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Description
TECHNICAL FIELD

[0001] This disclosure relates to audio data process-
ing. In particular, this disclosure relates to the synchro-
nization of audio data.

BACKGROUND

[0002] As the number of channels increases and the
loudspeaker layout transitions from a planar two-dimen-
sional (2D) array to a three-dimensional (3D) array in-
cluding height speakers, the tasks of authoring and ren-
dering sounds are becoming increasingly complex. In
some instances, the increased complexity has involved
a commensurate increase in the amount of audio data
that needs to be stored and/or streamed. In some exam-
ples, audio data time alignment issues (which are also
referred to herein as synchronization issues) may be-
come more complex and challenging. Such audio data
time alignment issues may be particularly challenging in
the context of transmitting and receiving data between
media processing nodes of a broadcast network. Im-
proved methods and devices would be desirable.

SUMMARY

[0003] As described in detail herein, in some imple-
mentations a method of processing audio data may in-
volve receiving a block of audio data and receiving meta-
data associated with the block of audio data. The block
may include N pulse code modulated (PCM) audio chan-
nels. The block may include audio samples for each of
the N channels. The method may involve receiving a first
set of values corresponding to reference audio samples.
In some examples, the method may involve determining
a second set of values corresponding to audio samples
from the block of audio data, making a comparison of the
second set of values corresponding to audio samples
and the first set of values corresponding to reference
audio samples, and determining, based on the compar-
ison, whether the block of audio data is synchronized
with the metadata. In some examples, the metadata may
include position data.

[0004] The first set of values corresponding to refer-
ence audio samples may have been obtained at a refer-
ence time at which the metadata was synchronized with
corresponding audio data. In some examples, the first
set of values corresponding to reference audio samples
may include a value corresponding to atleastone sample
from at least one of the N channels. In some implemen-
tations, the value corresponding to at least one sample
may correspond to a subset of a total number of bits of
the at least one sample. For example, the subset may
include a number, which may be referred to herein as B,
of most significant bits of at least one sample.

[0005] In some examples, the first set of values and
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the second set of values may be determined in the same
manner or substantially the same manner. For example,
determining the first set of values and determining the
second set of values may both involve processing the
same number of samples per channel, processing the
same number of bits per sample, determining the value
corresponding to a same sample number and/or deter-
mining the same audio metric.

[0006] According to some examples, determining the
second set of values may involve determining a value
corresponding to the same sample number in at least
one of the N channels. Determining the second set of
values may involve determining a value corresponding
to the first sample of the block in at least one of the N
channels. In some implementations, determining the
second set of values may involve determining an audio
metric for at least one of the N channels. A location of an
audio metric may, for example, be a location of a peak
sample value for the block or a location of a first zero
crossing for the block.

[0007] According to some implementations, the first
set of values may include a first block metric for at least
one channel. The first block metric being based on two
or more reference audio samples of at least one refer-
ence channel of a reference block of audio data. Such
methods may involve determining a second block metric
for at least one channel of the block of audio data. The
second block metric may be based on two or more sam-
ples of at least one channel. Determining whether the
block of audio data is synchronized with the metadata
may be based, at least in part, on a comparison of the
first block metric with the second block metric. In some
examples, the first block metric and the second block
metric may be based, at least in part, on a root mean
square (RMS) of sample values in a block, a frequency-
weighted RMS value and/or a loudness metric.

[0008] Accordingtosomeimplementations, the above-
described methods may be performed at a measurement
point. Some such implementations may involve deter-
mining, at a reference point and during a reference time
before the block of audio data was received, the first set
of values corresponding to the reference audio samples.
The reference time may be a time during which the meta-
data was synchronized with reference audio data. Some
such implementations may involve associating the first
set of values with the metadata and transmitting the first
set of values, at least one block of the reference audio
data and the metadata from the reference point to the
measurement point.

[0009] Some or all of the methods described herein
may be performed by one or more devices according to
instructions (e.g., software) stored on one or more non-
transitory media. Such non-transitory media may include
memory devices such as those described herein, includ-
ing but not limited to random access memory (RAM) de-
vices, read-only memory (ROM) devices, etc. For exam-
ple, the software may include instructions for controlling
one or more devices for receiving a block of audio data
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and receiving metadata associated with the block of au-
dio data. The block may include N pulse code modulated
(PCM) audio channels. The block may include audio
samples for each of the N channels. The software may
include instructions for receiving a first set of values cor-
responding to reference audio samples. In some exam-
ples, the software may include instructions for determin-
ing a second set of values corresponding to audio sam-
ples from the block of audio data, making a comparison
of the second set of values corresponding to audio sam-
ples and the first set of values corresponding to reference
audio samples, and determining, based on the compar-
ison, whether the block of audio data is synchronized
with the metadata. In some examples, the metadata may
include position data.

[0010] The first set of values corresponding to refer-
ence audio samples may have been obtained at a refer-
ence time at which the metadata was synchronized with
corresponding audio data. In some examples, the first
set of values corresponding to reference audio samples
may include a value corresponding to atleastone sample
from at least one of the N channels. In some implemen-
tations, the value corresponding to at least one sample
may correspond to a subset of a total number of bits of
the at least one sample. For example, the subset may
include a number, which may be referred to herein as B,
of most significant bits of at least one sample.

[0011] In some examples, the first set of values and
the second set of values may be determined in the same
manner or substantially the same manner. For example,
determining the first set of values and determining the
second set of values may both involve processing the
same number of samples per channel, processing the
same number of bits per sample, determining the value
corresponding to a same sample number and/or deter-
mining the same audio metric.

[0012] According to some examples, determining the
second set of values may involve determining a value
corresponding to the same sample number in at least
one of the N channels. Determining the second set of
values may involve determining a value corresponding
to the first sample of the block in at least one of the N
channels. In some implementations, determining the
second set of values may involve determining an audio
metric for at least one of the N channels. A location of an
audio metric may, for example, be a location of a peak
sample value for the block or a location of a first zero
crossing for the block.

