles which are inscribed into a unit

circle in a spherical coordinate system.

As can be seen in the graphic representation 650, four triangles are inscribed into the unit
circle, which is, for example, lying in a base area of a spherical coordinate system (for
example, an elevation angle of zero). A first spherical domain triangle 660 is shown in green
color orin a first hatching, and is associated with the first base area triangle 630. The second
spherical domain triangle 662 is shown in a purple color or in a second hatching and is
associated with as second base area triangle 632. A third spherical domain triangle 664 is
shown in a red color or a third hatching and is associated with the third base area triangle
634. A fourth spherical domain triangle 666 is shown in a white color or in a fourth hatching
and is associated with a fourth base area triangle 636. Adjacent spherical domain triangles
share a common triangle edge. Also, the four spherical domain triangles cover a full range
of 360° when seen from the origin. For example, the first spherical domain triangle 660
covers a first angle range when seen from the origin, the second spherical domain triangle
662 covers a second angle range when seen from the origin, the third spherical domain
triangle 664 covers a third angle range when seen from the origin and the fourth spherical
domain triangle 666 covers a fourth angle range when seen from the origin. For example,
the first spherical domain triangle 660 may cover an angle range in front of the origin, the
second spherical domain triangle 662 may cover an angle range on a left side or origin, the
third spherical domain triangle may cover an angle range behind the origin and the fourth
spherical domain triangle 666 may cover an angle range on a right side of the origin.
Moreover, four speaker positions may be arranged at positions on the circle which are

common corners of adjacent spherical domain triangles. Another speaker position (for
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example, of a center speaker) may be arranged outside of the spherical domain triangles

(for example, on the circle “in front” of the first spherical domain triangle).

Generally speaking, it should also be noted that the angle ranges covered by the spherical
domain triangles may be different from the angle ranges covered by the associated base
area triangles. For example, while each of the base area triangles may, for example, cover
an angle range of 90° when seen from the origin of the Cartesian coordinate system, the
first, second and fourth spherical domain triangles may cover angle ranges which are
smaller than 90° and the third spherical domain triangle may cover an angle range which is
larger than 90° (when seen from the origin of the spherical coordinate system). Alternatively,

more triangles may be used, as shown in the below example with 5 segments.

Moreover, while the base area triangles 630, 632, 634, 636 may be equal, the spherical
domain triangles may have different shapes, wherein the shape of the second spherical
domain triangle 666 and the shape of the fourth spherical domain triangle 666 may be equal

(but mirrored with respect to each other).

Moreover, it should be noted that a higher number of triangles could be used both in the

Cartesian representation and in the spherical representation.

In the following, a mapping of triangles in the Cartesian coordinate system to corresponding

triangles in the spherical coordinate system will be shown, as an example, for one triangle.

As an example, Fig. 7 shows a graphic representation of a base area triangle and an
associated spherical domain triangle. As can be seen in a graphic representation 710, the
base area triangle, which may be the "second base area triangle” comprises corners at
coordinates P:, P> and at the origin of the Cartesian coordinate system. The associated
spherical domain triangle (for example the “second spherical domain triangle”) may
comprise corners at coordinates P,, P, and at the origin of the Cartesian coordinate system,
as can be seen in a graphic representation 750. For example, a point P within the first base
area triangle 632 is mapped onto a corresponding point P in the associated spherical

domain triangle 662.

The triangles, or positions therein, like, for example, the point P can be projected (or

mapped) onto each other using a linear transform:



10

15

20

25

30

35

WO 2019/149710 PCT/EP2019/052156
33

p= (T) =TP
5 L
The transform matrix can be calculated (or pre-calculated), for example, using the known
positions of the corners of the (associated) triangles P;, P,, P, and P, . These points depend
on the loudspeaker set-up and the corresponding positions of the loudspeakers and the

triangle in which the position P is located.

_ [fn ‘512} . 1 Py xPyy — PyyPry PPy — PiyPry
f21 laz PixPay = PaxPry PryPay — PayPry PixPay — Pyy Py x

However, it should be noted that the transform matrix T may, for example, be pre-computed.

For example, if the concept is implemented using the apparatus 100, the triangle
determinator 120 may determine in which triangle a position P to be converted from a
Cartesian representation to a spherical representation is located (or, more precisely, may
determine in which of the base area triangles a (two-dimensional) projection P of the
(original, three-dimensional) position into the base plane is arranged, where it is assumed
that the position may be a three-dimensional position described by an x-coordinate, a y-
coordinate and a z-coordinate). According to the determination in which of the triangles the
projection P of the position lies, an appropriate transform matrix T may be selected and may

be applied (for example, to the projection P) by the mapped position determinator 130.
Thus, the mapped position P is obtained.

In the following, an example regarding the base area triangles and the spherical domain

triangles will be described.

For example, the 5.1+4H loudspeaker setup contains in the middle tayer a standard 5.1
loudspeaker set up, which is the basis for the projection in the xy-plane. In table 1, the
corresponding points Py, P2, P, and P, are given for the four triangles that have to be
projected. However, it should be noted that the points as shown in table 1 should be
considered as an example only, and that the concept can also be applied in combination
with other loudspeaker arrangements, wherein the triangles may naturally be chosen in a

different manner.
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Step 2

In a second step, a radius 7, (which may also be designated as an intermediate radius or
intermediate radius value) and the azimuth angle ¢ are calculated based on the mapped
coordinates ¥ and ¥. For example, this calculation is performed by the azimuth angle
deviator and by the intermediate radius value determinator, which is shown as block 140 in

the apparatus 100. For example, the following computation or mapping may be performed:

7~Axy_\/%z'{_j)z
tan‘lj fory >0
y
—-90° fory=0AX>0
0° fory=0AX=0
0= 90° fory=0AX<0

-—90°+tan"1z fory <0 AX>0
—180° forj <0 A % =0

90° + tan-1% fory <0 AX<0

=

Step 3 (optional)

The radius (for example, the intermediate radius value f,) may be adjusted, because the
loudspeakers are, for example, placed on a square in the Cartesian coordinate system in
contrast to the spherical coordinate system. In the spherical coordinate system, the

loudspeakers are positioned, for example, on a circle.

To adjust the radius, the boundary of the Cartesian loudspeaker square is projected on the
circle of the spherical coordinate system. This means that the chord is projected onto the

corresponding segment of the circle.

It should be noted that this functionality, may, for example, be performed by the radius

adjuster 146 of the apparatus 100.
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Fig. 8 illustrates the scaling, considering, for example, the first spherical domain triangle. A
point 840 within the first spherical domain triangle 830 is described, for example, by an
intermediate radius value 7., and by an azimuth angle ¢. Points on the chord may, for
example, typically comprise (intermediate) radius values which are smaller than the radius
of the circle (wherein the radius of the circle may be 1 if it is assumed that the radius is
normalized). However, the “radius” (or radius coordinate, or distance from the origin) of the
points on the chord may be dependent on the azimuth angle, wherein end points of the
chord may have a radius value which is identical to the radius of the circle. However, for the
points within the first spherical domain triangle, the radius values may be scaled by the ratio
between the radius of the circle {for example, 1) and the radius value (for example, the
distance from the origin) of a respective point on the chord. Accordingly, the radius values
of points on the chord may be scaled such that they become equal to the radius of the circle.
Other points (like, for example, point 840) which have the same azimuth angle, are scaled

in a proportional manner.

An example for such adjustment of the radius {more precisely, of the intermediate radius

value) will be provided in the following:

For je] < 30°:
cos @
Ty T Ty 5300

For30° < jel <110°:

. cos(70° = |e])
Ty = Ty cos 80°

For110° < |¢] <180°:

o cos{180° — |¢])
Ty = Dy T 51400

2} Conversion of z Component

For example, the elevation of a top layer is assumed o be a 30° elevation angle in a

spherical coordinate system.
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Worded differently, it is assumed, as an example, that elevated speakers (which may be

considered to constitute a “top layer”) are arranged at an elevation angle of 30°.

Fig. 9 shows, as an example, a definition of quantities in a spherical coordinate system. As
can be seen in Fig. 9, definitions are shown in a two-dimensional projection view. In
particular, Fig. 9 shows the (adjusted) intermediate radius value r,y, the z-coordinate of the

Cartesian representation, a spherical domain radius value ¥ and an elevation angle 6.

In the following, different steps to determine # and 8, or corrected or adjusted versions r, 8

thereof, will be described.

Step 1:

in an example, it is possible to calculate the elevation angle 8 based on the radius ryy, (which
may be the adjusted intermediate radius value) and the z component (which may be the z
value of the Cartesian representation). This computation may, for example, be performed
by the elevation angle calculator 150. Furthermore, the method also comprises calculating
the 3D radius 7 (also designated as spherical domain radius value) based on the angle 0

(also designated as elevation angle) and r,,. For example, a computation 7= ry, /cos(8) may

be used.

Alternatively, however, the 3D radius ¥ may be computed based on the radius ry, and the z
component. This computation may, for example, be performed by the spherical domain

radius value calculator 160.

