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control sequence corresponding to the audio signal and
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AUDIO ENCODER DEVICE AND AN AUDIO
DECODER DEVICE HAVING EFFICIENT
GAIN CODING IN DYNAMIC RANGE
CONTROL

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough 10
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS 13

[This application is a continuation of copending Interna-
tional Application No. PCT/EP2015/0559435, filed Mar. 20,
20135, which claims priority from European Application No.
14161605.2, filed Mar. 25, 2014, which are each incorpo- 2¢
rated herein in its entirety by this reference thereto.] This
application is a veissue for U.S. Pat. No. 10,074,377, issued
11 Sep. 2018, which was filed as U.S. application Ser. No.
15,272,653 on 22 Sep. 2016, which is a continuation of
copending International Application No. PCIT/EP2015/ 2>
055945, filed 20 Mar. 2015, which claims priority from
Furopean Application No. 1416160)5.2, filed 25 Mar. 2014,

which are each incovporated herein in its entivety by this
reference thereto.

30
BACKGROUND OF THE INVENTION

Dynamic range control (DRC) in the context of this
document refers to a digital signal processing technique to
reduce the dynamic range of audio signals 1n a controlled 35
way [1]. The desired reduction of the dynamic range 1s
achieved by reducing the level of loud sound components
and/or amplifying soit parts of the audio signals.

A typical application for DRC 1s to adapt the dynamic
properties ol an audio signal to a listening environment. For 40
example, when listening to music 1n noisy environment, the
dynamic range should be reduced 1n order to allow for an
overall signal amplification without driving the resulting
amplified signal into clipping. In this case, high signal peaks
should be attenuated, e.g. by means of a limiter. Addition- 45
ally, soft signal components should be amplified relative to
the loud parts 1 order to improve their intelligibility 1n a
noisy listening environment.

SUMMARY 50

According to an embodiment, an audio encoder device
may have: an audio encoder configured for producing an
encoded audio bitstream from an audio signal having con-
secutive audio frames; a dynamic range control encoder 55
configured for producing an encoded dynamic range control
bitstream from an dynamic range control sequence corre-
sponding to the audio signal and having consecutive
dynamic range control frames, wherein each dynamic range
control frame of the dynamic range control frames has one 60
or more nodes, wherein each node of the one or more nodes
has gain information for the audio signal and time informa-
tion indicating to which point in time the gain information
corresponds; wherein the dynamic range control encoder 1s
configured in such way that the encoded dynamic range 65
control bitstream has for each dynamic range control frame
of the dynamic range control frames a corresponding bit-

2

stream portion; wherein the dynamic range control encoder
1s configured for executing a shift procedure, wherein one or
more nodes of the nodes of one reference dynamic range
control frame of the dynamic range control frames are
selected as shifted nodes, wherein a bit representation of
cach of the one or more shifted nodes of the one reference
dynamic range control frame 1s embedded 1n the bitstream
portion corresponding to the dynamic range control frame
subsequent to the one reference dynamic range control
frame, wherein a bit representation of each remaining node
of the nodes of the one reference dynamic range control
frame of the dynamic range control frames 1s embedded into
the bitstream portion corresponding to the one reference
dynamic range control frame.

According to another embodiment, an audio decoder
device may have: an audio decoder configured for decoding
an encoded audio bitstream 1n order to reproduce an audio
signal having consecutive audio frames; a dynamic range
control decoder configured for decoding an encoded
dynamic range control bitstream in order to reproduce [an]
a dynamic range control sequence corresponding to the
audio signal and having consecutive dynamic range control
frames; wherein the encoded dynamic range control bait-
stream has for each dynamic range control frame of the
dynamic range control frames a corresponding bitstream
portion; wherein the encoded dynamic range control bit-
stream has bit representations of nodes, wherein each bit
representation of one node of the nodes has gain information
for the audio signal and time information indicating to which
point 1n time the gain information corresponds; wherein the
encoded dynamic range control bit stream has bit represen-
tations ol shifted nodes selected from the nodes of one
reference dynamic range control frame of the dynamic range
control frames, which are embedded 1n a bitstream portion
corresponding to the dynamic range control frame subse-
quent to the one reference dynamic range control frame,
wherein the bit representation of each remaining node of the
nodes of the one reference dynamic range control frame of
the dynamic range control frames 1s embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame; and wherein the dynamic
range control decoder 1s configured for decoding the bit
representation of each remaining node of the remaining
nodes of the one reference dynamic range control frame of
the dynamic range control frames 1n order to reproduce each
remaining node of the one reference dynamic range control
frame of the dynamic range control frames, for decoding the
bit representation of each shifted node of the shifted nodes
selected from the nodes of the one reference dynamic range
control frame of the dynamic range control frames 1n order
to reproduce each shifted node of the shifted nodes selected
from the nodes of the one reference dynamic range control
frame of the dynamic range control frames and for combin-
ing the reproduced remaining nodes and the reproduced
shifted nodes 1n order to reconstruct the reference dynamic
range control frame.

According to another embodiment, a system may have an
audio encoder device, which may have: an audio encoder
configured for producing an encoded audio bitstream from
an audio signal having consecutive audio frames; a dynamic
range control encoder configured for producing an encoded
dynamic range control bitstream from [an] ¢ dynamic range
control sequence corresponding to the audio signal and
having consecutive dynamic range control frames, wherein
cach dynamic range control frame of the dynamic range
control frames has one or more nodes, wherein each node of
the one or more nodes has gain imformation for the audio
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signal and time information indicating to which point in time
the gain information corresponds; wherein the dynamic
range control encoder 1s configured in such way that the
encoded dynamic range control bitstream has for each
dynamic range control frame of the dynamic range control
frames a corresponding bitstream portion; wherein the
dynamic range control encoder 1s configured for executing a
shift procedure, wherein one or more nodes of the nodes of
one reference dynamic range control frame of the dynamic
range control frames are selected as shifted nodes, wherein
a bit representation of each of the one or more shifted nodes
ol the one reference dynamic range control frame 1s embed-
ded 1n the bitstream portion corresponding to the dynamic
range control frame subsequent to the one reference
dynamic range control frame, wherein a bit representation of
cach remaining node of the nodes of the one reference
dynamic range control frame of the dynamic range control
frames 1s embedded into the bitstream portion corresponding
to the one reference dynamic range control frame,

and an audio decoder device according to claim 13.

According to another embodiment, a method for operat-
ing an audio encoder may have the steps of: producing an
encoded audio bitstream from an audio signal having con-
secutive audio frames; producing an encoded dynamic range
control bitstream from [an] a dynamic range control
sequence corresponding to the audio signal and having
consecutive dynamic range control frames, wherein each
dynamic range control frame of the dynamic range control
frames has one or more nodes, wherein each node of the one
or more nodes has gain information for the audio signal and
time mformation indicating to which point 1n time the gain
information corresponds, wherein the encoded dynamic
range control bitstream has for each dynamic range control
frame of the dynamic range control frames a corresponding
bitstream portion; executing a shiit procedure, wherein one
or more nodes of the nodes of one reference dynamic range
control frame of the dynamic range control frames are
selected as shifted nodes, wherein a bit representation of
cach of the one or more shifted nodes of the one reference
dynamic range control frame 1s embedded in the bitstream
portion corresponding to the dynamic range control frame
subsequent to the one reference dynamic range control
frame, wherein a bit representation of each remaining node
of the nodes of the one reference dynamic range control
frame of the dynamic range control frames 1s embedded into
the bitstream portion corresponding to the one reference
dynamic range control frame.

According to another embodiment, a method for operat-
ing an audio decoder may have the steps of: decoding an
encoded audio bitstream in order to reproduce an audio
signal having consecutive audio frames; decoding an
encoded dynamic range control bitstream 1n order to repro-
duce [an] a dynamic range control sequence corresponding
to the audio signal and having consecutive dynamic range
control frames; wherein the encoded dynamic range control
bitstream has for each dynamic range control frame of the
dynamic range control frames a corresponding bitstream
portion; wherein the encoded dynamic range control bit-
stream has bit representations ol nodes, wherein each bait
representation of one node of the nodes has gain information
tor the audio signal and time 1nformation imndicating to which
point 1n time the gain information corresponds; wherein the
encoded dynamic range control bit stream has bit represen-
tations of shifted nodes selected from the nodes of one
reference dynamic range control frame of the dynamic range
control frames, which are embedded 1n a bitstream portion
corresponding to the dynamic range control frame subse-
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4

quent to the one reference dynamic range control frame,
wherein the bit representation of each remaining node of the
nodes of the one reference dynamic range control frame of
the dynamic range control frames 1s embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame; and wherein the bit represen-
tation of each remaining node of the remaining nodes of the
one reference dynamic range control frame of the dynamic
range control frames 1s decoded in order to reproduce each
remaining node of the one reference dynamic range control
frame of the dynamic range control frames; wherein the bit
representation of each shifted node of the shifted nodes
selected from the nodes of the one reference dynamic range
control frame of the dynamic range control frames 1is
decoded 1n order to reproduce each shifted node of the
shifted nodes selected from the nodes of the one reference
dynamic range control frame of the dynamic range control
frames; and wherein the reproduced remaining nodes and
the reproduced shifted nodes are combined i order to
reconstruct the reference dynamic range control frame.

According to another embodiment, a non-transitory digi-
tal storage medium may have a computer program stored
thereon to perform the mventive methods when said com-
puter program 1s run by a computer.

The mvention addresses the situation of audio transmis-
sion using coding of the audio signal, wherein the gain
information 1s not directly applied to the audio signal, but
also encoded and transmitted together with the encoded
audio signal. At the decoder, both, the audio signal and the
gain information, may be decoded and the gain information
may be applied to the corresponding audio signal. As
explained more detailed below, the mvention achieves an
cllicient coding of the gain information. More precisely, 1t
avoids bitrate peaks 1n the encoded dynamic range control
bitstream.

The process of applying dynamic range control to an
audio signal can be expressed by a simple multiplication of
the audio signal x(k) by a time-variant gain value g(k):

y(k)=g(k)x(k) (1)

where k denotes a sample time index. The value of the
gain g(k) may be computed, e.g. based on a short-term
estimate of the root-mean square of the audio signal x(k).
More details about strategies to determine suitable gains
values are discussed in [1]. In the following we refer to the
time-variant gains g(k) as a gain sequence.

In the following, the coding of dynamic range control gain
sequences 1s explained. First, the dynamic range control gain
sequence 1s divided ito so-called dynamic range control
frames of gain samples, containing a fixed number of gain
samples. Usually, a temporal frame size for the dynamic
range control frames 1s chosen to be equal to the temporal
s1ze of an audio frame of the corresponding audio encoder.
Within each dynamic range control frame, so-called nodes
are selected, advantageously on a uniform time grid.

The spacing of this grid defines the highest available time
resolution, 1.e., the minmimum distance 1n samples between
two nodes equals to samples having the highest available
time resolution. Each node 1s represented by the sample
position within the dynamic range control frame, the gain
information, which may be expressed as a gain value, for
that position and optionally information about the slope of
the gain values at the node positions. For the following
discussion 1t will be usetul to define the maximum number
of nodes that can be selected within one frame.

The dynamic range control encoder encodes the gain
information from the nodes, e.g., by using quantized difler-




US RE49,107 E

S

ential values of pairs of consecutive gain nodes. At the
decoder, the original gain sequence 1s reconstructed as good
as possible by using spline interpolation or linear interpo-
lation based on the transmitted information of the nodes
(gain value, sample position within the dynamic range
control frame, and slope information 1t applicable).

An eflicient approach for encoding the dynamic range
control gain sequence 1s to use a quantized value of the gain
difference (typically in dB) of pairs of consecutive nodes, as
well as the time difference of the sample positions of these
nodes within the considered dynamic range control frame.
The slope imnformation 1s usually not represented as a dii-
ference between two nodes. Since there 1s no preceding node
for the first node within a frame, 1ts gain value 1s not encoded
in a differential way, but the values are encoded explicitly.
The time difference of the first node 1s usually determined as
the oflset to the beginning of the dynamic range control
frame.

The encoder may then assign a fixed code word e.g. of a
pre-defined Huflman table (code book) to each of the gain
and time diflerences of pairs of nodes.

