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Apparatus and Method for Screen Related Audio Object Remapping

Description

The present invention relates to audio signal processing, in particular, to an apparatus and
a method for audio object remapping, and, more particularly, to an apparatus and a
method for screen related audio object remapping.

With increasing multimedia content consumption in daily life, the demand for sophisticated
multimedia solutions steadily increases. In this context, the integration of visual and audio
content plays an important role. An optimal adjustment of visual and audio multimedia
content to the available visual and audio replay setup would be desirable.

In the state of the art, audio objects are known. Audio objects may, e.g., be considered as
sound ftracks with associated metadata. The metadata may, e.g., describe the
characteristics of the raw audio data, e.g., the desired playback position or the volume
level. An advantage of object-based audio is that a predefined movement can be
reproduced by a special rendering process on the playback side in the best way possible
for all reproduction loudspeaker layouts.

Geometric metadata can be used to define where an audio object should be rendered,
e.g., angles in azimuth or elevation or absolute positions relative to a reference point, e.g.,
the listener. The metadata is stored or transmitted along with the object audio signals.

In the context of MPEG-H, at the 105th MPEG meeting the audic group reviewed the
requirements and timelines of different application standards (MPEG = Moving Picture
Experts Group). According to that review, it would be essential to meet certain points in
time and specific requirements for a next generation broadcast system. According to that,
a system should be able to accept audio objects at the encoder input. Moreover, the
system should support signaling, delivery and rendering of audio objects and should
enable user control of objects, e.g., for dialog enhancement, alternative language tracks
and audio description language.

In the state of the art, different concepts are provided. According to a first prior ar,
presented in “Method and apparatus for playback of a higher-order ambisonics audio
signal’ (see [1]), the playback of spatial sound field-oriented audio to its linked visible
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objects is adapted by applying space warping processing. In that prior art, the decoder
warps the sound field such that all sound objects in the direction of the screen are
compressed or stretched according to the ratio of the sizes of the target and reference
screens. A possibility is included to encode and transmit the reference size (or the viewing
angle from a reference listening position) of the screen used in the content production as
metadata together with the content. Alternatively, a fixed reference screen size is
assumed in encoding and for decoding, and the decoder knows the actual size of the
target screen. In this prior art, the decoder warps the sound field in such a manner that all
sound objects in the direction of the screen are compressed or stretched according to the
ratio of the size of the target screen and the size of the reference screen. So-called “two-
segment piecewise linear’ warping functions are used. The stretching is limited to the
angular positions of sound items. In that prior art, for centered screens the definition of the
warping function is similar to the definition of the mapping function for screen-related
remapping. The first and the third segment of the three-segment piecewise linear mapping
function the mapping function could be defined as a two-segment piecewise linear
function. However, with that prior art, the application is limited to HOA (HOA = higher
order ambisonics) (sound field-oriented) signals in space domain. Moreover, the warping
function is only dependent on ratio of reference screen and reproduction screen, no
definition for non-centered screens is provided.

In another prior art, “Vorrichtung und Verfahren zum Bestimmen einer Wiedergabe-
position" (see [2]), a method to adapt the position of a sound source to the video
reproduction is described. The playback position of the sound source is determined
individually for each sound object in dependence of direction and distance to the
reference point and of camera parameters. That prior art also describes a screen with a
fixed reference size is assumed. A linear scaling of all position parameters (in Cartesian
coordinates) is conducted for adapting the scene to a reproduction screen that is larger or
smaller than the reference screen. However, according to that prior art, the incorporation
of physical camera and projection parameters is complex, and such parameters are not
always available. Moreover, the method of that prior art works in Cartesian coordinates
(x,y,z), so not just the position but also the distance of an object changes with scene
scaling. Furthermore, this prior art is not applicable for an adaption of the object’s position
with respect to changes of relative screen size (aperture angle, viewing angle) in angular
coordinates.



10

15

20

25

30

35

WO 2015/144766 PCT/EP2015/056417

In a further prior art, "Verfahren zur Audiocodierung” (see [3]), a method is described
which includes a transmission of the current (time-varying) horizontal and vertical viewing
angle in the data stream (reference viewing angle, in relation to the listener's position in
the original scene). On the reproduction side, the size and position of the reproduction are
analyzed and the playback of the sound objects is individually optimized to match with the
reference screen.

In another prior art, “Acoustical Zooming Based on a parametric Sound Field
Representation” (see [4]), a method is described, which provides audio rendering that
follows the movement of the visual scene (‘Acoustical zoom”). The acoustical zooming
process is defined as a shift of the virtual recording position. The scene-model for the
zooming algorithm places all sound sources on a circle with an arbitrary but fixed radius.
However, the method of that prior art works in the DirAC parameter domain, distance and
angles (direction of arrival) are changed, the mapping function is non-linear and depends
on a zoom factor/parameter and non-centered screens are not supported.

The object of the present invention is to provide improved concepts for audio and visual
multimedia content integration employing existing multimedia reproduction setups. The
object of the present invention is solved by an apparatus according to claim 1, by a
decoder device according to claim 13, by a method according to claim 14 and by a
computer program according to claim 15.

An apparatus for audio object remapping is provided. The apparatus comprises an object
metadata processor and an object renderer. The object renderer is configured to receive
an audio object. The object metadata processor is configured to receive metadata,
comprising an indication on whether the audio object is screen-related, and further
comprising a first position of the audio object. Moreover, the object metadata processor is
configured to calculate a second position of the audio object depending on the first
position of the audio object and depending on a size of a screen, if the audio object is
indicated in the metadata as being screen-related. The object renderer is configured to
generate the loudspeaker signals depending on the audio object and depending on
position information. The object metadata processor is configured to feed the first position
of the audio object as the position information into the object renderer, if the audio object
is indicated in the metadata as being not screen-related. Furthermore, the object
metadata processor is configured to feed the second position of the audio object as the
position information into the object renderer, if the audio object is indicated in the
metadata as being screen-related.
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According to an embodiment, the object metadata processor may, e.g., be configured to
not calculate the second position of the audio object, if the audio object is indicated in the
metadata as being not screen-related.

In an embodiment, the object renderer may, e.g., be configured to not determine whether
the position information is the first position of the audio object or the second position of the
audio object.

According to an embodiment, the object renderer may, e.g., be configured to generate the
loudspeaker signals further depending on the number of the loudspeakers of a playback
environment,

in an embodiment, the object renderer may, e.g.,, be configured to generate the
loudspeaker signals further depending on a loudspeaker position of each of the
loudspeakers of the playback environment,

According to an embodiment, the object metadata processor is configured to calculate the
second position of the audio object depending on the first position of the audio object and
depending on the size of the screen, if the audio object is indicated in the metadata as
being screen-related, wherein the first position indicates the first position in a three-
dimensional space, and wherein the second position indicates the second position in the
three-dimensional space.

In an embodiment, the object metadata processor may, e.g., be configured to calculate
the second position of the audio object depending on the first position of the audio object
and depending on the size of the screen, if the audio object is indicated in the metadata
as being screen-related, wherein the first position indicates a first azimuth, a first elevation
and a first distance, and wherein the second position indicates a second azimuth, a
second elevation and a second distance.

According to an embodiment, the object metadata processor may, e.g., be configured to
receive the metadata, comprising the indication on whether the audio object is screen-
related as a first indication, and further comprising a second indication, if the audio object
is screen-related, said second indication indicating whether the audio object is an on-
screen object. The object metadata processor may, e.g., be configured to calculate the
second position of the audio object depending on the first position of the audio object and
depending on the size of the screen, such that the second position takes a first value on a
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screen area of the screen, if the second indication indicates that the audio object is an on-
screen object,

In an embodiment, the object metadata processor may, e.g., be configured to calculate
the second position of the audio object depending on the first position of the audio object
and depending on the size of the screen, such that the second position takes a second
value, which is either on the screen area or not on the screen area, if the second
indication indicates that the audio object is not an on-screen object.