For example, 8 and ¥ may be computed according to:
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Step 2: (optional)

Optionally, a correction of the radius ¥ due to the projection of the rectangular boundaries

of the Cartesian system onto the unit circle of the spherical coordinate may be performed.
Fig. 10 shows a schematic representation of this transform.

As can be seen from Fig. 10, the spherical domain radius value ¥ can take values which are
larger than the radius of the unit circle in the spherical coordinate system. Taking reference
to the above equation mentioned in the previous steps, ¥ can take values up to v/2 under
the assumption that ry can take values between 0 and 1 and under the assumption that z
can take values between 0 and 1, or between -1 and 1 (for example, for points within a unit

cube within the spherical coordinate system).

Accordingly, the spherical domain radius value is corrected or adjusted, to thereby obtain a
corrected (or adjusted) spherical domain radius value r. For example, the correction or

adjustment can be done using the following equations or mapping rules:

For0 < 8 <45°;

r= ¥ coséf

For 45° < 8 < 90°:

¥ =t sinf

Moreover, it should be noted that the above-mentioned adjustment or correction of the
spherical domain radius value may be performed by the spherical domain radius value

corrector 180.

Step 3: (optional)

Optionally, a correction of the elevation angle 8 may be performed due to the different
placement of the loudspeakers in the Cartesian (8 = 45°) and spherical (8 = 30°) coordinate

system.
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In other words, since the height loudspeakers or elevated loudspeakers are, for example,
arranged at different elevations in a Cartesian coordinate system and in a spherical
coordinate system, a mapping of 6 to 8 may optionally be performed. Such a mapping may
be helpful to improve a hearing impression which can be achieved at the side of an audio
decoder. For example, the mapping of 8 to 8 will be performed according to the foliowing

equation or mapping rule:

530 for § < 45°
oo 450 oro <
- (90° — 30°) -
(6 - 45°)mm-;i-§;mm+ 30° for45°< 8 <90°

However, more general formulas could be used, as will be described below.

For example, the mapping of 6 to 8 can be performed by the elevation angle corrector 170.
To conclude, details regarding the functionality which may be used when transforming a
Cartesian representation into a spherical representation, have been described. The details

described here can optionally be introduced into the apparatus 100, both individually and in

combination.

3.2 Decoder Side Conversion (Spherical to Cartesian or "Sph 2 Cart”) (Embodiment)

On the decoder side, an inverse conversion (which may be inverse to the procedure
performed at the production side) may be executed. This means that the conversion steps

may, for example, be reversed in opposite order.

In the following, some details will be described.

1) Conversion of Elevation and Projection of Radius on xy-Plane (Calculation of z

Component)

Special case & = 90°: (optional)
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Optionally, a special handling may be performed in the case of 8 = 90°. For example, the

following settings may be used in this case:

x=0,y=0andz=r

Step 1: (optional)

Optionally, a mapping of 8 to & may be performed which may, for example, reverse the
(optional) mapping of 8 to 8 mentioned above. For example, the mapping of 8 to 8 may be

made using the following mapping rule:

g for 6 < 30°
. 300 or =
77 (6 — 30°) 457 450 for30° < 6 < 90°
(90° — 30°) or

It should be noted that the mapping of 8 to 8 may, for example, be performed by the

elevation angle mapper 220, which can be considered as being optional.

Step 2: (optional)

Optionally, an inversion of a radius correction may be performed. For example, the above-
mentioned correction of the radius 7 due to the projection of the rectangular boundaries of
the Cartesian system on to the unit circle of the spherical coordinate system may be

reversed by such an operation.

For example, the inversion of the radius correction may be performed using the following

mapping rule:

7

— for 8 < 45°

. _ Jcosé@

r= r ~
—— for 45° < 8 < 90°
sind

For example, the inversion of the radius correction may be performed by the spherical

domain radius value mapper 230.
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Step 3:

Moreover, a z-coordinate z and a radius value or “intermediate radius value "ry,” may be
calculated on the basis of the mapped spherical domain radius value # and on the basis of
the mapped elevation angle 8 (or, alternatively, on the basis of a spherical domain radius
value r and an elevation angle 6, if the above-mentioned optional mapping of 8 to 6 and the

above-mentioned optional inversion of the radius correction are omitted).

For example, the calculation of z and ry, may be performed according to the following

mapping rules:

For example, the calculation of the z coordinate may be performed by the z-coordinate
calculator 240. The calculation of ryy, may, for example, be performed by the intermediate

radius calculator 250.

2) Calculation of x and v Component

In the following, the computation of an x component and a y component will be described.
For example, the x component and the y component are determined on the basis of the

intermediate radius ryy, and on the basis of the azimuth angle ¢.

Step 1: (optional)

Optionally, an inversion of the radius correction may be performed. For example, the
optional radius adjustment, which is made because the loudspeakers are placed on a
square in the Cartesian coordinate system in contrast to the spherical coordinate system,

may be reversed.

The optional inversion of the radius correction may, for example, be performed according

to the following mapping rule:
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cos 30°
?”xym“ for I(p| <30
cos 80°
Ty = 4 Ty - for 30° < || < 110°
cos(70° — |o|)
cos 140°
for 110° < < 180°
" Cos(180° — lel) or ]

For example, the optional inversion of the radius correction may be performed by the radius

corrector 260.

Step 2:

Furthermore, a calculation of coordinates ¥ and § may be performed. For example, ¥ and ¥
may be determined on the basis of the corrected radius value 7, and on the basis of the
azimuth angle. For example, the following mapping rule may be used for the calculation of

% and ¥

~Tyy SINQ for || < 90°
—Tyy SiN(180° — @)  for 90° < |p| < 180°

~ Ty €COSQ for |p| < 90°
—Tyy c05(180° — [@|) for 90° < || < 180°

The calculation of ¥ and ¥ may, for example, be performed by the position determinator
270.

Step 3.

Furthermore, a calculation of coordinates x and y, which are coordinates in the Cartesian

representation, may be performed.

In particular, a linear transform T may be used. Transform matrix T may be an inverse of
the transform matrix T mentioned above. The transform matrix T may, for example, be
selected in dependence on the question in which of the spherical domain triangle the

coordinates ¥ and y are arranged. For this purpose, a triangle identification 280 may
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optionally be performed. Then, an appropriate transform matrix T' may be selected, which

is defined as mentioned above.

For example, the calculation of coordinates x and y may be performed according to the

following mapping rule:

For example, the calculation of x and y will be performed by the mapper 290, wherein the
appropriate mapping matrix T is selected in dependence on coordinates ¥ and ¥ and, in
particular, in dependence on the question in which of the spherical domain triangles a point

having coordinates ¥ and 7 is arranged.

To conclude, a derivation of Cartesian coordinates x, y, z on the basis of spherical

coordinates r, ¢ and 6 was described.

However, it should be mentioned that the above calculation could be adapted, for example,
by choosing different basis area triangles, spherical domain triangles or mapping rule
constants. Also, a number of triangles could be varied, for example, by splitting up one of
the base area triangles into two base area triangles and/or by defining more spherical

domain triangles.

It should also be noted that any of the details described herein can optionally be introduced

into the apparatus 200, both individually, and taken in combination.

3. Audio Stream Provider according to Fig. 11

Fig. 11 shows a block schematic diagram of an audio stream provider, according to an

embodiment of the present invention.

The audio stream provider according to Fig. 11 is designated in its entirety with 1100. The
audio stream provider 1100 is configured to receive an input object position information
describing a position of an audio object in a Cartesian representation. Moreover, the audio
stream provider is configured to provide an audio stream 1112 comprising output object

position information describing the position of the audio object in a spherical representation.



10

15

20

25

30

35

WO 2019/149710 PCT/EP2019/052156
43

The audio stream provider 1100 comprises an apparatus 1130 for converting object position

of an audio object from a Cartesian representation to a spherical representation.

The apparatus 1130 is used to convert the Cartesian representation, which is included in
the input object position information, into the spherical representation, which is included into
the audio stream 1112. Accordingly, the audio stream provider 1100 is capable to provide
an audio stream describing an object position in a spherical representation, even though
the input object position information merely describes the position of the audio object in a
Cartesian representation. Thus, the audio stream 1112 is usable by audio decoders which
require a spherical representation of an object position to properly render an audio content.
Thus, the audio stream provider 1100 is well-suited for usage in a production environment
in which object position information is available in a Cartesian representation. It should be
noted that many audio production environments are adapted to conveniently specify a
position of an audio object in a Cartesian representation (for example, using x, y, z
coordinates). Thus, the audio stream provider 1100 can receive object position information
from such audio production equipment and provide an audio stream 1112 which is usable

by an audio decoder relying on a spherical representation of the object position information.

