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Data Processor and Transport of User Control Data to Audio Decoders and Renderers

Specification

The present invention is concerned with an audio data processor according to claim 1, a
method for processing audio data according to claim 14 and a computer program according
to claim 15 for performing the method of processing audio data.

In home Consumer Electronics (CE) installations, functionality is spread over several devices
connected via standardized interfaces. Further, (high quality) equipment is often build not
only into a single device, but sophisticated single devices are available (consider Set-Top
Boxes, TV-Set, AVR-Receiver). These devices communicate via standardized interfaces
(such as HDMI).

While a first device extracts the desired streams and offers all interfaces to the user, a
second device often performs decoding in “slave mode” without any interface to the user.
When it comes to user interaction and control of the decoder, it is essential to convey this
user information from device #1 to device #2 in this scenario.

For instance, as shown in Figure 9, a television program is often received by a first device
such as a set-top box, which selects the appropriate transmission channel and extracts
relevant elementary streams containing desired coded essence. These extracted streams
may be fed to a second device such as an Audio-Video-Receiver for reproduction. The
transmission between these two devices may be accomplished by either transmitting a
decoded/decompressed representation (PCM audio), or in an encoded representation,
especially if bandwidth restrictions apply on the used interconnection line.

Further, as selecting desired streams and/or optionally user interaction is accomplished in
device #1 (e.g. set-top box), in most cases only this device offers a control interface to the
user. The second device (e.g. A/V Receiver) only provides a configuration interface which is
usually accessed only once by the user when setting up the system and acts in “slave mode”

at normal operation times.

Modern audio codec schemes do not only support encoding of audio signals, but also
provide means for user interactivity to adapt the audio play-out and rendering to the listener’s
preferences. The audio data stream consists of a number of encoded audio signals, e.g.
channel signals or audio objects, and accompanying meta-data information that describes
how these audio signals form an audio scene that is rendered to loudspeakers.
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Examples for audio objects are:

* dialogue in different languages,
s additional dialogue like audio description, or

o music and effects background.
Examples for meta-data information are:

« the default volume level of each object signal (i.e. how loud it has to be mixed into the
mixed signal for loudspeaker presentation),

e the default spatial position (i.e. where it has to be rendered),

s information, if user interaction is allowed for a specific object, or

¢ information how the user is allowed to interact, e.g. minimum/maximum volume levels
or restrictions on the positions the user may re-pan the objects to.

» classification and/or description of audio objects

To accomplish the user interactivity, audio decoders/renderers (e.g. device #2) need to
provide an additional (input or interaction) interface for control information for the desired
user interaction.

It might alternatively also be desirable to implement user control for audio object selection
and manipulation in device #1 and feed this data to device #2 when decoding and rendering
is implemented in device #2 and not in device #1.

However, transmission of such data is restricted due to the fact that existing standardized
connections do not support transmission of user control data and/or renderer information.

Alternatively, the selection of streams and the user interaction as described above for device
#1, and the decoding as described above for device #2 may be processed by two separate
functional components contained within the same device and with the same restrictions on
the data transmission between both components, namely that only one interface for coded
data and user interaction data is available, preferably the interaction interface of device #1,
while a second interface for user interaction data, i.e. an interface usually provided by device
#2, can be omitted. Even though both device #1 and device #2 are contained or implemented
within the same (hardware) device, this leads to the same situation as described for the case
of separated devices #1 and #2.

In order to accomplish the described use case and to overcome above described limitations,
it is proposed to embed the user control information data, or interaction data in general, into
the encoded audio data stream.
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Accordingly, it is an object of the present invention to improve existing audio data

processors.

Generally, the first device can be configured as an audio data processor, comprising: a
receiver interface for receiving encoded audio data and metadata related to the encoded
audio data; a metadata parser for parsing the metadata to determine an audio data
manipulation possibility; an interaction interface for receiving an interaction input and for
generating, from the interaction input, interaction control data related to the audio data
manipulation possibility; and a data stream generator for obtaining the interaction control
data and the encoded audio data and the metadata and for generating an output data
stream, the output data stream comprising the encoded audio data, at least a portion of the
metadata, and the interaction control data as defined in claim 1. Other preferred
embodiments are defined in the enclosed dependent and further independent claims.

The encoded audio data may comprise separate encoded audio objects, wherein at least a
portion of the metadata is related to a corresponding audio object, wherein the metadata
parser is configured to parse the corresponding portion for the encoded audio objects to
determine, for at least an audio object, the object manipulation possibility, wherein the
interaction interface is configured to generate, for the at least one encoded audio object, the
interaction control data from the interaction input related to the at least one encoded audio
object. Thus, audio objects can be easily and directly manipulated within their corresponding
object manipulation possibilities stored within the metadata by using respective interaction
control data.

The interaction interface may be configured to present, to a user, the audio data
manipulation possibility derived from the metadata by the metadata parser, and to receive,
from the user, a user input on the specific data manipulation of the data manipulation
possibility. This may realize a practical way to provide a user interface to a user for
interacting with the inventive device, e.g. for manipulating audio objects, preferably externally

from a decoder.

The data stream generator may be configured to process a data stream comprising the
encoded audio data and the metadata received by the receiver interface without decoding
the encoded audio data, or to copy the encoded audio data and at least a portion of the
metadata without changes in the output data stream, wherein the data stream generator is
configured to add an additional data portion containing the interaction control data to the
encoded audio data and/or the metadata in the output data stream. This provides the
advantage of less complexity as the audio data processor does not need to decode audio
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signals. It only needs to parse the meta-data and writes it back to the meta-data part of the

encoded audio data stream.

The data stream generator may be configured to generate, in the output data stream, the
interaction control data in the same format as the metadata. Thus, any interaction control
data can be advantageously integrated into the output data stream.

The data stream generator may be configured to associate, with the interaction control data,
an identifier in the output data stream, the identifier being different from an identifier
associated with the metadata. The advantage of using a different identifier for the
manipulated meta-data is that a remote decoder could be enabled to identify the interaction
from the received manipulated data stream while also receiving the original data.

The data stream generator may be configured to add, to the interaction control data,
signature data, the signature data indicating information on an application, a device or a user
performing an interaction, e.g. an audio data manipulation or providing the user input. By
transporting original and manipulated data a reset of the meta-data is possible. A signature in
the metadata allows to track the origin of the manipulation.

The metadata parser may be configured to identify a disabling possibility for one or more
audio objects represented by the encoded audio data, wherein the interaction interface is
configured for receiving a disabling information for the one or more audic objects, and
wherein the data stream generator is configured for marking the one or more audio objects
as disabled in the interaction control data or for removing the disabled one or more audio
objects from the encoded audio data so that the output data stream does not include
encoded audio data for the disabled one or more audio objects. Thus, the data stream can
be adapted to those audio objects that are actually or currently available such that the total

data content of a current bit stream can be reduced.

The data stream generator may be configured to dynamically generate the output data
stream, wherein in response {o a new interaction input, the interaction control data is updated
to match the new interaction input, and wherein the data stream generator is configured to
include the updated interaction control data in the output data stream. Thus, a data stream
can be sent with real-time information. In other words, interaction input concerning any audio
object specific values can be updated and processed in a fast manner, preferably in real-
time.