[0013] According to some implementations, the first
set of values may include a first block metric for at least
one channel. The first block metric being based on two
or more reference audio samples of at least one refer-
ence channel of a reference block of audio data. The
software may include instructions for determining a sec-
ond block metric for at least one channel of the block of
audio data. The second block metric may be based on
two or more samples of atleast one channel. Determining
whether the block of audio data is synchronized with the
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metadata may be based, atleastin part, on a comparison
of the first block metric with the second block metric. In
some examples, the first block metric and the second
block metric may be based, at least in part, on a root
mean square (RMS) of sample values in a block, a fre-
quency-weighted RMS value and/or a loudness metric.
[0014] Atleast some aspects of this disclosure may be
implemented in an apparatus that includes an interface
system and a control system. The control system may
include at least one of a general purpose single- or multi-
chip processor, a digital signal processor (DSP), an ap-
plication specific integrated circuit (ASIC), a field pro-
grammable gate array (FPGA) or other programmable
logic device, discrete gate or transistor logic, or discrete
hardware components. The interface system may in-
clude a network interface. In some implementations, the
apparatus may include a memory system. The interface
system may include an interface between the control sys-
tem and at least a portion of (e.g., at least one memory
device of) the memory system.

[0015] The control system may be capable of receiv-
ing, via the interface system, a block of audio data and
metadata associated with the block of audio data. The
block may include N pulse code modulated (PCM) audio
channels. The block may include audio samples for each
of the N channels. The control system may be capable
of receiving, via the interface system, a first set of values
corresponding to reference audio samples. In some ex-
amples, the control system may be capable of determin-
ing a second set of values corresponding to audio sam-
ples from the block of audio data, making a comparison
of the second set of values corresponding to audio sam-
ples and the first set of values corresponding to reference
audio samples, and determining, based on the compar-
ison, whether the block of audio data is synchronized
with the metadata. In some examples, the metadata may
include position data.

[0016] The first set of values corresponding to refer-
ence audio samples may have been obtained at a refer-
ence time at which the metadata was synchronized with
corresponding audio data. In some examples, the first
set of values corresponding to reference audio samples
may include a value corresponding to at least one sample
from at least one of the N channels. In some implemen-
tations, the value corresponding to at least one sample
may correspond to a subset of a total number of bits of
the at least one sample. For example, the subset may
include a number, which may be referred to herein as B,
of most significant bits of at least one sample.

[0017] In some examples, the first set of values and
the second set of values may be determined in the same
manner or substantially the same manner. For example,
determining the first set of values and determining the
second set of values may both involve processing the
same number of samples per channel, processing the
same number of bits per sample, determining the value
corresponding to a same sample number and/or deter-
mining the same audio metric.
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[0018] According to some examples, determining the
second set of values may involve determining a value
corresponding to the same sample number in at least
one of the N channels. Determining the second set of
values may involve determining a value corresponding
to the first sample of the block in at least one of the N
channels. In some implementations, determining the
second set of values may involve determining an audio
metric for at least one of the N channels. A location of an
audio metric may, for example, be a location of a peak
sample value for the block or a location of a first zero
crossing for the block.

[0019] According to some implementations, the first
set of values may include a first block metric for at least
one channel. The first block metric being based on two
or more reference audio samples of at least one refer-
ence channel of a reference block of audio data. The
control system may be capable of determining a second
block metric for at least one channel of the block of audio
data. The second block metric may be based on two or
more samples of at least one channel. Determining
whether the block of audio data is synchronized with the
metadata may be based, atleastin part, on a comparison
of the first block metric with the second block metric. In
some examples, the first block metric and the second
block metric may be based, at least in part, on a root
mean square (RMS) of sample values in a block, a fre-
quency-weighted RMS value and/or a loudness metric.
[0020] Details of one or more implementations of the
subject matter described in this specification are set forth
in the accompanying drawings and the description below.
Other features, aspects, and advantages will become ap-
parentfrom the description, the drawings, and the claims.
Note that the relative dimensions of the following figures
may not be drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

Figure 1 shows an example of audio channels and
associated metadata.

Figure 2 is a block diagram that provides examples
of components of an apparatus capable of imple-
menting various methods described herein.

Figure 3is a flow diagram that shows example blocks
of a method according to some disclosed implemen-
tations.

Figure 4 provides examples of methods that may be
performed at a reference point and at a measure-
ment point.

Figure 5 provides alternative examples of methods
that may be performed at a reference point and at a
measurement point.

[0022] Likereference numbersand designations inthe
various drawings indicate like elements.
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DESCRIPTION OF EXAMPLE EMBODIMENTS

[0023] The following description is directed to certain
implementations for the purposes of describing some in-
novative aspects of this disclosure, as well as examples
of contexts in which these innovative aspects may be
implemented. However, the teachings herein can be ap-
pliedin various different ways. Accordingly, the teachings
of this disclosure are not intended to be limited to the
implementations shown in the figures and/or described
herein, but instead have wide applicability.

[0024] As used herein, the term "audio object" may re-
ferto a stream of audio data signals and associated meta-
data. The metadata may indicate one or more of the po-
sition of the audio object, the apparent size of the audio
object, rendering constraints as well as content type (e.g.
dialog, effects), etc. Depending on the implementation,
the metadata may include other types of data, such as
gain data, trajectory data, etc. Some audio objects may
be static, whereas others may move. Audio object details
may be authored or rendered according to the associated
metadata which, among other things, may indicate the
position of the audio object in a two-dimensional space
or a three-dimensional space at a given point in time.
When audio objects are monitored or played back in a
reproduction environment, the audio objects may be ren-
dered according to their position metadata and possibly
other metadata, such as size metadata, according to the
reproduction speaker layout of the reproduction environ-
ment.

[0025] In some instances audio data that includes as-
sociated metadata may be in the form of pulse code mod-
ulated (PCM) audio data. To produce PCM audio data,
the amplitude of an analog audio signal is sampled reg-
ularly at uniform intervals. Each sample may be quan-
tized to the nearest value within a range of digital steps.
Linear pulse-code modulation (LPCM) is a specific type
of PCM in which the quantization levels are linearly uni-
form. With other types of PCM audio data, quantization
levels may vary as a function of amplitude. In some ex-
amples, the dynamic range of an analog signal may be
modified for digitizing to produce PCM audio data. Ex-
amples include PCM audio data produced according to
the G.711 standard of the International Telecommunica-
tion Union’s Telecommunication Standardization Sector
(ITU-T), such as PCM audio data produced according to
the A-law algorithm or the p-law algorithm.

[0026] Forexample, the audio data may be segmented
into blocks of PCM audio data, including audio samples
for each of the blocks. Some use cases contemplated by
the inventors may involve transmitting and receiving mul-
tiple channels of PCM audio data in professional produc-
tion workflows, for example, between media processing
nodes. Such media processing nodes may, in some im-
plementations, be part of a broadcast network. Such au-
diodata may be encoded in any form during transmission,
but for the purpose of describing many of the methods
disclosed herein, it will be assumed that the audio data
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is represented in PCM form.