At the dynamic range control decoder, the dynamic range
control bitstream 1s decoded and the relevant information
(gain value, sample position within the dynamic range
control frame, and slope imformation 1t applicable) at the
positions of the transmitted nodes 1s reconstructed. The gain
values for the remaining gain samples within a frame are
obtained by interpolation between pairs of transmitted and
decoded nodes. The interpolation can be based on splines 1f
the slope information of the gain nodes has been transmitted
or, alternatively, using linear interpolation 1f only the gain
differences between pairs of nodes are available and the
slope mnformation 1s discarded.

In principle, dynamic range control encoder/decoder
chains can be operated 1mn two modes. The so-called full-
frame mode refers to the case where after decoding of a
received dynamic range control bitstream, corresponding to
a reference dynamic range control frame, the gains at each
sample position of the reference dynamic range control
frame can be immediately determined after interpolation
based on the decoded nodes. This implies that a node has to
be transmitted at each frame border, 1.e., at the sample
position corresponding to the last sample of the reference
dynamic range control frame. If the dynamic range control
frame length 1s N this means the last transmitted node has to
be located at the sample position N within the reference
dynamic range control frame.

The 1invention avoids this disadvantage as it 1s based on
the second mode, which i1s referred to as “delay mode”. In
this case, there 1s no need for transmitting a node for the last
sample position within the reference dynamic range control
frame. Therefore, the dynamic range control decoder has to
wait for decoding the dynamic range control frame subse-
quent to the reference dynamic range control frame in order
to perform the interpolation that may be used of all gain
values following the last node within reference dynamic
range control frame. This 1s because the information of the
first node of the subsequent dynamic range control frame has
to be known to perform the interpolation between the last
node of the reference dynamic range control frame and the
first node of the subsequent dynamic range control frame 1n
order to determine the gain value in between via interpola-
tion.

In practice the delay caused by using the delay mode for
coding of the dynamic range control information 1s not an
issue. This 1s because audio codecs that commonly accom-
pany the dynamic range control coding scheme also intro-
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6

duce an inherent delay of one audio frame when subse-
quently applying the encoding and decoding steps.
Important examples of such audio codecs are the ISO/IEC
13818-7, Advanced Audio Coding (MPEG-2 AAC), ISO/
IEC 14496-3, subpart 4 (MPEG-4 AAC), or ISO/IEC 23003 -
3, part 3, Unified Speech and Audio Coding (USAC). Such

audio coding schemes use the reference audio frame and the
audio frame subsequent to the reference audio frame 1n order
to compute (using an overlap-add structure) the correct
audio samples corresponding to the reference dynamic range
control audio frame.

It 1s important to note that the number of nodes that may
be used for sufliciently approximating the original dynamic
range control gain sequence significantly varies from
dynamic range control frame to dynamic range control
frame. That results from the fact that more nodes may be
used for representing highly time-variant gains compared to
the case where only slowly changing gain values have to be
encoded. This observation implies that the bitrate that may
be used to transmit gain sequences can vary significantly
from frame to frame. Some frames may involve a large
number of nodes being encoded, resulting 1n high bitrate
peaks. This 1s not desirable, especially, when the audio
signal and the dynamic range control gain sequence are
transmitted 1n a joint bitstream having the encoded dynamic
range control bitstream and the encoded audio bitstream,
which should have almost constant bitrate. Then, a peak in
the dynamic range control related bitrate reduces the avail-
able bitrate for the audio encoder, which often result in a
degradation of the audio quality after decoding. However,
with the current state-oi-the-art methods for the coding of
dynamic range control gain sequences, a reduction of the
dynamic range control related bitrate 1n a certain frame 1s
only achieved by reducing the number of nodes that are
selected to represent the gain sequence within that frame.
This again may lead to large errors between the original gain
sequence and the one that 1s reconstructed after the dynamic
range control decoding process. The mvention overcomes
these disadvantages by reducing the peak bitrates of encoded
dynamic range control bitstream without increasing the error
between the original and the reconstructed dynamic range
control sequence.

In this section, the coding of dynamic range control gain
sequences according to the invention 1s presented. The
invention allows controlling the peak bitrate that may be
used for a reference dynamic range control frame without
changing the resulting bitstream sequence compared to the
case where the proposed method 1s not used. The proposed
approach exploits the inherent delay of one frame introduced
by state-of-the-art audio coders to reduce peaks of number
of nodes within one frame by distributing the transmission
of some of the nodes to the next subsequent dynamic range
control frame. The details of the proposed method are
presented 1n the following.

As explained above, when combined with an audio cod-
ing scheme that introduces a frame delay relative to the
dynamic range control gains, the decoded dynamic range
control gains are delayed by one frame before being applied
to the audio signal. This means that the nodes of the
reference dynamic range control frame are applied to the
valid audio decoder output at dynamic range control frame
subsequent to the reference dynamic range control frame.
This implies that 1n the default delay mode 1t 1s suilicient to
transmit the nodes of the reference dynamic range control
frame together with the nodes of the dynamic range control
frame subsequent to the reference dynamic range control
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frame and apply the corresponding dynamic range control
gains without a delay directly to the corresponding audio
output signal at the decoder.

This fact 1s exploited 1n the mnvention in order to reduce
the maximum number of nodes transmitted within one
dynamic range control frame. According to the invention
some of the nodes of the reference dynamic range control
frame are shifted to the subsequent dynamic range control
frame, which may be done before encoding. As it will be
discussed in the following, the shifted nodes may be “pre-
ceding” the first node in the subsequent dynamic range
control frame only for the encoding of the gain differences
and the slope information. For the coding of the time
difference imnformation, a different method may be applied.

According to an advantageous embodiment of the imnven-
tion the shift procedure 1s imitiated in case that a number of
the nodes of the reference dynamic range control frame 1s
greater than a predefined threshold value.

According to an advantageous embodiment of the mnven-
tion the shift procedure 1s mitiated in case that a sum of a
number of the nodes of the reference dynamic range control
frame and a number of shifted nodes from the dynamic range
control frame preceding the reference dynamic range control
frame to be embedded in the bitstream portion correspond-
ing to the reference dynamic range control frame 1s greater
than a predefined threshold value.

According to an advantageous embodiment of the imnven-
tion the shift procedure 1s 1nitiated in case that a sum of a
number of the nodes of the reference dynamic range control
frame and a number of shifted nodes from the dynamic range
control frame preceding the reference dynamic range control
frame to be embedded in the bitstream portion correspond-
ing to the reference dynamic range control frame 1s greater
than a number of the nodes of the dynamic range control
frame subsequent to the reference dynamic range control
frame.

Independent from the conditions defined under which the
shift procedure 1s mitiated, the first node of the reference
dynamic range control frame should not be shifted to the
subsequent dynamic range control frame as its value 1s
needed for interpolation of the gain control values at the
beginning of the reference dynamic range control frame.
Furthermore, a node should be shifted only one time 1n order
to avoid a delay when decoding the bitstream.

According to an advantageous embodiment of the mnven-
tion the time information of the one or more nodes is
represented 1n such way that the one or more shifted nodes
may be identified by using the time information.

According to an advantageous embodiment of the mnven-
tion the time information of the one or more shifted nodes
1s represented by a sum of a time difference from a begin-
ning of the dynamic range control frame to which the
respective node belongs to the temporal position of the
respective node within the dynamic range control frame to
which the respective node belongs and an offset value being,
greater than or equal to a temporal size of the dynamic range
control frame subsequent to the respective dynamic range
control frame.

According to an advantageous embodiment of the mnven-
tion the gain information of the bit representation of the
shifted node, which 1s at a first position of the bitstream
portion corresponding to the dynamic range control frame
subsequent to the reference dynamic range control frame, 1s
represented by an absolute gain value and wherein the gain
information of each bit representation of the shifted nodes at
a position after the bit representation of the node, which 1s
at the first position of the bitstream portion corresponding to
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the dynamic range control frame subsequent to the reference
dynamic range control frame, 1s represented by a relative
gain value which 1s equal to a difference of a gain value of
the bit representation of the respective shifted node and the
gain value of the bit representation of the node, which
precedes the bit representation of the respective node.
According to an advantageous embodiment of the inven-
tion, 1n case that the bit representations of one or more

shifted nodes of the reference dynamic range control frame
1s embedded 1n the bitstream portion corresponding to the
dynamic range control frame subsequent to the reference
dynamic range control frame, the gain information of the bit
representation of the node of the subsequent dynamic range
control frame at a first position of the bitstream portion
corresponding to the dynamic range control frame subse-
quent to the reference dynamic range control frame after the
one or more positions of the bit representations of the one or
more shifted nodes 1s represented by a relative gain value
which 1s equal to a difference of a gain value of the bit
representation of the respective node and a gain value of the
bit representation of the shifted node, which precedes the bit
representation of the respective node.

According to an advantageous embodiment of the inven-
tion a temporal size of the audio frames 1s equal to a
temporal size of the dynamic range control frames.

According to an advantageous embodiment of the inven-
tion the one or more nodes of one of the dynamic range
control frame are selected from a uniform time grid.

According to an advantageous embodiment of the inven-
tion each node of the one or more nodes comprises slope
information.

According to an advantageous embodiment of the inven-
tion the dynamic range control encoder 1s configured for
encoding the nodes using an entropy encoding techmique,
such as Hullman coding or arithmetic coding.

The encoder may assign a fixed code word e.g. of a
pre-defined Huilman table (code book) to each of the gain
and time differences of pairs of nodes. Examples of suitable
Huflman tables for encoding the time diflerences of pairs of
consecutive nodes are given 1n Table 1 and Table 2, respec-
tively.

TABLE 1

Example of a Huffman table for the coding of time
differences of DRC gain nodes.

Codeword
size Time difference Time difference tDrcDelta
[bits] binary encoding in multiples of deltaTmin
1 0 x 000 nNodesMax
3 0 x 004 1
5 0x 014 + (a - 2) a=[2...35]
6 0 x 030 + (a — 6) a=[6...13]
12 O0x BEOO+ (a-14) a=[14...2*nNodesMax - 1]

TABLE 2

Example of a Hufiman table for the coding of time differences of
DRC gain nodes, where 7 = ceil (log2(2*nNodesMax))

Time difference in
multiples of

Encoding Size deltaTmin Range

00 2 bits tDrcDelta = 1 1

{01, p} {2 bits, tDrcDelta = pu + 2 2...5
2 bits}
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TABLE 2-continued

Example of a Huffman table for the coding of time differences of
DRC gain nodes, where Z = ceil (log?(2*nNodesMax))

Time difference 1n
multiples of

Encoding Size deltaTmin Range

{10, p} {2 bits, tDrcDelta = p + 6 6...13
3 bits}

{11, p} {2 bits, tDrcDelta = pu + 14 14 . . . 2*nNodesMax
Z bits}

In a further aspect of the invention the objective 1s
achieved by an audio decoder device comprising;:

an audio decoder configured for decoding an encoded
audio bitstream 1n order to reproduce an audio signal com-
prising consecutive audio {frames;

a dynamic range control decoder configured for decoding
an encoded dynamic range control bitstream 1n order to
reproduce [an] ¢ dynamic range control sequence corre-
sponding to the audio signal and comprising consecutive
dynamic range control frames;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bitstream
portion;

wherein the encoded dynamic range control bitstream
comprises bit representations of nodes, wherein each bit
representation of one node of the nodes comprises gain

information for the audio signal AS and time information
indicating to which pomnt in time the gain information
corresponds;

wherein the encoded dynamic range control bit stream
comprises bit representations of shifted nodes selected from
the nodes of one reference dynamic range control frame of
the dynamic range control frames, which are embedded 1n a
bitstream portion corresponding to the dynamic range con-
trol frame subsequent to the one reference dynamic range
control frame, wherein the bit representation of each remain-
ing node of the nodes of the one reference dynamic range
control frame of the dynamic range control frames 1s embed-
ded into the bitstream portion corresponding to the one
reference dynamic range control frame; and

wherein the dynamic range control decoder 1s configured
for decoding the bit representation of each remaining node
of the remaining nodes of the one reference dynamic range
control frame of the dynamic range control frames 1n order
to reproduce each remaining node of the one reference
dynamic range control frame of the dynamic range control
frames, for decoding the bit representation of each shifted
node of the shifted nodes selected from the nodes of the one
reference dynamic range control frame of the dynamic range
control frames 1n order to reproduce each shifted node of the
shifted nodes selected from the nodes of the one reference
dynamic range control frame of the dynamic range control
frames and for combining the reproduced remaining nodes
and the reproduced shifted nodes 1n order to reconstruct the
reference dynamic range control frame.