The receiver interface may be configured to receive a main audio data stream comprising the
encoded audio data and metadata related to the encoded audio data, and to additionally
receive optional audio data comprising an optional audio object, wherein the metadata
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related to said optional audio object is contained in said main audio data stream. With this
configuration, the audio data processor can merge the encoded audio data of the selected
optional audio object into the main audio data stream resulting in a complete output audio
data stream generated by the data stream generator. Thus, optional audio objects can be
additionally provided to a user subsequently or on demand.

The metadata parser may be configured to determine the audio manipulation possibility for a
missing audio object not included in the encoded audio data, wherein the interaction
interface is configured fo receive an interaction input for the missing audio object, and
wherein the receiver interface is configured to request audio data for the missing audio object
from an audio data provider or to receive the audio data for the missing audio object from a
different substream contained in a broadcast stream or an internet protocol connection.
Thus, a device or a user can manipulate an optionally available additional audio object in
advance, i.e. while it is actually missing. The additional audio object can then be requested

subsequently via the Internet or another broadcast stream.

The data stream generator may be configured to assign, in the output data stream, a further
packet type to the interaction control data, the further packet type being different from packet
types for the encoded audio data and the metadata, or wherein the data stream generator is
configured to add, into the output data stream, fill data in a fill data packet type, wherein an
amount of fill data is determined based on a data rate requirement determined by an output
interface of the audio data processor. Thus, only one further packet type needs to be
assigned in order to accomplish the transport of manipulated meta-data or interaction control
data, respectively. In addition, the audio data processor may want to add additional fill data
into a subsequent data transmission stream to meet the given, usually higher data rate
requirement for that link. This fill data may contain no information and is expected to be

ignored by the decoder.

The audio data processor may be implemented as a separate device, wherein the receiver
interface may form an input to the separate device via a wired or wireless connection,
wherein the audio data processor may further comprise an output interface connected to the
data stream generator, the output interface being configured for outputting the output data
stream, wherein the output interface performs an output of the device and comprises a
wireless interface or a wire connector. Thus, a simple connectivity, for example within a
network, can be provided.

The present invention may further be realized by a method for processing audio data, the
method comprising: receiving encoded audio data and metadata related to the encoded
audio data; parsing the metadata to determine an audio data manipulation possibility;
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receiving an interaction input and generating, from the interaction input, interaction control
data related to the audio data manipulation possibility; and obtaining the interaction control
data and the encoded audio data and the metadata and generating an output data stream,
the output data stream comprising the encoded audio data, at least a portion of the

metadata, and the interaction control data.

The present invention may further be realized by a computer program for performing, when
running on a computer or a processor, the aforementioned method of processing audio data.

The present invention may further be realized by the following embodiments:

The audio data manipulation possibility may be selected from a group comprising at least
one of an object selection, a selection out of several languages, a selection of optional
additional audio objects, an object manipulation, a changing volume of one or more objects,
a changing of position of objects like moving an additional commentary from a center
speaker to a right speaker or an arbitrary position in between, a selection of presets, instead
of selecting and manipulating each object separately, wherein a preset from the metadata is
selected, where a preset is a pre-selection of objects recommended by a content creator for
a specific application or a specific usage scenario, where a preset contains a combination of
objects with for example different volume levels, positions and loudness/dynamic range
compression data compared to a default presentation.

The data stream generator may be configured to generate the interaction control data as
independent information or as dependent information, wherein the dependent information is
dependent on the metadata and results, if applied to decoded audio data, together with the

metadata in a data manipulation defined by the interaction input.

The encoded audio data may comprise optional audio objects and the metadata may
comprise metadata for the optional audio objects, wherein the receiver interface may be
configured to additionally receive a main audio data stream having main audio data, wherein
the data stream generator may be configured to generate the output data stream so that the
output data stream additionally comprises the main audio data.

The data stream generator may be configured to add error protection data to the output data
stream and to assign a further packet type to error protection data, wherein the data stream
generator is configured to derive the error protection data from the encoded audio data, the
metadata or the interaction control data.
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The data stream generator may be configured to generate the output data stream as a data
stream for streaming or as a container-based file in a file format such as the ISO MPEG-4 file

format.

It is further suggested that the audio data processor does not have a functionality to decode
the encoded audio data.

The audio data processor may be implemented in a set top box, a television set or an

audio/video recorder-receiver.

The audio data processor may further comprise an output interface for transmitting the output
data stream to a further device via an HDMI connection.

The audio data processor may also be provided, i.e. integrated or implemented, together with
a decoder within the same (hardware) device. For example, the audio data processor and a
decoder may be together provided within a TV, a Set-Top Box, an AV Receiver, or the like.
The audio data processor and the decoder may communicate via internal data bus
structures. Such a configuration may be particularly desired in TV-devices comprising
System-on-Chip (SoC) solutions.

Accordingly or alternatively, the audio data processor may be implemented as an
independent and separate functional component in the same device similar to the case
described above for the case of a separate device, with the only difference that the output
interface performs an output of the audio data processor on a connection internal to the

device, for example using an internal data bus.

With respect to the features mentioned above, the audio data processor according to the
invention is able to provide easy interaction with a device or a user while, at the same time,

providing a simple device setup, preferably using existing installations.

Furthermore, the audio data processor according to the invention provides a solution to the
above mentioned problem by embedding a device interaction or user interaction as additional
interaction data within the audio bitstream. By implementing the above described features,
the decoder implementations may require only one interface which takes both encoded
representation data and interaction control data. Already existing interconnections may not
need to implement new channels for control information, but implementation effort is moved
into the codec itself. In complex setups, it is further ensured that the interaction control
information is closely tied to the encoded essence and therefore may not be lost when fed
through several processing stages.
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Examples of embodiments according to the present invention are shown in the drawings and

will be explained in the following, wherein:

Fig. 1 shows an audio data processor according to the present invention,

Fig. 2 shows a method for processing audio data according to the invention,

Fig. 3 shows an example of encoded audio data and related metadata,

Fig. 4 shows an example of processing input and output streams,

Fig. 5 shows a further example of processing input and output streams,

Fig. 6 shows an audio data processor processing optional audio data,

Fig. 7 shows an audio data processor being implemented in a separate device,

Fig. 8 shows an exemplary use case with a first device and a second device, and

Fig. 9 shows an exemplary scenario with a Set-Top Box and an Audio-Video Receiver.

In this document as a whole, and in particular in the following description, the term
‘interaction” is used in the sense of an interaction by a user or an interaction by a device, as
well as an interaction in general, i.e. an interaction in the common sense. In other words,
‘interaction” can mean a “user interaction” or a “device interaction”, or an interaction in
general. In certain parts of the description, the terms “user’ and ‘“interaction” are used
synonymously. For example, an user interface may be synonymously used in the sense of

an interaction interface and the other way around.

Furthermore, a “user’ can be either a human user or a machine user, such as a (hardware)

device or a software-implemented device.

Further, the user interface may be present as device specific preset configuration which,

exclusively or in addition to the user input, may control the data manipulation.

Figure 1 shows an audio data processor 1 according to the present invention. The audio data
processor 1 comprises a receiver interface 2 for receiving an encoded input stream 15 that
comprises encoded audio data 3 and metadata 4. The metadata 4 is related to the encoded
audio data 3, which relation is indicated by arrow 110. For example, the encoded audio data
3 may contain audio objects while the metadata 4 may contain further information about
manipulation possibilities of said audio objects.
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The audio data processor 1 further comprises a metadata parser 5 for parsing the metadata
4 to determine an audio data manipulation possibility. For example, an adjustable volume
level, an adjustable spatial position or a selectable language may represent an audio data
manipulation possibility of an audio object.