[0027] In the context of this disclosure, an "audio pro-
gram" is considered to be a set of one or more audio
signals that are intended to be reproduced simultaneous-
ly as part of a single presentation. Time alignment of au-
dio channels that are part of an audio program is known
to be important in the production and presentation of the
audio program. As noted elsewhere herein, an audio pro-
gram may include metadata that is associated with the
audio signals, including metadata that may affect the re-
production of the audio signals. For at least some types
of metadata, time alignment is likewise known to be im-
portant in the production and presentation of the audio
program. For example, if an audio program includes a
segment during which a bird is intended to be flying over-
head, it would thwart the intention of the content creator
and would be disconcerting to the listener(s) if instead
the reproduced sounds indicated that a lawnmower were
flying overhead. This disclosure describes methods for
measuring, verifying, and correcting time alignment of
multiple audio channels and metadata that are part of an
audio program.

[0028] Figure 1 shows an example of audio channels
and associated metadata. In this example, the audio data
includes N channels of PCM audio data, which may be
any type of PCM audio data disclosed herein or otherwise
known by those of ordinary skill in the art. Here, the audio
data is segmented into blocks, each of which includes k
samples. The block boundaries are indicated by vertical
lines in Figure 1. In the example shown in Figure 1, M
represents a particular block index.

[0029] In this example, metadata associated with the
Nchannels of audio data is grouped together and likewise
segmented in blocks, such that each block of metadata
is associated with each block of k audio samples. In some
instances, the metadata may apply to audio data outside
the range of a given block. However, in this example the
metadata is sent on a block basis and, for the purposes
of this discussion, the metadata will be described as "as-
sociated" with the block of audio data with which it is
transmitted.

[0030] Various methods disclosed herein involve a ref-
erence point (also referred to herein as a reference node)
at which audio channels and metadata are known to be
synchronized. Samples of the synchronized audio data
may sometimes be referred to herein as "reference audio
samples." The audio channels and metadata may be
transmitted in some manner between nodes of a network.
In some instances, the time alignment between the audio
channels and metadata and/or the time alignment be-
tween the audio channels themselves may be altered. In
some methods disclosed herein, data corresponding with
the time alignment at the reference point may be deter-
mined and may be transmitted with the audio channels
and metadata. The data corresponding with the time
alignment at the reference point may be based, at least
in part, on reference audio samples. Accordingly, the da-
ta corresponding with the time alignment at the reference

10

15

20

25

30

35

40

45

50

55

point may sometimes be referred to herein as "values
corresponding to reference audio samples." Various ex-
amples of values corresponding to reference audio sam-
ples are disclosed herein.

[0031] At a measurement point of the network (also
referred to herein as a measurement node), the audio
data, metadata and the values corresponding to refer-
ence audio samples may be received. Such data may
sometimes be received directly from a reference node.
In some examples, there may be multiple nodes between
the reference node and the measurement node. At the
measurement node, the time alignment may be meas-
ured, verified, and/or corrected if required. In some im-
plementations, the measurement node may determine
whether audio data is synchronized with corresponding
metadata based, at least in part, on received values cor-
responding to reference audio samples. Various exam-
ples of using the values corresponding to reference audio
samples at a measurement node are disclosed herein.
[0032] Figure 2is a block diagram that provides exam-
ples of components of an apparatus capable of imple-
menting various methods described herein. The appara-
tus 200 may, for example, be (or may be a portion of) an
audio data processing system. In some implementations,
the apparatus 200 may be an instance of, or a portion of,
a media processing node. The media processing node
may, in some examples, be a node of a broadcast net-
work. According to some implementations, the apparatus
200 may be a server. In some examples, the apparatus
200 may be implemented in a component of a device,
such as a line card of a server. Accordingly, in some
implementations the apparatus 200 may be capable of
performing the functions of a measurement node as dis-
closed herein. Insome examples, the apparatus 200 may
be capable of performing the functions of a reference
node as disclosed herein.

[0033] In this example, the apparatus 200 includes an
interface system 205 and a control system 210. The con-
trol system 210 may be capable of implementing, at least
in part, the methods disclosed herein. The control system
210 may, for example, include a general purpose single-
or multi-chip processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field
programmable gate array (FPGA) or other programma-
ble logic device, discrete gate or transistor logic, and/or
discrete hardware components.

[0034] In this implementation, the apparatus 200 in-
cludes a memory system 215. The memory system 215
may include one or more suitable types of non-transitory
storage media, such as flash memory, a hard drive, etc.
The interface system 205 may include a network inter-
face, an interface between the control system and the
memory system and/or an external device interface (such
as a universal serial bus (USB) interface). Although the
memory system 215 is depicted as a separate element
in Figure 2, the control system 210 may include at least
some memory, which may be regarded as a portion of
the memory system. Similarly, in some implementations
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the memory system 215 may be capable of providing at
least some control system functionality.

[0035] In this example, the control system 210 is ca-
pable of receiving audio data and other information via
the interface system 205. In some implementations, the
control system 210 may include (or may implement), an
audio processing apparatus such as those described
herein.

[0036] In some implementations, the control system
210 may be capable of performing at least some of the
methods described herein according to software, which
may be stored one or more non-transitory media. The
non-transitory media may include memory associated
with the control system 210, such as random access
memory (RAM) and/or read-only memory (ROM). In
some examples, the non-transitory media may include
memory of the memory system 215. In some implemen-
tations, the control system 210 may be capable of send-
ing and receiving data, including but not limited to soft-
ware program code, via the interface system 205. For
example, the control system 210 may be capable of re-
questing a software program from another device, such
as a server, that is accessible on a network via the inter-
face system 205. The received software program may
be executed by the control system 210 as it is received,
and/or stored in a storage device for later execution. Ac-
cording to some examples, the control system 210 may
be implemented in more than one device. For example,
some of the functionality described herein may be pro-
vided in a first device, such as a media processing node,
and other functionality may be provided by a second de-
vice, such as a server, in response to a request from the
first device.

[0037] Figure 3 is a flow diagram that shows example
blocks of a method according to some disclosed imple-
mentations. The blocks of method 300 provide an exam-
ple of measurement node functionality. However, some
associated methods disclosed herein may be performed
at a reference point. The blocks of Figure 3 (and those
of other flow diagrams provided herein) may, for exam-
ple, be performed by the control system 210 of Figure 2
or by a similar apparatus. Accordingly, some blocks of
Figure 3 are described below with reference to one or
more elements of Figure 2. As with other methods dis-
closed herein, the method outlined in Figure 3 may in-
clude more or fewer blocks than indicated. Moreover, the
blocks of methods disclosed herein are not necessarily
performed in the order indicated.