The dynamic range control decoder receives the dynamic
range control bitstream. The dynamic range control bit-
stream, which corresponds to the node mnformation (sample
position, gain value, and slope iformation 1t applicable),
may be decoded 1n the following way:

A value for the time difference between two nodes (e.g. as
an integer multiple of the minimum distance between two
nodes) 1s determined from the received code word based e.g.

10

15

20

25

30

35

40

45

50

55

60

65

10

on the rules shown in a Huflman code book. The corre-
sponding sample position of the currently decoded node 1s
obtained by adding the time difference value to the sample
position value computed for the previous node.

After decoding the nodes of the reference dynamic range
control frame the nodes of the subsequent dynamic range
control frame are decoded.

If the determined sample position within the subsequent
dynamic range control frame corresponds to a value that 1s
larger than the length of a subsequent dynamic range control
frame, the dynamic range control decoder knows that the
current temporal node information refers to a node originally
located 1n the reference dynamic range control frame.

To obtain the correct sample position within the reference
dynamic range control frame, an offset 1s subtracted from the
computed sample position. A practical example 1s to subtract
the value that corresponds to the length of a dynamic range
control frame (which implies that the encoder has added the
same value to the original sample position). A typical
example for the offset value 1s the temporal size of a
dynamic range control frame.

After decoding and if applicable correcting the time
information of all nodes 1n the entire subsequent dynamic
range control frame, the decoder knows how many nodes
have been shifted back to the reference dynamic range
control frame (without explicitly providing this information
at the encoder) and on which sample position they are
located within the reference dynamic range control frame.

The dynamic range control decoder further determines the
gain value iformation of all nodes of a recerved frame by
decoding the differential gain information in the bitstream.

From the decoding step of the time information, the
decoder knows how many of the decoded gain values have
to be assigned to the nodes of the reference dynamic range
control frame (and to which sample position) and which gain
values are assigned to nodes in the reference dynamic range
control frame.

The decoding of the slope information and the assignment
to the correct nodes are performed analogously to the
decoding process of the gain values.

After decoding all nodes of the subsequent dynamic range
control frame, 1t can be assured that all nodes that may be
used for computing the gain values for each sample of the
reference dynamic range control frame via interpolation are
available. After the interpolation step, the dynamic range
control gain values for each sample can be applied to the
corresponding correct audio samples.

According to an advantageous embodiment of the inven-
tion the dynamic range control decoder 1s configured for
identifying the one or more shifted nodes by using the time
information.

According to an advantageous embodiment of the inven-
tion the dynamic range control decoder 1s configured for
decoding the time information of the one or more shitted
nodes, which 1s represented by a sum of a time from a
beginning of the dynamic range control frame to which the
respective node belongs to the temporal position of the
respective node within the dynamic range control frame to
which the respective node belongs and an offset value being
greater than or equal to a temporal size of the dynamic range
control frame subsequent to the respective dynamic range
control frame.

According to an advantageous embodiment of the inven-
tion the dynamic range control decoder 1s configured for
decoding the gain information of the bit representation of the
shifted node, which 1s at a first position of the bitstream
portion corresponding to the dynamic range control frame
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subsequent to the reference dynamic range control frame, 1s
represented by an absolute gain value and wherein the gain
information of each bit representation of the shifted nodes at
a position aiter the bit representation of the node, which 1s
at the first position of the bitstream portion corresponding to
the dynamic range control frame subsequent to the reference
dynamic range control frame, 1s represented by a relative
gain value which 1s equal to a difference of a gain value of
the bit representation of the respective shifted node and the
gain value of the bit representation of the node, which
precedes the bit representation of the respective node.

According to an advantageous embodiment of the inven-
tion the dynamic range control decoder 1s configured for
decoding the gain information of the bit representation of the
node of the subsequent dynamic range control frame at a first
position of the bitstream portion corresponding to the
dynamic range control frame subsequent to the reference
dynamic range control frame after the one or more positions
of the bit representations of the one or more shifted nodes 1s
represented by a relative gain value which 1s equal to a
difference of a gain value of the bit representation of the
respective node and a gain value of the bit representation of
the shifted node, which precedes the bit representation of the
respective node.

According to an advantageous embodiment of the mnven-
tion a temporal size of the audio frames i1s equal to a
temporal size of the dynamic range control frames.

According to an advantageous embodiment of the inven-
tion the one or more nodes of one of the dynamic range
control frames are selected from a uniform time grid.

According to an advantageous embodiment of the mnven-
tion each node of the one or more nodes comprises slope
information.

According to an advantageous embodiment of the mnven-
tion the dynamic range control decoder 1s configured for
decoding the bit representations of the nodes using an
entropy decoding technique.

The objective 1s further obtained by a system comprising,
an audio encoder device according to the mvention and an
audio decoder device according to the invention.

The invention further provides a method for operating an
audio encoder, the method comprises the steps:

producing an encoded audio bitstream from an audio
signal comprising consecutive audio frames;

producing an encoded dynamic range control bitstream
from [an] a dynamic range control sequence corresponding
to the audio signal and comprising consecutive dynamic
range control frames, wherein each dynamic range control
frame of the dynamic range control frames comprises one or
more nodes, wherein each node of the one or more nodes
comprises gain information for the audio signal and time
information indicating to which point i time the gain
information corresponds;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bitstream
portion;

executing a shift procedure, wherein one or more nodes of
the nodes of one reference dynamic range control frame of
the dynamic range control frames are selected as shifted
nodes, wherein a bit representation of each of the one or
more shifted nodes of the one reference dynamic range
control frame 1s embedded in the bitstream portion corre-
sponding to the dynamic range control frame subsequent to
the one reference dynamic range control frame, wherein a bit
representation of each remaining node of the nodes of the
one reference dynamic range control frame of the dynamic
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range control frames 1s embedded mto the bitstream portion
corresponding to the one reference dynamic range control
frame.

-

T'he invention further provides a method for operating an
audio decoder, the method comprises the steps:
decoding an encoded audio bitstream 1n order to repro-
duce an audio signal comprising consecutive audio frames;

decoding an encoded dynamic range control bitstream 1n
order to reproduce [an] a dynamic range control sequence
corresponding to the audio signal and comprising consecu-
tive dynamic range control frames;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bitstream
portion;

wherein the encoded dynamic range control bitstream
comprises bit representations of nodes, wherein each bit
representation of one node of the nodes comprises gain
information for the audio signal [AS] and time information
indicating to which point 1 time the gain information
corresponds;

wherein the encoded dynamic range control bit stream
comprises bit representations of shifted nodes selected from
the nodes of one reference dynamic range control frame of
the dynamic range control frames, which are embedded 1n a
bitstream portion corresponding to the dynamic range con-
trol frame subsequent to the one reference dynamic range
control frame, wherein the bit representation of each remain-
ing node of the nodes of the one reference dynamic range
control frame of the dynamic range control frames 1s embed-
ded into the bitstream portion corresponding to the one
reference dynamic range control frame; and

wherein the bit representation of each remaining node of
the remaining nodes of the one reference dynamic range
control frame of the dynamic range control frames 1is
decoded 1n order to reproduce each remaining node of the
one reference dynamic range control frame of the dynamic
range control frames;

wherein the bit representation of each shifted node of the
shifted nodes selected from the nodes of the one reference
dynamic range control frame of the dynamic range control
frames 1s decoded 1n order to reproduce each shifted node of
the shifted nodes selected from the nodes of the one refer-
ence dynamic range control frame of the dynamic range
control frames; and

wherein the reproduced remaining nodes and the repro-
duced shifted nodes are combined 1n order to reconstruct the
reference dynamic range control frame.

In another aspect the mvention provides a program for,

when running on a processor, executing the method accord-
ing to the imvention.

BRIEF DESCRIPTION OF TH.

L1l

DRAWINGS

Embodiments of the present invention will be detailed
subsequently referring to the appended drawings, 1n which:

FIG. 1 illustrates an embodiment of an audio encoder
device according to the mvention 1n a schematic view;

FIG. 2 1illustrates the principle of dynamic range control
applied 1n the context of audio coding 1n a schematic view;

FIG. 3 1llustrates the different modes for the coding of
dynamic range control gain sequences in a schematic view;

FIG. 4 illustrates the application of dynamic range control
in the context of audio coding 1n a schematic view;

FIG. 5 illustrates a shift procedure for nodes according to
the invention 1n a schematic view:
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FIG. 6 illustrates the coding of time information accord-
ing to the mvention 1n a schematic view;

FIG. 7 illustrates the coding of gain information accord-
ing to the mvention 1n a schematic view;

FI1G. 8 illustrates the coding of slope information accord-
ing to the mvention 1n a schematic view; and

FIG. 9 illustrates an embodiment of an audio decoder
device according to the mvention in a schematic view.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

FIG. 1 illustrates an embodiment of an audio encoder
device 1 according to the invention 1n a schematic view. The
audio encoder device 1 comprises:

an audio encoder 2 configured for producing an encoded
audio bitstream ABS from an audio signal AS comprising
consecutive audio frames AFP, AFR, AFS;

a dynamic range control encoder 3 configured for pro-
ducing an encoded dynamic range control bitstream DBS
from an dynamic range control sequence DS corresponding
to the audio signal AS and comprising consecutive dynamic
range control frames DFP, DFR, DFS, wherein each
dynamic range control frame DFP, DFR, DFS of the
dynamic range control frames DFP, DFR, DFS comprises
one or more nodes A, .. .A.; B, ...B,; C,, wherein each
node of the one or more nodes A, . .. As; B, .. . B,; €,
comprises gain information GA, . . . GA;; GB, . . . GB,;
GC, for the audio signal AS and time information TA, . . .
TA; TB, ... TB,; TC, indicating to which point 1n time the
gain iformation GA, . . . GA;; GB, . . . GB,; GC,
corresponds;

wherein the dynamic range control encoder 3 i1s config-
ured 1n such way that the encoded dynamic range control
bitstream DBS comprises for each dynamic range control
frame DFP, DFR, DFS of the dynamic range control frames
DFP, DFR, DFS a corresponding bitstream portion DFP",
DFR', DFS';

wherein the dynamic range control encoder 2 i1s config-
ured for executing a shift procedure, wherein one or more
nodes B,, B, of the nodes B, . . . B, of one reference
dynamic range control frame DFR of the dynamic range
control frames DFP, DFR, DFS are selected as shifted nodes
B,, B,, wherein a bit representation B',, B', of each of the
one or more shifted nodes B,, B, of the one reference
dynamic range control frame DFR 1s embedded in the
bitstream portion DFS' corresponding to the dynamic range
control frame DFS subsequent to the one reference dynamic
range control frame DFR, wherein a bit representation B'; of
cach remaining node B, of the nodes B, . . . B, of the one
reference dynamic range control frame DFR of the dynamic
range control frames DFP, DFR, DFS 1s embedded into the
bitstream portion DFR' corresponding to the one reference
dynamic range control frame DFR. The invention allows
controlling the peak bitrate that may be used for a reference
dynamic range control frame DFR without changing the
resulting bitstream sequence DBS compared to the case
where the proposed method 1s not used. The proposed
approach exploits the inherent delay of one frame introduced
by state-of-the-art audio coders to reduce peaks of number
of nodes within one frame by distributing the transmission
of some of the nodes to the next subsequent dynamic range
control frame. The details of the proposed method are
presented 1n the following.

As explained above, when combined with an audio cod-
ing scheme that introduces a frame delay relative to the
dynamic range control gains, the decoded dynamic range
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control gains are delayed by one frame before being applied
to the audio signal. This means that the nodes of the
reference dynamic range control frame are applied to the
valid audio decoder output at dynamic range control frame
subsequent to the reference dynamic range control frame.
This implies that 1n the default delay mode 1t 1s suilicient to
transmit the nodes of the reference dynamic range control
frame together with the nodes of the dynamic range control
frame subsequent to the reference dynamic range control
frame and apply the corresponding dynamic range control
gains without a delay directly to the corresponding audio
output signal at the decoder.