Moreover, it should be noted that the audio stream provider 1100 can optionally comprise
additional functionalities. For example, the audio stream provider 1100 can comprise an
audio encoder which receives an input audio information and provides, on the basis thereof,
an encoded audio representation. For example, the audio stream provider can receive a
one-channel input signal or can receive a multi-channel input signal and provide, on the
basis thereof, an encoded representation of the one-channel input audio signal or of the
multi-channel input audio signal, which is also included into the audio stream 1112. For
example, the one or more input channels may represent an audio signal from an “"audio
object” (for example, from a specific audio source, like a specific music instrument, or a
specific other sound source). This audio signal may be encoded by an audio encoder
included in the audio stream provider and the encoded representation may be included into
the audio stream. The encoding may, for example, use a frequency domain encoder (like
an AAC encoder, or an improved version thereof) or a linear-prediction-domain audio
encoder (like an LPC-based audio encoder). However, a position of the audio object may,
for example, be described by the input object position information 1110, and may be
converted into a spherical representation by the apparatus 1130, wherein the spherical

representation of the input object position information may be included into the audio
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stream. Accordingly, the audio content of an audio object may be encoded separately from

the object position information, which typically significantly improves an encoding efficiency.

However, it should be noted that the audio stream provider may optionally comprise
additional functionalities, like a downmix functionality (for example, to downmix signals from
a plurality of audio objects into one or two or more downmix signals), and may be configured
to provide an encoded representation of the one or two or more downmix signals into the

audio stream 1112.

Moreover, the audio stream provider may optionally also comprise a functionality to obtain
some side information which describes a relationship between two or more object signals
from two or more audio objects (like, for example, an inter-object correlation, an inter-object
time difference, an inter-object phase difference and/or an inter-object level difference). This
side information may be included into the audio stream 1112 by the audio stream provider,

for example, in an encoded version.

In this way, the information may be included into the audio stream 1112 by the audio stream

provider, for example, in an encoded version.

Thus, the audio stream provider 1100 may, for example, be configured to include an
encoded downmix signal, encoded object-relationship metadata (side information) and
encoded object position information into the audio stream, wherein the encoded object

position information may be in a spherical representation.

However, the audio stream provider 1100 may optionally be supplemented by any of the
features and functionalities known to the man skilled in the art with respect to audio stream

providers and audio encoders.
Also, it should be noted that the apparatus 1130 may, for example, correspond to the

apparatus 100 described above, and may optionally comprise additional features and

functionalities and details as described herein.

4. Audio content production system according to Fig. 12
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Fig. 12 shows a block-schematic diagram of an audio content production system 1200,

according to an embodiment of the present invention.

The audio content production system 1200 may be configured to determine an object
position information describing a position of an audio object in a Cartesian representation.
For example, the audio content production system may comprise a user interface, where a
user can input the object position information in a Cartesian representation. However,
optionally, the audio content production system may also derive the object position
information in the Cartesian representation from other input information, for example, from
a measurement of the object position or from a simulation of a movement of an object, or

from any other appropriate functionality.

Moreover, the audio content production system comprises an apparatus for converting an
object position of an audio object from a Cartesian representation to a spherical
representation, as described herein. The apparatus for converting the object position is
designated with 1230 and may correspond to the apparatus 100 as described above.
Moreover, the apparatus 1230 is used to convert the determined Cartesian representation

into the spherical representation.

Moreover, the audio content production system is configured to include the spherical

representation provided by the apparatus 1230 into an audio stream 1212.

Thus, the audio content production system may provide an audio stream comprising an
object position information in a spherical representation even though the object position
information may originally be determined in a Cartesian representation (for example, from

a user interface or using any other object position determination concept).

Naturally, the audio content production system may also include other audio content
information, for example, an encoded representation of an audio signal, and possibly
additional meta information into the audio stream 1212, For example, the audio content
production system may include the additional information described with respect to the

audio stream provider 1110 into the audio stream 1212.

Thus, the audio content production system 1200 may optionally comprise an audio encoder
which provides an encoded representation of one or more audio signals. The audio content

production system 1200 may also optionally comprise a downmixer, which downmixes
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audio signals from a plurality of audio objects into one or two or more downmix signals.
Moreover, the audio content production system may optionally be configured to derive
object-relationship information (like, for example, object level difference information or inter-
object correlation values, or inter-object time difference values, or the like) and may include

an encoded representation thereof into the audio stream 1212.

To summarize, the audio content production system 1200 can provide an audio stream
1212 in which the object position information is included in a spherical representation, even

though the object position is originally provided in a Cartesian representation.
Naturally, the apparatus 1230 for converting the object position from the Cartesian

representation to the spherical representation can be supplemented by any of the features

and functionalities and details described herein.

5. Audio plavback apparatus according to Fig. 13

Fig. 13 shows a block-schematic diagram of an audio playback apparatus 1300, according

to an embodiment of the present invention.

The audio playback apparatus 1300 is configured to receive an audio stream 1310
comprising a spherical representation of an object position information. Moreover, the audio

stream 1310 typically also comprises encoded audio data.

The audio playback apparatus comprises an apparatus 1330 for converting an object
position from a spherical represeniation into a Carlesian representiation, as described
herein. The apparatus 1330 for converting the object position may, for example, correspond
to the apparatus 200 described herein. Thus, the apparatus 1330 for converting an object
position may receive the object position information in the spherical representation and
provide the cbject position information in a Cartesian representation, as shown at reference

numeral 1332.

Mareover, the audio playback apparatus 1300 also comprises a renderer 1340 which is
configured to render an audio object to a plurality of channel signals 1350 associated with
sound transducers in dependence on the Cartesian representation 1332 of the object

position information.
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Optionally, the audio playback apparatus also comprises an audio decoding (or an audio
decoder) 1360 which may, for example, receive encoded audio data, which is included in
the audio stream 1310, and provide, on the basis thereof, decoded audio information 1362.
For example, the audio decoding may provide, as the decoded audio information 1362, one

or more channel signals or one or more object signals to the renderer 1340.

Moreover, it should be noted that the renderer 1340 may render a signal of an audio object
at a position (within a hearing environment) determined by the Cartesian representation
1332 of the object position. Thus, the renderer 1340 may use the Cartesian representation
1332 of the object position to determine how a signal associated to an audio object should
be distributed to the channel signals 1350. In other words, the renderer 1340 decides, on
the basis of the Cartesian representation of the object position information, by which sound
transducers or speakers a signal from an audio object is rendered (and in which intensity

the signal is rendered in the different channel signals).

This provides for an efficient concept for an audio playback. Also, it should be noted that
several types of renderers could be used which receive an object position information in a
Cartesian representation, because many renderers typically have difficulties to handle an
object position representation in a spherical representation (or cannot deal with object

position information in a spherical representation at all).

Thus, by using the apparatus 1330 for converting an object position information in a
spherical representation into a Cartesian representation, the audio playback apparatus can
use rendering apparatuses which are best suited for object position information provided in
a Cartesian representation. Also, it should be noted that the apparatus 1330 can be

implemented with comparatively small computational effort, as discussed above.

Moreover, it should be noted that the apparatus 1330 can be supplemented by any of the

features and functionalities and details described with respect to the apparatus 200.

6. Method according to Fig. 14

Fig. 14 shows a flowchart of a method for converting an object position of an audio object

from a Cartesian representation to a spherical representation.
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The method 1400 according to claim 14 comprises determining 1410 in which of the number
of base area triangles a projection of the object position of the audio object into the base
area is arranged. The method also comprises determining 1420 a mapped position of the
projection of the object position using a linear transform, which maps the base area triangle

onto its associate spherical domain triangle.

The method also comprises deriving 1430 an azimuth angle and an intermediate radius
value from the mapped position. The method also comprises obtaining 1440 a spherical
domain radius value and an elevation angle in dependence on the intermediate radius value

and in dependence on a distance of the object position from the base area.

This method is based on the same considerations as the above-mentioned apparatus for
converting an object position from a Cartesian representation to a spherical representation.
Accordingly, the method 1400 can be supplemented by any of the features, functionalities

and details described herein, for example, with respect to the apparatus 100.

7. Method according.to Fig. 15

Fig. 15 shows a flowchart of a method for converting an object position of an audio object

from a spherical representation to a Cartesian representation.

The method comprises obtaining 1510 a value describing a distance of the object position
from the base area and an intermediate radius on the basis of an elevation angle or a
mapped elevation angle and on the basis of a spherical domain radius or a mapped

spherical domain radius.

The method also comprises determining 1520 a position within one of a plurality of triangles
inscribed into a circle on the basis of the intermediate radius, or a corrected version thereof,

and on the basis of an azimuth angle.

The method also comprises determining a 1530 mapped position of the projection of the
object position onto a base plane of a Cartesian representation on the basis of the

determined position within one of the triangles inscribed into the circle.
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This method is based on the same considerations as the above-described apparatuses.
Also, the method 1500 can be supplemented by any of the fealures, functionalities and

details described herein.

In particular, the method 1500 can be supplemented by any of the features, functionalities

and details described with respect to the apparatus 200.

8. Method according to Fig. 16

Fig. 16 shows a flowchart of a method 1600 for audio playback.

The method comprises receiving 1610 an audios stream comprising a spherical

representation of an object position information.

The method also comprises converting 1620 the spherical representation into a cartesian

representation of the object position information.

The method also comprises rendering 1630 an audio object to a plurality of channel signals
associated with sound transducers in dependence on the cartesian representation of the
object position information.