[0038] Here, block 305 involves receiving a block of
audio data. In this example, the block includes N PCM
audio channels, including audio samples for each of the
N channels.

[0039] In this example, block 310 involves receiving
metadata associated with the block of audio data that is
received in block 305. As noted elsewhere herein, the
metadata may in some examples be associated with one
or more other blocks of audio data. The metadata re-
ceived in block 310 may, for example, indicate the posi-
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tion of an audio object, the apparent size of an audio
object, rendering constraints, content type (e.g. dialog,
effects), etc. Depending on the implementation, the
metadata may include other types of data, such as gain
data, trajectory data, etc.

[0040] According to this implementation, block 315 in-
volves receiving a first set of values corresponding to
reference audio samples. In some such implementa-
tions, first set of values corresponding to reference audio
samples were obtained at a reference time at which the
metadata was synchronized with corresponding audio
data.

[0041] Accordingly, the first set of values correspond-
ing to reference audio samples may have been deter-
mined at a reference point. The first set of values corre-
sponding to reference audio samples may have been
determined during a reference time before the block of
audio data was received in block 305. The reference time
may have been a time during which the metadata was
synchronized with reference audio data. The reference
point may have been capable of associating the first set
of values with the metadata that was received in block
310. The reference point may have been capable of
transmitting the first set of values, at least one block of
the reference audio data and the metadata from the ref-
erence point to the measurement point.

[0042] In some examples, the first set of values corre-
sponding to reference audio samples may include a value
corresponding to at least one sample from at least one
of the N channels. In some implementations, the value
corresponding to the atleastone sample may correspond
to a subset of a total number of bits of the at least one
sample. In some such implementations, the subset may
include the B most significant bits of the at least one sam-
ple. According to some examples, block 315 may involve
receiving a value corresponding to at least one sample
from each of the N channels. Blocks 305, 310 and 315
may, in some examples, involve receiving the audio data,
metadata and first set of values corresponding to refer-
ence audio samples via an interface system, such as the
interface system 205 of Figure 2.

[0043] Inthis example, block 320 involves determining
a second set of values corresponding to audio samples
from the block of audio data. In some implementations,
determining the second set of values may involve deter-
mining a value corresponding to the same sample
number in at least one of the N channels. In some such
implementations, determining the second set of values
may involve determining a value corresponding to the
first sample of the block in at least one of the N channels.
In some examples, the first set of values and the second
set of values are determined in the same manner or sub-
stantially the same manner. For example, determining
the first set of values and determining the second set of
values may both involve processing the same number of
samples per channel, processing the same number of
bits per sample, determining a value corresponding to
the same sample number and/or determining the same
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type of "audio metric." Some examples of audio metrics
are provided below.

[0044] In this example, block 325 involves making a
comparison of the second set of values corresponding
to audio samples and thefirst set of values corresponding
to reference audio samples. According to this example,
block 330 involves determining, based on the compari-
son, whether the block of audio data is synchronized with
the metadata. Some examples are described below.
[0045] Figure 4 provides examples of methods that
may be performed at a reference point and at a meas-
urement point. Some aspects of these methods are ex-
amples of method 300 of Figure 3. Accordingly, in some
portions of the following discussion of Figure 4, the cor-
responding blocks of Figure 3 will be referenced.
[0046] An underlying assumption of the example
shown in Figure 4 is that the individual audio channels
and the metadata are in time alignment at the reference
point. Therefore, the audio samples at the reference point
are examples of the "reference audio samples" referred
to elsewhere in this disclosure. Moreover, in this example
itis presumed that the audio channels and the associated
metadata maintain bit accuracy between the reference
point and the measurement point. Therefore, according
this example, it is presumed that only the time alignment
between the individual audio channels and/or the meta-
data may potentially be altered.

[0047] According to this implementation, at the refer-
ence point the first sample value of every block is record-
ed for each audio channel. The corresponding sample
values are stored as the set M4. The set of sample values
M, is an example of the "first set of values corresponding
to reference audio samples” referred to elsewhere here-
in. Accordingly, the setof sample values M, is an example
of the first set of values corresponding to reference audio
samples that may be transmitted with the audio data of
block M and with associated metadata. In alternative ex-
amples, the second sample of every block, the third sam-
ple of every block or some other sample of every block
may be used to determine the first set of values corre-
sponding to reference audio samples. In some alternative
examples, more than one sample per channel may be
used to determine the first set of values corresponding
to reference audio samples.

[0048] The value corresponding to a sample may or
may not correspond to all of the bits of the sample, de-
pending on the particular implementation. Some imple-
mentations may involve determining a value correspond-
ing to only a subset of the total number of bits of a sample.
Some such implementations may involve determining a
value corresponding to only some number B of most sig-
nificant bits (MSBs) of a sample, wherein B is one or
more bits. Such implementations are potentially advan-
tageous because they may reduce the number of bits
required for transmission of the first set of values corre-
sponding to reference audio samples.

[0049] In some examples, the number of bits required
for transmission of the first set of values corresponding
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to reference audio samples may be reduced by sending
reference audio samples for only a subset of audio chan-
nels. Such examples may also provide the potential ad-
vantage of simplifying the operations performed at a
measurement point, e.g., the operations corresponding
with blocks 320, 325 and 330 of Figure 3. Accordingly,
in some alternative examples, the values corresponding
to reference audio samples are not necessarily deter-
mined for each one of the N channels. However, some
implementations involve determining a value corre-
sponding to at least one sample from at least one of the
N channels to determine the first set of values corre-
sponding to reference audio samples.

[0050] In some implementations, two or more audio
channels may be treated as a group in transmission and
known to be synchronized to one another at the meas-
urement point. In this case sending the first audio sample
for a single audio channel of the group is sufficient infor-
mation for synchronizing all channels in the group. In
addition, or as an alternative, in some examples the set
of reference samples may be losslessly compressed pri-
or to transmission by an appropriate method and decom-
pressed after receipt by another device.

[0051] Atthe measurement point, a second set of val-
ues corresponding to audio samples from a received
block of audio data are determined in this example. This
is one example of block 320 of Figure 3. In the example
shown in Figure 4, the second set of values are deter-
mined according to the first audio sample value of each
block and each audio channel. InFigure 4, M’ represents
an example of the second set of values. However, other
implementations may involve determining the second set
of values in a different manner, e.g., as described above
with reference to determining the first set of values at the
reference point. The process for determining the second
set of values at the measurement point should generally
be the same, or in substantially the same, as the process
for determining the first set of values at the reference
point. For example, determining the first set of values
and determining the second set of values may both in-
volve processing the same number of samples per chan-
nel, processing the same number of bits per sample, de-
termining a value corresponding to the same sample
number, etc.