Furthermore, the audio data processor 1 comprises an interaction interface 6 for receiving an
interaction input 7. The interaction interface 6 is further configured to generate interaction
control data 8 based on the interaction input 7. Said interaction control data 8 is related to the
aforementioned audio data manipulation possibility. For example, a user may interact with
the device by adjusting the volume level or the spatial position of an audio object, or by
selecting a language via the interaction interface 6. In this case, the interaction interface 6 is
a user interface 6 that may generate corresponding user control data 8 that is related to the
user’s choice.

Additionally or alternatively, the interaction interface 6 may be a device (specific) interaction
interface 6. In this case, the device interaction interface 6 is configured to generate device
interaction control data 8 based on device interaction input 7. For example, a device such as
a headphone or the like might be connected with the interaction interface 6. The connection
between headphone and interaction interface 6 can be detected by the audio processor and
thus be regarded as interaction input 7. Thus, upon connection of the headphone, the
interaction interface 6 provides headphone-specific interaction control data 8, such as audio-
object manipulation, e.g. an automatic reduction in volume, a preselected language or an

adjustment in the hardware configuration.

In other words, instead of a manual user interaction, the interaction interface 6 automatically
selects objects or adjustments based on the detection of certain devices. The interaction
interface 6 generates device specific interaction control data 8.

The audio data processor 1 further comprises a data stream generator 8. The data stream
generator 9 obtains the interaction control data 8, the encoded audio data 3 and the
metadata 4. The data stream generator 9 is configured to generate an output data stream 10
that comprises the aforementioned interaction control data 8, the encoded audio data 3 and
the metadata 4.

Figure 2 shows a corresponding method for processing audio data according to the present
invention.

In step 201 encoded audio data 3 and related metadata 4 is received.

In step 202 the metadata 4 is parsed to determine an audio data manipulation possibility.
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In step 203 interaction input is received, wherein interaction control data related to the audio

data manipulation possibility is generated from said interaction input in step 204.

In step 205 the interaction control data and the encoded audio data and the metadata is
obtained, and an output data stream Is generated, wherein said output data stream
comprises the encoded audio data, at least a portion of the metadata and the interaction

control data.

With reference to Figure 3, the encoded audio data 3 comprises separate encoded audio
objects 11, 12. Furthermore, at least a portion 13, 14 of the metadata 4 is related (indicated
by arrows 110, 120) to a corresponding audio object 11, 12. For example, the portion ‘MDY’
13 of the metadata 4 is related to corresponding encoded audio object ‘AO1" 11, while the
portion ‘'MD2’ 14 of the metadata 4 is related to corresponding encoded audio object 'AQ2’
12.

The metadata parser 5 is configured to parse the corresponding portion 13, 14 for the
encoded audio objects 11, 12 in order to determine the object manipulation possibility of at
least one of said audio objects 11, 12. In other words, the metadata parser 5 parses the
metadata 13, 14 for the respective audio objects 11, 12 in order to determine the audio
object manipulation possibility for each audio object 11, 12. For example, the metadata
parser 5 determines that audio object ‘AO1’ 11 may comprise an adjustable volume level,
The metadata parser 5 may present this potential volume level adjustability (audio object
manipulation possibility) to a user via the user interface 6.

The user interface 6 is configured to generate, for the at least one audio object 11, 12, the
user control data 8 from the user input 7 related to the at least one encoded audio object 11,
12. For example, the user may want to adjust the volume level of audio object ‘AO1" 11 and
thus provides respective input 7 via the user interface 6. The user interface 6 generates
respective user control data 8 containing the information that, and to what extent, the user
wants to adjust the volume level of audio object ‘AO1" 11.

Accordingly, the user interface 6 is configured to present to a user the audio object
manipulation possibility of an audio object 11, 12 derived from the metadata 4 by the
metadata parser 5. The user interface 6 is further configured to receive a user input 7 from
the user regarding the specific data manipulation (e.g. a specific volume level or a specific
language) of the data manipulation possibility (e.g. a volume level adjustment range or a set
of available languages).

With reference to Figure 1 and Figure 9, the data stream generator 9 is configured to process
a data stream 15 comprising the encoded audio data 3 and the metadata 4 received by the
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receiver interface 2 without decoding the encoded audio data 3. For example, assumed that
an audio data processor 1 according to the invention is implemented in a Set-Top Box 19,
28, it may forward an output data stream 10, 32 to an external Audio-Video Receiver 28, 33
that comprises a decoder. In this case, the output data stream 10, 32 may still be encoded as
decoding will not be executed by the Set-Top Box 19, 26 but by the Audio-Video Receiver
28, 33.

Alternatively, the data stream generator 9 is configured to copy the encoded audio data 3
and the metadata 4 without changes in the output data stream 10.

In either case, the data stream generator 9 is configured to add an additional data portion
containing the interaction control data 8 to the encoded audio data 3 and/or the metadata 4
in the output data stream 10, as can be seen in Figure 4.

With reference to Figure 5, the data stream generator 9 is further configured to merge two
input streams 15a, 15b into a common output stream 10, wherein an additional data portion
containing the interaction control data 8 is added to the encoded audio data 3 and/or the
metadata 4 in the output data stream 10.

Preferably, the data stream generator 9 is configured to generate, in the output data stream
10, the interaction control data 8 in the same format as the metadata 4. Thus, interaction
control data 8 can be easily combined with available metadata 4.

If, as mentioned above, the data stream generator 9 copies the metadata 4, the original
meta-data 4 may remain in the output stream 10 in addition to any manipulated meta-data
containing additional interaction control data 8 for respective audio objects 11, 12. Both the
original and the manipulated meta-data may be sent to a decoder 28, 33 in order to allow the
decoder 28, 33 to either identify the differences as result of the (user) interaction and to get
all information about the default values as intended by the content creator or to calculate the
result of the (user) interaction from the original meta-data 4 and the manipulated meta-data
4' (or interaction control data 8).

Further with reference to Figure 1, the data stream generator 9 is configured to dynamically
generate the output data stream 10. Every time a user or a device provides new interaction
input 7 to the interaction interface 6, the interaction control data 8 is updated accordingly in
order to match said new interaction input 7. The data stream generator 9 includes this
updated interaction control data 8 in the output data stream 10.

Figure 6 shows an audio data processor 1 according to the invention, wherein optional audio
information is processed. As can be seen, the input data stream 15 is a main audic data
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stream comprising encoded audio data 3 and related metadata 4. Furthermore, the receiver
interface 2 additionally receives optional audio data 16 comprising an optional audio object
17.

However, the metadata related to said additional optional audio object 'AOxX’ 17, i.e. the
information as to the manipulation possibilities of said optional audio object ‘AOx’ 17, is
contained in the main audio data stream 15. Thus, the audio object 17 is known but not
present and therefore optional.

For example, the user listens to an orchestra containing drums, strings and a piano. Wind
instruments can optionally be included. If the listener now wishes to add a wind instrument,
he can do so by adding an optional wind instrument, for example a trumpet, as an optional
audio object 17. As the manipulation possibilities for said trumpet are already contained
within the metadata 4 of the main audio data stream 15, the user has the possibility of
manipulating the currently added trumpet according to his desires.