This fact 1s exploited in the invention in order to reduce
the maximum number of nodes transmitted within one
dynamic range control frame. According to the invention
some of the nodes of the reference dynamic range control
frame are shifted to the subsequent dynamic range control
frame, which may be done before encoding. As 1t will be
discussed 1n the following, the shifted nodes may be “pre-
ceding” the first node 1n the subsequent dynamic range
control frame only for the encoding of the gain differences
and the slope information. For the coding of the time
difference information, a diflerent method may be applied.

In the example shown 1n FIG. 1 the preceding dynamic
range control frame DFP contains six nodes A, . . . A; of
which the nodes A, A are shifted into the bitstream portion
DFR'. Furthermore, the reference dynamic range control
frame DFR contains three nodes B, . . . B,. The sum of the

number of the shifted nodes A, A; and the nodes B, . .. B,

of the reference dynamic range control frame DFR 1s equal
to five which 1s bigger than the number of the nodes C, of
the subsequent dynamic range control frame DFS so that a
shift procedure 1s mitiated 1n such way that nodes B, B, are
shifted 1nto the bitstream portion DFS'. Although the maxi-
mum number of nodes within the dynamic range control
frames DFS, DFR, DFP 1s equal to six, 1s the maximum
number of nodes within the bitstream portions DFS', DFR’,
DFP' own equal to four so that bitstream peak 1s avoided.
According to an advantageous embodiment of the inven-
tion a temporal size of the audio frames AFP, AFR, AFS 1s

equal to a temporal size of the dynamic range control frames
DFP, DFR, DFS.

According to an advantageous embodiment of the inven-
tion the one or more nodes A, ... A; B, ... B,; C,of one
of the dynamic range control frame DFP, DFR, DFS are
selected from a uniform time grid.

According to an advantageous embodiment of the inven-
tion the dynamic range control encoder 3 1s configured for
encoding thenodes A, ... A;; B, ... B,; C,using an entropy
encoding technique.

In a further aspect the mvention provides a method for
operating an audio encoder 1, the method comprises the
steps:

producing an encoded audio bitstream ABS from an audio
signal AS comprising consecutive audio frames AFP, AFR,
AFS;

producing an encoded dynamic range control bitstream
DBS from an dynamic range control sequence DS corre-
sponding to the audio signal AS and comprising consecutive
dynamic range control frames DFP, DFR, DFS, wherein
cach dynamic range control frame DFP, DFR, DFS of the
dynamic range control frames DFP, DFR, DFS comprises
one or more nodes A, ... A:; By ... B,; C,, wherein each
node of the one or more nodes A, . . . A; By . . . B,; C;
comprises gain mformation GA, . .. GA;; GB, . . . GB,;
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GC, for the audio signal AS and time information TA, . . .
TA.; TB, ... TB,; TC, indicating to which point 1n time the
gain information corresponds

wherein the encoded dynamic range control bitstream
DBS comprises for each dynamic range control frame DFP,
DFR, DFS of the dynamic range control frames DFP, DFR,
DFS a corresponding bitstream portion DFP', DFR', DFS';

executing a shift procedure, wherein one or more nodes
B,, B, ofthenodes B, . . . B, of one reterence dynamic range
control frame DFR of the dynamic range control frames
DFP, DFR, DFS are seclected as shifted nodes B,, B.,
wherein a bit representation B',, B', of each of the one or
more shifted nodes B,, B, of the one reference dynamic
range control frame DFR 1s embedded in the bitstream
portion DFS' corresponding to the dynamic range control
frame DFS subsequent to the one reference dynamic range
control frame DFR, wherein a bit representation B', of each
remaining node B, of the nodes B, . . . B, of the one
reference dynamic range control frame DFR of the dynamic
range control frames DFP, DFR, DFS 1s embedded into the
bitstream portion DFR' corresponding to the one reference
dynamic range control frame DFR.

FIG. 2 1illustrates the principle of dynamic range control
applied 1n the context of audio coding 1n a schematic view.

The process of applying DRC to a signal can be expressed
by a simple multiplication of the audio signal x(k) by a
time-variant gain value g(k):

y(k)=g(k)x(k) (1)

where k denotes a sample time index. The value of the
gain g(k) 1s computed, e.g. based on a short-term estimate of
the root-mean square of the mput signal x(k). More details
about strategies to determine suitable gains values are dis-
cussed 1n [1]. In the following we refer to the time-variant
gains g(k) as a gain sequence.

The nvention refers to an application scenario, where
both, the audio signal AS and the dynamic range control
sequence DS are coded and transmitted. In this case, the
dynamic range control gains are not directly applied to the
audio signal AS, but encoded and transmitted together with
the encoded audio signal ABS. At the decoder 4, both, the
audio signal AS and the dynamic range control sequence DS
are decoded and the dynamic range control information 1s
applied to the corresponding audio signal AS.

In one aspect the mvention provides a system comprising
an audio encoder device 1 according to the invention and an
audio decoder device 4 according to the mvention.

FIG. 3 illustrates the different modes for the coding of
dynamic range control gain sequences 1n a schematic view,
namely the tull-frame mode (A) and delay mode (B). Gain
nodes received 1 frame n are shown as circles and gain
nodes received frame n+1 are shown as squares. The solid
line 1llustrates the interpolated DRC gain up to DRC frame
n+l.

In principle, the dynamic range control encoder/decoder
chain can be operated 1n two modes. The so-called tull-
frame mode refers to the case where after decoding of a
received dynamic range control bitstream, corresponding to
a specilic dynamic range control frame, the gains at each
sample position of the dynamic range control frame can be
immediately determined after interpolation based on the
decoded nodes. This implies that a node has to be transmiut-
ted at each frame border, 1.e., at the sample position corre-
sponding to the last sample of the dynamic range control
frame. IT the dynamic range control frame length 1s N this
means the last transmitted node has to be located at the

sample position N within that frame. This 1s 1llustrated at the
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top 1n FIG. 3 denoted by “A”. As shown, the dynamic range
control gains of the nth frame can immediately be applied to
the corresponding audio frame.

The second mode 1s referred to as “delay mode” and 1t 1s
illustrated in the lower part “B” of FI1G. 3. In this case, there
1s no node transmitted for the last sample position within
frame n. Therefore, the DRC decoder has to wait for
decoding the DRC frame n+l in order to perform the
interpolation that may be used of all gain values following
the last node within frame n. This 1s because the information
of the first node of frame n+1 has to be known to perform
the iterpolation between the last node of frame n and the
first node 1n frame n+1 1n order to determine the gain value
in between via interpolation.

FIG. 4 1llustrates the application of dynamic range control
in the context of audio coding 1n a schematic view where the
audio coder introduces one frame delay relative to the
dynamic range coding scheme.

FIG. 5 illustrates a shift procedure for nodes according to
the invention 1n a schematic view. The left-hand side shows
the situation when using a state-of-the-art approach, whereas
the right-hand side shows the proposed method, where each
square corresponds to anode A, ... As; B, ... B,; C,.

According to an advantageous embodiment of the inven-
tion the shift procedure 1s mitiated 1n case that a number of
the nodes B, . . . B, of the reference dynamic range control
frame DFR 1s greater than a predefined threshold value.

According to an advantageous embodiment of the inven-
tion the shift procedure 1s 1nitiated in case that a sum of a
number of the nodes B, . . . B, of the reference dynamic
range control frame DFR and a number of shifted nodes A,
A from the dynamic range control frame DFP preceding the
reference dynamic range control frame DFR to be embedded
in the bitstream portion DFR' corresponding to the reference
dynamic range control frame DFR 1s greater than a pre-
defined threshold value.

According to an advantageous embodiment of the inven-
tion the shift procedure 1s mitiated in case that a sum of a
number of the nodes B, . . . B, of the reference dynamic
range control frame DFR and a number of shifted nodes A,
A from the dynamic range control frame DFP preceding the
reference dynamic range control frame DFR to be embedded
in the bitstream portion DFR' corresponding to the reference
dynamic range control frame DFR 1s greater than a number
of the nodes C, of the dynamic range control frame DFS
subsequent to the reference dynamic range control frame
DFR.

As explained above, when combined with an audio cod-
ing scheme that introduces a frame delay relative to the
dynamic range control frames, the decoded dynamic range
control gains are delayed by one frame before being applied
to the audio signal. Considering the left-hand side 1n FIG. §,
this means that the nodes A, of the nth frame are applied to
the valid audio decoder output at frame n+1. This 1implies
that in the default delay mode i1t would be suflicient to
transmit the nodes A, together with the node B, in frame n+1
and apply the correspondmg DRC gains Wlthout a delay
directly to the corresponding audio output signal at the
decoder.

This fact 1s exploited 1n the proposed method to reduce the
maximum number of nodes transmitted within one frame.
This 1s 1llustrated on the right-hand side 1n FI1G. 4. The nodes
A, and A are shifted to frame n+1 before encoding, 1.e., the
maximum number of nodes 1n frame n 1s reduced from 6 to
4 1n the given example. As 1t will be discussed in the
following, the nodes A, and A are “preceding” the first node
in frame n+l1, 1.e., B, only for the encoding of the gain
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differences and the slope information. For the coding of the
time difference information, a different method has to be
applied.

FIG. 6 illustrates the coding of time information accord-
ing to the mvention 1n a schematic view.

According to an advantageous embodiment of the mnven-
tion the time information TA, . . . TA;; TB, . . . TB,; TC,
of the one or more nodes A, . As; B . B,; C, 1s
represented 1n such way that the one or more shifted nodes
A., A, B,, B, may be identified by using the time infor-
mation TA,, TA;; TB,, TB..

According to an advantageous embodiment of the inven-
tion the time information TA,, TA<; TB,, TB, of the one or
more shifted nodes A4, A;; B,, B, 1s represented by a sum
of a time differencet A, t _A.;t B, from a beginning of the
dynamic range control frame DFP; DFR to which the
respective node A,, A;; B,, B, belongs to the temporal
position of the respective node A, , A;; B,, B, within the
dynamic range control frame DFP; DFR to which the
respective node A, A<; B,, B, belongs and an oflset value
drcFrameSize being greater than or equal to a temporal size
of the dynamic range control frame DFR; DFS subsequent
to the respective dynamic range control frame DFP; DFR.

First we consider the encoding of the time differences
between pairs of nodes. In FIG. 6 the situation for deter-
miming the time differences for pairs of nodes 1s depicted for
the example according to FIG. 4, where t_A, denotes the
sample position of node A on the grid of possible node
positions within a frame. As discussed earlier nodes can be
selected on a uniform time grid, where the spacing of this
orid defines the highest available time resolution deltaTmin.
Thus, the time information t_A, 1s given 1n samples, where
the time differences between two nodes are integer multiples
of deltalmuin.

The temporal position information of a node 1s encoded in
a differential way, 1.¢., relative to the position of the previous
node. If a node 1s the first node within a frame, the time
difference 1s determined relative to the beginning of a frame.
The left-hand side of FIG. 6 depicts the situation 11 no node
shifting 1s applied. In this case, the diflerential time infor-
mation of node A, tDrcDelta_ A, 1s computed as
tDrcDelta_ A ,=t_ A, —t_A,. This differential time value 1s
then encoded using the corresponding entry in an appropri-
ate Hullman table, e.g. according to Table 1 or 2. As another
example we look at the encoded time difference of node B,.
Since 1t 1s the first node of frame n+1, the corresponding
time difference 1s determined relative to the beginning of the
frame, 1.¢. tDrcDelta_B.=t_B,.