According to an embodiment, the object metadata processor may, e.g., be configured to
receive the metadata, comprising the indication on whether the audio object is screen-
related as a first indication, and further comprising a second indication, if the audio object
is screen-related, said second indication indicating whether the audio object is an on-
screen object. The object metadata processor may, e.g., be configured to calculate the
second position of the audio object depending on the first position of the audio object,
depending on the size of the screen, and depending on a first mapping curve as the
mapping curve, if the second indication indicates that the audio object is an on-screen
object, wherein the first mapping curve defines a mapping of original object positions in a
first value interval to remapped object positions in a second value interval. Moreover, the
object metadata processor may, e.g., be configured to calculate the second position of the
audio object depending on the first position of the audio object, depending on the size of
the screen, and depending on a second mapping curve as the mapping curve, if the
second indication indicates that the audio object is not an on-screen object, wherein the
second mapping curve defines a mapping of original object positions in the first value
interval to remapped object positions in a third value interval, and wherein said second
value interval is comprised by the third value interval, and wherein said second value
interval is smaller than said third value interval.

In an embodiment, each of the first value interval and the second value interval and the
third value interval may, e.g., be a value interval of azimuth angles, or each of the first
value interval and the second value interval and the third value interval may, e.g., be a
value interval of elevation angles.

According to an embodiment, the object metadata processor may, e.g., be configured to
calculate the second position of the audio object depending on at least one of a first linear
mapping function and a second linear mapping function, wherein the first linear mapping
function is defined to map a first azimuth value to a second azimuth value, wherein the
second linear mapping function is defined to map a first elevation value to a second
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Moreover, a decoder device is provided. The decoder device comprises a USAC decoder
for decoding a bitstream to obtain one or more audio input channels, to obtain one or
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more input audio objects, to obtain compressed object metadata and to obtain one or
more SAOC transport channels. Furthermore, the decoder device comprises an SAOC
decoder for decoding the one or more SAQC transport channels to obtain a first group of
one or more rendered audic objects. Moreover, the decoder device comprises an
apparatus according to the embodiments described above. The apparatus comprises an
object metadata decoder, being the object metadata processor of the apparatus according
to the embodiments described above, and being implemented for decoding the
compressed object metadata to obtain uncompressed metadata, and the apparatus
further comprises the object renderer of the apparatus according to the embodiments
described above, for rendering the one or more input audio objects depending on the
uncompressed metadata to obtain a second group of one or more rendered audio objects.
Furthermore, the decoder device comprises a format converter for converting the one or
more audio input channels to obtain one or more converted channels. Moreover, the
decoder device comprises a mixer for mixing the one or more audio objects of the first
group of one or more rendered audio objects, the one or more audio objects of the second
group of one or more rendered audio objects and the one or more converted channels to
obtain one or more decoded audio channels.

Furthermore, a method for generating loudspeaker signals is provided. The method
comprises:

- Receiving an audio object.

- Receiving metadata, comprising an indication on whether the audio object is
screen-related, and further comprising a first position of the audio object.

- Calculating a second position of the audio object depending on the first position of
the audio object and depending on a size of a screen, if the audio object is
indicated in the metadata as being screen-related.

- Generating the loudspeaker signals depending on the audio object and depending
on position information.

The position information is the first position of the audio object, if the audio object is
indicated in the metadata as being not screen-related. The position information is the
second position of the audio object, if the audio object is indicated in the metadata as
being screen-related.
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Moreover, a computer program is provided, wherein the computer program is configured

to implement the above-described method when being executed on a computer or signal

processor,

In the following, embodiments of the present invention are described in more detail with

reference to the figures, in which;

Fig.
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is an apparatus for generating loudspeaker signals according to an
embodiment,

illustrates an object renderer according to an embodiment,

illustrates an object metadata processor according to an embodiment,
illustrates azimuth remapping according to embodiments,

illustrates elevation remapping according to embodiments,

illustrates azimuth remapping according to embodiments,

illustrates elevation remapping according to other embodiments,
illustrates an overview of a 3D-audio encoder,

ilustrates an overview of a 3D-Audio decoder according to an embodiment,
illustrates a structure of a format converter,

illustrates rendering of object-based audio according to an embodiment,
iustrates an object metadata pre-processor according to an embodiment,
illustrates azimuth remapping according to an embodiment,

illustrates remapping of elevation angles according to an embodiment,

illustrates remapping of azimuth angles according to an embodiment,
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Fig. 16 illustrates elevation remapping according to other embodiments, and
Fig. 17 illustrates elevation remapping according to further embodiments.

Fig. 1 illustrates an apparatus for audio object remapping according to an embodiment,
The apparatus comprises an object metadata processor 110 and an object renderer 120.

The object renderer 120 is configured to receive an audio object.

The object metadata processor 110 is configured to receive metadata, comprising an
indication on whether the audio object is screen-related, and further comprising a first
position of the audio object. Moreover, the object metadata processor 110 is configured to
calculate a second position of the audio object depending on the first position of the audio
object and depending on a size of a screen, if the audio object is indicated in the metadata
as being screen-related.

The object renderer 120 is configured to generate the loudspeaker signals depending on
the audio object and depending on position information.

The object metadata processor 110 is configured to feed the first position of the audio
object as the position information into the object renderer 120, if the audio object is
indicated in the metadata as being not screen-related.

Furthermore, the object metadata processor 110 is configured to feed the second position
of the audio object as the position information into the object renderer 120, if the audio
object is indicated in the metadata as being screen-related.

According to an embodiment, the object metadata processor 110 may, e.g., be configured
to not calculate the second position of the audio object, if the audio object is indicated in
the metadata as being not screen-related.

In an embodiment, the object renderer 120 may, e.g., be configured to not determine
whether the position information is the first position of the audio object or the second
position of the audio object.
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According to an embodiment, the object renderer 120 may, e.g., be configured to
generate the loudspeaker signals further depending on the number of the loudspeakers of
a playback environment.

In an embodiment, the object renderer 120 may, e.g., be configured to generate the
loudspeaker signals further depending on a loudspeaker position of each of the
loudspeakers of the playback environment.

According to an embodiment, the object metadata processor 110 is configured to
calculate the second position of the audio object depending on the first position of the
audio object and depending on the size of the screen, if the audio object is indicated in the
metadata as being screen-related, wherein the first position indicates the first position in a
three-dimensional space, and wherein the second position indicates the second position
in the three-dimensional space.

In an embodiment, the object metadata processor 110 may, e.g., be configured to
calculate the second position of the audio object depending on the first position of the
audio object and depending on the size of the screen, if the audio object is indicated in the
metadata as being screen-related, wherein the first position indicates a first azimuth, a
first elevation and a first distance, and wherein the second position indicates a second
azimuth, a second elevation and a second distance.

According to an embodiment, the object metadata processor 110 may, e.g., be configured
to receive the metadata, comprising the indication on whether the audio object is screen-
related as a first indication, and further comprising a second indication, if the audio object
is screen-related, said second indication indicating whether the audio object is an on-
screen object. The object metadata processor 110 may, e.g., be configured to calculate
the second position of the audio object depending on the first position of the audio object
and depending on the size of the screen, such that the second position takes a first value
on a screen area of the screen, if the second indication indicates that the audio object is
an on-screen object.