In particular, the method 1600 can be supplemented by any of the features, functionalities

and details described herein.

9. Conclusions and further embodiments

In the following, additional embodiments will be described which can be used individually

or in combination with the features, functionalities and details described herein.

Also, the features and functionalities and details described in the following can optionaily

be used in combination with any of the other embodiments described herein.



10

15

20

25

30

35

WO 2019/149710 PCT/EP2019/052156
50

A first aspect creates a method to convert audio related object metadata between

different coordinate spaces

A second aspect creates a method to convert audio related object metadata from room

related coordinates to listener related coordinates and vice versa.

A third aspect creates a method to convert loudspeaker positions between different

coordinate spaces.

A fourth aspect creates a method to convert loudspeaker positions metadata from room

related coordinates to listener related coordinates and vice versa.

A fifth aspect creates a method to convert audio object position metadata from a
Cartesian parameter space to a spherical coordinate system, that separates the
conversion from the xy plane to the azimuth angle j and the conversion from the z

component to the elevation angle g.

A sixth aspect creates a method according to the fifth aspect that correctly maps the

loudspeaker positions from the Cartesian space to the spherical coordinate system.

A seventh aspect creates a method according to the fifth aspect that projects the surfaces
of the cuboid space in the Cartesian coordinate system, on which the loudspeakers are
located, on to the surface of the sphere that contains the corresponding loudspeakers in

the spherical coordinate system.

An eight aspect creates a method according to one of the first aspect to fifth aspect that

comprises following processing steps:

Projecting triangles formed by 2 neighboring loudspeaker positions in the xy-

plane and the center of the cuboid onto the corresponding triangle in the

spherical space

- Correcting the radius to map the outer edge of the loudspeaker rectangle from
the xy-plane on the corresponding circle containing the loudspeakers in the
horizontal plane of the spherical coordinate system

- Applying the elevation on the radius based on the z component, to determine
a spherical (3D} radius

- Correcting the the radius based on the elevation angle to map also the height

speakers onto the sphere
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- Correcting the elevation angle to reflect the different elevations of the height
speakers in Cartesian and spherical coordinate systems
A ninth aspect creates a method that performs the inverse operations according to the

fifth aspect.

A tenth aspect creates a method that performs the inverse operations according to the

sixth aspect.

An eleventh aspect creates a method that performs the inverse operations according to

the seventh aspect.

A twelfth aspect creates a method that performs the inverse operations according to the

eight aspect.

10. Further Embodiments

In the following, further embodiments according to the invention will be described, which
can be used individually or in combination with any of the features, functionalities and details
described herein {also in the claims). Further, any of the other embodiments described
herein (also in the claims) can optionally be supplemented by any of the features,
functionalities and details described in this section, both individually and taken in

combination.

Mapping rule for dynamic object position metadata;

This section describes a conversion from production side object metadata, especially object
position data, in case on production side a Cartesian coordinate system is used, but in the

transport format the object position metadata is described in spherical coordinates.

The problem is that in the Cartesian coordinates the loudspeakers are not always located
at the mathematically correct positions compared to the spherical coordinate system.
Therefore, a conversion is needed, that ensures that the cuboid area from the Cartesian
space is projected correctly info the sphere (or semi-sphere). E.g. loudspeaker positions
are equally rendered using an audioc object renderer based on a spherical coordinate
system (e.g. a renderer as described in the MPEG-H 3D Audio standard) or using a

Cartesian based renderer with the corresponding conversion algorithm. The cuboid
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surfaces should be or have to be mapped/projected onto the surface of the sphere on which
the loudspeakers are located.

Furthermore, it is desired or required, that the conversion algorithm has a small
computational complexity especially the conversion step from spherical to Cartesian

coordinates.

An example application for the embodiments according to the invention is: use state-of-the-
art audio object authoring tools that often use a Cartesian parameter space (x,y,z) for the
audio object coordinates, but use a transport format that describes the audio object
positions in spherical coordinates (azimuth, elevation, radius), like e.g. MPEG-H 3D Audio.
However, the transport format may be (or has {o) be agnostic o the renderer (spherical or

Cartesian), that is applied afterwards.
The conversion is exemplarily described for a 5.1+4H loudspeaker set-up, but can easily

transferred for all kind of loudspeaker set-ups (e.g. 7.1+4, 22.2, etc.) or varying Cartesian

parameter spaces (different orientation of the axes, or different scaling of the axes,..}

General Comparison of Coordinate Systems

An example of a Cartesian parameter room with corresponding loudspeaker positions for a

5.1+4H set-up is shown in Fig. 17.

An example of a Spherical Coordinate System according to ISO/IEC 23008-3:2015 MPEG-
H 3D Audio is shown in Fig. 18.

Note that the coordinates X and Y in the ISO coordinate system are defined differently

compared o the Cartesian coordinate system described above.

Production side conversion (Cartesian 2 Spherical)

The loudspeaker positions are given in spherical coordinates as e.g. described by the ITU-
R recommendation ITU-R B5.2051-1 (advanced sound system for programme production)
and described in the MPEG-H specification. The conversion is applied in a separated

approach. First the x and y coordinates are mapped o the azimuth angle ¢ and the radius
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Ty in the azimuth / xy plane. Afterwards the elevation angle and the radius in the 3D space
are calculated using the z coordinate. The mapping is exemplarily described for the 5.1+4H

loudspeaker set-up.

Special case x =y =

Forz >0

¢ = undefined (=0°), 6= 90° and r = z.
Forz=10:

¢ = undefined (=0°), 0= 0° and r = 0.

1) Conversion in xy-plane

Reference is made to Fig. 19, which shows a schematic representation of a cartesian

coordinate system and of a spherical coordinate system, and of speakers (filled squares).
Step 1:

In the first step triangles in the Cartesian coordinate system are mapped to corresponding

triangles in the spherical coordinate system.

Reference is made to Fig. 20, which shows a graphic representation of triangles inscribed
into a square in the cartesian coordinate system and into a circle in the spherical coordinate

system.

In the following this is shown exemplarily for one triangle. Reference is also made to Fig.
21.

The triangles can be projected onto each other using a linear transform:

= (-1

The transform matrix can be calculated using the known positions of the corners of the
triangle P;, P,, P, and P, . These points depend on the loudspeaker set-up and the
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corresponding positions of the loudspeakers and the triangle in which the position P is

located.
_ [511 tlz‘] _ 1 Py xPyy = PoxPry PixPoyx — PiyPoy
a1 g PixPoy = PyxbPyy _Pl;yPZ,y - ‘SZJyPLy P1xPay = Pl,ypz,x

The 5.1+4H loudspeaker setup contains in the middle layer a standard 5.1 loudspeaker
setup, which is the basis for the projection in the xy-plane. In the Table 2 the corresponding
points P, P,, P, and P, are given for the 5 triangles that have to be projected.

Step 2

Calculate the radius 7, and the azimuth angle ¢ based on the mapped coordinates x and

v.
oy = VX2 4 §7
tan‘lm}? fory >0
y
—-90° fory=0AX>0
0° fory=0AX=0
o = 90° fory=0AX<0
~90°+tan‘1)§/ fory <0 AX>0
—-180° fory <0 A X=0
90°+tan"1§ fory <0 AX<O0
Step 3:

The radius has to be adjusted, because the loudspeakers are placed on a square in the
Cartesian coordinate system in contrast to the spherical coordinate system. In the spherical

coordinate system the loudspeakers are positioned on a circle.

To adjust the radius the boundary of the Cartesian loudspeaker square is projected on the
circle of the spherical coordinate system. This means the chord is projected onto the

corresponding segment of the circle.
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For () < o< ofP) -
LGOI
RS () <P

2

2) Conversion of z component

The elevation of the top layer is assumed to be at 81,, = 30° (or 35°) elevation angle in the

spherical coordinate system (typical elevation recommended by ITU-R BS.2051).

Reference is also made to Fig. 23.

Step 1:
Calculate the elevation angle 6 based on the radius Ty @nd the z component.

Furthermore, calculate the 3D radius # based on angle 8 and Tyy-

Correction of the radius 7 due to the projection of the rectanguiar boundaries of the
Cartesian system onto the unit circle of the spherical coordinate system.

Reference is also made to Fig. 24.

For 45° < 8 < 90° -

r= ¥sind
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Step 3:

Correction of the elevation angle éTop, due to the different placement of the loudspeakers
in the Cartesian (éTop = 45°) and spherical (614, = 30° (or 35%)) coordinate system.

Mapping of € to 6:

G 9P for 6 < frop
0= 9Top
- — — (900 - QTOP) = = o
(8 - 67Top) WgTTM””““ +0rop  fOrbrop < 6 <90
op

Decoder side conversion {(Sph 2 Cart)

On the decoder side the inverse conversion to the production side has 1o be executed.

This mean the conversion steps are reversed in opposite order.