Let us now consider the encoding of the node position for
the proposed node reservoir technique using node shifting.
For the example shown on the right-hand side of FIG. 6, the
nodes A, and A. have been shifted to the next frame for
encoding. The representation of nodes A, to A; has not
changed and the encoded time differences are therefore also
not changed. The same 1s true for the encoded position
information of node B,. However, the time information of
node A, and node A 1s now processed differently. As shown
in FIG. 6, the orniginal value t_A, indicating the sample
position of node A, 1s modified at the encoder by adding an
oflset of drcFrameSize. Since the resulting position infor-
mation exceeds the maximum value that would be possible
in case of regular encoding, the oflset indicates the decoder
that the corresponding node has to be further processed
within the context of the previous frame. Furthermore, the
decoder knows that the original sample position t_A, 1s
obtained by subtracting the oflset drcFrameSize from the
decoded value.
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Next, we consider the computation of the time difference
information that 1s actually encoded for the situation shown
on the right-hand side of FIG. 6. For coding ﬁciency
reasons, the differential position information for node A, 1s
computed relative to node B,. In contrast to the situation
previously discussed for the left -hand side of FIG. 6, the
differential time information 1s now computed accordlng to
tDrcDelta_ A =t_A_+drcFrameSize-t_B,, 1.¢., by including
the offset. Analogously, for node A, we obtain
tDrcDelta_ A=t A5+drcFrameSlze—t A, —drcFrameSlze
which obwously 1s the same as tDrcDelta_A =t A.-t_A,.
These differential time values are encoded using the corre-
sponding code word entry of the correct Huilman table, ¢.g.
according to Table 1 or 2.

The method for decoding the temporal position informa-
tion can be summarized as follows. The decoder extracts the
time difference information of a node based on the corre-
sponding code word from the bitstream. The time 1nforma-
tion 1s obtained by adding the time difference mformation to
the time nformation of the previous node. If the resulting
sample position 1s larger than drcFrameSize the decoder
knows that the present node has to be processed as if 1t were
the last node 1n the previous frame, 1.¢., 1t has to be appended
to the nodes decoded in the previous frame. The correct
sample position 1s determined by subtracting the offset value
drcFrameSize from the decoded time value.

The same
processing steps are applied in an analog way 1if more shifted
nodes occur 1n a decoded frame.

After decoding and correcting the time information of an
entire frame, the decoder knows how many nodes have been
shifted back to the previous frame (without explicitly pro-
viding this information at the encoder) and on which sample
position they are located within the previous frame. The
information about the number of shifted nodes will be
turther exploited 1n the context of decoding gain and slope
information described below.

FIG. 7 1llustrates the coding of gain information accord-
ing to the mvention 1n a schematic view.

According to an advantageous embodiment of the inven-
tion the gain information GB, of the bit representation B', of
the shifted node B,, which 1s at a first position of the
bitstream portion DFS' corresponding to the dynamic range
control frame DFS subsequent to the reference dynamic
range control frame DFR, 1s represented by an absolute gain
value g_B, and wherein the gain information GB,, of each bit
representation B', of the shifted nodes B, at a position after
the bit representation B', of the node B,, which 1s at the first
position of the bitstream portion DFS' corresponding to the
dynamic range control frame DFS subsequent to the refer-
ence dynamic range control frame DFR, 1s represented by a
relative gain value which 1s equal to a difference of a gain
value g B, of the bit representation B', of the respective
shifted node B, and the gain value g B, of the bit repre-
sentation B', of the [nodeB,] node B,, which precedes the bit
representation B', of the respective [nodeB,] rnode B..

According to an advantageous embodiment of the inven-
tion, 1n case that the bit representations B',, B', of one or
more shifted nodes B,, B, of the reference dynamic range
control frame DFR 1s embedded 1n the bitstream portion
DFS' corresponding to the dynamic range control frame DFS
subsequent to the reference dynamic range control frame
DFR, the gain imnformation GC, of the bit representation C',
of the node C, of the subsequent dynamic range control
frame DFS at a first position of the bitstream portion DFS
corresponding to the dynamic range control frame DFS
subsequent to the reference dynamic range control frame
DFR after the one or more positions of the bit representa-
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tions B',, B', of the one or more shifted nodes B,, B, 1s
represented by a relative gain value which 1s equal to a
difference of a gain value g_C, of the bit representation C',
of the respective node C, and a gain value g B, of the bit
representation B', of the shifted [nodeB,] rnode B,, which
precedes the bit representation C', of the respective node C,.

In FIG. 7 the situation for determining the gain differences
for pairs of nodes 1s depicted for the example according to
FIG. 5, where g_A, denotes the gain value of node A..

First, the differential gain values for the node A, 1s
considered. For the approach without node reservorr,
depicted on the left-hand side of FIG. 7, the differential gain
value gain Delta_A_ 1s computed from the difference of the
gain value (1in dB) of the preceding node A, and the node A,
1.e., gainDelta_ A,=g A —g A,. This diflerential gain value
1s then encoded using the corresponding entry in an appro-
priate Huflman table. Furthermore, we consider the first
node of frame n+1 on the left-hand side of FIG. 7. Since B,
1s the first node of that frame, 1t gain value 1s not encoded
in a differential way, but according to a specific coding of
initial gain values gainlnitial, 1.e., the gain value 1s encoded
as 1ts actual value: gamnDelta_B,=g_B,.

For the situation shown on the right-hand side, where the
node A, has been shifted to the next frame n+1, the values
of the encoded gain information 1s different. As can be seen,
alter being shifted, the node A, becomes the first node 1n
frame n+1 with respect to encoding the gain differences.
Thus, 1ts gain value 1s not encoded 1n a differential way, but
the specific coding of imitial gain values 1s applied as
described above. The differential gain value of A; will
remain the same for both situations shown on the left- and
the right-hand side. Since node B, now follows node A, if
the node reservoir 1s used, 1ts gain nformation will be
determined from the difference of the gains of node B, and
A, 1.e., gamDelta_B =g_B,-g A.. Note that only the way
how the gain differences are determined changes when
applying the node reservoir technique, whereas the recon-
structed values of the gains remain the same for each node.
Obviously, after decoding the entire gain related information
of the frames n and n+1, the obtained gain values for the
nodes A, to B, are identical to that obtained in the left-hand
side, and the nodes can be computed “in time™ for applica-
tion of the DRC gains to the corresponding audio frame.

As discussed 1n the previous paragraph, the number of
shifted nodes and their sample position within the previous
frame are known after decoding the time difference infor-
mation. As illustrated on the right-hand side of FIG. 6, the
gain values of shifted nodes from frame n start immediately
from the beginning of the received gain information of
frame n+1. Theretfore, the information on the number of
shifted nodes 1s suflicient for the decoder to assign each gain
value to the correct sample position within the correct frame.
Considering the example shown on the right-hand side 1n
FIG. 6, the decoder knows that the first two decoded gain
values of frame n+1 have to be appended to the last gain
values of the previous frame, whereas the third gain value
corresponds to the correct gain value of the first node 1n the
current frame.

FI1G. 8 illustrates the coding of slope information accord-
ing to the mvention 1n a schematic view.

According to an advantageous embodiment of the mnven-
tion each node A, . . . A5; B, . .. B,; C, of the one or more
nodes comprises A, . .. Ag; B, . . . B,; C, slope information
SA,...SA;; SB, ... SB,, SC,.

Next, the coding of slope information 1s considered,
which 1s illustrated 1n FIG. 8. The slope information of the
nodes 1sn’t encoded 1n a differential way between pairs of
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nodes, but for each node independently. Therefore, the slope
related information remains unchanged 1n both cases with
and without usage of the node reservoir. As 1n case of coding
ol gain values, the Hullman tables for generating the code
words for slope information remain the same for both cases,
with and without using the proposed node shifting. The
assignment of the slope information to the correct sample
position within the correct frame 1s performed analogously
to the case of decoding the gain values.

After all nodes information received for frame n+1 have
been decoded and if applicable shifted back to the preceding
frame n, the gain interpolation for frame n using splines or
linear interpolation can be performed 1n the common way
and the gain values are applied to the corresponding audio
frame.

FIG. 9 illustrates an embodiment of an audio decoder
device according to the invention in a schematic view. The
audio decoder device 4 comprises:

an audio decoder 5 configured for decoding an encoded
audio bitstream ABS in order to reproduce an audio signal
AS comprising consecutive audio frames AFP, AFR, AFS;

a dynamic range control decoder 6 configured for decod-
ing an encoded dynamic range control bitstream DBS 1n
order to reproduce an dynamic range control sequence DS
corresponding to the audio signal AS and comprising con-
secutive dynamic range control frames DFP, DFR, DFS;

wherein the encoded dynamic range control bitstream
DBS comprises for each dynamic range control frame DFP,
DFR, DFS of the dynamic range control frames a corre-
sponding bitstream portion DFP', DFR', DFS';

wherein the encoded dynamic range control bitstream
DBS comprises bit representations A'y .. . A'; B'y .. . B'5;
C',of nodes A, ... A, B, ... B,; C,; wherein each bit
representation of one node of the nodes comprises gain
information GA, . . . GA;; GB, . .. GB,; GC, for the audio
signal AS and time information TA, ... TA;; TB, . . . TB,;
TC, indicating to which point in time the gain information
GA, ... GA;; GB, ... GB,; GC, corresponds;

wherein the encoded dynamic range control bit stream
DBS comprises bit representations B',, B', of shifted nodes
B,, B, selected from the nodes B, . . . B, of one reference
dynamic range control frame DFR of the dynamic range
control frames DFP, DFR, DFS, which are embedded 1n a
bitstream portion corresponding to the dynamic range con-
trol frame DFS subsequent to the one reference dynamic
range control frame DFR, wherein the bit representation B’
of each remaining node B, of the nodes B, . . . B, of the one
reference dynamic range control frame DFR of the dynamic
range control frames DFP, DFR, DFS 1s embedded into the
bitstream portion DFR' corresponding to the one reference
dynamic range control frame DFR; and

wherein the dynamic range control decoder 6 1s config-
ured for decoding the bit representation B', of each remain-
ing node B, of the remaining nodes B', of the one reference
dynamic range control frame DFR of the dynamic range
control frames DFP, DFR, DFS 1n order to reproduce each
remaining node B, of the one reference dynamic range

control frame DFR of the dynamic range control frames
DFP, DFR, DFS, for decoding the bit representation B',, B',

of each shifted node B,, B, of the shifted nodes B,, B,
selected from the nodes B, . . . B, of the one reference
dynamic range control frame DFR of the dynamic range
control frames DFP, DFR, DFS 1n order to reproduce each
shifted node B,, B, of the shifted nodes B,, B, selected from
the nodes of the one reference dynamic range control frame
DFR of the dynamic range control frames DFP, DFR, DFS

and for combiming the reproduced remaining nodes B, and
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the reproduced shifted nodes B,, B, 1n order to reconstruct
the reference dynamic range control frame DFR.
According to an advantageous embodiment of the mnven-
tion the dynamic range control decoder 6 1s configured for
identitying the one or more shifted nodes A, As; B,, B, by
using the time mformation TA,, TA.; TB,, TB..
According to an advantageous embodiment of the mnven-
tion the dynamic range control decoder 6 1s configured for
decoding the time information TA,, TA.; TB,, TB, of the
one or more shifted nodes A4,, A<, B, B,, which 1s repre-
sented by a sum of a time difference t_A_, t_A.; t_B,, t_B,

from a beginning of the dynamic range control frame DFP

DFR to which the respective node A, A;; B,, B, belongs to
the temporal position of the respective node A, A;; B,, B,

within the dynamic range control frame DFP; DFR to Wthh
the respective node A4, A.; B,, B, belongs and an oflset
value drcFrameSize being greater than or equal to a tempo-
ral size ol the dynamic range control frame DFR; DFS

subsequent to the respective dynamic range control frame
DFP; DFR.

According to an advantageous embodiment of the mnven-
tion the dynamic range control decoder 6 1s configured for
decoding the gain information GB, of the bit representation
B', of the shifted node B,, which 1s at a first position of the
bitstream portion DFS' corresponding to the dynamic range
control frame DFS subsequent to the reference dynamic
range control frame DFR, 1s represented by an absolute gain
value g_B, and wherein the gain information GB,, of each bit
representation B', of the shifted nodes B, at a position after
the bit representation B', of the node B,, which 1s at the first
position of the bitstream portion DFS' corresponding to the
dynamic range control frame DFS subsequent to the refer-
ence dynamic range control frame DFR, 1s represented by a
relative gain value which 1s equal to a difference of a gain
value g B, of the bit representation B', of the respective
shifted node B, and the gain value g B, of the bit repre-
sentation B', of the nodeB,, which precedes the bit repre-
sentation B', of the respective [nodeB, ] node B..