In an embodiment, the object metadata processor 110 may, e.g., be configured to
calculate the second position of the audio object depending on the first position of the
audio object and depending on the size of the screen, such that the second position takes
a second value, which is either on the screen area or not on the screen area, if the second
indication indicates that the audio object is not an on-screen object.
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According to an embodiment, the object metadata processor 110 may, e.g., be configured
to receive the metadata, comprising the indication on whether the audio object is screen-
related as a first indication, and further comprising a second indication, if the audio object
is screen-related, said second indication indicating whether the audio object is an on-
screen object. The object metadata processor 110 may, e.g., be configured to calculate
the second position of the audio object depending on the first position of the audio object,
depending on the size of the screen, and depending on a first mapping curve as the
mapping curve, if the second indication indicates that the audio object is an on-screen
object, wherein the first mapping curve defines a mapping of original object positions in a
first value interval to remapped object positions in a second value interval. Moreover, the
object metadata processor 110 may, e.g., be configured to calculate the second position
of the audio object depending on the first position of the audio object, depending on the
size of the screen, and depending on a second mapping curve as the mapping curve, if
the second indication indicates that the audio object is not an on-screen object, wherein
the second mapping curve defines a mapping of original object positions in the first value
interval to remapped object positions in a third value interval, and wherein said second
value interval is comprised by the third value interval, and wherein said second value
interval is smaller than said third value interval.

in an embodiment, each of the first value interval and the second value interval and the
third value interval may, e.g., be a value interval of azimuth angles, or each of the first
value interval and the second value interval and the third value interval may, e.g., be a
value interval of elevation angles.

In the following, particular embodiments of the present invention and optional features of a
plurality of embodiments of the present invention are described.

There could be audio-objects (audio signal associated with a position in the 3D space,
e.g., azimuth, elevation and distance given) that are not intended for a fixed position, but

whose position should change with the size of a screen in the reproduction setup.

If an object is signaled as screen-related (e.g., by a flag in the metadata), its position is
remapped/recalculated with respect to the screen size according to a specific rule.

Fig. 2 illustrates an object renderer according to an embodiment.

As an introduction, the following is noted:
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In object-based audio formats metadata are stored or transmitted along with object
signals. The audio objects are rendered on the playback side using the metadata and
information about the playback environment. Such information is e.g., the number of
loudspeakers or the size of the screen.

Table 1: Example metadata:

ObjectiD
Azimuth
Dynamic | Elevation

OAM Gain
Distance
AllowOnOff
AllowPositioninteractivity
AllowGaininteractivity
DefaultOnOff
DefaultGain
InteractivityMinGain
interactivity | InteractivtiyMaxGain
InteractivityMinAzOffset
InteractivityMaxAzOffset
InteractivityMinEIOffset
InteractivityMaxEIOffset
InteractivityMinDist
InteractivityMaxDist
IsSpeakerRelatedGroup
SpeakerConfigdD

AzimuthScreenRelated
Playout

ElevationScreenRelated

ClosestSpeakerPlayout
ContentKind
Contentl.anguage
GrouplD
GroupDescription
Group GroupNumMembers
GroupMembers

Priority

Switch SwitchGrouplD

Content
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Group SwitchGroupDescription
SwitchGroupDefault
SwitchGroupNumMembers
SwitchGroupMembers
NumGroupsTotal

Audio IsMainScene

Scene NumGroupsPresent
NumSwitchGroups

For objects geometric metadata can be used to define how they should be rendered, e.g.,
angles in azimuth or elevation or absolute positions relative to a reference point, e.g., the
listener. The renderer calculates loudspeaker signals on the basis of the geometric data
and the available speakers and their position.

Embodiments according to the present invention emerge from the above in the following
manner.

In order to control screen related rendering, an additional metadata field controls how to
interpret the geometric metadata:

If the field is set to OFF the geometric metadata is interpreted by the renderer to compute
loudspeaker signals.

If the field is set to ON the geometric metadata is mapped from the nominal data to other
values. The remapping is done on the geometric metadata, such that the renderer that
follows the object metadata processor is agnostic of the pre-processing of the object
metadata and operates unchanged. Examples of such metadata fields are given in the
following tables.

Table 2: Example metadata o control the screen related rendering and their meaning:

AzimuthScreenRelated | azimuth is adjusted to the screen size

ElevationScreenRelated | €levation is adjusted to the screen size

isScreenRelatedObject | Azimuth and elevation are remapped to render objects
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relative to the screen

isOnScreenObject Object signal is related to an object positioned on screen

In addition, the nominal screen size or screen size used during production of the audio
content could be send as metadata information.

NominalScreenSize screen size used during production of the audio content

5
The following table presents an example of how such metadata could be coded efficiently.
Table 3 — Syntax of ObjectMetadataConfig() according to an embodiment;
10
Syntax No. of bits Mnemonic
ObjectMetadataConfig()
{
hasScreenRelatedObjects; 1 bsibf
if( hasScreenRelatedObjects ) {
for (0 =1; 0 <= num_objects; o++ ) {
isScreenRelativeObjecto]; 1 bsibf
if( lisScreenRelativeObject ){
isOnScreenObject{o]; 1 bslbf
}
}
|}
! |
hasOnScreenObjects This flag specifies whether screen-related objects are
present.
isScreenRelatedObject This flag defines whether an object position is screen-
15

relative (the position should be rendered differently,
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such that their position is remapped, but can still
contain all valid angular values.

isOnScreenObject This flag defines that the corresponding object is
“‘onscreen”. Objects where this flag is equal to 1 should
be rendered differently, such that their position can
only take values on the screen area. In accordance
with an alternative, the flag is not used, but a reference
screen angle is defined. If isScreenRelativeObject=1
then all angles are relative to this reference angle.
There might be other use cases where it needs to be
known that the audio object is on screen.

It is noted with respect to isScreenRelativeObject that, according to an embodiment,
there are two possibilities: Remapping of position, but it can still take all values (screen-
relative) and remapping such that it can only contain values that are on the screen area
{on-screen).

The remapping is done in an object metadata processor that takes the local screen size
into account and performs the mapping of the geometric metadata.

Fig. 3 illustrates an object metadata processor according to an embodiment.
As to screen-related geometric metadata modification, the following is said.

Depending on the information isScreenRelativeObject and isOnScreenObject there are
two possibilities to signal screen-related audio elements:

a)y  Screen-relative audio elements
b)  On-Screen audio elements

In both cases, the position data of the audio elements are remapped by the Object
Metadata Processor. A curve is applied that maps the original azimuth and elevation
angle of the position to a remapped azimuth and a remapped elevation angle

The reference is the nominal screen size in the metadata or an assumed default screen
size.
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E.g., a viewing angle defined in ITU-R REC-BT.2022 (General viewing conditions for
subjective assessment of quality of SDTV and HDTV television pictures on flat panel
displays) can be used.

The difference between the two types of screen-relation is the definition of the remapping

curve.

In case a) the remapped azimuth can take values between -180° and 180° and the
remapped elevation can take values between -90° and 90°. The curve is defined such that
the azimuth values between a default left edge azimuth and a default right edge azimuth
are mapped (compressed or expanded) to the interval between the given left screen edge
and the given right screen edge (and accordingly for the elevation). The other azimuth and
elevation values are compressed or expanded accordingly, such that the whole range of
values is covered.

Fig. 4 illustrates azimuth remapping according to embodiments.

in case b) the remapped azimuth and elevation can only take values that describe
positions on the screen area (Azimuth(left screen edge) Azimuth(remapped)
Azimuth(right screen edge) and Elevation{lower screen edge) Elevation{remapped)
Elevation{upper screen edge)).