Conversion of elevation and projection of Radius on xy-plane (calculation of z component)

Special case 6 = 90°;

x=0,y=0andz=r

Step 1:

Mapping of 0 to 8: with 8o, = 30° (or 35°)

0
f-°p for 8 < 6rep
é _ QTt}p
N éTOp 5
6 —0 SRt N N 2 foré@ < § < 90°
( Top) (900 - QTop) Top Top
Step 2:

Inversion of radius correction: with éTOD = 45°

— for 8 < Grop

for frop < 6 < 90°
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Step 3
Calculate z and r,,
z=#sind
Tey = F cOSO
Calculation of x and v component
Step 1:
Inversion of the radius correction.
cos (M) —
i 2
Py = 1y = = ‘
Xy vy s (f}’-’(P‘g) .é_ gg(f?l) B (p)
Step 2:
Calculation of ¥ and 7.
. —Tyy SiNQ for || < 90°
© 7 -, sin(180° — @) for 90° < [g] < 180°

o ey COS@ for |e| < 90°
7= | =Py cos(180° — |@])  for 90° < Jg| < 180°

Step 3:

Calculation of x and y.

PCT/EP2019/052156



PCT/EP2019/052156

WO 2019/149710
58

Mapping rule for spread metadata;

Encoder (Cart - Sph): (Note: shall not use uniform spread signaling)

= ﬁ%{}_ (sx + sy)

5 ®
s, for|e| <45°
sq=D <5, for45 < |p|<135° with D = 15.5 is the maximum distance value
sy for135 <[] < 180°

sg = 90° - s,

10
width spread: s, , height spread: sy and distance spread: s,

Decoder (Sph = Cart)

45¢  sa
Ihg P < AES
Jir s foripl < 45

15 Sy = «E;i for 45 < || < 135°
[f50 5t for135 < |o| < 180°
180 3
3;;‘ for || < 45°
R 45({) Sa 5
ff—' for 135 < || < 180°
20 Sz = 55 50

In case of uniform spread in the bitstream the conversion is:

1

Sy T Sy T8z = 1w T Seuniform

25

Limit s, Sy, and s, 1o ranges between [0, 1].

30
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11. Further Remarks

As a general remark, it should be noted that it is not necessary to use exactly 4 segments
or triangles. For example, the segments (or triangles, like cartesian domain triangles and
spherical domain triangles) can be defined by the loudspeaker positions of the horizontal
plane of the loudspeaker setup. For example, in @ 5.1 + 4 height speakers (elevated
speakers) setup, the segments or triangles may be defined by the 5.1 base setup.
Accordingly, 5 segments may be defined in this example (see, for example, the description
in section 10). In a 7.1+4 height speakers (elevated speakers) setup, 7 segmenis or
triangles may be defined. This may, for example, be represented by the more generic
equations shown in section 10 (which do not comprise fixed angles). Also, the angles of the
height speakers (elevated speakers) may, for example, differ from setup to setup (for

example, 30 degree or 35 degree).

Thus, the number of triangles and the angle ranges may, for example, vary from

embodiment to embodiment.

12. implementation Alternatives

Any of the features and functionalities described herein can be implemented in hardware or
in software, or using a combination of hardware and software, as will be described in this

section.

Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
described in the context of a method step also represent a description of a corresponding
block or item or feature of a corresponding apparatus. Some or all of the method steps may
be executed by (or using) a hardware apparatus, like for example, a microprocessor, a
programmable computer or an electronic circuit. In some embodiments, one or more of the

most important method steps may be executed by such an apparatus.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, 2 DVD, a Blu-Ray, a CD, a ROM, a
PROM, an EPROM, an EEPROM or a FLASH memory, having electronically readable
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control signals stored thereon, which cooperate (or are capable of cooperating) with a
programmable computer system such that the respective method is performed. Therefore,

the digital storage medium may be computer readable.

Some embodiments according to the invention comprise a data carrier having electronically
readable control signals, which are capable of cooperating with a programmable computer

system, such that one of the methods described herein is performed.

Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, the program code being operative for performing
one of the methods when the computer program product runs on a computer. The program

code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods

described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program
having a program code for performing one of the methods described herein, when the

computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the
computer program for performing one of the methods described herein. The data carrier,
the digital storage medium or the recorded medium are typically tangible and/or non—

transitionary.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of
signals representing the computer program for performing one of the methods described
herein. The data stream or the sequence of signals may for example be configured o be

transferred via a data communication connection, for example via the Internet.

A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods

described herein.
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A further embodiment comprises a computer having installed thereon the computer program

for performing one of the methods described herein.

A further embodiment according o the invention comprises an apparatus or a system
configured to transfer (for example, electronically or optically) a computer program for
performing one of the methods described herein to a receiver. The receiver may, for
example, be a computer, a mobile device, a memory device or the like. The apparatus or
system may, for example, comprise a file server for transferring the computer program to

the receiver.

In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,

the methods are preferably performed by any hardware apparatus.

The apparatus described herein may be implemented using a hardware apparatus, or using

a computer, or using a combination of a hardware apparatus and a computer.

The apparatus described herein, or any components of the apparatus described herein,

may be implemented af least partially in hardware and/or in software.

The methods described herein may be performed using a hardware apparatus, or using a

computer, or using a combination of a hardware apparatus and a computer.

The methods described herein, or any components of the apparatus described herein, may

be performed at least partially by hardware and/or by software.

The above described embodiments are merely illustrative for the principles of the present
invention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent, therefore,
to be limited only by the scope of the impending patent claims and not by the specific details

presented by way of description and explanation of the embodiments herein.
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Claims

1. An apparatus for converting an object position of an audio object from a Cartesian
representation to a spherical representation,

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of associated spherical-domain triangles are inscribed into
a circle of the spherical representation,

wherein the apparatus is configured to determine, in which of the base area triangles a
projection of the object position of the audio object into the base area is arranged; and

wherein the apparatus is configured to determine a mapped position of the projection of
the object position using a linear transform, which maps the base area triangle onto its associated
spherical domain triangle,

wherein the apparatus is configured to derive an azimuth angle and an intermediate
radius value from the mapped position;

wherein the apparatus is configured to obtain a spherical domain radius value and an
elevation angle in dependence on the intermediate radius value and in dependence on a distance
of the object position from the base area.

2. The apparatus according to claim 1, wherein the apparatus is configured to determine the
mapped position P of the projection P of the object position using a linear transform described by
a transform matrix T according to

= (’f):TP,
5)=T

wherein the apparatus is configured to obtain the transform matrix in dependence the
determined base area triangle;

wherein X and y represent mapped coordinates.

3. The apparatus according to claim 2, wherein the transform matrix is defined according to
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T = t11 t12] 1 Pl,xPZ.y - ﬁz,xpl,y Pl,xﬁz,x - ﬁl,xPZ,x

tar 122 Py xPyy — Py xPry ﬁl,yPZ,y - ﬁz,ypl,y Pl,xpz,y - ﬁl,yPZ,x

wherein Py, Py, , P, , P 5, are x- and y- coordinates of two corners of the determined base
area triangle; and

wherein P, ., P, ,,, P, , P, are x- and y- coordinates of two corners of the associated spherical
domain triangle.

4. The apparatus according to one of claims 1 to 3, wherein the base area triangles comprise

- a first base area triangle which covers an area in front of an origin of the Cartesian
representation,

- a second base area triangle which covers an area on a left side of the origin of the Cartesian
representation,

- a third base area triangle which covers an area on a right side of the origin of the Cartesian
representation, and

- a fourth base area triangle which covers an area behind the origin of the Cartesian
representation.

5. The apparatus according to one of claims 1 to 4, wherein the spherical domain triangles
comprise

- a first spherical domain triangle which covers an area in front of an origin of the spherical
representation,

- a second spherical domain triangle which covers an area on a left side of the origin of the
spherical representation,

- a third spherical domain triangle which covers an area on a right side of the origin of the
spherical representation, and

- a fourth spherical domain triangle which covers an area behind the origin of the spherical
representation.

6. The apparatus according to one of claims 1 to 3, wherein the base area triangles comprise

- a first base area triangle which covers an area in a right front region of an origin of the Cartesian
representation,
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. a second base area triangle which covers an area in a left front region of the origin of the
Cartesian representation

- a third base area triangle which covers an area on a left side of the origin of the Cartesian
representation,

- a fourth base area triangle which covers an area on a right side of the origin of the Cartesian
representation, and

- a fifth base area triangle which covers an area behind the origin of the Cartesian representation.

7. The apparatus according to one of claims 1 to 4 and 6, wherein the spherical domain
triangles comprise

- a first spherical domain triangle which covers an area in a right front area of an origin of the
spherical representation,

- a second spherical domain triangle which covers an area in a left front area of the origin of the
spherical representation,

- a third spherical domain triangle which covers an area on a left side of the origin of the spherical
representation,

- a fourth spherical domain triangle which covers an area on a right side of the origin of the
spherical representation, and

- a fifth spherical domain triangle which covers an area behind the origin of the spherical
representation.