[0052] In an example of block 325 of Figure 3, the first
set of values (M,) obtained from the reference point may
be compared to the second set of values (M’,) that are
determined at the measurement point. It may then be
determined whether the block of audio data is synchro-
nized with the metadata (block 330 of Figure 3). At least
part of this determination may involve determining wheth-
er the audio channels are in time alignment with each
other. If the first set of values obtained from the reference
point equals the second set of values determined at the
measurement point (M4 = M’), in some examples it may
be assumed that the audio channels are in the same time
alignment as at the reference point.

[0053] However, ifthe first set of values does not equal
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the second set of values (in this example, if My = M),
then a further analysis may be undertaken in an attempt
to determine the time offset of the audio channels. In
someinstances, all audio channels may be offsetequally.
In this case, a search for a set of samples that corre-
sponds to the reference point samples should be suffi-
cient for identifying the offset. For example, if all audio
channels have been delayed by 10 samples, then the set
of sample values based on the 11t audio sample at the
measurement point should equal the reference set of
sample values (in other words, M, should equal M’;4).
[0054] In some instances, each audio channel may
have a different offset. In such cases each channel would
need to be searched independently to find a sample value
that matches a value in the first set of values. The offset
for a particular channel could be determined according
to the offset between the sample number in that channel
and the sample number corresponding to the matching
value in the first set of values.

[0055] The above-described search methods may be
appropriate if the audio channels contain non-stationary
audio signals of sufficient level in order to uniquely iden-
tify matching samples. During any period during which
an audio channel contains no signal (for example, all ze-
ros) or a static periodic audio signal (for example, a test
tone) such methods will not be able to determine an ac-
curate offset until a dynamic signal returns. These con-
ditions can be identified, however, to flag an unreliable
signal for offset estimation. For example, at the reference
point an all-zero condition could be flagged by sending
a special all-zero code for each audio channel with all
zero samples. Even with dynamic audio signals it may
be possible to match the wrong sample within a given
block. However, in this case measuring alignment over
a series of successive audio blocks is likely to identify
the correct offset.

[0056] Figure 5 provides alternative examples of meth-
ods that may be performed at a reference point and at a
measurement point. The methods indicated in Figure 5
may be applicable for instances in which the metadata
maintains bit accuracy between the reference point and
the measurement point but the audio channels may not.
In such instances, searching for bit-exact samples will
not identify correctly matching samples in all cases.
[0057] Some examplesinvolve the identification of one
or more sample locations corresponding to what may be
referred to herein as an"audio metric." Examples of audio
metric locations within a block of audio data may include
the location of a peak sample value for the block or a
location of a first zero crossing for the block. In some
such methods, determining the second set of values may
involve determining an audio metric location for at least
one of the N channels.

[0058] However, the example shown in Figure 5, de-
termining the first set of values corresponding to refer-
ence audio samples at the reference point involves de-
termining an audio metric location for each of the N chan-
nels. In this example, the audio metric locations corre-
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spond to the locations of peak sample values for each of
the N channels. Accordingly, the set of sample values
Mp is an example of the first set of values corresponding
to reference audio samples that may be transmitted with
the audio data of block M and with associated metadata.
[0059] In this example, the measurement point per-
forms a corresponding process: here, determining the
second set of values corresponding to audio samples
from the block of audio data involves determining an au-
dio metric location for each of the N channels. In this
example, the audio metric locations correspond to the
locations of peak sample values for each of the N chan-
nels. The result is the set of sample values M’p shown in
Figure 5.

[0060] At the measurement point, the second set of
values may be compared to the first set of values. If the
two sets of values are equal, or approximately equal with-
in a given threshold (in other words, if Mp ~ M’p) then it
can be assumed that the audio channels at the meas-
urement point are in the same time alignment (within a
given tolerance) as the audio channels at the reference
point. The threshold of allowable deviation is application-
and metric- dependent. For a metric of a peak sample
location, some applications may consider a deviation of
+/- 1 msec (e.g., 48 samples with 48kHz sampled PCM
audio) reasonable. If not, a search as described above
with reference to Figure 4 may be undertaken, in an at-
tempt to locate offsets between the matching sample lo-
cations at the reference and measurement points to de-
termine the offset for each audio channel.

[0061] Alternatively, or additionally, in some examples
the first set of values corresponding to reference audio
samples determined at the reference point and the sec-
ond set of values corresponding to audio samples deter-
mined at the measurement point may include what will
be referred to herein as a "block metric" for at least one
channel. Forexample, the first block metric may be based
on two or more reference audio samples of at least one
reference channel of a reference block of audio data. At
the measurement point, determining the second set of
values may involve determining a second block metric
for at least one channel of a block of audio data received
by the measurement point. The second block metric may
be based on two or more samples of at least one channel
of the audio data. In some implementations, determining
the first set of values and determining the second set of
values may involve determining first and second block
metrics that are based on all audio samples in a block
(e.g., the entire set of k samples shown in Figure 5).
[0062] In some implementations, the first block metric
and the second block metric may be based, at least in
part, a root mean square (RMS) of sample values, a fre-
quency-weighted RMS value and/or a loudness metric
such as ITU-R BS.1770.

[0063] With various methods disclosed herein, al-
though the offsets determined for a single block of any
given audio channel may not be entirely reliable, per-
forming the method for each block of a continuous series
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of blocks may substantially increase the reliability of the
methods. Evaluating more than one type of value corre-
sponding to audio samples can also increase reliability.
For example, evaluating both a block metric and the lo-
cations of audio metrics may increase the reliability of
the method described with reference to Figure 5. Once
an offset has been determined, the block metric can be
derived at the measurement point (which may require
audio samples from blocks before or after the block being
analyzed, depending on the offset) and compared to the
block metric from the reference point. If the two are ex-
actly, or approximately equal (e.g., M5 = M';,¢) then
this is further conformation the alignment s correct. Such
methods also can give confidence that the audio data at
the measurement point has not been substantially mod-
ified since transmission from the reference point.
[0064] As with other methods disclosed herein, the
methods described with reference to Figure 5 can work
satisfactorily if the audio channels contain dynamic audio
signals of sufficient level in order to derive corresponding
audio metrics and audio metric locations. For some meth-
ods disclosed herein, synchronization may be measured
for every audio block. However, in some alternative meth-
ods disclosed herein, synchronization may be measured
only for certain audio blocks, in order to reduce compu-
tational workload or the amount of data transmitted. For
example, the first set of values corresponding to refer-
ence audio samples may only be sent every few blocks
(e.g. every 10t block) from the reference point. At the
measurement point, in some examples the synchroniza-
tion may be checked every few blocks even if the infor-
mation is sent from the reference point for every block.
[0065] Various modifications to the implementations
described in this disclosure may be readily apparent to
those having ordinary skill in the art. The general princi-
ples defined herein may be applied to other implemen-
tations without departing from the spirit or scope of this
disclosure. Thus, the claims are not intended to be limited
to the implementations shown herein, but are to be ac-
corded the widest scope consistent with this disclosure,
the principles and the novel features disclosed herein.
[0066] Various aspects of the present invention may
be appreciated from the following enumerated example
embodiments (EEEs).