According to an advantageous embodiment of the imnven-
tion the dynamic range control decoder 6 1s configured for
decoding the gain information GC, of the bit representation
(', of the node C, of the subsequent dynamic range control
frame DFS at a first position of the bitstream portion DES'
corresponding to the dynamic range control frame DFS
subsequent to the reference dynamic range control frame
DFR after the one or more positions of the bit representa-
tions B';, B', of the one or more shifted nodes B,, B, 1s
represented by a relative gain value which 1s equal to a
difference of a gain value g_C, the bit representation C' of
the respective node C, and the gain value g_B, of the bit
representation B', of the shifted [nodeB,] rnode B,, which
precedes the bit representation C', of the respective node C,.

According to an advantageous embodiment of the imnven-
tion a temporal size of the audio frames AFP, AFR, AFS 1s
equal to a temporal size of the dynamic range control frames
AFP, AFR, AFS.

According to an advantageous embodiment of the inven-
tion the one or more nodes A, ... A; B, ... B,; C, of one
of the dynamic range control frames DFP, DFR, DFS are
selected from a uniform time grid.

According to an advantageous embodiment of the mnven-

tion each node A . . . A;; B, . . . B,; C, of the one or more
nodes A, ...A;; B, ... B,; C,comprises slope information
SA,...SA., SB, ... SB,; SC,.

According to an advantageous embodiment of the mnven-
tion the dynamic range control decoder 6 1s configured for
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decoding the bit representations of the nodes A',
B', ... B, C, using an entropy decoding technique.

In another aspect the invention provides a method for
operating an audio decoder, the method comprises the steps:

decoding an encoded audio bitstream ABS 1n order to
reproduce an audio signal AS comprising consecutive audio
frames AFP, AFR, AFS;

decoding an encoded dynamic range control bitstream
DBS i order to reproduce an dynamic range control
sequence DS corresponding to the audio signal AS and
comprising consecutive dynamic range control frames DFP,
DFR, DFS;

wherein the encoded dynamic range control bitstream
DBS comprises for each dynamic range control frame DFP,
DFR, DFS of the dynamic range control frames a corre-
sponding bitstream portion DFP', DFR', DFS';

wherein the encoded dynamic range control bitstream
DBS comprises bit representations A', .. . A'; B'y .. . B'5;
C'yolfnodes A, ... A;; B, ... B,; C,, wherein each bait
representation of one node of the nodes comprises gain
information GA, . . . GA;; GB, . .. GB,; GC, for the audio
signal AS and time information TA, .. . TA;; TB, . . . TB,;
TC, indicating to which point 1n time the gain information
GA, ... GA;; GB, ... GB,; GC, corresponds;

wherein the encoded dynamic range control bit stream
DBS comprises bit representations B',, B', of shifted nodes
B,, B, selected from the nodes B, . . . B, of one reference
dynamic range control frame DFR of the dynamic range
control frames DFP, DFR, DFS, which are embedded 1n a
bitstream portion corresponding to the dynamic range con-
trol frame DFS subsequent to the one reference dynamic
range control frame DFR, wherein the bit representation B’
of each remaining node B, of the nodes B, . . . B, of the one
reference dynamic range control frame DFR of the dynamic
range control frames DFP, DFR, DFS 1s embedded into the
bitstream portion DFR' corresponding to the one reference
dynamic range control frame DFR; and

wherein the bit representation B', of each remaining node
B, of the remaining nodes B', of the one reference dynamic
range control frame DFR of the dynamic range control
frames DFP, DFR, DFS 1s decoded in order to reproduce
each remaining node B, of the one reference dynamic range
control frame DFR of the dynamic range control frames
DFP, DFR, DFS;

wherein the bit representation B',, B', of each shifted node
B,, B, of the shifted nodes B,, B, selected from the nodes
B, . .. B, of the one reference dynamlc range control frame
DFR of the dynamic range control frames DFP, DFR, DFS
1s decoded 1n order to reproduce each shifted node B, B, of
the shifted nodes B,, B, selected from the nodes of the one
reference dynamic range control frame DFR of the dynamic
range control frames DFP, DFR, DFS; and

wherein the reproduced remaining nodes B, and the
reproduced shifted nodes B,, B, are combined 1n order to
reconstruct the reference dynamic range control frame DFR.

With respect to the decoder, the encoder and the methods
of the described embodiments the following shall be men-
tioned:

Although some aspects have been described 1n the context
of an apparatus, 1t 1s 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 1n the context of a
method step also represent a description of a corresponding
block or i1tem or feature of a corresponding apparatus.

Depending on certain 1mplementation requirements,
embodiments of the invention can be implemented 1n hard-
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ware or 1n soitware. The implementation can be performed
using a digital storage medium, for example a floppy disk,
a DVD, a CD, a ROM, a PROM, an EPROM, an EEPROM
or a FLASH memory, having electronically readable control
signals stored thereon, which cooperate (or are capable of
cooperating) with a programmable computer system such
that the respective method 1s performed.

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 1s 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, which 1s
stored on a machine readable carrier or a non-transitory
storage medium.

In other words, an embodiment of the inventive method
1s, therefore, a computer program having a program code for
performing one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods 1s, there-
fore, a data carnier (or a digital storage medium, or a
computer-readable medium) comprising, recorded thereon,
the computer program for performing one of the methods
described herein.

A further embodiment of the inventive method 1s, there-
fore, a data stream or a sequence of signals representing the
computer program Ifor performing one of the methods
described herein. The data stream or the sequence of signals
may be configured, for example, to be transferred via a data
communication connection, for example via the Internet.

A Turther embodiment comprises a processing means, for
example a computer, or a programmable logic device, con-
figured 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
ol the methods described herein.

In some embodiments, a programmable logic device (for
example a field programmable gate array) may be used to
perform some or all of the functionalities of the methods
described herein. In some embodiments, a field program-
mable gate array may cooperate with a microprocessor in
order to perform one of the methods described herein.
Generally, the methods are advantageously performed by
any hardware apparatus.

While this invention has been described in terms of
several embodiments, there are alterations, permutations,
and equivalents which fall within the scope of this invention.
It should also be noted that there are many alternative ways
of 1mplementing the methods and compositions of the
present invention. It 1s therefore mtended that the following
appended claims be interpreted as including all such altera-
tions, permutations and equivalents as fall within the true
spirit and scope of the present invention.
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The mnvention claimed 1s:

1. An audio encoder device comprising:

an audio encoder configured for producing an encoded

audio bitstream from an audio signal comprising con-
secutive audio frames;
a dynamic range control encoder configured for producing
an encoded dynamic range control bitstream from [an]
a dynamic range control sequence corresponding to the
audio signal and comprising consecutive dynamic
range control frames, wherein each dynamic range
control frame of the dynamic range control frames
comprises one or more nodes, wherein each node of the
one or more nodes comprises gain information for the
audio signal and time information indicating to which
point in time the gain mformation corresponds;

wherein the dynamic range control encoder 1s configured
in such way that the encoded dynamic range control
bitstream comprises for each dynamic range control
frame of the dynamic range control frames a corre-
sponding bitstream portion;

wherein the dynamic range control encoder 1s configured

for executing a shift procedure, wherein one or more
nodes of the nodes of one reference dynamic range
control frame of the dynamic range control frames are
selected as shifted nodes, wherein a bit representation
of each of the one or more shifted nodes of the one
reference dynamic range control frame 1s embedded 1n
the bitstream portion corresponding to the dynamic
range control frame subsequent to the one reference
dynamic range control frame, wherein a bit represen-
tation of each remaining node of the nodes of the one
reference dynamic range control frame of the dynamic
range control frames 1s embedded into the bitstream
portion corresponding to the one reference dynamic
range control frame.

2. The audio encoder device according to claim 1, wherein
the shift procedure 1s initiated 1n case that a number of the
nodes of the reference dynamic range control frame 1s
greater than a predefined threshold value.

3. The audio encoder device according to claim 1, wherein
the shift procedure 1s 1nitiated 1n case that a sum of a number
of the nodes of the reference dynamic range control frame
and a number of shifted nodes from the dynamic range
control frame preceding the reference dynamic range control
frame to be embedded in the bitstream portion correspond-
ing to the reference dynamic range control frame 1s greater
than a predefined threshold value.

4. The audio encoder device according to claim 1, wherein
the shift procedure 1s 1initiated 1n case that a sum of a number
of the nodes of the reference dynamic range control frame
and a number of shifted nodes from the dynamic range
control frame preceding the reference dynamic range control
frame to be embedded in the bitstream portion correspond-
ing to the reference dynamic range control frame 1s greater
than a number of the nodes of the dynamic range control
frame subsequent to the reference dynamic range control
frame.

5. The audio encoder device according to claim 1, wherein
the time 1information of the one or more nodes 1s represented
in such way that the one or more shifted nodes may be
identified by using the time information.

6. The audio encoder device according to claim 5, wherein
the time information of the one or more shifted nodes 1s
represented by a sum of a time diflerence from a beginning
of the dynamic range control frame to which the respective
node belongs to the temporal position of the respective node
within the dynamic range control frame to which the respec-
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tive node belongs and an offset value being greater than or
equal to a temporal size of the dynamic range control frame
subsequent to the respective dynamic range control frame.

7. The audio encoder device according to claim 1, wherein
the gain information of the bit representation of the shifted
node, which 1s at a first position of the bitstream portion
corresponding to the dynamic range control frame subse-
quent to the reference dynamic range control frame, is
represented by an absolute gain value and wherein the gain
information of each bit representation of the shifted nodes at
a position after the bit representation of the node, which 1s
at the first position of the bitstream portion corresponding to
the dynamic range control frame subsequent to the reference
dynamic range control frame, 1s represented by a relative
gain value which 1s equal to a difference of a gain value of
the bit representation of the respective shifted node and a
gain value of the bit representation of the node, which
precedes the bit representation of the respective node.

8. The audio encoder device according to claim 1,
wherein, 1n case that the bit representations of one or more
shifted nodes of the reference dynamic range control frame
1s embedded 1n the bitstream portion corresponding to the
dynamic range control frame subsequent to the reference
dynamic range control frame, the gain information of the bit
representation of the node of the subsequent dynamic range
control frame at a first position of the bitstream portion
corresponding to the dynamic range control frame subse-
quent to the reference dynamic range control frame after the
one or more positions of the bit representations of the one or
more shifted nodes 1s represented by a relative gain value
which 1s equal to a difference of a gain value of the bit
representation of the respective node and a gain value of the
bit representation of the shifted node, which precedes the bit
representation of the respective node.

9. The audio encoder device according to claim 1, wherein
a temporal size of the audio frames 1s equal to a temporal
s1ze of the dynamic range control frames.

10. The audio encoder device according to claim 1,
wherein the one or more nodes of one of the dynamic range
control frame are selected from a uniform time grid.

11. The audio encoder device according to claim 1,
wherein each node of the one or more nodes comprises slope
information.

12. The audio encoder device according to claim 1,
wherein the dynamic range control encoder 1s configured for
encoding the nodes using an entropy encoding techmique.

13. An audio decoder device comprising:

an audio decoder configured for decoding an encoded
audio bitstream 1n order to reproduce an audio signal
comprising consecutive audio frames;

a dynamic range control decoder configured for decoding
an encoded dynamic range control bitstream in order to
reproduce [an] ¢ dynamic range control sequence cor-
responding to the audio signal and comprising consecus-
tive dynamic range control frames;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bit-
stream portion;

wherein the encoded dynamic range control bitstream
comprises bit representations of nodes, wherein each
bit representation of one node of the nodes comprises
gain information for the audio signal and time infor-
mation indicating to which poimnt i time the gain
information corresponds;

wherein the encoded dynamic range control bit stream
comprises bit representations of shifted nodes selected
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from the nodes of one reference dynamic range control

frame of the dynamic range control frames, which are
embedded 1n a bitstream portion corresponding to the
dynamic range control frame subsequent to the one
reference dynamic range control frame, wherein the bit
representation of each remaining node of the nodes of
the one reference dynamic range control frame of the
dynamic range control frames 1s embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame; and

wherein the dynamic range control decoder 1s configured

for decoding the bit representation of each remaining
node of the remaining nodes of the one reference
dynamic range control frame of the dynamic range
control frames in order to reproduce each remaining
node of the one reference dynamic range control frame
of the dynamic range control frames, for decoding the
bit representation of each shifted node of the shifted
nodes selected from the nodes of the one reference
dynamic range control frame of the dynamic range
control frames 1n order to reproduce each shifted node
of the shifted nodes selected from the nodes of the one
reference dynamic range control frame of the dynamic
range control frames and for combining the reproduced
remaining nodes and the reproduced shifted nodes in
order to reconstruct the reference dynamic range con-
trol frame.