8. The apparatus according to one of claims 1 to 5, wherein

coordinates P1, P2 of corners of base area triangles and coordinates P, and P, of corners of
associated spherical domain triangles are defined as follows:

P1 PZ f,l PZ

Triangle (1L,1) | (L1 | (sin30° = V3 | c0s30° =4 (— ﬁ’ Ly
pair 1 2 272
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Triangle (-1,1) | (-1,-1) (_\/_?7 1) (-0.93969, -
pair 2 2’2 0.34202)
Triangle (-1,-1) | (1,-1) 5_31355500_900) = —0.93969, —sin(209) = — | (0.93969, —0.34202 )
pair 3 '
Triangle (1,-1) | (1,1) | (0.93969,-0.34202) (ﬁ L
2’2

pair 4

wherein a third corner of the respective triangles is in an origin of the respective coordinate
system.

9. The apparatus according to one of claims 1 to 3 and 6 to 7, wherein

coordinates P1, P2 of corners of base area triangles and coordinates P, and P, of corners of
associated spherical domain triangles are defined as follows:

Pl PZ T,l PZ
Triangle pair Psp=0° rsp=1 @sp=30° rsp=1
1 (0,1) (-1,1) 0, 1) L ﬁ)

2" 2
Triangle pair Qsp=30°, rsp=1 @Qsp=110° rsp=1
2 e N P (—0.93969, —0.34202)
2’ 2
Triangle pair (-1,-1) (1,-1) Psp=110° rsp=1 Psp=-110°% rsp=1
3 ! ! (—0.93969, —0.34202) (0.93969,—-0.34202 )
Triangle pair (sp=-110°, rsp = 1 Qsp=-30° rsp=1
4 (1-1) (@ (0.93969,-0.34202 ) ERE
2’ 2
Triangle pair Qsp=-30°, rsp=1 Qsp=0°rsp=1
2 2

wherein a third corner of the respective triangles is in an origin of the respective coordinate
system.

10. The apparatus according to one of claims 1to 9,

wherein the apparatus is configured to derive the azimuth angle ¢ from mapped coordinates X
and ¥ of the mapped position according to
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—-X
tan'17 fory >0
—90° fory=0AX>0
0° forj=0AZ=0
90° fory=0AX<0
0= 4
—90°+tan'1§ fory <0 AX>0
~180° forj <0 AZ=0
| 90° + tan_lj—: fory <0 AX<O0

X

11. The apparatus according to one of claims 1 to 10,

wherein the apparatus is configured to derive the intermediate radius value 7, from mapped
coordinates X and ¥y of the mapped position according to

Ty = X2+ J2

12. The apparatus according to one of claims 1 to 11,

wherein the apparatus is configured to obtain the spherical domain radius value in dependence
on the intermediate radius value using a radius adjustment which maps a spherical domain
triangle inscribed into the circle onto a circle segment.

13. The apparatus according to one of claims 1 to 12,

wherein the apparatus is configured to obtain the spherical domain radius value in dependence
on the intermediate radius value using a radius adjustment,

wherein the radius adjustment is adapted to scale the intermediate radius value obtained before
in dependence on the azimuth angle ¢.

14. The apparatus according to one of claims 1 to 13,
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wherein the apparatus is configured to obtain the spherical domain radius value in dependence
on the intermediate radius value using a mapping of the form

for || < 30°:

cos @
Ty T Ty 55300

for30° < || < 110°:

cos(70° — |p])
Ty = Txy cos 80°

for 110° < || < 180°:

cos(180° — |@])
Ty = Tay cos 140°

wherein 1y,, is a radius-adjusted version of the intermediate radius value 7,,; and
wherein ¢ is an azimuth angle.
15. The apparatus according to one of claims 1 to 14,

wherein the apparatus is configured to obtain the spherical domain radius value ry, in dependence
on the intermediate radius value fy,, using a mapping of the form

Foro(P) < o< o(P,):

cos <¢(p‘2) ‘; o(P) _ (p>

Tey = Ty . <M)

wherein ¢(P, ) and ¢(P,) are position angles of two corners of a respective spherical domain
triangle.
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16. The apparatus according to one of claims 1 to 15,

wherein the apparatus is configured to obtain the elevation angle as an angle of a right triangle
having legs of the intermediate radius value and of the distance of the object position from the
base area.

17. The apparatus according to one of claims 1 to 16,

wherein the apparatus is configured to obtain the spherical domain radius as a hypotenuse length
7 of a right triangle having legs of the intermediate radius value and of the distance of the object
position from the base area, or as an adjusted version thereof.

18. The apparatus according to one of claims 1 to 17,

wherein the apparatus is configured to obtain the elevation angle 8 according to

and/or to obtain the spherical domain radius ¥ according to

7= \/rxzy + z2,
wherein z is the distance of the object position from the base area, and

wherein 1y,, is the intermediate radius value, or an adjusted version thereof.
19. The apparatus according to one of claims 1 to 18,
wherein the apparatus is configured to obtain an adjusted elevation angle.

20. The apparatus according to claim 19,
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wherein the apparatus is configured to obtain the adjusted elevation angle using a non-linear
mapping which linearly maps angles in a first angle region onto a first mapped angle region and
which linearly maps angles within a second angle region onto a second mapped angle region,
wherein the first angle region has a different width when compared to the first mapped angle
region.

21. The apparatus according to claim 20,

wherein an angle range covered together by first angle region and the second angle region is
identical to an angle range covered together by the first mapped angle region and the second
mapped angle region.

22. The apparatus according to one of claims 19 to 21,

wherein the apparatus is configured to mapping the elevation angle @ onto the adjusted elevation
angle 6 according to

~ 30°
45°

(6-457) 2221 30° for45°< 6 < 90°

for 6 < 45°

23. The apparatus according to one of claims 19 to 22,

wherein the apparatus is configured to mapping the elevation angle 8 onto the adjusted elevation
angle 6 according to

_6 o
If 6 _Top for 6 < Orop
GTop
o= 1 (o0~ -
IL( Top) 2+ Orop for Opop, < 6 <90°
Top

wherein 01, is an elevation angle of height loudspeakers in the Cartesian coordinate system; and

wherein 5T0p is an elevation angle of height loudspeakers in the spherical coordinate system.



10

15

20

25

30

70

24, The apparatus according to one of claims 1 to 23,

wherein the apparatus is configured to obtain an adjusted spherical domain radius on the basis of
a spherical domain radius.

25. The apparatus according to claim 24,

wherein the apparatus is configured to perform a mapping, which maps boundaries of a square in
a Cartesian system onto a circle in a spherical coordinate system, in order to obtain an adjusted
spherical domain radius.

26. The apparatus according to claim 24 or claim 25,

wherein the apparatus is configured to map the spherical domain radius # onto the adjusted
spherical domain radius r according to:

for0 < 6 <45°:

r= 7 cos@

for45° < 6 <90°:

r= 7 sinf

wherein 8 is the elevation angle.

27. An apparatus for converting an object position of an audio object from a spherical
representation to a Cartesian representation,

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of spherical-domain triangles are inscribed into a circle of
the spherical representation,
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wherein the apparatus is configured to obtain a value describing a distance of the object position
from the base area and an intermediate radius on the basis of an elevation angle or a mapped
elevation angle and on the basis of a spherical domain radius or a mapped spherical domain
radius;

wherein the apparatus is configured to determine a position within one of the triangles
inscribed into the circle on the basis of the intermediate radius, or a corrected version thereof in
which a radius adjustment, which is made because loudspeakers are placed on a square in a
Cartesian coordinate system associated with the cartesian representation in contrast to a
spherical coordinate system associated with the spherical representation, is reversed, and on the
basis of an azimuth angle; and

wherein the apparatus is configured to determine a mapped position of the projection of the
object position onto the base plane on the basis of the determined position within one of the
triangles inscribed into the circle.

28. The apparatus according to claim 27,

wherein the apparatus is configured to obtain a mapped elevation angle on the basis of an
elevation angle, and

wherein the apparatus is configured to obtain the mapped elevation angle using a non-linear
mapping which linearly maps angles in a first angle region onto a first mapped angle region and
which linearly maps angles within a second angle region onto a second mapped angle region,
wherein the first angle region has a different width when compared to the first mapped angle
region.

29. The apparatus according to claim 28,

wherein an angle range covered together by the first angle region and the second angle region is
identical to an angle range covered together by the first mapped angle region and the second
mapped angle region.

30. The apparatus according to claim 28 or claim29,

wherein the apparatus is configured to map the elevation angle 6 onto the mapped elevation
angle 6 according to
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( 45°
for 8 < 30°
5 30°
- {(9 30°) 57 +45° for30°< 6 <90°
L (90° — 30°) or
31. The apparatus according to one of claims 28 to 30,

wherein the apparatus is configured to map the elevation angle 6 onto the mapped elevation
angle 6 according to

6
g —2p for 6 < 01,

GTop

9T0p

(9 - QTOP)M + éTOp for GTop < 0<90°

(
;-]
I
L

wherein 61, is an elevation angle of height loudspeakers in the Cartesian coordinate system; and

wherein §T0p is an elevation angle of height loudspeakers in the spherical coordinate system.