Further with reference to Figure 8, said additional audio object ‘ADx’ 17 may be a missing
audio object that is not included in the encoded audio data 3 and/or the metadata 4. Thus,

the audio object 17 is not known and is therefore missing.

In this case, the receiver interface 2 is configured to request audio data 16 belonging to said
missing audio object 17 from an audio data provider 35. The receiver interface 2 is also
configured to receive said audio data 16 from a different substream contained in a broadcast
stream 38. The receiver interface 2 is further configured 1o retrieve said audio data 16 from
the Internet 37 via an internet protocol connection.

For example, a user watching a movie can choose a particular language from the available
set of languages containing, for instance, English, German and French. A fourth language is
known but not present and is therefore missing. However, a fourth language can be

subsequently provided via the internet, for example.

Referring to Figure 4 and Figure 5 again, the input data stream 15 and the output data
stream 10 may generally be available in a packetized structure. For example, transport of
MPEG-H Audio over serial interfaces is defined by the MHAS transport syntax (see section
13 of N14459 (ISO/IEC 23008-3 Committee Draft Text) [1]). This syntax is defined in a
packetized way.

Therefore, to accomplish the transport of the manipulated meta-data 4 or the interaction
control data 8, only one further packet type needs to be assigned for the new control
information.
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In addition, a first device ‘device#1’ 19 comprising the audio data processor 1 might want to
add additional fill data 18 into a subsequent transmission stream 10 to meet the given,
usually much higher data rate requirement for that link. This fill data 18 may contain no
information and is expected {o be ignored by a second device that receives the manipulated
output stream 10. To accomplish this, a further data packet type may be assigned.

Further, as the transport layer of the incoming streams to ‘device#1’ 19 may have their own
error protection, but the outgoing link does not offer such security layer, device#1 may add
data packets containing parity check data. These may be added to the MHAS streams as an
additional packet type.

Further, as the transport layer may convey additional data as side information, these data
packets may also be packed into the MHAS audio stream as another packet type. An
example for this data are the descriptors in the MPEG-2 Transport and Program stream.

Another example for storage of encoded audio data is ISO mp4 file format. Similar to the
stream format, it is also possible for the case of a file format to read, manipulate and write
back the meta-data to the file or to store the user control data in addition to the original meta-
data without changing the encoded audio signal data.

References

[1]1SO N14459 (ISO/IEC 23008-3 Committee Draft Text)

[2] IEC 60958-3: “Digital audio interface — Part 3: Consumer applications”

[3] IEC 61937-11, “Digital audio ~ Interface for non-linear PCM encoded audio bitstreams
applying IEC 80958 — Part 11: MPEG-4 AAC and its extensions in LATM/LOAS"

Referring now to Figure 7, the audic data processor 1 is implemented as a separate device
‘device#1’ 19. In said separate device 19, the receiver interface 2 forms an input 20 to the
separate device 19 via a wired connection 21 or a wireless connection 22.

The audio data processor 1 further comprises an output interface 23 that is connected to the
data stream generator 9 and provides an output for the device 19. Further, the output
interface 23 is configured to output the output data stream 10 via a wireless interface 24 or a

wired connector 25.

Further ways of carrying out the invention may be described by way of example in a scenario
in which two separate devices are available. A first device ‘device #1' comprises the audio
data processor according to the invention. A second device ‘device #2' receives the
processed, but still encoded, audio data from ‘device#1’ for decoding said audio data.
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As can be seen in Figures 8 and 8, the first device 19, 26 receives an input stream 15
comprising encoded audio data 3 and related metadata 4. The first device 19, 26 reads the
meta-data information 4 from the incoming audio data stream 15 or transport stream and
leaves the encoded audio signal data 3 untouched. The first device 19, 26 parses the meta-
data 4 and presents information about the objects to the application e.g. in the interaction
interface 6, including the restrictions on object manipulation that are part of the meta-data 4.
From the application or interaction interface 6 a user can select and manipulate the objects

to adapt the audio presentation to his personal preferences:

e Object selection: e.g. select one out of several languages, select optional additional
audio objects, etc.

« Object manipulation: e.g. changing volume of objects, changing the position of
objects like moving an additional commentary from the center speaker to the right
speaker or an arbitrary position in between,

e Selection of presets: instead of selecting and manipulating each object separately,
the user may also select a preset from the meta-data. A preset is a pre-selection of
objects recommended by the content creator for specific applications or usage
scenarios. A preset may contain a combination of objects with e.g. different volume
levels, positions and loudness/dynamic range compression data compared to the
default presentation.

In the next step, the first device 19, 26 stores the information about the user interactivity (
interaction control data 8) into the encoded audio data stream 10, 32. The first device 19, 26
may either write the changed values or the amount of manipulation, e.g. offset values and
multiplication factor back to the meta-data part 4 or a dedicated part of the encoded audio
data stream so that the output of the first device 19, 26 is again a valid encoded audio
stream 10, 32.

The first device 19, 26 may use a different identifier, tag or packet type to encapsulate the
manipulated meta-data or the user control data 8, respectively. The original meta-data 4 may
remain in the output stream 10, 32 in addition to the manipulated meta-data. A different
identifier, tag or packet type is used for the manipulated meta-data or interaction control data
8, respectively, to enable the second device 28, 33 to identify if the meta-data 4 has been
manipulated before. The original meta-data 4 remains in the stream 10, 32 to allow the
second device 28, 33 to either identify the differences as result of the user or device
interaction and to get all information about the default values as intended by the content
creator, or to calculate the result of the user or device interaction from the original meta-data
4 and the manipulated meta-data (or user control data 8).
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As part of the manipulated metadata, signature data may be embedded in the meta-data 4.
The signature may contain information about the application, device or user, that
manipulated the metadata 4.

Audio objects that are not selected by the user may either be marked as disabled in the
meta-data 4 or interaction control data 8, or alternatively the encoded audio part of these

objects may be removed from the audio stream 10.

The process of user or device interactivity can be dynamic, i.e. every time the user or device
changes the settings for selection and manipulation, the first device 19, 26 writes those
changed values back to the meta-data part 4 of the encoded audio data stream 10.

It is also possible that the second device 28, 33 additionally manipulates the meta-data 4,
either because of an automated process (e.g. to adapt the audio scene to the listening
situation) or an additional interaction interface. In this case, the second device 28, 33 may
write the manipulated values back to the encoded audio data stream 10, e.g. overwriting the
values written by the first device 19, 26.

Referring back to Figure 6, a further way of carrying out the invention is described by way of
example in a so called Hybrid Use Case.

The encoded audio data 3 of selected optional audio objects 17 may not be part of the main
audio data stream 15, but may be delivered using other transport channels. For instance, the
main audio data stream 15 is delivered on a broadcast channel, while the encoded audio

data 3 of optional audio objects 17 is delivered on demand over an IP connection 37.

The complete meta-data 4 for all objects is included in the main audio data stream 15 so that
all information for interaction and object selection is available in the first device 19. Therefore
the process of interaction and storage of the interaction control data 8 to the stream 10 is
identical to the case described above.

If a user selects an object 17 and the encoded audio data 3 is not part of the main audio data
stream 15, the first device 19 may receive the encoded audio data 3 of this object 17 on a
different data connection than the main audio data stream 15, e.g. a different sub-stream 36
within the broadcast stream or an IP connection 37.

in the next step, the first device 19 merges the encoded audio data 3 of the selected object
17 into the main audio stream 15 resulting in a complete audio data stream 10 for further
delivery to the second device 33.
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Furthermore, a possibility is proposed to transport interaction data 8 embedded in an
MPEG-H conformant bitstream 10.