14. The audio decoder device according to claim 13,
wherein the dynamic range control decoder 1s configured for
identifying the one or more shifted nodes by using the time
information.

15. The audio decoder device according to claim 13,
wherein the dynamic range control decoder 1s configured for
decoding the time information of the one or more shifted
nodes, which 1s represented by a sum of a time difference
from a beginning of the dynamic range control frame to
which the respective node belongs to the temporal position
of the respective node within the dynamic range control
frame to which the respective node belongs and an offset
value being greater than or equal to a temporal size of the
dynamic range control frame subsequent to the respective
dynamic range control frame.

16. The audio decoder device according to claim 13,
wherein the dynamic range control decoder 1s configured for
decoding the gain information of the bit representation of the
shifted node, which 1s at a first position of the bitstream
portion corresponding to the dynamic range control frame
subsequent to the reference dynamic range control frame, 1s
represented by an absolute gain value and wherein the gain
information of each bit representation of the shifted nodes at
a position after the bit representation of the node, which 1s
at the first position of the bitstream portion corresponding to
the dynamic range control frame subsequent to the reference
dynamic range control frame, 1s represented by a relative
gain value which 1s equal to a difference of a gain value of
the bit representation B', of the respective shifted node B,
and a gain value of the bit representation of the node, which
precedes the bit representation of the respective node.

17. The audio decoder device according to claim 13,
wherein the dynamic range control decoder 1s configured for
decoding the gain information of the bit representation of the
node of the subsequent dynamic range control frame at a first
position ol the bitstream portion corresponding to the
dynamic range control frame subsequent to the reference
dynamic range control frame aiter the one or more positions
of the bit representations of the one or more shifted nodes 1s
represented by a relative gain value which 1s equal to a
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difference of a gain value of the bit representation of the
respective node and a gain value of the bit representation of
the shifted node, which precedes the bit representation of the
respective node.

18. The audio decoder device according to claim 13,
wherein a temporal size of the audio frames 1s equal to a
temporal size of the dynamic range control frames.

19. The audio decoder device according to claim 13,
wherein the one or more nodes of one of the dynamic range
control frames are selected from a uniform time grid.

20. The audio decoder device according to claim 13,
wherein each node of the one or more nodes comprises slope
information.

21. The audio decoder device according to claim 13,
wherein the dynamic range control decoder 1s configured for
decoding the bit representations of the nodes using an
entropy decoding technique.

22. A system comprising an audio encoder device com-
prising:

an audio encoder configured for producing an encoded

audio bitstream from an audio signal comprising con-
secutive audio frames;
a dynamic range control encoder configured for producing,
an encoded dynamic range control bitstream from [an]
a dynamic range control sequence corresponding to the
audio signal and comprising consecutive dynamic
range control frames, wherein each dynamic range
control frame of the dynamic range control frames
comprises one or more nodes, wherein each node of the
one or more nodes comprises gain information for the
audio signal and time information indicating to which
point in time the gain mformation corresponds;

wherein the dynamic range control encoder 1s configured
in such way that the encoded dynamic range control
bitstream comprises for each dynamic range control
frame of the dynamic range control frames a corre-
sponding bitstream portion;
wherein the dynamic range control encoder 1s configured
for executing a shift procedure, wherein one or more
nodes of the nodes of one reference dynamic range
control frame of the dynamic range control frames are
selected as shifted nodes, wherein a bit representation
of each of the one or more shifted nodes of the one
reference dynamic range control frame 1s embedded 1n
the bitstream portion corresponding to the dynamic
range control frame subsequent to the one reference
dynamic range control frame, wherein a bit represen-
tation of each remaining node of the nodes of the one
reference dynamic range control frame of the dynamic
range control frames 1s embedded into the bitstream
portion corresponding to the one reference dynamic
range control frame,
and an audio decoder device according to claim 13.
23. A method for operating an audio encoder, the method
comprising:
producing an encoded audio bitstream from an audio
signal comprising consecutive audio frames;

producing an encoded dynamic range control bitstream
from [an] @ dynamic range control sequence corre-
sponding to the audio signal and comprising consecu-
tive dynamic range control frames, wherein each
dynamic range control frame of the dynamic range
control frames comprises one or more nodes, wherein
cach node of the one or more nodes comprises gain
information for the audio signal and time information
indicating to which point 1n time the gain information
corresponds;
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wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bait-
stream portion;
executing a shift procedure, wherein one or more nodes of
the nodes of one reference dynamic range control frame
of the dynamic range control frames are selected as
shifted nodes, wherein a bit representation of each of
the one or more shifted nodes of the one reference
dynamic range control frame 1s embedded 1n the bait-
stream portion corresponding to the dynamic range
control frame subsequent to the one reference dynamic
range control frame, wherein a bit representation of
cach remaining node of the nodes of the one reference
dynamic range control frame of the dynamic range
control frames 1s embedded into the bitstream portion
corresponding to the one reference dynamic range
control frame.
24. A method for operating an audio decoder, the method
comprising:
decoding an encoded audio bitstream 1n order to repro-
duce an audio signal comprising consecutive audio
frames;
decoding an encoded dynamic range control bitstream 1n
order to reproduce [an] a dynamic range control
sequence corresponding to the audio signal and com-
prising consecutive dynamic range control frames;
wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bit-
stream portion;
wherein the encoded dynamic range control bitstream
comprises bit representations of nodes, wherein each
bit representation of one node of the nodes comprises
gain mformation for the audio signal and time infor-
mation indicating to which poimnt i time the gain
information corresponds;
wherein the encoded dynamic range control bit stream
comprises bit representations of shifted nodes selected
from the nodes of one reference dynamic range control
frame of the dynamic range control frames, which are
embedded 1n a bitstream portion corresponding to the
dynamic range control frame subsequent to the one
reference dynamic range control frame, wherein the bit
representation of each remaining node of the nodes of
the one reference dynamic range control frame of the
dynamic range control frames 1s embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame; and
wherein the bit representation of each remaining node of
the remaiming nodes of the one reference dynamic
range control frame of the dynamic range control
frames 1s decoded 1n order to reproduce each remaining,
node of the one reference dynamic range control frame
of the dynamic range control frames;
wherein the bit representation of each shifted node of the
shifted nodes selected from the nodes of the one
reference dynamic range control frame of the dynamic
range control frames 1s decoded in order to reproduce
cach shifted node of the shifted nodes selected from the
nodes of the one reference dynamic range control frame
of the dynamic range control frames; and
wherein the reproduced remaining nodes and the repro-
duced shifted nodes are combined in order to recon-
struct the reference dynamic range control frame.
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25. A non-transitory digital storage medium having a
computer program stored thereon to perform the method for
operating an audio encoder, the method comprising:
producing an encoded audio bitstream from an audio
signal comprising consecutive audio frames;

producing an encoded dynamic range control bitstream
from [an] ¢ dynamic range control sequence corre-
sponding to the audio signal and comprising consecu-
tive dynamic range control frames, wherein each
dynamic range control frame of the dynamic range
control frames comprises one or more nodes, wherein
cach node of the one or more nodes comprises gain
information for the audio signal and time information
indicating to which point 1n time the gain information
corresponds;

wherein the encoded dynamic range control bitstream

comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bait-

stream portion;

executing a shift procedure, wherein one or more nodes of
the nodes of one reference dynamic range control frame
of the dynamic range control frames are selected as
shifted nodes, wherein a bit representation of each of
the one or more shifted nodes of the one reference
dynamic range control frame 1s embedded in the bit-
stream portion corresponding to the dynamic range
control frame subsequent to the one reference dynamic
range control frame, wherein a bit representation of
cach remaining node of the nodes of the one reference
dynamic range control frame of the dynamic range
control frames 1s embedded into the bitstream portion
corresponding to the one reference dynamic range
control frame,

when said computer program 1s run by a computer.

26. A non-transitory digital storage medium having a
computer program stored thereon to perform the method for
operating an audio decoder, the method comprising:

decoding an encoded audio bitstream 1n order to repro-

duce an audio signal comprising consecutive audio
frames;
decoding an encoded dynamic range control bitstream in
order to reproduce [an] a dynamic range control
sequence corresponding to the audio signal and com-
prising consecutive dynamic range control frames;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bait-
stream portion;

wherein the encoded dynamic range control bitstream

comprises bit representations of nodes, wherein each
bit representation of one node of the nodes comprises
gain information for the audio signal and time infor-
mation indicating to which point in time the gain
information corresponds;

wherein the encoded dynamic range control bit stream

comprises bit representations of shifted nodes selected
from the nodes of one reference dynamic range control
frame of the dynamic range control frames, which are
embedded 1n a bitstream portion corresponding to the
dynamic range control frame subsequent to the one
reference dynamic range control frame, wherein the bit
representation of each remaining node of the nodes of
the one reference dynamic range control frame of the
dynamic range control frames i1s embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame; and
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wherein the bit representation of each remaining node of
the remaining nodes of the one reference dynamic
range control frame of the dynamic range control
frames 1s decoded 1n order to reproduce each remaining,
node of the one reference dynamic range control frame
of the dynamic range control frames;

wherein the bit representation of each shifted node of the

shifted nodes selected from the nodes of the one
reference dynamic range control frame of the dynamic
range control frames 1s decoded in order to reproduce
each shifted node of the shifted nodes selected from the
nodes of the one reference dynamic range control frame
of the dynamic range control frames; and

wherein the reproduced remaining nodes and the repro-

duced shifted nodes are combined i1n order to recon-
struct the reference dynamic range control frame,
when said computer program 1s run by a computer.

27. An audio encoder device comprising:

an audio encoder configured for producing an encoded

audio bitstream from an audio signal comprising con-
secutive audio frames;
a dvnamic range control encoder configured for produc-
ing an encoded dynamic vange control bitstream from
a dynamic range control sequence corvesponding to the
audio signal and comprising consecutive dynamic
range control frames, wherein each dvnamic range
control frame of the dyvramic range control frames
comprises one or move nodes, wherein each node of the
one or movre nodes comprises gain information for the
audio signal and time information indicating to which
point in time the gain information corresponds;

wherein the dynamic range control encoder is configured
in such way that the encoded dynamic rvange control
bitstream comprises for each dynamic range control
frame of the dynamic range control frames a corre-
sponding bitstream portion;

wherein the dynamic range control encoder is configured

for executing a shift procedure, wherein one or more
nodes of the nodes of one reference dynamic range
control frame of the dynamic range control frames are
selected as shifted nodes, wherein a bit representation
of each of the one or more shifted nodes of the one
reference dynamic range control frame is embedded in
the bitstream portion corresponding to the dynamic
range control frame subsequent to the one reference
dynamic range control frame.

28. The audio encoder device according to claim 27,
wherein a bit vepresentation of each vemaining node of the
nodes of the one reference dynamic range contrvol frame of
the dynamic rvange control frames is embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame.

29. The audio encoder device according to claim 27,
wherein the shift procedure is initiated in case that a number
of the nodes of the reference dynamic vange contvol frame is
greater than a predefined threshold value.

30. The audio encoder device according to claim 27,
wherein the shift procedure is initiated in case that a sum of
a number of the nodes of the rveference dynamic range
control frame and a number of shifted nodes from the
dvnamic range control frame preceding the reference
dvnamic rvange control frame to be embedded in the bit-
stream portion corrvesponding to the rveference dynamic
range control frame is greater than a predefined threshold
value.

31. The audio encoder device according to claim 27,
wherein the shift procedure is initiated in case that a sum of
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a number of the nodes of the reference dvnamic range
control frame and a number of shifted nodes from the
dynamic range control frame preceding the reference
dynamic range control frame to be embedded in the bit-
stream portion corresponding to the reference dynamic
range control frame is greater than a number of the nodes
of the dynamic range control frame subsequent to the
reference dynamic range control frame.

32. The audio encoder device accovding to claim 27,
wherein the time information of the one ov more nodes is
represented in such way that the one or more shifted nodes
may be identified by using the time information.