EEE 1. A method of processing audio data, compris-
ing:

receiving a block of audio data, the block includ-
ing N pulse code modulated (PCM) audio chan-
nels, including audio samples for each of the N
channels;

receiving metadata associated with the block of
audio data;

receiving a first set of values corresponding to
reference audio samples;

determining a second set of values correspond-
ing to audio samples from the block of audio
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data;

making a comparison of the second set of values
corresponding to audio samples and the first set
of values corresponding to reference audio sam-
ples; and

determining, based on the comparison, whether
the block of audio data is synchronized with the
metadata.

EEE 2. The method of EEE 1, wherein the first set
of values corresponding to reference audio samples
was obtained at a reference time at which the meta-
data was synchronized with corresponding audio da-
ta.

EEE 3. The method of EEE 1 or EEE 2, wherein the
first set of values corresponding to reference audio
samples includes a value corresponding to at least
one sample from at least one of the N channels.
EEE 4. The method of EEE 3, wherein the value
corresponding to the at least one sample corre-
sponds to a subset of a total number of bits of the at
least one sample.

EEE 5. The method of EEE 4, wherein the subset
includes B most significant bits of the at least one
sample.

EEE 6. The method of any one of EEEs 1-5, wherein
determining the second set of values involves deter-
mining a value corresponding to a same sample
number in at least one of the N channels.

EEE 7. The method of EEE 6, wherein determining
the second set of values involves determining a val-
ue corresponding to the first sample of the block in
at least one of the N channels.

EEE 8. The method of any one of EEEs 1-5, wherein
determining the second set of values involves deter-
mining an audio metric for at least one of the N chan-
nels.

EEE 9. The method of EEE 8, wherein a location of
the audio metric is a location of a peak sample value
for the block or a location of a first zero crossing for
the block.

EEE 10. The method of any one of EEEs 1-9, wherein
the first set of values includes a first block metric for
at least one channel, the first block metric being
based on two or more reference audio samples of
at least one reference channel of a reference block
of audio data, further comprising:

determining a second block metric for at least
one channel of the block of audio data, the sec-
ond block metric being based on two or more
samples of the at least one channel, wherein
determining whether the block of audio data is
synchronized with the metadata is based, at
least in part, on a comparison of the first block
metric with the second block metric.

EEE 11. The method of EEE 10, wherein the first
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block metric and the second block metric are based,
at least in part, on at least one metric selected from
a list of metrics consisting of: a root mean square
(RMS) of sample values in a block; a frequency-
weighted RMS value; and a loudness metric.

EEE 12. The method of any one of EEEs 1-11,
wherein the metadata includes position data.

EEE 13. The method of any one of EEEs 1-12,
wherein the operations recited in EEEs 1-12 are per-
formed at a measurement point, further comprising:

determining, at a reference point and during a
reference time before the block of audio data
was received, the reference time being a time
during which the metadata was synchronized
with reference audio data, the first set of values
corresponding to the reference audio samples;
associating the first set of values with the meta-
data; and

transmitting the first set of values, at least one
block of the reference audio data and the meta-
data from the reference point to the measure-
ment point.

EEE 14. The method of any one of EEEs 1-13,
wherein the first set of values and the second set of
values are determined in the same manner or sub-
stantially the same manner.

EEE 15. The method of EEE 14, wherein determining
the first set of values and determining the second
set of values both involve at least one operation se-
lected from a list of operations consisting of: process-
ing asame number of samples per channel; process-
ing a same number of bits per sample; determining
a value corresponding to a same sample number;
and determining a same audio metric.

EEE 16. A non-transitory medium having software
stored thereon, the software including instructions
for controlling one or more devices for:

receiving a block of audio data, the block includ-
ing N pulse code modulated (PCM) audio chan-
nels, including audio samples for each of the N
channels;

receiving metadata associated with the block of
audio data;

receiving a first set of values corresponding to
reference audio samples;

determining a second set of values correspond-
ing to audio samples from the block of audio
data;

making a comparison of the second set of values
corresponding to audio samples and the first set
ofvalues corresponding to reference audio sam-
ples; and

determining, based on the comparison, whether
the block of audio data is synchronized with the
metadata.
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EEE 17. The non-transitory medium of EEE 16,
wherein the first set of values corresponding to ref-
erence audio samples was obtained at a reference
time at which the metadata was synchronized with
corresponding audio data.

EEE 18. The non-transitory medium of EEE 16 or
EEE 17, wherein the first set of values corresponding
to reference audio samples includes a value corre-
sponding to at least one sample from at least one of
the N channels.

EEE 19. The non-transitory medium of EEE 18,
wherein the value corresponding to the at least one
sample corresponds to a subset of a total number of
bits of the at least one sample.

EEE 20. The non-transitory medium of EEE 19,
wherein the subset includes B most significant bits
of the at least one sample.

EEE 21. The non-transitory medium of any one of
EEEs 16-20, wherein determining the second set of
values involves determining a value corresponding
to a same sample number in at least one of the N
channels.

EEE 22. The non-transitory medium of EEE 21,
wherein determining the second set of values in-
volves determining a value corresponding to the first
sample of the block in at least one of the N channels.
EEE 23. The non-transitory medium of any one of
EEEs 16-20, wherein determining the second set of
values involves determining an audio metric for at
least one of the N channels.

EEE 24. The non-transitory medium of EEE 23,
wherein a location of the audio metric is a location
of a peak sample value for the block or a location of
a first zero crossing for the block.