As can be seen in Figure 9, advanced multimedia systems often do not integrate all desired
functionality in one single device, but rather implement different functional components in
specialized devices such as Set-Top Boxes 26, TV-Set 27 or AVR-Receiver 28, for instance.
These devices communicate via standardized interfaces such as HDMI.

However, it is also possible that at least the audio data processor and a decoder are
integrated in one single device. The audio data processor may be provided, i.e. integrated or
implemented, together with a decoder within the same (hardware) device. For example, the
audio data processor and a decoder may be together provided within a TV, a Set-Top Box,
an A/V Receiver, or the like. The audio data processor and the decoder may communicate
via internal data bus structures. Such a configuration may be particularly desired in TV-
devices comprising System-on-Chip (SoC) solutions.

Accordingly or alternatively, the audio data processor may be implemented as an
independent and separate functional component in the same device similar to the case
described above for the case of two separate devices, with the only difference that the output
interface performs an output of the audio data processor on a connection internal to the

device, for example using an internal data bus.

One use-case for an MPEG-H content reproduction with multiple involved devices is the
case, when a television program is received by a first device 19 such as a set-top box (STB)
26, which selects the appropriate transmission channel and extracts relevant elementary
streams containing desired coded essence. The interaction, i.e. user control for audio

element selection and interaction/manipulation is usually implemented here, as well.

The MPEG-H decoder 31 may be not located in the STB 26, but in the Audio-Video-Receiver
(AVR) 28 instead. This use-case is depicted in Figure 9.

in this case, the extracted streams need to be fed to the AVR 28 for reproduction; the
transmission between these two devices 26, 28 may be accomplished by either transmitting
a decoded/decompressed representation (PCM with audio), or, especially if bandwidth
restrictions apply on the used interconnection line, in an encoded representation.

The AVR 28 then only provides a configuration interface which is usually accessed only once
by the user when setting up the system and acts in “slave mode” at normal operation times.
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As the interaction happens in the STB (device #1) 26 and the decoding and rendering is
implemented in the AVR (device #2) 28, it is inevitable to be able to send the user
interactivity information from the STB 26 to the AVR 28.

In order to accomplish the described use case and to overcome the described limitations, it is
proposed to embed interaction information data 8 into the encoded audio data stream 10, as

can be seen in Figure 8,

The first device 19 reads the meta-data information 4 from the mpegh3daConfig() of the
incoming audio data stream 15 or through out-of-band signaling such as MPEG-2 TS
Descriptors. It then parses the audio element metadata 4 and presents information about the
objects in the interaction interface 6, including the restrictions on object manipulation that are
part of the metadata 4. From the interaction interface 8 the user can select and manipulate
the audio element to adapt the audio presentation to his personal preferences. The “user

interaction data” describes the object selection and manipulation.

in the next step, the first device 19 writes this data to the MHAS audio data stream 32 using
a new MHASPacketType. The output of the first device 19 is again a valid encoded audio
stream 10, 32. The original metadata 4 in the mpegh3daConfig() and the encoded audio
signal data 3 is not modified.

The presence of a packet of this MHASPacketType enables the second device 28, 33 to
identify that a (user) interaction has happened. The original metadata 4 remains in the
stream 10, 32 to allow the second device 10, 33 to get all information about the defauit

values as intended by the content creator.

Audio elements that are not selected by the user may either be marked as disabled in the
meta-data 4, or alternatively the encoded audio part 3 of the objects may be removed from

the audio stream 10.

The process of interaction, i.e. of either device or user interactivity can be dynamic, i.e. every
time a user or a device changes the settings for selection and manipulation the first device
19, 26 writes those changed values back to the specified part of the encoded audio data
stream 10.

MHAS-Extension

Transport of MPEG-H Audio over serial interfaces is defined by the MHAS transport syntax
(see section 13 of N14459 (ISO/IEC 23008-3 Committee Draft Text) [1]). This syntax is
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defined in a packetized way. Therefore, to accomplish the transport of the user interaction

data, only one further packed type needs to be assigned for the new control information:
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Table 1 — Syntax of MHASPacketPayload()

Syntax No. of bits  Mnemonic
MHASPacketPayload(MHASPacketType)

switch (MHASPacketType) {
case PACTYP_SYNC:
OxAS5; /* syncword*/ 8 uimsbf
break;
case PACTYP_MPEGH3DACFG:
mpegh3daConfig();
break;
case PACTYP_MPEGH3DAFRAME:
mpegh3daFrame();
break;
case PACTYP_SYNCGAP:
syncSpacinglength = escapedValue(16,24,24); 16,40.64 uimsbf
break;
case PACTYP_MARKER:
for (i=0; i< MHASPacketLength; i++) {
marker_byte(i); 8
}

break;

}
ByteAlign();

Table 2 — Value of MHASPacketType

MHASPacketType Value
PACTYP_SYNC 0
PACTYP_MPEGH3DACFG 1
PACTYP_MPEGH3DAFRAME 2
/* reserved for ISO use %/
PACTYP_SYNCGAP
ACTYPE_MARKER
ACTY] ERACTICI
/* reserved for 150 use ¥/ ]
/* reserved for use outside of ISO scope */ 128-261
/* reserved for ISO use */ 262-389
/" reserved for use outside of ISO scope */ _390-517

NOTE: Application-specific MHASPacketType values are mandated to be in the
space reserved for use outside of ISO scope. These are skipped by a decoder as a
- minimum of structure is required by the decoder to skip these extensions.

PACTYP_USERINTERACTION
The MHASPacketType PACTYP_USERINTERACTION may be used to feed element
interaction data to the decoder.
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For this packet type, MHASPacketLabel has the same value as the packet of
WMHASPacketType PACTYP_MPEGH3DACFG, to which the (user) interaction data 8 refers

to.

Syntax
The syntax element mpegh3daElementinteraction() (see [2]) from the interface for user
interaction is re-used for carrying the (user) interaction data 8 embedded in the bitstream 10.

References

[1] ISONEC JTC1/SC29/WG11 N14458, "Text of ISO/IEC 23008-3/CD, 3D audio”

[2] FhG, “Normative Interface for User Interaction”, Input to the Meeting of AHG on 3D Audio,
DRC and Audio Maintenance, June 2-3, 2014, Paris, France

Furthermore, a possible syntax is proposed for a normative interface for user interactivity.

It is proposed to extract the interface for the interaction control from interface for the
rendering control. The mpegh3daAudioRendering() syntax element then defines the
rendering parameters and a newly defined mpegh3daElementinteraction() syntax element
contains the information that is needed for (user) interaction.

Definition of the mepegh3daElementinteraction() Syntax Element

The mpegh3daElementinteraction() syntax element provides an interface for any possible

(user) interactions. Two interaction modes are defined.

The first one is an advanced interaction mode, where the interaction can be signaled for
each element group that is present in the audio scene. This mode enables the user to freely
choose (within the restrictions of switch group definitions) which groups to play back and to
interact with all of them (within the given ranges and restrictions).

The second mode is a basic interaction mode, where the user could choose one of the
defined GroupPresets (from the mae_AudioScenelnfo() syntax element, see 14.2 of [1]) as a
preset. The on-off status of the groups that are referenced in the conditions of the chosen
GroupPresets is then defined and cannot be changed by the user. The user can only change
the on-off status of the other groups and position and gain of all groups according to the
defined allowances and ranges.