33. The audio encoder device accorvding to claim 32,
wherein the time information of the one ov more shifted
nodes is vepresented by a sum of a time difference from a
beginning of the dynamic range control frame to which the
respective node belongs to the temporal position of the
respective node within the dvnamic vange control frame to
which the rvespective node belongs and an offset value being
greater than or equal to a temporal size of the dynamic
range control frame subsequent to the respective dynamic
range control frame.

34. The audio encoder device according to claim 27,
wherein the gain information of the bit representation of the
shifted node, which is at a first position of the bitstream
portion corresponding to the dynamic range control frame
subsequent to the rveference dynamic range control frame, is
represented by an absolute gain value and whervein the gain
information of each bit representation of the shifted nodes at
a position after the bit representation of the node, which is
at the first position of the bitstream portion corresponding to
the dynamic range control frame subsequent to the reference
dynamic range control frame, is represented by a relative

gain value which is equal to a difference of a gain value of

the bit vepresentation of the respective shifted node and a
gain value of the bit representation of the node, whickh
precedes the bit representation of the respective node.

35. The audio encoder device according to claim 27,
wherein, in case that the bit representations of one or more
shifted nodes of the veference dvnamic range control frame

is embedded in the bitstream portion corresponding to the
dynamic range control frame subsequent to the reference
dynamic range contvol frame, the gain information of the bit
representation of the node of the subsequent dynamic range
control frame at a first position of the bitstream portion
corresponding to the dynamic range contvol frame subse-
quent to the reference dynamic range control frame after the
one or move positions of the bit representations of the one or
movre shifted nodes is vepresented by a relative gain value
which is equal to a difference of a gain value of the bit
representation of the vespective node and a gain value of the
bit representation of the shifted node, which precedes the bit
representation of the respective node.

36. The audio encoder device according to claim 27,
wherein a temporal size of the audio frames is equal to a
temporal size of the dynamic range control frames.

37. The audio encoder device accovding to claim 27,
wherein the one or more nodes of one of the dynamic range
control frame are selected from a uniform time grid.

38. The audio encoder device accovding to claim 27,
wherein each node of the one ov more nodes comprises slope
information.

39. The audio encoder device accovding to claim 27,
wherein the dynamic range contrvol encoder is configured for
encoding the nodes using an entvopy encoding technique.

10

15

20

25

30

35

40

45

50

55

60

65

32

40. An audio decoder device comprising:

an audio decoder configured for decoding an encoded
audio bitstream in ovder to rveproduce an audio signal
comprising consecutive audio frames;

a dynamic range control decoder configured for decoding
an encoded dynamic range control bitstream in ovder to
reproduce a dynamic range control sequence corre-
sponding to the audio signal and comprising consecu-
tive dynamic range control frames;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corrvesponding bit-

stream portion;

wherein the encoded dynamic range control bitstream
comprises bit vepresentations of nodes, wherein each
bit representation of one node of the nodes comprises
gain information for the audio signal and time infor-
mation indicating to which point in time the gain

information corresponds;
wherein the encoded dynamic range control bit stream

comprises bit vrepresentations of shifted nodes selected
from the nodes of one rveference dvnamic range control
frame of the dynamic range control frames, which are
embedded in a bitstream portion corresponding to the
dynamic rvange control frame subseguent to the one
reference dynamic vange control frame; and

wherein the dynamic range control decoder is configured

Jor decoding the bit vepresentation of each shifted node

of the shifted nodes selected from the nodes of the one
reference dynamic range control frame of the dynamic
range control frames in order to veproduce each shifted
node of the shifted nodes selected from the nodes of the
one reference dynamic range control frame of the
dynamic range control frames.

41. The audio decoder device according to claim 40,
wherein the bit vepresentation of each vemaining node of the
nodes of the one reference dynamic range contrvol frame of
the dynamic rvange control frames is embedded into the
bitstream portion corresponding to the one reference
dynamic range control frame,

wherein the dynamic range control decoder is configured

for decoding the bit vepresentation of each vemaining
node of the remaining nodes of the one reference
dynamic range control frame of the dynamic range
control frames in order to reproduce each remaining
node of the one reference dynamic range control frame
of the dvnamic range control frames and for combining
the veproduced remaining nodes and the reproduced
shifted nodes in ovder to recomstruct the reference
dynamic range control frame.

42. The audio decoder device according to claim 40,
wherein the dynamic range contvol decoder is configured for
identifving the one or move shifted nodes by using the time
information.

43. The audio decoder device according to claim 40,
wherein the dynamic range contvol decoder is configured for
decoding the time information of the one or more shifted
nodes, which is represented by a sum of a time difference

from a beginning of the dynamic range control frame to

which the respective node belongs to the temporal position
of the respective node within the dynamic range control

frame to which the respective node belongs and an offset

value being greater than or equal to a temporal size of the
dyvnamic rvange control frame subseguent to the respective
dvnamic range control frame.

44. The audio decoder device according to claim 40,
wherein the dynamic range contvol decoder is configured for
decoding the gain information of the bit vepresentation of the
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shifted node, which is at a first position of the bitstream
portion corresponding to the dyramic range control frame
subsequent to the reference dynamic range control frame, is
represented by an absolute gain value and wherein the gain

34

range control frame subsequent to the one rveference
dynamic range control frame,

and an audio decoder device according to claim 40.

51. A method for operating an audio encoder, the method

information of each bit representation of the shifted nodes at s comprising:

a position after the bit vepresentation of the node, which is
at the first position of the bitstream portion corresponding to
the dynamic range control frame subsequent to the reference
dvnamic range control frame, is represented by a relative

gain value which is equal to a difference of a gain value of 10

the bit vepresentation B', of the respective shifted node B,
and a gain value of the bit representation of the node, which
precedes the bit vepresentation of the respective node.

45. The audio decoder device according to claim 40,
wherein the dynamic range contvol decoder is configured for
decoding the gain information of the bit representation of the
node of the subsequent dynamic vange control frame at a
first position of the bitstream portion corresponding to the
dyvnamic vange control frame subsequent to the reference
dynamic range control frame after the one ov more positions
of the bit representations of the one or movre shifted nodes is
represented by a relative gain value which is equal to a
difference of a gain value of the bit representation of the

respective node and a gain value of the bit vepresentation of

the shifted node, which precedes the bit representation of the
respective node.

46. The audio decoder device according to claim 40,
wherein a temporal size of the audio frames is equal to a
temporal size of the dynamic range control frames.

47. The audio decoder device according to claim 40,
wherein the one or more nodes of one of the dynamic range
control frames are selected from a uniform time grid.

48. The audio decoder device accovding to claim 40,
wherein each node of the one ov more nodes comprises slope
information.

49. The audio decoder device according to claim 40,
wherein the dynamic range contvol decoder is configured for
decoding the bit vepresentations of the nodes using an
entropy decoding technique.

50. A system comprising an audio encoder device com-
prising:

an audio encoder configured for producing an encoded

audio bitstream from an audio signal comprising con-
secutive audio frames;

a dynamic range control encoder configured for produc-

ing an encoded dynamic vange control bitstream from
a dynamic range control sequence corvesponding to the
audio signal and comprising consecutive dynamic
range contrvol frames, wherein each dynamic range
control frame of the dynamic range control frames
comprises one or more nodes, wherein each node of the
one or move nodes comprises gain information for the
audio signal and time information indicating to which
point in time the gain information corvesponds;

wherein the dvnamic range control encoder is configured

in such way that the encoded dynamic range control
bitstream comprises for each dymnamic range control
frame of the dynamic range control frames a corre-
sponding bitstream portion;

whevrein the dvnamic range control encoder is configured

Jor executing a shift procedure, wherein one or more
nodes of the nodes of one reference dynamic range
control frame of the dynamic range control frames are
selected as shifted nodes, wherein a bit vepresentation
of each of the one or more shifted nodes of the one
reference dynamic range control frame is embedded in
the bitstream portion corresponding to the dynamic
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producing an encoded audio bitstream from an audio
signal comprising consecutive audio frames;
producing an encoded dynamic range control bitstream
from a dynamic range control sequence corresponding
to the audio signal and comprising consecutive
dynamic range control frames, whervein each dynamic
range control frame of the dynamic range control
frames comprises one ov more nodes, wherein each
node of the one or more nodes comprises gain infor-
mation for the audio signal and time information
indicating to which point in time the gain information
corresponds;
wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bit-
stream portion;
executing a shift procedure, wherein one ov move nodes of
the nodes of one reference dynamic vange control frame
of the dvnamic vange control frames are selected as
shifted nodes, wherein a bit vepresentation of each of
the one ov more shifted nodes of the one reference
dynamic range control frame is embedded in the bit-
stream portion corrvesponding to the dymnamic range
control frame subsequent to the one reference dynamic
range control frame.
52. A method for operating an audio decoder, the method
COmprising:
decoding an encoded audio bitstream in ovder to rvepro-
duce an audio signal comprising comnsecutive audio
frames;
decoding an encoded dynamic vange control bitstream in
order to veproduce a dynamic range control sequence
corresponding to the audio signal and comprising
consecutive dynamic range control frames;
wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bit-
stream portion;
wherein the encoded dynamic range control bitstream
comprises bit representations of nodes, wherein each
bit representation of one node of the nodes comprises
gain information for the audio signal and time infor-
mation indicating to which point in time the gain
information corresponds;
wherein the encoded dynamic range control bit stream
comprises bit vepresentations of shifted nodes selected
from the nodes of one rveference dynamic range control
frame of the dynamic range control frames, which are
embedded in a bitstream portion corresponding to the
dynamic range control frame subsequent to the one
reference dynamic range control frame,
wherein the bit representation of each shifted node of the
shifted nodes selected from the nodes of the one refer-
ence dynamic range control frame of the dynamic
range control frames is decoded in ovder to reproduce
each shifted node of the shifted nodes selected from the
nodes of the one reference dynamic vange control frame
of the dvnamic rvange control frames.
53. A non-transitory digital storage medium having a
compuiter program stoved thereon to perform the method for
operating an audio encoder, the method comprising:
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producing an encoded audio bitstream from an audio
signal comprising consecutive audio frames;

producing an encoded dyvnamic range control bitstream
from a dynamic range control sequence corresponding
to the audio signal and comprising consecutive
dynamic range control frames, wherein each dynamic
range control frame of the dyrnamic range control
frames comprises one or more nodes, wherein each

node of the one ov more nodes comprises gain infor-
mation for the audio signal and time information

indicating to which point in time the gain information
corresponds;

wherein the encoded dynamic range control bitstream

comprises for each dynamic range control frame of the
dynamic range contrvol frames a corresponding bit-
stream portion;

executing a shift procedure, wherein one or more nodes of

the nodes of one reference dynamic vange control frame
of the dvnamic vange control frames are selected as
shifted nodes, whevein a bit vepresentation of each of
the one or more shifted nodes of the one reference
dynamic range control frame is embedded in the bit-
stream portion corresponding to the dynamic range
control frame subsequent to the one reference dynamic
range control frame,
when said computer program is run by a computer.

54. A non-transitory digital storage medium having a
compiiter program storved thereon to perform the method for
operating an audio decoder, the method comprising:

decoding an encoded audio bitstream in order to repro-

duce an audio signal comprising comnsecutive audio
frames;
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decoding an encoded dynamic range control bitstream in
order to veproduce a dynamic range control sequence
corresponding to the audio signal and comprising
consecutive dynamic range control frames;

wherein the encoded dynamic range control bitstream
comprises for each dynamic range control frame of the
dynamic range control frames a corresponding bit-
stream portion;

wherein the encoded dynamic range control bitstream
comprises bit representations of nodes, wherein each
bit representation of one node of the nodes comprises
gain information for the audio signal and time infor-
mation indicating to which point in time the gain
information corresponds;

wherein the encoded dynamic range control bit stream
comprises bit vepresentations of shifted nodes selected
from the nodes of one rveference dynamic range control
frame of the dynamic range control frames, which are
embedded in a bitstream portion corresponding to the
dynamic range control frame subsequent to the one

reference dvnamic vange control frame,

wherein the bit vepresentation of each shifted node of the
shifted nodes selected from the nodes of the one refer-
ence dynamic rvange control frame of the dynamic
range control frames is decoded in ovder to reproduce
each shifted node of the shifted nodes selected from the
nodes of the one reference dynamic range control frame
of the dynamic range control frames;

30 when said computer program is run by a computer.
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