EEE 25. The non-transitory medium of any one of
EEEs 16-24, wherein the first set of values includes
a first block metric for at least one channel, the first
block metric being based on two or more reference
audio samples of at least one reference channel of
a reference block of audio data, the software further
comprising instructions for:

determining a second block metric for at least
one channel of the block of audio data, the sec-
ond block metric being based on two or more
samples of the at least one channel, wherein
determining whether the block of audio data is
synchronized with the metadata is based, at
least in part, on a comparison of the first block
metric with the second block metric.

EEE 26. The non-transitory medium of EEE 25,
wherein the first block metric and the second block
metric are based, at least in part, on at least one
metric selected from a list of metrics consisting of: a
rootmean square (RMS) of sample values in a block;
a frequency-weighted RMS value; and a loudness
metric.
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EEE 27. The non-transitory medium of any one of
EEEs 16-26, wherein the metadata includes position
data.

EEE 28. The non-transitory medium of any one of
EEEs 16-27, wherein the operations recited in EEEs
16-27 are performed at a measurement point, the
software further comprising instructions for:

determining, at a reference point and during a
reference time before the block of audio data
was received, the reference time being a time
during which the metadata was synchronized
with reference audio data, the first set of values
corresponding to the reference audio samples;
associating the first set of values with the meta-
data; and

transmitting the first set of values, at least one
block of the reference audio data and the meta-
data from the reference point to the measure-
ment point.

EEE 29. The non-transitory medium of any one of
EEEs 16-28, wherein the first set of values and the
second set of values are determined in the same
manner or substantially the same manner.

EEE 30. The non-transitory medium of EEE 29,
wherein determining the first set of values and de-
termining the second set of values both involve at
least one operation selected from a list of operations
consisting of: processing a same number of samples
per channel; processing a same number of bits per
sample; determining a value corresponding to a
same sample number; and determining a same au-
dio metric.

EEE 31. An apparatus of processing audio data,
comprising:

an interface system; and
a control system capable of:

receiving, via the interface system, a block
of audio data, the block including N pulse
code modulated (PCM) audio channels, in-
cluding audio samples for each of the N
channels;

receiving, via the interface system, metada-
ta associated with the block of audio data;
receiving, via the interface system, a first
setof values corresponding to reference au-
dio samples;

determining a second set of values corre-
sponding to audio samples from the block
of audio data;

making a comparison of the second set of
values corresponding to audio samples and
the first set of values corresponding to ref-
erence audio samples; and

determining, based on the comparison,
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whether the block of audio data is synchro-
nized with the metadata.

EEE 32. The apparatus of EEE 31, wherein the first
set of values corresponding to reference audio sam-
ples was obtained at a reference time at which the
metadata was synchronized with corresponding au-
dio data.

EEE 33. The apparatus of EEE 31 or EEE 32, where-
in the first set of values corresponding to reference
audio samples includes a value corresponding to at
least one sample from at least one of the N channels.
EEE 34. The apparatus of EEE 33, wherein the value
corresponding to the at least one sample corre-
sponds to a subset of a total number of bits of the at
least one sample.

EEE 35. The apparatus of EEE 34, wherein the sub-
setincludes B most significant bits of the atleastone
sample.

EEE 36. The apparatus of any one of EEEs 31-35,
wherein determining the second set of values in-
volves determining a value corresponding to a same
sample number in at least one of the N channels.
EEE 37. The apparatus of EEE 36, wherein deter-
mining the second set of values involves determining
a value corresponding to the first sample of the block
in at least one of the N channels.

EEE 38. The apparatus of any one of EEEs 31-35,
wherein determining the second set of values in-
volves determining an audio metric for at least one
of the N channels.

EEE 39. The apparatus of EEE 38, whereinalocation
of the audio metric is a location of a peak sample
value for the block or a location of a first zero crossing
for the block.

EEE 40. The apparatus of any one of EEEs 31-39,
wherein the first set of values includes a first block
metric for at least one channel, the first block metric
being based on two or more reference audio samples
of atleast one reference channel of areference block
of audio data, wherein the control system is further
capable of:

determining a second block metric for at least
one channel of the block of audio data, the sec-
ond block metric being based on two or more
samples of the at least one channel, wherein
determining whether the block of audio data is
synchronized with the metadata is based, at
least in part, on a comparison of the first block
metric with the second block metric. EEE 41.
The apparatus of EEE 40, wherein the first block
metric and the second block metric are based,
at least in part, on at least one metric selected
from a list of metrics consisting of: a root mean
square (RMS) of sample values in a block; a
frequency-weighted RMS value; and a loudness
metric.
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EEE 42. The apparatus of any one of EEEs 31-41,
wherein the metadata includes position data.

EEE 43. The apparatus of any one of EEEs 31-42,
wherein the operations recited in EEEs 31-42 are
performed at a measurement point, wherein the con-
trol system is further capable of:

determining, at a reference point and during a
reference time before the block of audio data
was received, the reference time being a time
during which the metadata was synchronized
with reference audio data, the first set of values
corresponding to the reference audio samples;
associating the first set of values with the meta-
data; and

transmitting the first set of values, at least one
block of the reference audio data and the meta-
data from the reference point to the measure-
ment point.

EEE 44. The apparatus of any one of EEEs 31-43,
wherein the first set of values and the second set of
values are determined in the same manner or sub-
stantially the same manner.

EEE 45. The apparatus of EEE 44, wherein deter-
mining the first set of values and determining the
second set of values both involve at least one oper-
ation selected from a list of operations consisting of:
processing a same number of samples per channel;
processing a same number of bits per sample; de-
termining a value corresponding to a same sample
number; and determining a same audio metric.
EEE 46. An apparatus of processing audio data,
comprising:

an interface system; and
control means for:

receiving, via the interface system, a block
of audio data, the block including N pulse
code modulated (PCM) audio channels, in-
cluding audio samples for each of the N
channels;

receiving, via the interface system, metada-
ta associated with the block of audio data;
receiving, via the interface system, a first
setof values corresponding to reference au-
dio samples;

determining a second set of values corre-
sponding to audio samples from the block
of audio data;

making a comparison of the second set of
values corresponding to audio samples and
the first set of values corresponding to ref-
erence audio samples; and

determining, based on the comparison,
whether the block of audio data is synchro-
nized with the metadata.
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EEE 47. The apparatus of EEE 46, wherein the first
set of values corresponding to reference audio sam-
ples was obtained at a reference time at which the
metadata was synchronized with corresponding au-
dio data.

EEE 48. The apparatus of EEE 46 or EEE 47, where-
in the first set of values corresponding to reference
audio samples includes a value corresponding to at
least one sample from at least one of the N channels.
EEE 49. The apparatus of EEE 48, wherein the value
corresponding to the at least one sample corre-
sponds to a subset of a total number of bits of the at
least one sample.