Four different element modifications are distinguished:;
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- On/Off interactivity: A group of elements is switched on or off (Ediforial Note:
formerly called “object change” [4])

- Position interactivity: The positions of a group of elements are changed (azimuth,
elevation and distance, ediforial note: formerly called “position change” [4))

- Gain interactivity: The level/gain of a group of elements is changed (Editorial Note:
formerly called “gain change”[4])

- WIRE interactivity: A WIRE output is an arbitrary output in addition to the connected
loudspeakers. The audio content of the elements of a group are routed to a WIRE

output, e.g. content for hearing impaired or an additional language track.

All modifications are defined on a group of element level, because groups gather related
elements that should only be manipulated jointly.

A signature is introduced to signal e.g. in which device the interactivity has happened.

Table 3a Syntax of mpegh3daElementinteraction()

Syntax No. of Mnemonic
bits
mpegh3daElementinteraction()
{
ei_interactionSignatureDatal ength; 8 uimsbf
if (ei_InteractionSignatureDatal.ength >0) {
ei_InteractionSignatureDataType; 8 uimsbf
for ( ¢ = 0; ¢ < bsinteractionSignatureDatal.ength + 1;
o+ ) {
ei_InteractionSignatureDatac]; 8 uimsbf
}
}
ElementinteractionData();
}

ei_lInteractionSignatureDatalLength This field defines the length of the following
interaction signature in Byte.
ei_interactionSignatureDataType This field defines the type of signature. The

following values are possible:

A further embodiment of mpegh3daElementinteraction() is shown in Table 3b:

Table 3b Syntax of mpegh3daElementinteraction()

Syntax No. of Mnemonic
bits

mpegh3daElementinteraction()

{
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cH+ ) {

}
}

ElementinteractionData();
haslocalZoomAreaSize,

if (hasLocalZoomAreaSize) {
LocalZoomAreaSize();

}

ei_lnteractionSignatureDatal ength;

if (ei_InteractionSignatureDatal.ength >0) {
ei_InteractionSignatureDataType;
for ( ¢ = 0; ¢ < bsInteractionSignatureDataLength + 1;

ei_InteractionSignatureData[c];
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uimshbf

uimsbf

uimsbf

bsibf

Table 4a Value of ei_InteractionSignatureDataType

value

meaning

0

Generic String

1-127

Reserved for ISO use

128-255

Reserved for use outside
of 1ISO scope

ei_InteractionSignatureData

of the interaction data.

This field contains a signature defining the originator

A further embodiment of ei_InteractionSignatureDataType is shown in Table 4b:

Table 4b Value of ei_InteractionSignatureDataType

value

meaning

0

Generic String in UTF-8
according to ISONEC
10646

1-127

Reserved for 1ISO use

128-255

Reserved for use outside
of ISO scope

10 ei_lnteractionSignatureData

haslLocalZoomAreaSize

15

of the interaction data.

Table § Syntax of ElementinteractionData()

This field contains a sighature defining the originator

Flag that defines if information about the local zoom
area size is available. If this flag is enabled, Object
Remapping for Zooming is applied.

Syntax

No. of

bits

Mnemonic
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ElémentlnteractionData()

{
ei_interactionMode; 1 bsibf
ei_numGroups; /* Channel, Object, HOA, SAQC */ 7 uimsbf
if ( ei_interactionMode == 0) {
/* direct element group interaction = advanced */
ei_GrouplnteractivityStatus( ei_numGroups );
}else {
/*GroupPreset interaction = basic */
ei_groupPresetlD; 5 uimsbf
ei_GroupinteractivityStatus( ei_numGroups);
}
ei_interactionMode Flag that defines if the advanced interaction type or
the basic interaction mode is chosen.
ei_numGroups This field contains the number of groups in the
audio scene,
ei_groupPresetiD This field contains a groupPresetID that is defined in
the audio scene. This ID reflects the user's preset
choice.
Table 6a Syntax of ei_GroupinteractivityStatus()
Syntax No. of Mnemonic
; bits
ei_GrouplinteractivityStatus ( numGroups )
{
for (grp = 0; grp < numGroups; grp++) {
ei_groupiD[grp}]; 7 uimsbf
ei_onOff{grp]; 1 bsibf
ei_routeToWIRE[grp]; 1 bsibf
if ( ei_routeToWIRE[grp] == 1) {
routeToWirelD[grp}; 4 uimsbf
}
if (ei_onOff [grp] == 1) {
ei_changePosition[grp]; /* position change */ 1 bslbf
if ( ei_changePosition[grp] ) {
ei_azOffset[grp]; 8 uimsbf
ei_elOffset{grp]; 6 uimsbf
ei_distFact[grpl; 4 uimsbf
}
ei_changeGain; /* gain change */ 1 bsibf
if ( ei_changeGain ) {
ei_gain, 7 uimsbf

}
}
}
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ei_grouplD

ei_routeToWIRE

ei_routeToWirelD

ei_onOff

el_changePosition

ei_azOffset

ei_elOffset

GrouplD for the current group for which the

interaction is described.

This field defines if the audio content of the group
should be routed to a WIRE output.

ID of the WIRE output where the group should be
routed to.

Defines the on-off status of the current group. In
case the basic interaction mode (interaction on
GroupPresets) is chosen, this value has to be
identical to the defined on-off status of the group
with ei_grouplD if this group is part of the conditions
of the chosen GroupPreset with ei_groupPrersetiD.
For basic interaction mode it is not allowed to signal
a different on-off status here. The on-off status of all
groups that are not part of the conditions of the
chosen GroupPreset, the on-off status could

arbitrarily be signaled.

This flag defines if the position of the group
elements has been changed.

The change of azimuth is given as an offset. This
field can take values between AzOffset=-180° and
AzOffset=180°

AzOffset = 1.5 - ( ei_azOffset — 128)

AzOffset = min (max (AzOffset, -180), 180);

The change of azimuth is given as an offset. This
field can take values between EIOffset=-90° and
ElOffset=00°:

ElOffset = 3 . ( ei_elOffset — 32)

ElOffset = min (max (ElOffset, -80), 90);
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The distance interactivity is given as a multiplication
factor. The field can take values between0 to 15
resulting in DistFactor between 0.00025 and 8:
DistFactor = 2((eLdlstFactorr—8)—-4)

DistFactor = min( max (DistFactor, 0.00025), 8);

This flag defines if the gain/flevel of the group
elements has been changed.

This field defines an additional gain of the
members of the current group. The field can
take values between 0 and 127 representing gain
values between

Gain = -63 dB and Gain = 31 dB in 1 dB steps,
with

Gain [dB] = ei_gain — 64

Gain [dB] = min{ max (Gain, -63), 31);

If ei_gain is set to 0, Gain shall be set to minus
infinity dB.