There are different possibilities to treat the values outside these ranges: They could either
be mapped fo the edges of the screen such that all objects between -180° azimuth and
the left screen edge end up at the left screen edge and all objects between the right
screen edge and 180° azimuth end up at the right screen. Ancther possibility is to map the
values of the rear hemisphere to the frontal hemisphere. On the left hemisphere then the
positions between -180° + Azimuth(left screen edge) and Azimuth(left screen edge) are
mapped to the left screen edge. The values between -180° and -180° + Azimuth(left
screen edge) are mapped to the values between 0° and Azimuth(left screen edge). The
right hemisphere and the elevation angles are treated the same way.

Fig. 5 illustrates elevation remapping according to embodiments,

The points -x1 and +x2 (which might be different or equal to +x1) of the curve where the
gradient changes either be set as default values (default assumed standard screen size +
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position) or they can be present in the metadata (e.g., by the producer, who could then put
the production screen size there).

There are also mapping functions possible which do not consist of linear segments, but

are curved instead.

Additional metadata could control the way remapping, e.g., defining offsets or non-linear
coefficients to account for panning behavior or the resolution of the hearing.

Also it could be signaled how the mapping is performed, e.g., by “projecting” all objects
intended for the rear onto the screen.

Such alternative mapping methods are listen in the following figures.

There, Fig. 6 illustrates azimuth remapping according to embodiments.

Fig. 7 illustrates elevation remapping according to embodiments.

Regarding unknown screen size behavior:

if no reproduction screen size is given, then either

« a default screen size is assumed, or

- no mapping is applied, even if an object is marked as screen-related or on-screen.
Returning to Fig. 4, in another embodiment, in case b) the remapped azimuth and
elevation can only take values that describe positions on the screen area (Azimuth(left
screen edge) < Azimuth(remapped) < Azimuth(right screen edge) and Elevation(lower
screen edge) < Elevation(remapped) < Elevation(upper screen edge)). There are different
possibilities to treat the values outside these ranges: In some embodiments, they could
either be mapped to the edges of the screen such that all objects between +180° azimuth
and the left screen edge end up at the left screen edge and all objects between the right

screen edge and -180° azimuth end up at the right screen edge. Another possibility is to
map the values of the rear hemisphere to the frontal hemisphere.
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On the left hemisphere then the positions between +180° - Azimuth(left screen edge) and
Azimuth(left screen edge) are mapped to the leff screen edge. The values between +180°
and +180° - Azimuth(left screen edge) are mapped to the values between 0° and
Azimuth(left screen edge). The right hemisphere and the elevation angles are treated the
same way.

Fig. 16 illustrates is a figure similar to Fig. 5. In the embodiments illustrated by Fig. 16, , in
both diagrams, a value interval on the abscissa axis from -90° to +90° and a value interval
on the ordinate axis from -90° {o +80° is illustrated.

Fig. 17 illustrates is a figure similar to Fig. 7. In the embodiments illustrated by Fig. 17, in
both diagrams, a value interval on the abscissa axis from -80° to +90° and a value interval
on the ordinate axis from -90° to +980° is illustrated.

In the following, further embodiments of the invention and optional features of further
embodiments are described with reference to Fig. 8 — Fig. 15.

According to some embodiments, screen-related element remapping may, for example,
only be processed if the |Dbitstream contains screen-related elements
(isScreenRelativeObject flag == 1 for at least one audio element) that are accompanied by
OAM data (OAM data = associated object metadata) and if the local screen-size is
sighaled to the decoder via the LocalScreenSize() interface.

The geometric positional data (OAM data before any position modification by user
interaction has happened) may, e.g., be mapped to a different range of values by the
definition and utilization of a mapping-function. The remapping may, e.g., change the
geometric positional data as a pre-processing step to the rendering, such that the
renderer is agnostic of the remapping and operates unchanged.

The screen-size of a nominal reference screen (used in the mixing and monitoring
process) and/or the local screen-size information in the playback room may, e.g., be taken
into account for the remapping.

If no nominal reference screen-size is given, default reference values may, e.g., be used,
for example, assuming a 4k display and an optimal viewing distance.

If no local screen-size information is given, then remapping shall, for example, not be
applied.
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Two linear mapping functions may, for example, be defined for the remapping of the
elevation and the azimuth values:

5  The screen edges of the nominal screen size may, for example, be given by:

nomdnal _ gporminal  anomingl  ynominal
@:@? 9 @rigf}t » quv » 6)bozzam
10  The reproduction screen edges may, for example, be abbreviated by:

YEprO . FEPIC  Tepre  nrepro
leg!? * Fright 3‘6&739 —"gémmm

The remapping of the azimuth and elevation position data may, for example, be defined
15 by the following linear mapping functions:

gprepm + 1 8 Oo
right . ., nominal
e (0 + 180°)-180°  for -180°<@< gl
q)ragm +180
wr‘@pm . Wrepm
S laft right . nominal rapro . nominal . ,Dontinal
¢ = gonominal N (pn i ("D @rigbr )+ tpﬁg}zt f or (pn’gh: < P < @;gﬂ
feft right
180°—g[*™ . |
et | o — gpRominAl repro . nominal P
180° _{pnomiuai (‘;9 Diep )+ Pran Jor g SP< 180°
left
O +90° " . .
A ————_ ¢ - A . oynominal
6;}6:111;13] 90 (9+ 20 ) 90 fO? 90°< 6 < wasom
Yostton
grere _ grare
t top botoms 5 anominal repro nominal _- » . psominal
0 =1 ﬁmmiml N E;noxmnm (9 gbotmm )+ gbatiom f or @boifum sf< gmzm
fop battom
900 _-_ Q‘?‘epm ) ) ’ '
o g (0O )6 for G <6< 90°
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20 Fig. 13 illustrates a remapping function of position data according to an embodiment. In
particular, in Fig. 13, a mapping function for the mapping of the azimuth is depicted. In
Fig. 13, the curve is defined such that the azimuth values between the nominal reference
left edge azimuth and the nominal reference right edge azimuth are mapped (compressed
or expanded) to the interval between the given local left screen edge and the given local
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right screen edge. The other azimuth values are compressed or expanded accordingly,
such that the whole range of values is covered.

The remapped azimuth may, for example, take values between -180° and 180° and the
remapped elevation can take values between -80° and €0°.

According to an embodiment, for example, if the isScreenRelativeObject flag is set to
zero, then no screen-related element remapping is applied for the corresponding element
and the geometric positional data (OAM data plus positional change by user interactivity)
is directly used by the renderer to compute the playback signals.

According to some embodiments, the positions of all screen-related elements may, e.g.,
be remapped according to the reproduction screen-size as an adaptation to the
reproduction room. For example, if no reproduction screen-size information is given or no
screen-related element exists, no remapping is applied.

The remapping may, e.g., be defined by linear mapping functions that take the
reproduction screen-size information in the playback room and screen-size information of
a reference screen, e.g., used in the mixing and monitoring process, into account.

An azimuth mapping function according to an embodiment is depicted in Fig. 13. In said
Fig. 13, a mapping function of azimuth angles is illustrated. As in Fig. 13, it may, for
example, be defined such that the azimuth values between the left edge and the right
edge of the reference screen are mapped (compressed or expanded) to the interval
between the left edge and the right edge of the reproduction screen. Other azimuth values
are compressed or expanded, such that the whole range of values is covered,

An elevation mapping function may, e.g., be defined accordingly (see Fig. 14). The
screen-related processing may, e.g., also take a zooming area for zooming into high-
resolution video content into account. Screen-related processing may, e.g., only be
defined for elements that are accompanied by dynamic position data and that are labeled
as screen-related.
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In the following, a system overview of a 3D audio codec system is provided.
Embodiments of the present invention may be employed in such a 3D audio codec
system. The 3D audio codec system may, e.g., be based on an MPEG-D USAC Codec for
coding of channel and object signals.