32. The apparatus according to one of claims 27 to 31,

wherein the apparatus is configured to obtain a mapped spherical domain radius #* on the basis of
a spherical domain radius;

wherein the apparatus is configured to scale the spherical domain radius in dependence
on the elevation angle or in dependence on the mapped elevation angle,

wherein the apparatus is configured to perform a mapping, which maps a circle in a
spherical coordinate system onto boundaries of a square in a Cartesian system,

and/or
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wherein the apparatus is configured to obtain the mapped spherical domain radius 7 on
the basis of the spherical domain radius r according to

r -
— for 6 < 45°
~ _ Jcos@
r= r ~
—— for45° < 6 <90°
sin @

wherein 8 is the elevation angle or the mapped elevation angle,

or

wherein the apparatus is configured to obtain the mapped spherical domain radius 7 on
the basis of the spherical domain radius r according to

r

= for6 < 6
cos 8 Top
r

i
Il

— for éTop <6 <90°
sin 6
wherein 8 is the elevation angle or the mapped elevation angle, and

wherein éTop is an elevation angle of height loudspeakers in the spherical coordinate
system.

33. The apparatus according to one of claims 27 to 32,

wherein the apparatus is configured to obtain the value z describing a distance of the object
position from the base area according to

z =1 sin@

and/or

wherein the apparatus is configured to obtain the intermediate radius r,, according to

wherein 7 is the spherical domain radius or the mapped spherical domain radius; and

wherein @ is the elevation angle or the mapped elevation angle.
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The apparatus according to one of claims 27 to 33,

wherein the apparatus is configured to scale the intermediate radius in dependence on the
azimuth angle, to obtain a corrected radius;

wherein the apparatus is configured to obtain the corrected radius 7y, 0n the basis of the
intermediate radius ry,, according to

( cos30° for || < 30°
i Ty cos @ -
cos 80°
Ty = { Y 20s(70° = 1o]) D) for 30° < || < 110°
cos 140°

ST for110° < |g| < 180°
\"ycos(180°—| n " ol <

wherein ¢ is the azimuth angle;

and/or

35.

wherein the apparatus is configured to obtain the corrected radius 7y, 0n the basis of the
intermediate radius ry,, according to

o (AP (2
fiy = Tay . <M _ (p>

wherein ¢ is the azimuth angle, and

wherein ¢(ﬁ1) and ¢(P2) are position angles of two corners of a respective spherical
domain triangle.

The apparatus according to one of claims 27 to 34,

wherein the apparatus is configured to determine a position within one of the triangles inscribed
into the circle according to

|

—Tyy Sing for || < 90°
—Fy, 5in(180° — @)  for 90° < |¢| < 180°
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_ Ty COSQ for || < 90°
Y= | ~#yy cos(180° — |g])  for 90° < |¢| < 180°

wherein X and y are coordinate values;
wherein 7y, is the intermediate radius or the corrected radius; and

wherein ¢ is the azimuth angle.

36. The apparatus according to one of claims 27 to 35,

wherein the apparatus is configured to determine the mapped position of the projection of the
object position onto the base plane on the basis of the determined position within one of the
triangles inscribed into the circle using a linear transform mapping the triangle in which the
determined position lies, onto an associated triangle in the base plane.

37. The apparatus according to one of claims 27 to 36,

wherein the apparatus is configured to determine the mapped position of the projection P of the
object position onto the base plane according to

wherein T is a transform matrix, and

wherein P is a vector representing the projection of the object position onto the base

plane.

38. The apparatus according to claim 37, wherein the transform matrix is defined according to
T = [t11 t12] _ 1 PixPry — PoxPiy  PixPryx— PryPyy

- tar t22 Pl,xPZ,y - Pz,xP1,y P1,yP2,y - P2.yP1.y Pl.xPZ.y - PLJ’PZ‘x

wherein Py, Py ,,, P, , P 5, are x- and y- coordinates of two corners of the determined base
area triangle; and
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wherein P'Lx , f’lyy , ﬁz,x , ﬁz,y are x- and y- coordinates of two corners of the associated spherical
domain triangle.

39. The apparatus according to one of claims 27 to 38, wherein the base area triangles
comprise

- a first base area triangle which covers an area in front of an origin of the Cartesian
representation,

- a second base area triangle which covers an area on a left side of the origin of the Cartesian
representation,

- a third base area triangle which covers an area on a right side of the origin of the Cartesian
representation, and

- a fourth base area triangle which covers an area behind the origin of the Cartesian
representation.

40. The apparatus according to one of claims 27 to 39, wherein the spherical domain triangles
comprise

- a first spherical domain triangle which covers an area in front of an origin of the spherical
representation,

- a second spherical domain triangle which covers an area on a left side of the origin of the
spherical representation,

- a third spherical domain triangle which covers an area on a right side of the origin of the
spherical representation, and

- a fourth spherical domain triangle which covers an area behind the origin of the spherical
representation.

41. The apparatus according to one of claims 27 to 40, wherein the base area triangles
comprise

- a first base area triangle which covers an area in a right front region of an origin of the Cartesian
representation,

- a second base area triangle which covers an area in a left front region of the origin of the
Cartesian representation

- a third base area triangle which covers an area on a left side of the origin of the Cartesian
representation,
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- a fourth base area triangle which covers an area on a right side of the origin of the Cartesian
representation, and

- a fifth base area triangle which covers an area behind the origin of the Cartesian representation.

42. The apparatus according to one of claims 27 to 38 and 41, wherein the spherical domain
triangles comprise

- a first spherical domain triangle which covers an area in a right front area of an origin of the
spherical representation,

- a second spherical domain triangle which covers an area in a left front area of the origin of the
spherical representation,

- a third spherical domain triangle which covers an area on a left side of the origin of the spherical
representation,

- a fourth spherical domain triangle which covers an area on a right side of the origin of the
spherical representation, and

- a fifth spherical domain triangle which covers an area behind the origin of the spherical
representation.

43, The apparatus according to one of claims 27 to 42, wherein

coordinates P1, P2 of corners of base area triangles and coordinates of corners of associated
spherical domain triangles P, and P, are defined as follows:

P1 PZ f,l PZ
Triangle (L) [ (11| (sin30° = V3 . cos30° =3 (— ﬁ’ )
pair 1 2 272
Triangle (-1,1) | (-1,-1) (— V31 ) (-0.93969, -
pair 2 2’2 0.34202)
Triangle (-1,-1) | (1,-1) | (~cos(110°=90%) = ~0.93969, —sin(209) =~ | (0.93969, —0.34202 )

i3 0.34202)
pair
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Triangle (1,-1) | (1,1) (0.93969,—0.34202 )
pair 4

|5

N |-
~

—_

wherein a third corner of the respective triangles is in an origin of the respective coordinate
system.
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44, An audio stream provider for providing an audio stream,

wherein the audio stream provider is configured to receive input object position information
describing a position of an audio object in a Cartesian representation and

to provide an audio stream comprising output object position information describing the position
of the object in a spherical representation,

wherein the audio stream provider comprises an apparatus according to one of claims 1 to 26 in
order to convert the Cartesian representation into the spherical representation.

45, An audio content production system,

wherein the audio content production system is configured to determine an object position
information describing a position of an audio object in a Cartesian representation, and

wherein the audio content production system comprises an apparatus according to one of claims
1to 26 in order to convert the Cartesian representation into the spherical representation, and

wherein the audio content production system is configured to include the spherical
representation into an audio stream.

46. An audio playback apparatus,

wherein the audio playback apparatus is configured to receive an audios stream comprising a
spherical representation of an object position information, and

wherein the audio playback apparatus comprises an apparatus according to one of claims 27 to
43, which is configured to convert the spherical representation into a Cartesian representation of
the object position information, and

wherein the audio playback apparatus comprises a renderer configured to render an audio object
to a plurality of channel signals associated with sound transducers in dependence on the
Cartesian representation of the object position information.

47. An audio stream provider for providing an audio stream,

wherein the audio stream provider is configured to receive input object position information
describing a position of an audio object in a spherical representation and
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to provide an audio stream comprising output object position information describing the position
of the object in a Cartesian representation,

wherein the audio stream provider comprises an apparatus according to one of claims 27 to 43 in
order to convert the spherical representation into the Cartesian representation.

48. An audio content production system,

wherein the audio content production system is configured to determine an object position
information describing a position of an audio object in a spherical representation, and

wherein the audio content production system comprises an apparatus according to one of claims
27 to 43 in order to convert the spherical representation into a Cartesian representation, and

wherein the audio content production system is configured to include the Cartesian
representation into an audio stream.

49, An audio playback apparatus,

wherein the audio playback apparatus is configured to receive an audio stream comprising a
Cartesian representation of an object position information, and

wherein the audio playback apparatus comprises an apparatus according to one of claims 1 to 26,
which is configured to convert the Cartesian representation into a spherical representation of the
object position information, and

wherein the audio playback apparatus comprises a renderer configured to render an audio object
to a plurality of channel signals associated with sound transducers in dependence on the spherical
representation of the object position information.
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50. A method for converting an object position of an audio object from a Cartesian
representation to a spherical representation,

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of associated spherical-domain triangles are inscribed into
a circle of the spherical representation,

wherein the method comprises determining, in which of the base area triangles a
projection of the object position of the audio object into the base area is arranged; and

wherein the method comprises determining a mapped position of the projection of the
object position using a linear transform, which maps the base area triangle onto its associated
spherical domain triangle,

wherein the method comprises deriving an azimuth angle [¢] and an intermediate radius
value from the mapped position;

wherein the method comprises obtaining a spherical domain radius value and an
elevation angle in dependence on the intermediate radius value and in dependence on a distance
of the object position from the base area.