A further embodiment of ei_GroupinteractivityStatus() is shown in Table 6b:

Table 6b Syntax of ei_GrouplinteractivityStatus()

Syntax No. of Mnemonic
bits
ei_GrouplnteractivityStatus ( numGroups )
I{
for (grp = 0; grp < numGroups; grp++) {
ei_grouplDgrp]; 7 uimsbf
ei_onOffgrpl; 1 bsibf
el_routeToWIRE[grp]; 1 bsibf
if ( ei_routeTOWIRE[grp] == 1) {
routeToWirelD[grp]; 16 uimsbf
}
if ( ei_onOff [grp] == 1) {
ei_changePosition[grp]; /* position change */ 1 bsibf
if ( ei_changePosition[grp] ) {
ei_azOffset{grp]; 8 uimsbf
ei_elOffset[grp]; 6 uimsbf
ei_distFact[grp]; 4 uimsbf
}
ei_changeGain; /* gain change */ 1 bslbf
if ( ei_changeGain ) {
ei_gain; 7 uimshf
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}
}
}

The interaction data is defined according to the Metadata Audio Element fields (see 14.2 of
[1]). In the metadata audio element definition, the interactivity range for gain interactivity is
given in dB, the interactivity ranges for azimuth and elevation are given as minimum and
maximum offset values (with the same resolution as here: 1.5° for azimuth and 3° for
elevation) and the ranges for distance are given as multiplication factors. Therefore, the

interface is defined in a similar way.

For the user interaction, all possible changes (on/off, gain, position, WIRE) for all element
groups are signaled inside one Elementinteraction() syntax element instead of using one

repetition of a syntax element for each interaction type and each group or element.

WIRE output is also defined for groups that are switched off, because only then it is possible
to route alternative language tracks to a WIRE output. The possible violated switch group
logic has to be handled in the decoder,

The content type (channel, object, HOA) that was formerly proposed in [4] is removed here. It
is already implicitly known by the grouplD, because each group of elemenis has a
signalGroupType (Channels, Objects, SAOC, HOA) that defines the signal content type and
is signaled in the syntax element Signals3d()).

Baslic Interaction via GroupPresets

If the basic interaction mode is set, the user can choose one of the defined GroupPresets
(from the mae_AudioScenelnfo() groupColiection syntax element, proposed as candidate
technology in w14464 [7]).

The conditions from the chosen preset define the on-off status of the referenced groups. The
user should not be able to modify the on-off status for these groups.

The corresponding field ei_onOff in the syntax element ei_GrouplnteractivityStatus [2] has to
reflect the condition in the chosen groupPreset for all groups that are referenced in the

conditions of the chosen groupPreset.

The on-off status of all other groups can be chosen by the user.

Conclusion
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This contribution proposes a definition for an interface for user interaction. An interface
definition is provided that allows for two different interaction modes (basic and advanced). It
is proposed to adopt the proposed interface to the CD.
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Furthermore, section 13 of the ISO/EC 23008-3 CD text [1] defines the MHAS syntax to be
used to encapsulate MPEG-H 3D Audio payloads in (real-time) streams. With this document
additional capabilities to enable a reliable usage of MHAS in other transport systems besides
MPEG-2 Transport Stream are proposed.

Filldata

Certain transmission channels may only be operated at constant instantaneous bitrate. To
accomplish this, a fill data packet type is proposed to be able to fill the MHAS stream up to a
certain given bitrate.

CRC
The MPEG-2 Transport Stream layer [2] takes care of protecting the encapsulated MHAS

elementary stream. Thus data loss or data corruption in transmission may be identified.

On the other hand, common serial interfaces (e.g. AES/EBU, S/PDIF, [3], [4], [5]) provide no
sufficient error protection. An optional CRC packet type is proposed to enable error detection
if MHAS is used on such interfaces.
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Descriptor encapsulation

MHAS streams are used to convey encoded audio to or from MPEG-2 Transport stream
encoders/decoders. It is proposed to convey related descriptor information in an additional
MHAS packet type.

Table 7 — Syntax of MHASPacketPayload()

Syntax No. of bits  Mnemonic
MHASPacketPayload(MHASPacketType)

switch (MHASPacketType) {
case PACTYP_SYNC:
OxAS; /* syncword*/ 8 uimsbf
break;
case PACTYP_MPEGH3DACFG:
mpegh3daConfig();
break;
case PACTYP_MPEGH3DAFRAME:
mpegh3daFrame();
break;

PACTY :
syncSpacinglength = escapedValue(16,24,24); 16,40,64  uimsbf
break;
case PACTYP_MARKER:
for (i=0; i< MHASPacketLength; i++) {

}
break;

marker_byte(i); 8

ByteAlign();

)
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Table 8a — Value of MHASPacketType
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MHASPacketType Vaiue
PACTYP_SYNC 0
PACTYP_MPEGH3DACFG 7 1
PACTYP_MPEGH3DAFRAME 2
/" reserved for ISO use */ 3-5

ACTYPE_FILLDATA

PACTYP_SYNCGAP

PACTYPE_MARKER

/* reserved for /SO use / 13-127
/" reserved for use outside of ISO scope 7/ 128-261
/* reserved for ISO use ¥/ 262-389
/" reserved for use outside of ISQO scope */ 380-517

NOTE: Application-specific MHASPacketType values are mandated to be in the
space reserved for use outside of ISO scope. These are skipped by a decoder as a
minimum of structure is required by the decoder to skip these extensions.

A further embodiment of MHASPacketType is shown in Table 8b:

Table 8b — Value of MHASPacketType

MHASPacketType

Value

PACTYP_SYNC

PACTYP_MPEGH3DACFG

PACTYP_MPEGH3DAFRAME

/* reserved for ISO use */

PACTYP SYNCGAP

PACTYPE MAF{KER

/* reserved for ISO use ¥/ 3-127
/" reserved for use outside of ISO scope */ 128-261
/" reserved for ISO use Y/ 262-389
/" reserved for use outside of ISO scope */ 390-517

NOTE: Application-specific MHASPacketType values are mandated to be in the
space reserved for use outside of ISO scope. These are skipped by a decoder as a
minimum of structure is required by the decoder to skip these extensions.

mhasParity16Data

mhasParity32Data
10

a 16-bit field that contains the CRC value that yields a zero

output of the 16 registers in the decoder with the polynomial;
X6+ x5+ x5+ 1

and the initial state of the shift register of OxFFFF.

a 32-bit field that contains the CRC value that yields a zero

output of the 32 registers in the decoder with the polynomial:

x32+x26+x23+x22+xlﬁ+x12+x11+x10+x8+x7+x5+x4+x2+x+1

and the initial state of the shift register of OxFFFFFFFF.
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mhas_fill_data_byte 8-bit data elements, no restrictions apply

Random Access / Immediate Playout Marker

When the first marker_byte of the packet payload is “0x02", the following packet of type
PACTYP_MPEG3DAFRAME with identical MHASPacketLabel is encoded following the rules
given in section 5.5.5 “Audio Pre-Roll”.

Program Boundary Marker
When the first marker_byte of the packet payload is “Ox03", a program boundary occurs at
this point in time and all following packets belong to a new program.

PSCTYP_CRC16 and PACTYP_CRC32

The MHASPacketType PACTYP_CRC16 and PACTYP_CRC32 may be used for detection
of errors in the preceding MHAS packet with MHASPacketlLabel set to the same value. It
shall directly follow the MHAS packet its CRC value refers to. This may be beneficial when
an MHAS stream is conveyed over an error prone channel.

The error detection method uses one of the generator polynomial and associated shift
register states as defined for mhasParity16Data or mhasParity32Data respectively.

The bits included into the CRC-check are the complete MHASPacketPayload() for the related
MHAS packet followed by the for mhasParityi6Data or mhasParity32Data words

respectively.