According to embodiments, to increase the efficiency for coding a large amount of objects,
MPEG SAQC technology has been adapted (SAQC = Spatial Audio Object Coding). For
example, according to some embodiments, three types of renderers may, e.g., perform
the tasks of rendering objects to channels, rendering channels to headphones or
rendering channels o a different loudspeaker setup.

When object signals are explicitly transmitted or parametrically encoded using SAOC, the
corresponding Object Metadata information is compressed and multiplexed into the 3D-
Audio bitstream.

Fig. 8 and Fig. 9 show the different algorithmic blocks of the 3D-Audio system. In
particular, Fig. 8 illustrates an overview of a 3D-audio encoder. Fig. 9 illustrates an
overview of a 3D-Audio decoder according to an embodiment.

Possible embodiments of the modules of Fig. 8 and Fig. 9 are now described.

In Fig. 8, a prerenderer 810 (also referred to as mixer) is illustrated. In the configuration of
Fig. 8, the prerenderer 810 (mixer) is optional. The prerenderer 810 can be optionally
used to convert a Channel+Object input scene into a channel scene before encoding.
Functionally the prerenderer 810 on the encoder side may, e.g., be related to the
functionality of object renderer/mixer 920 on the decoder side, which is described below.
Prerendering of objects ensures a deterministic signal entropy at the encoder input that is
basically independent of the number of simultaneously active object signals. With
prerendering of objects, no object metadata transmission is required. Discrete Object
Signals are rendered to the Channel Layout that the encoder is configured to use. The
weights of the objects for each channel are obtained from the associated object metadata
(OAM).

The core codec for loudspeaker-channel signals, discrete object signals, object downmix
signals and pre-rendered signals is based on MPEG-D USAC technology (USAC Core
Codec). The USAC encoder 820 (e.g., illustrated in Fig. 8) handles the coding of the
multitude of signals by creating channel- and object mapping information based on the
geometric and semantic information of the input's channel and object assignment, This



10

15

20

25

30

35

22
WO 2015/144766 PCT/EP2015/056417

mapping information describes, how input channels and objects are mapped to USAC-
Channel Elements (CPEs, SCEs, LFEs) and the corresponding information is transmitted
to the decoder.

All additional payloads like SAOC data or object metadata have been passed through
extension elements and may, e.g., be considered in the USAC encoder’s rate control.

The coding of objects is possible in different ways, depending on the rate/distortion
requirements and the interactivity requirements for the renderer. The following object
coding variants are possible:

- Prerendered objects: Object signals are prerendered and mixed to the 22.2
channel signals before encoding. The subsequent coding chain sees 22.2 channel
signals.

- Discrete object waveforms: Objects are supplied as monophonic waveforms to the
USAC enceder 820. The USAC encoder 820 uses single channel elements SCEs
to transmit the objects in addition to the channel signals. The decoded objects are
rendered and mixed at the receiver side. Compressed object metadata information
is transmitted to the receiver/renderer alongside.

- Parametric object waveforms: Object properties and their relation to each other are
described by means of SAOC parameters. The down-mix of the object signals is
coded with USAC by the USAC encoder 820. The parametric information is
transmitted alongside. The number of downmix channels is chosen depending on
the number of objects and the overall data rate. Compressed object metadata
information is transmitted to the SAOC renderer.

On the decoder side, a USAC decoder 910 conducts USAC decoding.

Moreover, according to embodiments, a decoder device is provided, see Fig. 9. The
decoder device comprises a USAC decoder 910 for decoding a bitstream to obtain one or
more audio input channels, to obtain one or more input audio objects, to obtain
compressed object metadata and to obtain one or more SAOC transport channels.

Furthermore, the decoder device comprises an SAOC decoder 915 for decoding the one

or more SAOC transport channels to obtain a first group of one or more rendered audio
objects.



10

15

20

25

30

35

23
WO 2015/144766 PCT/EP2015/056417

Moreover, the decoder device comprises an apparatus 917 according to the embodiments
described above with respect to Fig. 1 to 7 or as described below with respect to Fig. 11
to 15. The apparatus 917 comprises an object metadata decoder 918, e.g., being the
object metadata processor 110 of the apparatus of Fig. 1, and being implemented for
decoding the compressed object metadata to obtain uncompressed metadata.

Furthermore, the apparatus 917 according to the embodiments described above
comprises an object renderer 920, e.g., being the object renderer 120 of the apparatus of
Fig. 1, for rendering the one or more input audio objects depending on the uncompressed
metadata to obtain a second group of one or more rendered audio objects.

Furthermore, the decoder device comprises a format converter 922 for converting the one
or more audio input channels to obtain one or more converted channels.

Moreover, the decoder device comprises a mixer 930 for mixing the one or more audio
objects of the first group of one or more rendered audio objects, the one or more audio
objects of the second group of one or more rendered audio objects and the one or more
converted channels to obtain one or more decoded audio channels.

In Fig. 9 a particular embodiment of a decoder device is illustrated. The SAOC encoder
816 (the SAOC encoder 815 is optional, see Fig. 8) and the SAOC decoder 915 (see Fig.
9) for object signals are based on MPEG SAQC technology. The system is capable of
recreating, modifying and rendering a number of audio objects based on a smaller number
of transmitted channels and additional parametric data (OLDs, I0OCs, DMGs) (OLD =
object level difference, I0C = inter object correlation, DMG = downmix gain). The
additional parametric data exhibits a significantly lower data rate than required for
transmitting all objects individually, making the coding very efficient.

The SAOC encoder 815 takes as input the object/channel signals as monophonic
waveforms and outputs the parametric information (which is packed into the 3D-Audio
bitstream) and the SAOC transport channels (which are encoded using single channel
elements and transmitted).

The SAOC decoder 915 reconstructs the object/channel signals from the decoded SAQC
transport channels and parametric information, and generates the output audio scene
based on the reproduction layout, the decompressed object metadata information and
optionally on the user interaction information.
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Regarding object metadata codec, for each object, the associated metadata that specifies
the geometrical position and spread of the object in 3D space is efficiently coded by
guantization of the object properties in time and space, e.g., by the metadata encoder 818
of Fig. 8. The compressed object metadata cOAM (cOAM = compressed audio object
metadata) is transmitted to the receiver as side information. At the receiver the cOAM is
decoded by the metadata decoder 918,

For example, in Fig. 9, the metadata decoder 918 may, e.g., implement an object
metadata processor according to one of the above-described embodiments.

An object renderer, e.g., object renderer 920 of Fig. 9, utilizes the compressed object
metadata to generate object waveforms according to the given reproduction format. Each
object is rendered to certain output channels according to ifs metadata. The output of this
block results from the sum of the partial results.

For example, in Fig. 9, the object renderer 920 may, e.g., be implemented according to
one of the above-described embodiments.

In Fig. 9, metadata decoder 918 may, e.g., be implemented as an object metadata
processor as described according to one of the above-described or below-described
embodiments, described with reference to Fig. 1 to 7, and Fig. 11 to Fig. 15, and the
object renderer 920 may, e.g., be implemented as an object renderer as described
according to one of the above-described or below-described embodiments, described with
reference to Fig. 1to 7, and Fig. 11 to Fig. 15. The metadata decoder 918 and the object
renderer 920 may, e.g., together implement an apparatus 917 for generating loudspeaker
signals as described above or as described below with reference to Fig. 1 to 7, and Fig.
11 to Fig. 15.