51. A method for converting an object position of an audio object from a spherical
representation to a Cartesian representation,

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of spherical-domain triangles are inscribed into a circle of
the spherical representation,

wherein the method comprises obtaining a value describing a distance of the object position from
the base area and an intermediate radius on the basis of an elevation angle or a mapped
elevation angle and on the basis of a spherical domain radius or a mapped spherical domain
radius;

wherein the method comprises determining a position within one of the triangles inscribed into
the circle on the basis of the intermediate radius, or a corrected version thereof in which a radius
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adjustment, which is made because loudspeakers are placed on a square in a Cartesian coordinate
system associated with the cartesian representation in contrast to a spherical coordinate system
associated with the spherical representation, is reversed, and on the basis of an azimuth angle
[¢]; and

wherein the method comprises determining a mapped position of the projection of the object
position onto the base plane on the basis of the determined position within one of the triangles
inscribed into the circle.

52. A method for providing an audio stream,

wherein the method comprises receiving input object position information describing a position
of an audio object in a Cartesian representation and

providing an audio stream comprising output object position information describing the position
of the object in a spherical representation,

wherein the method comprises converting the Cartesian representation into the spherical
representation using the method according to claim 50.

53. A method for producing an audio content,

wherein the method comprises determining an object position information describing a position
of an audio object in a Cartesian representation, and

wherein the method comprises converting the Cartesian representation into the spherical
representation using the method according to claim 50, and

wherein the method comprises including the spherical representation into an audio stream.

54, A method for audio playback,

wherein the method comprises receiving an audios stream comprising a spherical representation
of an object position information, and

wherein the method comprises converting the spherical representation into a Cartesian
representation of the object position information according to claim 51, and
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wherein the method comprises rendering an audio object to a plurality of channel signals
associated with sound transducers in dependence on the Cartesian representation of the object
position information.

55. A method for providing an audio stream,

wherein the method comprises receiving input object position information describing a position
of an audio object in a spherical representation and

providing an audio stream comprising output object position information describing the position
of the object in a Cartesian representation,

wherein the method comprises converting the spherical representation into the Cartesian
representation using the method according to claim 51.

56. A method for producing an audio content,

wherein the method comprises determining an object position information describing a position
of an audio object in a spherical representation, and

wherein the method comprises converting the spherical representation into the Cartesian
representation using the method according to claim 51, and

wherein the method comprises including the Cartesian representation into an audio stream.

57. A method for audio playback,

wherein the method comprises receiving an audios stream comprising a Cartesian representation
of an object position information, and

wherein the method comprises converting the Cartesian representation into a spherical
representation of the object position information according to claim 50, and

wherein the method comprises rendering an audio object to a plurality of channel signals
associated with sound transducers in dependence on the spherical representation of the object
position information.

58. A computer program for performing a method according to one of claims 50 to 57 when
the computer program runs on a computer.
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59. An apparatus for converting an object position of an audio object from a Cartesian
representation to a spherical representation, in which the object position is described using an
azimuth angle, an elevation angle and a spherical domain radius,

wherein loudspeakers are placed on a square in a Cartesian coordinate system associated
with the Cartesian representation and loudspeakers are placed on a circle in a spherical
coordinate system associated with the spherical representation;

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of spherical-domain triangles are inscribed into a circle of
the spherical representation,

wherein each of the spherical-domain triangles is associated to a base area triangle;

wherein positions of corners of at least some of the base area triangles correspond to positions of
loudspeakers in the Cartesian coordinate system, and

wherein positions of corners of at least some of the spherical-domain triangles correspond to
positions of loudspeakers in the spherical coordinate system;

wherein the apparatus is configured to determine, in which of the base area triangles a
projection of the object position of the audio object into the base area is arranged; and

wherein the apparatus is configured to determine a mapped position of the projection of
the object position using a linear transform, which maps the base area triangle onto an associated
spherical domain triangle,

wherein the apparatus is configured to derive an azimuth angle and an intermediate
radius value from the mapped position;

wherein the apparatus is configured to obtain a spherical domain radius value and an
elevation angle in dependence on the intermediate radius value and in dependence on a distance
of the object position from the base area.
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60. A method for converting an object position of an audio object from a Cartesian
representation to a spherical representation, in which the object position is described using an
azimuth angle, an elevation angle and a spherical domain radius,

wherein loudspeakers are placed on a square in a Cartesian coordinate system associated with
the Cartesian representation and loudspeakers are placed on a circle in a spherical coordinate
system associated with the spherical representation;

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of spherical-domain triangles are inscribed into a circle of
the spherical representation,

wherein each of the spherical-domain triangles is associated to a base area triangle;

wherein positions of corners of at least some of the base area triangles correspond to positions of
loudspeakers in the Cartesian coordinate system, and

wherein positions of corners of at least some of the spherical-domain triangles correspond to
positions of loudspeakers in the spherical coordinate system;

wherein the method comprises determining, in which of the base area triangles a
projection of the object position of the audio object into the base area is arranged; and

wherein the method comprises determining a mapped position of the projection of the
object position using a linear transform, which maps the base area triangle onto its associated
spherical domain triangle,

wherein the method comprises deriving an azimuth angle [¢] and an intermediate radius
value from the mapped position;

wherein the method comprises obtaining a spherical domain radius value and an
elevation angle in dependence on the intermediate radius value and in dependence on a distance
of the object position from the base area.
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61. An apparatus for converting an object position of an audio object from a spherical
representation, in which the object position is described using an azimuth angle, an elevation
angle and a spherical domain radius, to a Cartesian representation,

wherein loudspeakers are placed on a square in a Cartesian coordinate system associated with
the Cartesian representation and loudspeakers are placed on a circle in a spherical coordinate
system associated with the spherical representation;

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of spherical-domain triangles are inscribed into a circle of
the spherical representation,

wherein positions of corners of at least some of the base area triangles correspond to positions of
loudspeakers in the Cartesian coordinate system, and

wherein positions of corners of at least some of the spherical-domain triangles correspond to
positions of loudspeakers in the spherical coordinate system;

wherein the apparatus is configured to obtain a value describing a distance of the object position
from the base area and an intermediate radius on the basis of the elevation angle or a mapped
elevation angle and on the basis of the spherical domain radius or a mapped spherical domain
radius;

wherein the apparatus is configured to determine a position within one of the triangles
inscribed into the circle on the basis of the intermediate radius, or a corrected version thereof in
which a radius adjustment, which is made because the loudspeakers are placed on a square in the
Cartesian coordinate system in contrast to the spherical coordinate system, is reversed, and on
the basis of the azimuth angle; and

wherein the apparatus is configured to determine a mapped position of the projection of the
object position onto the base plane on the basis of the determined position within one of the
triangles inscribed into the circle, using a linear transform mapping the triangle in which the
determined position lies, onto an associated triangle in the base plane,
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wherein the value describing the distance of the object position from the base area and the
mapped position describe the object position in the Cartesian representation.

62. A method for converting an object position of an audio object from a spherical
representation, in which the object position is described using an azimuth angle, an elevation
angle and a spherical domain radius, to a Cartesian representation,

wherein loudspeakers are placed on a square in a Cartesian coordinate system associated with
the Cartesian representation and loudspeakers are placed on a circle in a spherical coordinate
system associated with the spherical representation;

wherein a base area of the Cartesian representation is subdivided into a plurality of base
area triangles, and wherein a plurality of spherical-domain triangles are inscribed into a circle of a
spherical representation,

wherein positions of corners of at least some of the base area triangles correspond to positions of
loudspeakers in the Cartesian coordinate system, and

wherein positions of corners of at least some of the spherical-domain triangles correspond to
positions of loudspeakers in the spherical coordinate system;

wherein the method comprises obtaining a value describing a distance of the object position from
the base area and an intermediate radius on the basis of an elevation angle or a mapped
elevation angle and on the basis of a spherical domain radius or a mapped spherical domain
radius;

wherein the method comprises determining a position within one of the triangles inscribed into
the circle on the basis of the intermediate radius, or a corrected version thereof in which a radius
adjustment, which is made because the loudspeakers are placed on a square in the Cartesian
coordinate system in contrast to the spherical coordinate system, is reversed, and on the basis of
an azimuth angle [¢]; and

wherein the method comprises determining a mapped position of the projection of the object
position onto the base plane on the basis of the determined position within one of the triangles
inscribed into the circle, using a linear transform mapping the triangle in which the determined
position lies, onto an associated triangle in the base plane;
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wherein the value describing the distance of the object position from the base area and the
mapped position describe the object position in the Cartesian representation.