In the case where there are no errors, each of the outputs of the shift register shall be zero.
At the CRC encoder the mhasParity16Data / mhasParity32Data field is encoded with a
value such that this is ensured.

PACTYP_FILLDATA

The MHASPacketType PACTYP_FILLDATA provides the possibility to add fill data to adjust
the instantaneous bit-rate. This may be desirable in certain real-time applications using a
constant rate transmission channel.

As packets of this type do not relate to certain payload data, MHASPacketLabel is set to 0.
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It is expected that decoder neglect the data transmitted in packets of type
PACTYP_FILLDATA. Further, intermediate tools processing an MHAS streams are allowed

to remove such packets from the stream.

It is allowed to set MHASPacketLength to 0. This yields in minimum packet size of 2 bytes.

PACTYP_DESCRIPTOR

The PACTYP_DESCRIPTOR may be used to embed MPEG-2 TS/PS descriptors in MHAS
streams. Data conveyed as mhas_descriptor_data_byte have the same syntax and
semantics than defined for descriptor() in ISO/IEC 13818-1.

For this packet type and for descriptors transmitted in the first descriptor loop in the
TS_program_map_section() (see ISO/IEC 13818-1), the MHASPacketLabel is set to 0.

For this packet type and for descriptors assigned to one elementary stream (i.e. the second
descriptor loop in the TS_program_map_section() ), MHASPacketlLabel is set to the same
value as the PACTYPE_CONFIG from the associated elementary stream.
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Although the present invention has been described in the context of block diagrams where
the blocks represent actual or logical hardware components, the present invention can also
be implemented by a computer-implemented method. In the latter case, the blocks represent
corresponding method steps where these steps stand for the functionalities performed by
corresponding logical or physical hardware blocks.

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
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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, some one or more of

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

The inventive transmitted or encoded 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.

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 disc, a DVD, a Blu-Ray, a CD, a ROM, a
PROM, and 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. 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 method is, therefore, a data carrier (or a non-transitory
storage medium such as a digital storage medium, or a computer-readable medium)
comprising, recorded thereon, the computer program for performing one of the methods
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described herein. The data carrier, the digital storage medium or the recorded medium are
typically tangible and/or non-transitory.

A further embodiment of the invention method is, therefore, a data stream or a sequence of
sighals 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.

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

A further embodiment according to 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 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

Audio data processor, comprising:

a receiver interface for receiving encoded audio data and metadata related to
the encoded audio data;

a metadata parser for parsing the metadata to determine an audio data
manipulation possibility;

an interaction interface for receiving an interaction input and for generating,
from the interaction input, interaction control data related to the audio data

manipulation possibility; and

a data stream generator for obtaining the interaction control data and the
encoded audio data and the metadata and for generating an output data stream, the
output data stream comprising the encoded audio data, the metadata and the
interaction control data,

wherein the data stream generator is configured to process an input data
stream comprising the encoded audio data and the metadata received by the receiver
interface without decoding the encoded audio data for generating the output data
stream, or to copy the encoded audio data and at least a portion of the metadata
without changes in the output data stream, and

to embed the interaction control data as an additional data portion in the
output data stream.

Audio data processor of claim 1, wherein the encoded audio data comprises separate
encoded audio objects, wherein at least a portion of the metadata is related to a
corresponding audio object,

wherein the metadata parser is configured to parse the corresponding portion
for the encoded audio objects to determine, for at least an audio object, the object

manipulation possibility,
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wherein the interaction interface is configured to generate, for the at least one
encoded audio object, the interaction control data from the interaction input related to

the at least one encoded audio object.

Audio data processor of claim 1 or 2, wherein the interaction interface is configured to
present, to a user, the audio data manipulation possibility derived from the metadata
by the metadata parser, and to receive, from the user, a user input on the specific
data manipulation of the data manipulation possibility.

Audio data processor of one of the preceding claims,

wherein the interaction interface is configured to generate the interaction
control data so that the interaction control data is represented by changed metadata
values or by an amount of manipulation with respect to the metadata.

Audio data processor of one of the preceding claims,

wherein the data stream generator is configured to generate, in the output

data stream, the interaction control data in the same format as the metadata.
Audio data processor of one of the preceding claims,

wherein the data stream generator is configured to associate, with the
interaction control data, an identifier in the output data stream, the identifier being
different from an identifier associated with the metadata.
Audio data processor of one of the preceding claims,

wherein the data stream generator is configured to add, to the interaction
control data, signature data, the signature data indicating information on an
application, a device or a user performing an audio data manipulation or providing the
interaction input.

Audio data processor of one of the preceding claims,

wherein the metadata parser is configured to identify a disabling possibility for
one or more audio objects represented by the encoded audio data,
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wherein the interaction interface is configured for receiving a disabling

information for the one or more audio objects, and

wherein the data stream generator is configured for marking the one or more

audio objects as disabled in the interaction control data .

Audio data processor of one of the preceding claims, wherein the data stream
generator is configured to dynamically generate the output data stream, wherein in
response to a new interaction input, the interaction control data is updated to match
the new interaction input, and wherein the data stream generator is configured to

include the updated interaction control data in the output data stream.

Audio data processor of one of the preceding claims, wherein the receiver interface is
configured to receive a main audio data stream comprising the encoded audio data
and metadata related to the encoded audio data, and to additionally receive optional

audio data comprising an optional audio object,

wherein the metadata related to said optional audio object is contained in said

main audio data stream.

Audio data processor of one of the preceding claims,

wherein the metadata parser is configured to determine the audio
manipulation possibility for an optional audio object not included in the encoded audio

data,

wherein the interaction interface is configured to receive an interaction input

for the optional audio object, and

wherein the receiver interface is configured to request audio data for the
optional audio object from an audio data provider or to receive the audio data for the
optional audio object from a different substream contained in a broadcast stream or

an internet protocol connection.

Audio data processor of one of the preceding claims,
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wherein the data stream generator is configured to assign, in the output data
stream, a further packet type to the interaction control data, the further packet type

being different from packet types for the encoded audio data and the metadata, or

wherein the data stream generator is configured to add, into the output data
stream, fill data in a fill data packet type, wherein an amount of fill data is determined
based on a data rate requirement determined by an output interface of the audio data

processor.

Audio data processor of one of the preceding claims being implemented as a
separate first device that is separated from a second device which is configured to
receive the processed, but still encoded, audio data from the first device for decoding
said audio data, wherein the receiver interface forms an input to the separate first
device via a wired or wireless connection, wherein the audio data processor further
comprises an output interface connected to the data stream generator, the output
interface being configured for outputting the output data stream, wherein the output
interface performs an output of the separate first device and comprises a wireless

interface or a wire connector.

Method for processing audio data, the method comprising:

receiving encoded audio data and metadata related to the encoded audio
data;

parsing the metadata to determine an audio data manipulation possibility;

receiving an interaction input and generating, from the interaction input,
interaction control data related to the audio data manipulation possibility; and

obtaining the interaction control data and the encoded audio data and the
metadata and generating an output data stream, the output data stream comprising
the encoded audio data, at least a portion of the metadata, and the interaction control
data),

processing an input data stream comprising the encoded audio data and the
metadata without decoding the encoded audio data for generating the output data
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stream, or copying the encoded audio data and at least a portion of the metadata
without changes in the output data stream, and

embedding the interaction control data as an additional data portion in the

output data stream.

Computer program for performing, when running on a computer or a processor, the
method of processing audio data of claim 14.