If both channel based content as well as discrete/parametric objects are decoded, the
channel based waveforms and the rendered object waveforms are mixed before
outputting the resulting waveforms, e.g., by mixer 930 of Fig. 9 (or before feeding them to
a postprocessor module like the binaural renderer or the loudspeaker renderer module).

A binaural renderer module 940, may, e.g., produce a binaural downmix of the
multichannel audio material, such that each input channel is represented by a virtual
sound source. The processing is conducted frame-wise in QMF domain. The
binauralization may, e.g., be based on measured binaural room impulse responses,
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A loudspeaker renderer 922 may, e.g., convert between the transmitted channel
configuration and the desired reproduction format. It is thus called format converter 922 in
the following. The format converter 922 performs conversions to lower numbers of output
channels, e.g., it creates downmixes. The system automatically generates optimized
downmix matrices for the given combination of input and output formats and applies these
matrices in a downmix process. The format converter 922 allows for standard loudspeaker
configurations as well as for random configurations with non-standard loudspeaker
positions.

Fig. 10 illustrates a structure of a format converter. Fig. 10 illustrates a downmix
configurator 1010 and a downmix processor for processing the downmix in the QMF
domain (QMF domain = quadrature mirror filter domain).

According to some embodiments, the object renderer 920 may be configured to realize
screen related audio object remapping as described with respect to one of the above-
described plurality of embodiments that have been described with reference to Fig. 1 -
Fig. 7, or as described with respect to one of the plurality of the below-described
embodiments that will be described with reference to Fig. 11 - Fig. 15.

In the following, further embodiments and concepts of embodiments of the present
invention are described.

According to some embodiments, user control of objects may, for example, employ
descriptive metadata, e.g., information about the existence of object inside the bitstream
and high-level properties of objects and may, for example, employ restrictive metadata,
e.g., information on how interaction is possible or enabled by the content creator.

According to some embodiments, signaling, delivery and rendering of audio objects may,
for example, employ positional metadata, structural metadata, e.g., grouping and
hierarchy of objects, an ability to render to specific speaker and to signal channel content
as objects, and means to adapt object scene to screen size.

Embodiments provide new metadata fields were developed in addition to the already
defined geometrical position and level of the object in 3D space.

If an object-based audio scene is reproduced in different reproduction setups, according
to some embodiments, the positions of the rendered sound sources may, e.g., be
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automatically scaled to the dimension of the reproduction. In case audio-visual content is
presented, the standard rendering of the audio objects to the reproduction may, e.g., lead
to a violation of the positional audio-visual coherence as sound source locations and the
position of the visual originator of the sound may, for example, no longer be consistent.

To avoid this effect, a possibility may, e.g., be employed to signal that audio objects are
not intended for a fixed position in 3D space, but whose position should change with the
size of a screen in the reproduction setup. According to some embodiments, a special
treatment of these audio objects and a definition for a scene-scaling algorithm may, e.g.,
allow for a more immersive experience as the playback may, e.g., be optimized on local
characteristics of the playback environment.

In some embodiments, a renderer or a preprocessing module may, e.g., take the local
screen-size in the reproduction room into account, and may, e.g., thus preserve the
relationship between audio and video in a movie or gaming context. In such embodiments,
the audio scene may, e.g., then be automatically scaled according to the reproduction
setup, such that the positions of visual elements and the position of a corresponding
sound source are in agreement. Positional audio-visual coherence for screens varying in
size may, e.g., be maintained.

For example, according to embodiments, dialogue and speech may, e.g., then be
perceived from the direction of a speaker on the screen independent of the reproduction
screen-size. This is then possible for standing sources as well as for moving sources
where sound trajectories and movement of visual elements have to correspond.

In order to control screen related rendering, an additional metadata field is introduced that
allows marking objects as screen-related. If the object is marked as screen-related its
geometric positional metadata is remapped to other values before the rendering. For
example, Fig. 13 illustrates an exemplary (re)mapping function for azimuth angles.

Inter alia, some embodiments may, e.g, achieve a simple mapping function is defined that
works in the angular domain (azimuth, elevation).

Moreover, some embodiments, may, e.g., realize that the distance of objects is not
changed, no “zooming” or virtual movement towards the screen or away from the screen
is conducted, but a scaling just of the position of objects.
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Furthermore, some embodiments, may, e.g., handle non-centered reproduction screens
(a7 | # @ |andlor|6,7 | #(6,77 1) as the mapping function is not only based on the

top battom
screen-ratio, but takes into account azimuth and elevation of the screen edges

Moreover, some embodiments, may, e.9., define special mapping functions for on-screen
objects. According to some embodiments, the mapping functions for azimuth and
elevation may, e.g., be independent, so it may be chosen to remap only azimuth or
elevation values.

In the following, further embodiments are provided,

Fig. 11 illustrates rendering of object-based audio according to an embodiment. The audio
objects may, e.g., be rendered on the playback side using the metadata and information
about the playback environment. Such information is, e.g., the number of loudspeakers or
the size of the screen. The renderer 1110 may, e.g., calculate loudspeaker signals on the
basis of the geometric data and the available speakers and their positions.

Now, an object metadata (pre)processor 1210 according to an embodiment is described
with reference to Fig. 12.

In Fig. 12, the object metadata processor 1210 is configured to conduct remapping that
takes the local screen size into account and performs the mapping of the geometric
metadata.

The position data of the screen-related objects are remapped by the object metadata
processor 1210. A curve may, e.g., be applied that maps the original azimuth and
elevation angle of the position to a remapped azimuth and a remapped elevation angle.

The screen-size of a nominal reference screen, e.g., employed in the mixing and
monitoring process, and local screen-size information in the playback room may, e.g., be
taken into account for the remapping.

The reference screen size, which may, e.g., be referred to as production screen size,
may, e.g., be transmitted in the metadata.

In some embodiments, if no nominal screen size is given, a default screen size may, e.9.,
assumed.
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E.g., a viewing angle defined in ITU-R REC-BT.2022 (see: General viewing conditions for
subjective assessment of quality of SDTV and HDTV television pictures on flat panel
displays) may, e.g., be used.

In some embodiments, two linear mapping functions may, e.g., defined for the remapping
of the elevation and the azimuth values.

In the following, screen-related geometric metadata modification according to some
embodiments is described with reference to Fig. 13 - Fig. 15.

The remapped azimuth can take values between -180° and 180° and the remapped
elevation can take values between -90° and 90°. The mapping curve is in general defined
such that the azimuth values between a default left edge azimuth and a default right edge
azimuth are mapped (compressed or expanded) to the interval between the given left
screen edge and the given right screen edge (and accordingly for the elevation). The
other azimuth and elevation values are compressed or expanded accordingly, such that
the whole range of values is covered.

As already described above, the screen edges of the nominal screen size may, e.g., be

given by:
notminal nominal é}nominal Qnommal
gafq/t s Pright > Yiop > Yhottom

The reproduction screen edges may, e.g., be abbreviated by:

SEPTO YEPTO Oy PEPID gy rRprO
gp}eﬂ H @;‘ig/ﬂ 5 @{r);} 4 gf:zwom

The remapping of the azimuth and elevation position data may, e.g., be defined by the
following linear mapping functions:
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The mapping function for the azimuth is depicted in Fig. 13 and the mapping function for
the elevation is depicted in Fig. 14.

nominal nominal gnominal gnominal

The points @, @uaw Gp Gmuom  OF the curves where the gradient changes can

either be set as default values (default assumed standard screen size and default
assumed standard screen position) or they can be present in the metadata (e.g., by the
producer, who could then put the production / monitoring screen size there).