EEE 50. The apparatus of EEE 49, wherein the sub-
setincludes B most significant bits of the atleastone
sample.

EEE 51. The apparatus of any one of EEEs 46-50,
wherein determining the second set of values in-
volves determining a value corresponding to a same
sample number in at least one of the N channels.
EEE 52. The apparatus of EEE 51, wherein deter-
mining the second set of values involves determining
avalue corresponding to the first sample of the block
in at least one of the N channels.

EEE 53. The apparatus of any one of EEEs 46-51,
wherein determining the second set of values in-
volves determining an audio metric for at least one
of the N channels.

EEE 54. The apparatus of EEE 53, wherein alocation
of the audio metric is a location of a peak sample
value for the block or a location of a first zero crossing
for the block.

EEE 55. The apparatus of any one of EEEs 46-54,
wherein the first set of values includes a first block
metric for at least one channel, the first block metric
being based on two or more reference audio samples
of atleast one reference channel of areference block
of audio data, wherein the control means includes
means for:

determining a second block metric for at least
one channel of the block of audio data, the sec-
ond block metric being based on two or more
samples of the at least one channel, wherein
determining whether the block of audio data is
synchronized with the metadata is based, at
least in part, on a comparison of the first block
metric with the second block metric.

EEE 56. The apparatus of EEE 55, wherein the first
block metric and the second block metric are based,
at least in part, on at least one metric selected from
a list of metrics consisting of: a root mean square
(RMS) of sample values in a block; a frequency-
weighted RMS value; and a loudness metric.

EEE 57. The apparatus of any one of EEEs 46-56,
wherein the metadata includes position data.

EEE 58. The apparatus of any one of EEEs 46-57,
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wherein the operations recited in EEEs 46-57 are
performed at a measurement point, wherein the con-
trol means includes means for:

determining, at a reference point and during a
reference time before the block of audio data
was received, the reference time being a time
during which the metadata was synchronized
with reference audio data, the first set of values
corresponding to the reference audio samples;
associating the first set of values with the meta-
data; and

transmitting the first set of values, at least one
block of the reference audio data and the meta-
data from the reference point to the measure-
ment point.

EEE 59. The apparatus of any one of EEEs 46-58,
wherein the first set of values and the second set of
values are determined in the same manner or sub-
stantially the same manner.

EEE 60. The apparatus of EEE 59, wherein deter-
mining the first set of values and determining the
second set of values both involve at least one oper-
ation selected from a list of operations consisting of:
processing a same number of samples per channel;
processing a same number of bits per sample; de-
termining a value corresponding to a same sample
number; and determining a same audio metric.

Claims

A method of processing audio data, the method com-
prising:

receiving a block of audio data, the block includ-
ing N pulse code modulated (PCM) audio chan-
nels, including audio samples for each of the N
channels;

receiving metadata associated with the block of
audio data, the metadata including an expected
value of a specific one of the audio samples;
obtaining an actual value of the specific one of
the audio samples;

determining whether the expected value is sub-
stantially the same as the actual value; and
determining that the block of audio data is syn-
chronized with the metadata if the actual value
is determined to be substantially the same as
the expected value.

2. The method of claim 1, wherein:

each of the audio samples has By bits;

the metadata includes a B,-bit value which rep-
resents the expected value of the specific one
of the audio samples, B, < B4; and
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determining whether the expected value is substan-
tially the same as the actual value comprises com-
paring B, bits of the actual value with the B,-bit value
from the metadata.

The method of claim 2, wherein the B, bits of the
actual value are the B, most significant bits of the
actual value.

The method of any preceding claim, wherein the spe-
cific one of the audio samples is the first sample of
the block in one of the N channels.

A method of processing audio data, the method com-
prising:

receiving a block of audio data, the block includ-
ing N pulse code modulated (PCM) audio chan-
nels, including audio samples for each of the N
channels;

receiving metadata associated with the block of
audio data, the metadata identifying one of the
audio samples thatis expected to have a specific
value or property;

determining which one of the audio samples has
the specific value or property;

determining whether the one of the audio sam-
ples that has the specific value or property is the
one of the audio samples that is expected to
have the specific value or property; and
determining that the block of audio data is syn-
chronized with the metadata if the one of the
audio samples that has the specific value or
property is determined to be the one of the audio
samples that is expected to have the specific
value or property.

The method of claim 5, wherein the specific value or
property comprises the property of being the peak
value of the audio samples of one of the N channels,
and determining which one of the audio samples has
the specific value or property comprises identifying
the one of the audio samples that has the peak value
of the audio samples of the one of the N channels.

The method of claim 5, wherein the specific value or
property is the property of being the first zero-cross-
ing audio sample of one of the N channels, and de-
termining which one of the audio samples has the
specific value comprises identifying the first zero-
crossing audio sample of the one of the N channels.

A method of generating an audio data bitstream, the
method comprising:

obtaining a block of audio data, the block includ-
ing N pulse code modulated (PCM) audio chan-
nels, including audio samples for each of the N
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channels;

obtaining metadata associated with the block of
audio data;

obtaining the value of a specific one of the audio
samples;

augmenting the metadata with the value of the
specific one of the audio samples or with a value
derived therefrom;

assembling at least the block of audio data and
the augmented metadata to form the audio data
bitstream.

The method of claim 8, wherein:

each of the audio samples has By bits;

the augmented metadata includes a B,-bit value
derived from the value of the specific one of the
audio samples.

The method of claim 9, wherein the B,-bit value is
equal to the B, most significant bits of the specific
one of the audio samples.

The method of any one of claims 8 to 10, wherein
the specific one of the audio samples is the first sam-
ple of the block in one of the N channels.

A method of generating an audio data bitstream, the
method comprising:

obtaining a block of audio data, the block includ-
ing N pulse code modulated (PCM) audio chan-
nels, including audio samples for each of the N
channels;

obtaining metadata associated with the block of
audio data;

determining which one of the audio samples has
a predetermined specific value or property;
augmenting the metadata with data which iden-
tifies said one of the audio samples;
assembling at least the block of audio data and
the augmented metadata to form the audio data
bitstream.

The method of claim 12, wherein the specific value
or property comprises the property of being the peak
value of the audio samples of one of the N channels,
or wherein the specific value or property is the prop-
erty of being the first zero-crossing audio sample of
one of the N channels.

A data-processing system configured to perform the
method of any of claims 1-13.

Computer program product having instructions
which, when executed by a computing device or sys-
tem, cause said computing device or system to per-
form the method of any of claims 1-13.
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