Regarding the definition of object metadata for screen-related remapping, in order to
control  screen related rendering, an additional metadata flag named
‘isScreenRelativeObject” is defined. This flag may, e.g., define, if an audio object should
be processed/rendered in relation to the local reproduction screen-size.

If there are screen-related elements present in the audio scene, then the possibility is
offered to provide the screen-size information of a nominal reference screen that was

used for mixing and monitoring (screen size used during production of the audio content).

Table 4 — Syntax of ObjectMetadataConfig()according to an embodiment:

Syntax No. of bits Mnemonic

ObjectMetadataConfig()
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{
hasScreenRelativeObjects; 1 bsibf
if( hasScreenRelatedObjects ) {
hasScreenSize; 1 bsibf
if( hasScreenSize } {
bsScreenSizeAz; g uimsbf
bsScreenSizeTopElL 9 uimsbf
bsScreenSizeBottomEl 9 uimsbf
}
for (o = 0; 0 <= num_objects-1; o++ ) {
isScreenRelativeObject]o]; 1 bsibf
}
¥
}
hasScreenRelativeObjects This flag specifies whether screen-relative objects are
present.
hasScreenSize This flag specifies whether a nominal screen size is

defined. The definition is done via viewing angles
corresponding to the screen edges. In case
hasScreenSize is zero, the following values are used

as default:

nomingl . o
Pn = 29.0

wnnmin al - _29 Oo

rght

memm al - 1750

top

Hrmminal - _17‘50

hottom
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bsScreenSizeAz This field defines the azimuth corresponding to the left
and right screen edge:

g™ = 0.5 - bsScreenSizeAz

@fré};mina/ - min (max (¢’12;;mmal, O), 180),

g = -0.5 - bsScreenSizeAz

nominal
rght

= min (max (@™ -180), 0);

right

bsScreenSizeTopEl This field defines the elevation corresponding to the
10 top screen edge:

6" = 0 5. bsScreenSizeTopEl - 255

top

911(} mina/
top

= min (max (6™ -90), 90);

tap

bsScreenSizeBottomEl This field defines the elevation corresponding to the
15 bottom screen edge:

grenind = 0.5 . bsScreenSizeBottomEl - 255

ot

Hammina! = min (max (Hnomina/’ _90)’ 90)‘

bottom haottom

isScreenRelativeObject This flag defines whether an object position is screen-
20 relative (the position should be rendered differently,
such that their position is remapped, but can still

contain all valid angular values),

According to an embodiment, if no reproduction screen size is given, then either a default
25  reproduction screen size and a default reproduction screen position is assumed, or no
mapping is applied, even if an object is marked as screen-related.



10

15

32
WO 2015/144766 PCT/EP2015/056417

Some of the embodiments realize possible variations.

In some embodiments, non-linear mapping functions are employed. These mapping
functions possible do not consist of linear segments, but are curved instead. In some
embodiments, additional metadata control the way of remapping, e.g., defining offsets or
non-linear coefficients to account for panning behavior or the resolution of the hearing.

Some embodiments realize independent processing of azimuth and elevation. Azimuth
and elevation could be marked and processed as screen-related independently. Table 5

illustrates the syntax of ObjectMetadataConfig() according to such an embodiment.

Table 5: Syntax of ObjectMetadataConfig() according to an embodiment:

Syntax No. of bits ~ Mnemonic

ObjectMetadataConfig()

{
hasScreenRelatedObjects; 1 bsibf
if( hasScreenRelatedObjects } {
for (0 = 0; 0 <= num_objects-1; o++ ) {
AzimuthScreenRelated[o]; 1 bsibf
ElevationScreenRelated(o]; 1 bsibf
}
}
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Some embodiments employ a definition of on-screen objects It may be distinguished
between screen-related objects and on-screen objects. A possible syntax then could be
the following of table 6:

Table 6 — Syntax of ObjectMetadataConfig()according to an embodiment;

Syntax No. of bits  Mnemonic

ObjectMetadataConfig()

{
hasScreenRelatedObjects; 1 bslbf
if( hasScreenRelatedObjects ) {
for {0 = 0; 0 <= num_objects-1; o++ ) {
isScreenRelativeObject[o]; 1 bsibf
if( lisScreenRelativeObject ){
isOnScreenObject]o]; 1 bsibf
}
}
}
}
hasOnScreenObjects This flag specifies whether screen-related objects are
present.
isScreenRelatedObject This flag defines whether an object position is screen-

relative (the position should be rendered differently,
such that their position is remapped, but can still
contain all valid angular values).
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isOnScreenObject This flag defines that if the corresponding object is
“onscreen’. Objects where this flag is equal to 1 should
be rendered differently, such that their position can
only take values on the screen area.

For on-screen objects the remapped azimuth and elevation can only take values that

describe positions on the screen area (@7 <@ <@7andG.7" 26 26,7.,).

As realized by some embodiments, there are different possibilities to treat the values
outside these ranges: They could be mapped to the edges of the screen. On the left

neminal

hemisphere then the positions between 180° and 180° - ¢~ are mapped to the left

nominal

screen edgeg,, . The right hemisphere and the elevation angles are treated the same

way (non-dashed mapping function 1510 in Fig. 15).

Another possibility realized by some of the embodiments is to map the values of the rear

nominal

hemisphere to the frontal hemisphere. The values between 180° and 180° - ¢, are

repro

mapped to the values between 0° and . The right hemisphere and the elevation
P @Ieﬁ

angles are treated the same way (dashed mapping function 1620 in Fig. 15).

Fig. 15 illustrates remapping of azimuth angles (on-screen objects) according to these
embodiments.

The choice of the desired behavior could be signaled by additional metadata (e.g., a flag
for “projecting” all on-screen objects intended for the rear ([180° and 180° -97,‘;?;“5"8'] and

[-180° and -180° - ;'™ ] onto the screen).

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.

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

Some embodiments according to the invention comprise a non-transitory 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.

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 to 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,



10

15

36
WO 2015/144766 PCT/EP2015/056417

A further embodiment comprises a computer having installed thereon the computer
program for performing one of the methods described herein.

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 above described embodiments are merely illustrative for the principles of the present
invention. 1t 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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Literature

“Method and apparatus for playback of a higher-order ambisonics audio signal’,
Patent application number EP20120305271

“Vorrichtung und Verfahren zum Bestimmen einer Wiedergabeposition®, Patent
application number W02004073352A1

“Verfahren zur Audiocodierung”, Patent application number EP20020024643

“Acoustical Zooming Based on a Parametric Sound Field Representation”
http:/iwww.aes.org/tmpFiles/elib/20140814/15417 . pdf
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Claims

An apparatus for generating loudspeaker signals, comprising:

an object metadata processor, and

an object renderer,

wherein the object renderer is configured to receive an audio object,

wherein the object metadata processor is configured to receive metadata,
comprising an indication on whether the audio object is screen-related, and further
comprising a first position of the audio object,

wherein the object metadata processor is configured to calculate a second position
of the audio object depending on the first position of the audio object and
depending on a size of a screen, if the audio object is indicated in the metadata as
being screen-related,

wherein the object renderer is configured to generate the loudspeaker signals
depending on the audio object and depending on position information,

wherein the object metadata processor is configured to feed the first position of the
audio object as the position information into the object renderer, if the audio object
is indicated in the metadata as being not screen-related, and

wherein the object metadata processor is configured to feed the second position of
the audio object as the position information into the object renderer, if the audio
object is indicated in the metadata as being screen-related.

An apparatus according to claim 1, wherein the object metadata processor is
configured to not calculate the second position of the audio object, if the audio
object is indicated in the metadata as being not screen-related.

An apparatus according to claim 1 or 2, wherein the object renderer is configured
to not determine whether the position information is the first position of the audio
object or the second position of the audio object.
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An apparatus according to one of the preceding claims, wherein the object
renderer is configured to generate the loudspeaker signals further depending on
the number of the loudspeakers of a playback environment.

An apparatus according to claim 4, wherein the object renderer is configured to
generate the loudspeaker signals further depending on a loudspeaker position of
each of the loudspeakers of the playback environment.

An apparatus according to one of the preceding claims, wherein the object
metadata processor is configured to calculate the second position of the audio
object depending on the first position of the audio object and depending on the
size of the screen, if the audio object is indicated in the metadata as being screen-
related, wherein the first position indicates the first position in a three-dimensional
space, and wherein the second position indicates the second position in the three-
dimensional space.

An apparatus according to claim 6, wherein the object metadata processor is
configured to calculate the second position of the audio object depending on the
first position of the audio object and depending on the size of the screen, if the
audio object is indicated in the metadata as being screen-related, wherein the first
position indicates a first azimuth, a first elevation and a first distance, and wherein
the second position indicates a second azimuth, a second elevation and a second
distance.

An apparatus according to one of the preceding claims,

wherein the object metadata processor is configured to receive the metadata,
comprising the indication on whether the audio object is screen-related as a first
indication, and further comprising a second indication, if the audio object is screen-
related, said second indication indicating whether the audio object is an on-screen
object, and

wherein the object metadata processor is configured to calculate the second
position of the audio object depending on the first position of the audio object and
depending on the size of the screen, such that the second position takes a first
value on a screen area of the screen, if the second indication indicates that the
audio object is an on-screen object.
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An apparatus according to claim 8, wherein the object metadata processor is
configured to calculate the second position of the audio object depending on the
first position of the audio object and depending on the size of the screen, such that
the second position takes a second value, which is either on the screen area or not
on the screen area, if the second indication indicates that the audio object is not an
on-screen object.

An apparatus according to one of claims 1 to 7,

wherein the object metadata processor is configured to receive the metadata,
comprising the indication on whether the audio object is screen-related as a first
indication, and further comprising a second indication, if the audio object is screen-
related, said second indication indicating whether the audio object is an on-screen

object,

wherein the object metadata processor is configured to calculate the second
position of the audio object depending on the first position of the audio object,
depending on the size of the screen, and depending on a first mapping curve as
the mapping curve, if the second indication indicates that the audio object is an on-
screen object, wherein the first mapping curve defines a mapping of original object
positions in a first value interval to remapped object positions in a second value
interval, and

wherein the object metadata processor is configured to calculate the second
position of the audio object depending on the first position of the audio object,
depending on the size of the screen, and depending on a second mapping curve
as the mapping curve, if the second indication indicates that the audio object is not
an on-screen object, wherein the second mapping curve defines a mapping of
original object positions in the first value interval to remapped object positions in a
third value interval, and wherein said second value interval is comprised by the
third value interval, and wherein said second value interval is smaller than said
third value interval.

An apparatus according to claim 10,

wherein each of the first value interval and the second value interval and the third
value interval is a value interval of azimuth angles, or
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wherein each of the first value interval and the second value interval and the third
value interval is a value interval of elevation angles.

An apparatus according to one of the preceding claims,

wherein the object metadata processor is configured to calculate the second
position of the audio object depending on at least one of a first linear mapping
function and a second linear mapping function,

wherein the first linear mapping function is defined to map a first azimuth value to a
second azimuth value,

wherein the second linear mapping function is defined to map a first elevation
value to a second elevation value,

nominal
wherein Pt indicates a left azimuth screen edge reference,

nonmnal
wherein Pright  indicates a right azimuth screen edge reference,

Qnomiml

wherein' ¢ indicates a top elevation screen edge reference,

nominal
Qbo

wherein “rorom indicates a bottom elevation screen edge reference,

wherein @iz indicates a left azimuth screen edge of the screen,

. ’m . . 0 .
wherein @rizie indicates a right azimuth screen edge of the screen,

repro
wherein ‘an indicates a top elevation screen edge of the screen,

FEpro

wherein ' “bottom indicates a bottom elevation screen edge of the screen,

wherein @ indicates the first azimuth value,

wherein @ indicates the second azimuth value,

wherein & indicates the first elevation value,
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wherein & indicates the second elevation value,

wherein the second azimuth value % results from a first mapping of the first
5 azimuth value % according to the first linear mapping function according to

gof” " +180° )
#W-(;pusoo)—lsoo Jor —180°< @ < prom!
gD:"z‘g!’rr +
repro repro
@i’qﬁ B (pﬂgfif nominal repro nominal nominal
.;D - nominal __ __nominal ’ (';D_ ('Drr'ghr ) + (;Drgbr fO?’ (ar.fgh! < (;D < @f@ﬁ
Pl Pright
180°— ga,r e . _
gt nominal repro nominal o
180° — nominal '((p_';pl'eﬁ )‘I‘(p@?p fO?’ gp.l‘eﬂ Sgp<180
L Pip
and
10
wherein the second elevation value €' results from a second mapping of the first
elevation value € according to the second linear mapping function according to
6/ +90° _
—E___.(8+90°)-90° or —90°<6<6,
g;::;l}:ﬂl + 900 ( ) f bottom
) Bap —Crotom nominal minal ominal
0 =1 nominal nominal (6 - 6b0ﬂom ) + 6;:3;; fO}” Qi.f::}fom <0< 61‘:0
efop - eba.rrom
900 B @;epm nominal repro nominal
900 _ Bnofmna.l ) (9 - gi‘op ) + 8!0? for 9?0;? i: 9 < 900
L fop
15

13. A decoder device comprising:

a USAC (Unified Speech and Audio Coding) decoder for decoding a bitstream
to obtain one or more audio input channels, to obtain one or more input audio

20 objects, to obtain compressed object metadata and to obtain one or more SAOC
(Spatial Audio Object Coding) transport channels,

an SAOC decoder for decoding the one or more SAOC transport channels to
obtain a first group of one or more rendered audio objects,
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an apparatus according to one of the preceding claims, wherein the apparatus
comprises

an object metadata decoder, being the object metadata processor of the
apparatus according to one of the preceding claims, and being
implemented for decoding the compressed object metadata to obtain
uncompressed metadata, and

the object renderer of the apparatus according to one of the preceding
claims, for rendering the one or more input audio objects depending on the
uncompressed metadata to obtain a second group of one or more rendered
audio objects,

a format converter for converting the one or more audio input channels to obtain
one or more converted channels, and

a mixer for mixing the one or more audio objects of the first group of one or more
rendered audio objects, the one or more audio objects of the second group of one
or more rendered audio objects and the one or more converted channels to obtain
one or more decoded audio channels.

A method for generating loudspeaker signals, comprising:

receiving an audio object,

receiving metadata, comprising an indication on whether the audio object is
screen-related, and further comprising a first position of the audio object,

calculating a second position of the audio object depending on the first position of
the audio object and depending on a size of a screen, if the audio object is
indicated in the metadata as being screen-related,

generating the loudspeaker signals depending on the audio object and depending
on position information,

wherein the position information is the first position of the audio object, if the audio
object is indicated in the metadata as being not screen-related, and



15.

44

wherein the position information is the second position of the audio object, if the
audio object is indicated in the metadata as being screen-related.

A computer program for implementing the method of claim 14 when being
executed on a computer or signal processor.
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